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additiontothelegalframeworkoftorrentialfloodcontrolinEUcountries,policiesandstrategiesrelated
tothisareawerestudiedforcomparativeanalysiswithnon-EUcountries.Thestrategicframeworkfor
theprotectionofwaterresources,andinparticulartorrentialfloodprotection,islackinginallWestern
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WatershedsintheLesserHimalayanregionarehighlysusceptibletonaturalhazards,particularlythose
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Thestudyprioritizesthesoilerosion-susceptiblezonesintheTonsriverwatershed(India)intheLesser
Himalayanregion.Theinterrelationshipsandroleofmorphometry,soilquality,slope,andlanduse
togetherasfourcomponentsinsoilerosionarestudied.Remotesensingdataandmulti-criteriadecision
method(MCDM)frameworkhasbeenusedtoestimatesoilerosionsusceptibilityofsub-watersheds.
Resultsshowedthatmorphometricparameterslikeelongationratioandslopeofsub-watershedsplaya
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 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use





Chapter 5
PreventionofSoilErosionandTorrentialFloods................................................................................. 92

Bhavya Kavitha Dwarapureddi, GITAM University (Deemed), India
Swathi Dash, GITAM University (Deemed), India
Aman Raj, GITAM University (Deemed), India
Nihanth Soury Garika, GITAM University (Deemed), India
Ankit Kumar, GITAM University (Deemed), India
Saritha Vara, GITAM University (Deemed), India

Climaticconditions,preciserelieffeatures,variationsofsoil,floracover,socio-economicconditions
togetherleadtotorrentialfloodwavesasaresultofcurrentsoilerosionprocesses.Erosionandtorrential
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globallyandpublichealth.Nearly11millionkm2ofsoilisimpactedbyerosionpreciselybywater.
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increasedinrecentdecades.Soildegradationisacriticalandgrowingproblem,wherebysoilerosion
presentsaprevailingprocesscomparedtootherdegradativeprocesses.Theintensityoferosiondepends
on the topography, climate conditions, soil characteristics, human activities, and the presence of
vegetation.Inthischapter,thediversefactorsthatcausesoilerosionhavebeenevaluated.Thelevelof
damageassociatedwithsoilerosionhasbeenanalyzed,withemphasisontheimpactstheymayhaveon
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Theaimof thechapter is toshowthepossible impactofpoliculturefarmingonsomedeterminants
of sustainable agricultural development, especially from the point of view of economic viability,
biodiversity,andlanddegradation.Increasingtheareaunderpolycultureisoneofthemainsolutionsto
thepresentenvironmentalproblems.Thekeyconstraintsareeconomicpressuresduetothequestionof
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The level of sustainability of a modern society is associated with the ability to manage unwanted
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stressorsfromtheenvironment,regardlessoforigin.Torrentialfloodsrepresentahydrologicalhazard
whosefrequencyandintensityhaveincreasedinrecentyears,mainlyduetoclimatechanges.Inorderto
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Heavyrainfallinthesummerof2021causedcatastrophicfloodsinWesternandCentralEurope,es-
peciallyintheGermanstatesofNorthRhine-WestphaliaandRhineland-Palatinate,inLuxembourg,as
wellasalongtheriversAhr,Erft,and,inparticular,theriversMeuseanditstributariesinBelgiumand
theNetherlands.Thefloodskilledatleast184peopleinGermanyand38inBelgium,withsignificant
damagetoinfrastructure-housing,highways,railways,andbridges,aswellasfacilitiesvitaltothelocal
economy.Manyvillagesremainedinaccessiblefordaysduetoroadclosures,makingevacuationand
emergencyresponsedifficult.Inadditiontothefactthatthelandwasalreadypartiallysaturatedbefore
therainfall,otherobjectivecircumstancesaffectedthescaleofthiscatastrophicevent.Thisprimarily
referstothecharacteristicsofthefunnel-likerelief,withsteepslopes,whichaffectedtheappearanceof
torrents.Thesefactorshavealsobeenlocallymodifiedbydifferencesinlandcover,infrastructure,and
watermanagement,mitigatingorincreasingthedevastationofextremefloods.

These,ofcourse,areneitherthefirstnorthelasttorrentialfloodstohittheworld.Indeed,floodsand
stormswerethemostprevalentextremeweathereventsinthelasttwodecades,countingfor44%ofthe
overalloccurrenceofdisasters,andaffectingmorethan1.65millionpeople(UNDRR,2020).Thebig-
gestimpactofthefloodswasinAsia,where1.5billionpeoplewereaffected(93%ofthetotalnumber
ofthoseaffectedintheworld),Africa,andtheAmericas.Europehasalsobeenhitbyalargenumberof
floodeventscausedbyheavyrainfall.Inthelast20yearsalone,morethan400majorfloodshavebeen
recorded(manyofwhichhavebeencatastrophic),affectingmorethan8.7millionpeople,killingmore
than2,000,andcausingmorethan€72billioninmonetarylosses(WHO,2017).Itisevidentthatthe
trendofincreasingdamageoffloodscausedbyextremerainfallatthegloballevelisincreasing.De-
forestationingeneral,andininundationareasinparticular,increasingeconomicactivityinendangered
areas,andglobalwarmingarethemostsignificantcauses(UNISDR,2015).

Moreover,thereareclearindicationsthatthesefactorswillcontributetoafurtherincreaseinthe
devastatingfrequencyandstrengthoffloods(UNISDR,2015).Today,thereisscientificagreementthat
theamountandfrequencyofextremerainfallwillincreaseinthefutureduetoclimatechange,which
willinevitablycausemorefrequentandextremefloods.Ifclimatescenariospredictinganincreasein
globalmeantemperatureby4°Cbytheendofthe21stcenturyweretoaccomplish,directflooddamage
duringthe21stcenturycouldbetripledandflood-relateddamagecouldbealmostsixfoldifnoadjust-
mentmeasuresaretaken,whereby73%oftheworld’spopulationwouldfaceanincreasedrisk(Alfieriat
al,2017).Evenifanincreaseinthemeanglobaltemperaturewouldbe2°C,whichisconsideredeasily
achievableintheconditionsthatexistonEarthtoday,itcouldcausea170%increaseinflood-related
damagecomparedtocurrentlevels(Alfierietal,2017).

xiv

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



Preface

Extremerainfalloftentriggersflashfloods,torrentialfloods,andmudslides.Torrentialfloodingis
anaturalprocessofincreasedintensity,whichisanoutpouringofwaterwithahighconcentrationof
sedimentfromtheriverbed.Unliketheriverfloods,whicharecharacteristicoflargeplainriversand
whicharerealizedinthelowerpartsofthebasin,torrentialfloodsareassociatedwithsmaller,occasional,
periodic,andpermanentwatercourseswhosebasinsareaffectedbyerosionprocesses.Also,concerning
riverfloods,appearsuddenlyafterintenserainsandthesuddenmeltingofsnowandlastforashorter
time.Allabovementionedwater-relatednaturalhazardsoccurasaresultofintensiverainfallshowers
causingthesuddenoccurrenceofmaximalwaterdischargesandahighconcentrationofsolidphasein
torrentialwatershedsofsmallareas,andsteepslopes,andareaccompaniedbyhighsoilerosionintensity
(Norbiatoetal,2008).Someestimatesarethatonaverage,almost1cmofthetopsoilislostannually,
or12to15tonsperhectare(FAO,2015;Ashiagboretal.,2013).Soillossduetowater-inducederosion
isconsideredamajorthreattosoilandcanhaveunforeseeableconsequencesandnegativeimpactson
ecosystemservices,cropproduction,waterresources,carbonstocks,andbiodiversity(Olsonetal,2016;
Orgiazzi&Panagos,2018).

Watererosionleadstophysicaldegradationofthesoilduetothereductionoftheporosityofthesur-
facelayerandthereductionoftheinfiltrationcapacityofwaterintothesoil.Allthisleadstoanincrease
insurfacerunoffandsedimenttransport.Inaddition,itcancauseotherimpacts,suchasdeposition,
floods,infrastructuredamage,andlandslides(Melloetal.,2020).

Watererosionisoneofthemostimportantcausesofreducedyieldsduetoreducedproductivityof
agriculturalland,causedbytheremovalofthemostfertiletopsoil(Panagosetal.,2018),and,conse-
quently,landdegradationandnutrientlosses(Elnasharetal.,2021;Penaetal.,2020).Itcausesasig-
nificantaccumulationofsedimentdownstream,reducingthelifeofdams,theproductionofelectricity
inhydropowerplants,andtheavailableamountofwaterinthereservoirs.Inaddition,watererosion
affectssurfacewaterquality.Alltheseimpactsmakewatererosionasignificantfactorinecosystem
damageandthereforeitisimportanttostudythedegreeandimpactfactorsofwatererosion,including
theirquantification,qualitativeassessment,andspatialaspect,toreducethedegreeofsoildegradation,
createconditionsforitsrestorationandreducetherisksoftheimpactoferodedsoilontheecosystem.

Since torrential floodsendangerallelementsof space (population, itsactivities,materialgoods,
andnature),theycanhavethecharacteristicsofanaturaldisaster.Consequently,theirresearchandrisk
assessmentrequiresaninterdisciplinaryapproach,basedonthecarefulassessmentofthenaturaland
socialcomponentsofspace(UNISDR,2004).

Prevention and Management of Soil Erosion and Torrential Floodsinvestigatestheproblemsoferosion
andtorrentialfloodsandopportunitiesfortheprevention,management,andcontrolofthesedestructive
processes.Ithighlightstheimportanceofthepreventionandmanagementpracticesofsoilerosionand
torrentialfloodsconcerningtheexchangeofknowledgeandbestpractices.Coveringtopicssuchasthe
impactsofclimatechangeandnaturaldisasters,dammaintenance,winderosion,agriculture,itisideal
forenvironmentalists,environmentalengineers,crisisresponsespecialists,policymakers,government
officials,academicians,students,experts,practitioners,andresearchers in thefieldsofsoilerosion,
torrentialflood,environmentalprotection,sustainabledevelopment,engineering,andmanagement.

Therefore,thispublicationisexploringsoilprotectionandtorrentialfloodsasanissuethatisgain-
ingconsiderableimportancethroughouttheworld.Itisanotherattempttocontributetothestudyof
theabove-mentionedfactors,withoutpretendingtogivedefinitiveanswerstosomequestionsrelatedto
thephenomenaofsoilerosionandfutureimpactsofclimatechangeonthesephenomena.Rather,the

xv

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



Preface

chaptersthatfollowwillofferdifferentanglesofobservation,relatedtotheworldregionstheyanalyze
andinwhichthesephenomenaoccur.

ORGANIZATION OF THE BOOK

Thechaptersinthisbookexplorethemanyissuesinwhichthefieldofsoilprotectionandtorrential
floodsissuesisappearing.Itisaresultofthevaluableparticipationofseveralresearchers,students,
academics,andpolicymakers.

Chapter1discussesthequality-of-lifeconceptinthecontextoftherelationwiththeenvironmentand
environmentalquality.Qualityoflifehereisperceivedasacomplexandmulti-dimensionalconstruct
thatwarrantsmultipleapproachesfromdifferenttheoreticalperspectives,arguingthattheevaluation
ofthequalityoflifedeterminedbytheenvironmentcanbefacilitatedusingobjectiveandsubjective
measurementmethodologies,discussedinthechapter.

Chapter2dealswiththetheoreticalunderstandingsofnaturalriskmanagementandcrisismanage-
mentandtheirroleinthedevelopmentofaneffectivesocietalsystembyitstransformation.Afterthe
presentingoftheoverviewofthecharacteristicsofnaturaldisasterriskmanagementandcrisismanage-
ment,includingtheirphasesandmainsteps,theauthorsdiscussthedifferentrolesofthemainactors,
byanalyzingacaseofacatastrophicfloodthathappenedinSerbiain2015.

Chapter3analysesthestrategicandlegalframeworkoffloodprotection,andmorespecificallytor-
rentialfloodsintwoEUcountries-AustriaandItaly,andthreeWesternBalkancountries-Serbia,North
Macedonia,andBosniaandHerzegovina.Basedonthecomparativeanalysis,thechapterpointsatthe
lackofacontemporarystrategicframeworkandadequatepoliciesinnon-EUcountriesandprovides
recommendationsforfuturedirectionsinthealignmentoftorrentialfloodingpoliciesontheWestern
BalkanscountrieswithEUexperiences.

Chapter4isdevotedtothemethodologyforprioritizationofsoilerosionsusceptiblesub-watersheds.
ToassessthevulnerabilityofthewatershedtowardssoilerosiontheauthorsemployedtheMulti-Criteria
DecisionMethod(MCDM)framework,arguingthattheprioritizationbyusingthequantitativemor-
phometricanalysisusedaloneasvulnerabilityanalysismethodshouldbecomplementedbyadditional
criteria–soilquality,landusepatterns,slopecharacteristics,etc.Withthehelpofsatellite-basedre-
motesensing,datatostudywatershedscanbeaccuratelyextractedandtheiranalysisforprioritizing
thesub-watershedsmayfurtherhelpprovideusefulinputinformulatingconservationstrategiesofsoil
andwaterinwatersheds.

Chapters5,6,and7aredevotedtoanddealwiththeeffectsofsoilerosiononagriculture.Chapter5
emphasizesthedifferenteffectsofsoilerosion,includingnutrientloss,land-usechanges,reducedproduc-
tivity,siltationofwaterbodiesamongothereffectslikeaffectingthelivelihoodofmarginalcommunities
dependentonagriculturegloballyandpublichealth.TheChapterisfocusedonthedatareviewaimedat
abetterunderstandingofsoilerosionpreventionmethods.Similarly,thelevelofdamageassociatedwith
soilerosionhasbeenanalyzedinChapter6,withemphasisontheimpactstheymayhaveontheglobal
carboncycle,phosphorusloss,dustemissions,eutrophication,andsoilbiodiversity.Itpointsoutcauses
andtypesofsoildegradationwithemphasisonsoilerosionandoffersinsightintoguidelinesforsoil
degradationprevention.Chapter7analyzesexistingagriculturepractices,startingfromtheassumption
thatsustainabilityinagricultureisanintegralprerequisiteforsustainablesocio-economicdevelopment.
Thechapterdiscussesthepossibleimpactofpolyculturefarmingonsomedeterminantsofsustainable

xvi
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agriculturaldevelopment,especiallyfromthepointofviewofeconomicviability,biodiversity,andland
degradation,arguingthattheincreaseoftheareaunderpolycultureisoneofthemainsolutionstothe
presentenvironmentalproblems.

Chapter8isdevotedtowinderosionandshelterbeltsasoneofthemosteffectivemeasurestoinflu-
encewinderosion-relatedimpacts.Additionally,thechapterdiscussesthepotentialofshelterbeltsto
helpfightsclimatechangeduetotheirfunctionofcarbonsequestration.

Chapter9dealswiththelegacyofdams,particularlytheirmaintenanceandsedimentation,concern-
ingcurrentandfutureclimatechangeissues.Theauthorarguedforpropermaintenancepoliciesand,
morespecifically,nature-basedsolutionsinclimatechangeadaptation.

Chapter10discussesearlywarningsystemsasapartofacomprehensivetorrentialfloodriskman-
agementsystem,aimedtocollect;transform,andrapidlydistributethedata.TheChapterprovidesan
analysisofcharacteristicexamplesinWesternBalkancountries,concludingwiththeguidelinesforthe
improvementofearlywarningsystemsinnationalemergencymanagementstructures.

Chapters11and12dealwithclimaticandenvironmentalchangeinthesedimentaryfillingandtheir
effectonwaterandeolianerosion,studyingthesedimentaryrecordofsaltlakesandwetlandsinTunisia
asacase.Chapter11,usingamulti-proxiesstudy,describedenvironmentalandclimaticchangesduring
theAnthropocenestratawithinthesedimentaryfillingofsebkhaMhabeulinTunisia,pointingatthe
possibleeffectsoneolianandhydricerosionanddepositionwithinthiswetlandanditshydrological
catchment.Chapter12presentstheresultsofvisualcoredescriptionresearchonerodedlandineastern
Tunisia,establishingaclearconnectionbetweenthelong-termclimatevariabilitypredictionandvisual
characteristicsofsedimentarylayers.Bothchapterspointedattheincreasingrateofsedimentationdur-
ingtheAnthropocene,withhighvaluesofmetalsinsedimentaryflux.

Chapter13offersareviewofhistoricaltorrentfloodsontheterritoryofSerbia,asaterritorynatu-
rallydestinedfortorrentsandtorrentialfloods.Giventhedistributionofhillyandmountainousareasin
Serbiaandthedevelopedhydro-graphicnetwork,torrentialfloodsoccurveryoften,almosteveryyear.

Thechapterspresentedinthisbookcancontributetoabetterunderstandingoftorrentialfloodsand
erosion-causedsoildegradationprocesses,bothforacademicsandpractitioners, thushelping in the
developmentofsoilerosionmitigationrecommendationsandpoliciesatdifferentscales.Itisexpected
thattheoutputofthisbookwillcontributestrengthenthepreparednessforforecasting,assessing,and
monitoringtheoccurrenceoftorrentialfloodinganditsconsequencesonsoildegradation.

Slobodan Milutinović
University of Niš, Serbia

Snežana Žiković
University of Niš, Serbia
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ABSTRACT

Development of environmental protection together with economic and social development can be con-
sidered sustainable only if they support individual quality of life. Conceptually, quality of life is closely 
related to sustainable development, since sustainability implies a balance between environmental, social, 
and economic qualities. Environmental quality is reflected in its ability to meet the basic human needs. 
Quality of life is a complex and multi-dimensional construct that warrants multiple approaches from 
different theoretical perspectives. Evaluation of the quality of life determined by the environment can 
be facilitated using objective and subjective measurements. Regardless of how these two indicators are 
classified, both are considered equally beneficial and valuable for research. Considering all the above 
mentioned, the aim of this chapter is to shed light on the importance of environmental protection for the 
quality of life, as well as the necessity to measure quality of life determined by environmental factors in 
order to adequately manage them.

INTRODUCTION

To properly analyze the connection between quality of life and environmental conditions, it is necessary 
to consider all human activities leading to environmental pollution. Rapid urbanization and population 
growth due to industrialization and technological development, higher expectations caused by a higher 
standard of living, differences between expectation levels and actual consumption patterns, a lack of 
public environmental awareness of the negative environmental impacts, as well as excessive consump-
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tion of resources make the goals of protecting the environment and improving the quality of life all the 
more difficult to achieve.

Nowadays, there is a growing awareness of how the environment can impact individual lives. People 
have long been concerned about environmental degradation and pollution. Environmental protection 
can ensure the full preservation of environmental quality, biodiversity, and geodiversity, and the rational 
use of natural resources, which is a basic condition for sustainable development, a healthy life, and good 
quality of life.

A large part of individual quality of life depends on the quality of the living surroundings. Such qual-
ity of life, which relies on the environment, is a good criterion of sustainability since environmental, 
economic, and social development can be considered sustainable only if they support individual quality 
of life. The environment in which one lives plays a major role in influencing one’s behavior; hence it af-
fects experiences, decisions and wellbeing, ultimately affecting one’s quality of life (Rastogi et al., 2021).

The relationship that comes to the forefront is that between the individual and the environment, as 
the environment determines how different socially-conditioned needs are to be met. The objective liv-
ing conditions, which determine how the needs are being expressed and met, are a common topic in 
sociological studies. Such an approach to quality of life allows the different environmental effects on 
the individuals to be studied, including the effects from the physical as well as social and economic 
environments (De Groot & Steg, 2006). Moreover, in addition to diagnosing the effects of the state of 
the environment, the quality-of-life principle can also be used to analyze the impact of environmental 
changes on individuals. This is of paramount importance, considering that continuous environmental 
change is an integral aspect of sustainable development. With their mere existence, humans act on and 
alter the environment, adapting it to themselves and their own needs. Unlike other living organisms, 
humans create and connect cultural, social, economic, and political events.

Conceptually, quality of life is closely related to sustainable development, because sustainability 
refers to a balance between environmental, social, and economic qualities, which is why the concept 
should be introduced as an evaluation measure of sustainability and the environment at an individual 
level. Quality of life is defined as a range within which individual needs are met, which depends on 
the physical, social, and economic environments (Diener, 2000). It could be argued that quality of life 
reflects the social dimension of sustainable development. The idea of quality of life of healthy individu-
als was first brought into focus by WHO in 1993 (WHO, 1993). Due to the increasing significance of 
environmental conditions for the concept of quality of life, the Parliamentary Assembly of the Council 
of Europe drafted an additional protocol to the European Convention on Human Rights concerning the 
right to a healthy environment (Council of Europe, Parliamentary Assembly, 2009).

ENVIRONMENTAL QUALITY

Environmental quality is reflected in its ability to meet the basic human needs, and the more human 
needs the perceived space can meet, the bigger the subjective feeling of happiness and satisfaction will 
be within it (Pickett et al, 2001). In this context, the field of quality of life is fairly broad, as it pertains 
to the relationships between economy, education, employment, social security, and life satisfaction. 
Environmental quality is no less essential because most people appreciate the beauty and health of the 
place where they live and care about the depletion of natural resources (Brajša-Žganec, 2011). Preserva-
tion of the environment and natural resources is also one of the crucial factors in preserving well-being 
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over time (Liere & Dunlap, 1980). Environmental policies play a key role in dealing with global health 
priorities and improving environmentally responsible behavior (Felix & Garcia-Vega, 2012).

Environmental quality is a key factor for people’s well-being, given that the quality of the local living 
environment directly influences people’s health and well-being (Coan & Holman, 2008). Undisturbed 
environments act as sources of satisfaction, enhancing mental well-being and allowing people to recover 
from the stress of everyday life and engage in physical activities.

Access to resources such as green spaces, forests, and rivers, is an important aspect of quality of life. 
In addition, a healthy economy relies not only on healthy and productive workers but also on natural re-
sources such as water, trees, animals, and crops (Zheng, 2010). On the other hand, extreme environmental 
calamities, such as natural disasters (earthquakes, cyclones, floods, droughts, and volcanic eruptions) 
and epidemics, can also increase the number of fatalities, injuries, and diseases. Unfortunately, in times 
of the current Covid-19 pandemic, we are all witnesses to how an epidemic can affect their incidence. 
In the long term, drastic environmental change can also undermine health via climate change (Ahmad 
& Yamano, 2011). In addition to its impact on human health, the environment is also important because 
most people ascribe some significance to the beauty and health of the place in which they live and be-
cause they care about preventing the degradation of our planet and the depletion of natural resources 
(Balestra & Dottori, 2012). People directly benefit from environmentally friendly goods and services, 
such as water, clean air, land, forests, and access to green spaces, as these allow them to meet their basic 
needs and enjoy their free time and the company of other people (Balestra & Sultan, 2013). Reducing 
flood risk may improve citizens’ quality of life (Daniel & Michaela, 2021).

The creation of various income-increasing opportunities is an important part of successful flood 
risk management. In developed countries, water management companies should consider new projects 
related to flood control. In this way, they will hire new employees and cooperate with other companies 
to provide equipment. On the other hand, newcomers to the project will also improve their quality of 
life because of their income. Public works projects have specific content that can be used to help people 
who cannot make money. They will be engaged in public works, and the main goal is to establish a 
flood control system. Activities related to health and education can also be used to reduce flood risk 
while improving quality of life. These activities may include a special introduction to flood issues in 
school materials, with a special emphasis on health, and brief training on flood preparedness and rapid 
response. This may help raise awareness of flooding in households and communities. Activities should 
establish close links between the Ministry of Health, the Ministry of Education and the national emer-
gency agency. Volunteer activities should be a good tool to reduce flood risk, and at the same time, it 
should be a good tool for Eurostat to improve social interaction and leisure as a dimension of quality of 
life. Social development and quality of life. The quality of a society and the quality of individual lives 
are directly connected. Both qualities pertain to the overall societal well-being and are aimed at allowing 
each member of the society to realize their goals and aspirations. This means that the lives of individuals 
are connected and intertwined with the personal system of values they adopted while growing up, with 
the system of values of their community, with their culture, lore, and traditions, and, finally, with their 
education and the healthcare system. The concepts of well-being and quality of life refer to evaluative 
judgements about selected aspects or the entirety of a life-situation or life-path, for an individual, group 
or society (Gasper, 2010).

Social development is defined as the change of the main social subsystem, which implies that the 
change is ‘positive’, i.e., leading toward progress. Yet, many parts of the world are affected by economic, 
political, cultural, and environmental changes, whose quality is questionable. Accordingly, there is a 
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standard issue concerning the criteria to be used to evaluate the expectations or the ‘positivity’ of such 
changes. The potential antagonism of certain events further complicates the issue. Finally, the multidi-
mensional nature of the development process encumbers any comparison and assessment of the devel-
opment of different countries, the assessment of different development strategies, and the role various 
factors play within them.

The comparison issue can be overcome by selecting a single unique dimension of development, but 
this can also produce some difficulties. For instance, economic development can be expressed by the 
value of produced goods per capita, but the material standard of the population does not depend only on 
the system’s economic efficiency but also on the way in which the produced goods are distributed – and 
this depends not on the economy but on social policy. Furthermore, there is the question of how to mea-
sure and assess the social costs of economic development, which comprise natural and cultural resources 
destruction, unemployment, rising crime and traffic accident rates in large cities, and so forth. Thus, the 
prerequisite for the measurement and comparison of different types of development is the existence of a 
universal value and scale. However, many development theoreticians fail to see such a unique criterion 
of evaluation, hence their skepticism over whether it is even possible to measure development and, ul-
timately, whether it is possible to formulate a general theory of development (Wackernagel et al. 2002).

HIERARCHY OF NEEDS

A rational basis of development, which involves the satisfaction of human needs, must not be in conflict 
with economic, political, or any other interpretations of development, the only difference being that only 
specific needs that are prioritized and that do not cover the entire spectrum of universal needs would be 
considered. It is now well known that universal human needs were divided into categories within the 
hierarchical structure first developed by Maslow, who proposed five categories, and later modified by 
Alderfer, who reduced Maslow’s categories to three levels of need (Alderfer, 1969): existence, related-
ness, and growth (self-actualization).

The fundamental law of the hierarchy of needs is that a higher-level need cannot be met until a lower-
level one has been met, because lower-level needs are more pronounced and are required for reaching the 
higher-level needs. It is therefore understandable that quality of life is reduced to the economic dimension 
in countries struggling with low economic development and prioritizing the basic needs for the survival 
of their population majority. On the other hand, post-industrial development, which occurs at a high level 
of economic development, enables the articulation of higher social and self-actualizing needs, rendering 
people more sensitive to limitations to their satisfaction. They are characterized by a noticeable dema-
terialization of the system of life values, so quality of life is dependent on the realization of social and 
self-actualization values. Quality of life concerns people in both developed and developing countries.

Sirgy (1986) developed a comprehensive quality-of-life theory by following the rules of the hierar-
chy of needs, or Maslow’s perspective of human development. According to Sirgy, developed countries 
have people who are mostly preoccupied with satisfying higher-order needs (social, esteem, and self-
actualization needs), while less-developed countries are mostly preoccupied with satisfying lower-order 
needs (biological and safety-related needs). The higher the level of need satisfaction in a society, the 
better the quality of life. Accordingly, social institutions have to be established and developed in such 
a way as to enable the satisfaction of various human needs, all for the purpose of improving the quality 
of life in a society.
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If quality of life is the main parameter of development, the development strategy has to be calculated 
according to the laws governing human satisfaction. Considering that the structure of these factors is 
not the same on different levels of economic, political, and environmental development, it needs to be 
adapted to the situation in these social subsystems and to the state of the natural environment.

ASPECTS OF SUSTAINABLE DEVELOPMENT

This chapter discusses the limits of sustainable development from the perspective of environmental 
psychology. Sustainability is perceived as a balanced relationship between people and the environment. 
Sustainability implies finding the balance between the sustainability of environmental, social, and eco-
nomic aspects (World Commission on Environment and Development, 1987). For instance, let us consider 
an initiative to increase the fuel process in order to reduce carbon dioxide emissions. The sustainability 
of such an initiative cannot be assessed without considering the social and economic effects. A certain 
number of people, especially those with lower incomes, would have to give up on driving a car, which 
would on the other hand significantly increase the degree of social injustice. The population’s purchas-
ing power would then decrease, accompanied by life satisfaction. To achieve sustainable development, 
the sustainability of any of the three aspects (environmental, social, and economic) should by no means 
significantly undermine the sustainability of the other two.

The Vital Aspects of Quality of Life and Sustainable Development

Environmentally focused sustainability programs are not sustainable if they undermine important indi-
vidual needs and values. Let us imagine that there is a rigorous pro-environment program prescribing 
minimal consumption of meat and fish, considerably limiting household energy consumption, banning 
people from accessing areas with high biodiversity, and so on. On the one hand, the implementation of 
such an environmental development program would be considered sustainable from the environmental 
perspective, as it would help the natural environment remain undisturbed and endure for a long time. On 
the other hand, from the human psychology standpoint, such a rigorous initiative would endanger human 
well-being due to drastic changes, reduced comfort, and limited freedom. Therefore, people’s quality 
of life would be diminished, whereas the public resistance toward the program would only increase. 
Naturally, this raises the issue of whether such a program could be characterized as sustainable at all.

Experts may sometimes wrongly interpret people’s preferences, as they tend to overestimate certain 
parameters, such as the appearance of materials, while underestimating the relevance of other param-
eters, such as freedom of choice and privacy. Quality-of-life measurement requires that an individual 
evaluate the relevance of every individual aspect. The more relevant aspects will then be prioritized in 
terms of needs and values, while the others will be deemed less important for a person’s quality of life 
(Fawcett et al., 2008).

Sustainability programs and interventions usually transform the environment, but it is crucial to 
understand how these transformations affect the personal quality of life. Steg et al. (2002) investigated 
people’s satisfaction with specific quality-of-life indicators before and after one such intervention, namely 
reduced household energy use. After a month of reduced energy use, the group of respondents reported 
a change in their quality of life, which was reflected in their satisfaction with environmental quality and 
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nature/biodiversity. In contrast, their satisfaction with other quality-of-life aspects remained unchanged. 
These were the respondents’ exact expectations prior to the intervention.

THE CONCEPT OF QUALITY OF LIFE

The understanding of the term quality of life has actually gone through several stages of development. In 
the beginning, during the 1950s, quality of life was considered a synonym for economic well-being or 
material standard of living. That is why studies of quality of life were commonly conducted within the 
economic sciences. Thus, quality of life was understood as a broad term referring mostly to the general 
well-being of society. According to one definition, well-being does not only refer to life itself, but also 
refers to the ways people react, feel, and experience life with all its domains (Fahey et al. 2005).

As the notion of social progress developed and expanded from the category of economic growth and 
development to other development dimensions, quality of life became increasingly regarded as consump-
tion and equal distribution of goods across various aspects of social life. In the early 1980s, quality-of-
life studies shifted their focus toward examining subjective assessments, as it had been observed that 
quality of life is not solely an objective category measured with material and social conditions for the 
satisfaction of different needs – it is also subjectively determined.

The subjective aspects refer to different individuals and groups of people being unequally satisfied 
with the same or equally objective conditions. It turned out that there are numerous individual differences 
regarding life satisfaction as a quality-of-life indicator, which are more due to someone’s personality 
traits than due to their objective situation. System of values, expectation level, and frustration tolerance 
are psychological concepts that may explain the weak connection between objective living conditions 
and general life satisfaction.

It should primarily be emphasized that quality of life is indeed a subjective and mental phenomenon, 
dependent on the satisfaction of all universal needs structured as a hierarchy of needs, which is why it 
can be associated with the concept of life satisfaction. Today, most researchers of the topic acknowledge 
the experiential aspect of quality of life. However, economists and social scientists believe it primarily 
depends on the objective circumstances of one’s life, i.e., on the socio-economic context, thus eventually 
equating quality of life with economic and social well-being. It follows that quality of life is unevenly 
distributed among social groups living in different conditions or not having equal access to the same 
conditions. The groups that enjoy a better overall social status also have a better quality of life (Seferagić 
& Popovski, 1989). Allardt (1977) attempted to explain such a dual understanding of quality of life 
by referring to objective predicaments as the level of living or welfare and subjective predicaments as 
quality of life or happiness.

Seferagić and Popovski (1989) concluded that the problem lies at the individual level and that in-
dividual quality of life depends on the individual’s membership in a social group, but that everything 
ultimately leads to the individualization of provided objective conditions. Therefore, the above consid-
erations recognize the importance of individual psychological structure for quality of life, but fail to 
quantify the relationships between objective and subjective factors underlying quality of life. This, in 
turn, allows further arbitrary weighing of their importance (Allardt, 1977).

Pastuović et al. (1995) define the individual quality of life as a complex and combined experience 
of a person’s life (dis)satisfaction stemming from continuous evaluation and re-evaluation of how suc-
cessful they are at meeting their own needs. Such an understanding of quality of life allows the objective 
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circumstances and the psychological structure of individuals to be considered as its determinants, which 
interact, thus overcoming the deficiencies of partial conceptualizations and studies that do not consider 
them at all. In fact, how individuals assess the effects they achieve in their various life roles (professional, 
social, parental, political, and so on) depends on the values toward which they are striving, specific wants, 
expectation levels, and different personality traits. At the same time, better living conditions favor the 
improvement of quality of life, whereas a low living standard, political oppression, poor healthcare, and 
a degraded environment will typically diminish the quality of life. However, whether and to what extent 
such circumstances will be created depends on the individuals’ mental structure, which in turn determines 
their reaction to the objective circumstances and their ability to adapt to the changes in their natural and 
social environment. Thus, even in the objectively best and the objectively worst conditions, there will 
always be individuals who will regard their life as either very satisfactory or worthless.

Quality of life is a complex and multidimensional construct, which requires multiple approaches from 
a variety of theoretical perspectives. Social scientists have had some difficulty developing the instruments 
for quantitative as well as qualitative measurement and assessment of quality of life. It is impossible to 
precisely determine the values and attitudes regarding natural beauty, fresh air, noise, smoke, and large 
crowds due to people’s individual differences, i.e. due to different categories affecting individuals dif-
ferently, whether positively or negatively.

The concept of quality of life has three main characteristics. First, it refers to the individual percep-
tion of life situations, not to the general quality of life of a specific country’s population. Second, it is a 
multidimensional concept encompassing multiple life domains, such as housing, education, employment, 
work and private life balance, access to institutions and public services, and the interaction between all 
of these. Third, it integrates objective information about the living conditions and the subjective views 
and attitudes to present a picture of the overall well-being in a society.

The main steps toward achieving quality of life are to develop a framework for the assessment of 
environmental indicators that are relevant for quality of life and to select indicators for environmental 
quality assessment, environmentally responsible behavior, and use of environmental services, according 
to Eurostat (2015). Eurostat lists the following indicators:

• Material living conditions refer to economic, financial, and material conditions required to es-
tablish, implement, maintain, and continuously improve the environmental management system.

• Productive or main activity is an important indicator for quality of life and the possibility of em-
ployment for people with the knowledge of and increased understanding of environmental policy, 
environmental aspects, actual or potential impact, and their own contributions to the efficiency of 
the environmental management system.

• Health, which refers to the healthcare system, indicates the importance of gaining trust and meet-
ing the requirements of environmental standards and health, safety, and environmental protection 
policies. The emphasis is on preventive rather than corrective measures.

• Education is an important quality-of-life indicator in terms of educational possibilities serving to 
improve the quality of life.

• Social relations and leisure have a strong influence on life satisfaction and happiness. Social re-
lations can be considered as social capital, both for the individual and for society as a whole, and 
they can influence people’s quality of life in many of its aspects.

• Economic and physical safety indicate the need to provide each member of a society with equal 
possibilities so as to guarantee economic security, which influences quality of life.
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• Governance and basic rights refer to the respect of human rights, as the rule of law, a competent 
government, and civil society form the foundation of modern democracy and affect the quality of 
life of all people.

• Natural and living environment refers to an organization’s intention to achieve its goals by 
implementing an environmental management system, including improving the environment by 
fulfilling obligations regarding coordination and accomplishment of environmental goals.

• Overall experience of life.

Each of the above indicators has a fairly clear influence on quality-of-life assessment and fulfilment. 
The influence is particularly pronounced when observing all indicators at the same time, because each 
of them grows in importance if implemented with other indicators. For instance, it would be fair to ques-
tion the meaning of economic, financial, and material security if indicators such as education, health, or 
environmental quality are not taken into consideration.

ENVIRONMENTAL PROTECTION INDICATORS BASED ON QUALITY OF LIFE

Quality of Life Measurement Methods

Objective and subjective measurements are used to evaluate quality of life determined by the environ-
ment. Objective measurements describe to what extent environmental characteristics meet the criteria 
that are considered relevant to good quality of life. The criteria involve technological measurements and 
expert opinions on the state of the environment (e.g. drinking water quality or SO2 in the air), which 
can be evaluated at the social or individual level. Objective measurements describe environmental qual-
ity and the assumed effects on quality of life, although they are not without their limitations (Diener et 
al., 2009). In order to set objective criteria, it is necessary to determine which part of life people find 
the most important and what the satisfaction criteria levels are in terms of quality of life. Even though 
needs and values are mostly universal, this does not apply to all indicators involved in the quality-of-life 
assessment. Likewise, the significance people attach to certain elements and their satisfaction differ in 
different environments. Specifically, people’s quality of life depends on personal expectations, values, 
attitudes, and previous knowledge (Diener & Biswas-Diener, 2011). Consequently, it is impossible to 
assess quality of life based solely on objective methods. Accordingly, there is the question of how to 
investigate and evaluate quality of life. The prevalent answer found in literature is to use social indica-
tors, which include objective indicators, such as economic indicators (GDP, GDP per capita, household 
income, purchasing power, etc.), as well as complex social indicators, which comprise data on the school 
system, healthcare system, and crime rates Diener & Suh, 1997).

The concept of quality of life can be used in the context of the economy, which emphasizes material 
values such as income and wealth in the measurement of well-being (Shucksmith et al., 2009). GDP and 
similar economic measures were long considered as the main indicators for the well-being of a country. 
However, such measures, based on money and national income, provide insight only into the financial 
state, without offering any information about other dimensions, such as education, health, natural environ-
mental conditions, human rights, and so forth. In addition, the increased material well-being of a country 
does not necessarily lead to an improved living standard or a higher quality of life of individuals. All of 
the above suggests that life does not depend only on financial variables but also includes many others. 
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This led to the publication of numerous studies clearly demonstrating that a higher living standard in the 
material sense does not necessarily lead to improved subjective well-being (Slavuj, 2012). An example 
can be found in the ‘depression of the wealthy’ in Switzerland. According to studies, Switzerland has 
long been among the leading countries regarding suicide rates, and it is generally well known that the 
country’s living standard in the material sense is considerably high. This example only confirms that a 
better material standard of living does not always improve subjective well-being.

After reaching a certain level of basic needs satisfaction, personal income as well as other objective 
indicators become only weakly associated with the subjective assessment of one’s well-being (Inglehart 
& Klingemann, 2000). When the basic material needs have been met, other life domains become con-
siderably more important for a subjective experience of quality of life. The economic indicators do not 
paint a full picture of quality of life but are nonetheless an unavoidable foundation for the emergence 
of certain economic presumptions. In addition, in terms of quality of life, they offer the possibility for 
simpler and faster economic comparisons of specific areas and hence provide the guidelines for the 
development of that area.

It is also necessary to mention Hazel Henderson, who, without disregarding the decisive role and 
function of economy in quality-of-life improvement, claimed that income per capita is a rather weak 
indicator of human well-being, which is why she proposed that it be replaced by less tangible measure-
ments, such as political participation, literacy, education, and health (Henderson, 2002). Another note-
worthy contribution is Maslow’s theory on human needs classification developed in the 1960s, which 
is a common starting point in the majority of extensive studies. As has been correctly observed in one 
publication on quality-of-life indicators, the concept can be approached from several angles – philosophi-
cal, ethical, and psychological, but also in terms of health, human rights, and care for the environment.

The modern concept of quality of life is based on economic as well as various subjective indicators. 
In the studies on quality of life, subjective indicators are defined via different concepts only to ultimately 
arrive at the factors such as happiness, satisfaction, and positive influence (Galinha & Pais-Ribeiro, 
2008. Protection of the environment and natural resources is a crucial factor for ensuring long-term well-
being. However, measuring environmental indicators is a complicated task. First of all, it is complicated 
because the degree of the environmental impact of current factors is impossible to determine for future 
well-being. Second of all, it is complicated because there are a variety of incomparable indicators that 
can, in fact, meet the set standards.

The biggest issue underlying quality-of-life research is the operative definition of quality of life, which 
is more implicit than explicit, as it fails at being sufficiently different from the factors influencing it or 
connected to it (Ferriss, 2006). Quality of life indicators or dimensions are quite often treated equally, 
so such models may result in inaccurate explanations or in the impossibility to improve quality of life. 
Therefore, it is important to draw a clear line between quality of life and the factors influencing it. Sub-
jective measurements based on self-assessment are used to supplement objective methods. Individual 
measurements allow the studying of the subjective assessment of environmental characteristics and the 
fulfilment of specific needs.

Regardless of how indicators are classified, both types of indicators are considered equally good and 
valuable to any research, whereby each type has its own advantages and disadvantages. This is where 
the researcher’s role really comes into focus, specifically whether they will be more prone to rely on 
the objective indicators and statistical data or on the subjective indicators. To obtain the fullest possible 
picture of quality of life, both objective and subjective indicators should ideally be used (Costanza et 
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al., 2008). The two indicator types are commonly divided into three basic categories: the environment, 
economy, and social life.

Quality of Life Measurement Methods

Studying the relationship between environmental and quality-of-life factors requires complex and mul-
tidimensional methods. The multidimensional methods integrate multiple aspects of quality of life, and 
they can provide an estimate of how and to what extent these are dependent on environmental factors. 
For example, one may measure the satisfaction with specific quality-of-life elements in various sur-
roundings and examine how the differences among environmental factors can lead to different levels of 
satisfaction with life factors (Diener & Biswas-Diener, 2011). This can be done through a comparison 
between the actual circumstances as well as hypothetical situations.

According to Štreimikienė (2015), environmental indicators can be divided into the following catego-
ries according to their relevance to quality of life: environmental quality, environmentally responsible 
behavior, and consumption of environmental services.

Environmental quality indicators

Indicators of environmental quality comprise a number of environmental factors, such as land, water, 
and air. However, the majority of relevant data pertain to the impact of air pollution on human health, 
which means that the indicators of air pollution garner the most attention. In this section, objective 
measurements of air quality concern the concentrations of PM10 particles, ground-level ozone, and CO2 
emissions from transport, considering that the transport sector poses a great problem for sustainable 
development in the EU. CO2 emissions are the chief cause of climate change.

The problems caused by ever-increasing pollution from transport are particularly important. With 
the raised standard of living, the people’s purchasing power also increases, including the purchase of 
new cars, which in turn increases the CO2 emissions. Yet, the use of more energy-efficient cars can help 
reduce the emissions of greenhouse gases. This is precisely why the Serbian Ministry of Environmental 
Protection introduced a ban on the import of used cars with Euro 3 engines as of 1 January 2021, while 
the citizens who already own older cars will have to undergo stricter exhaust emission controls to be al-
lowed to drive them. Such a decision by the Ministry resulted from the fact that numerous Serbian cities 
have been among the most heavily polluted in the world for many months back, as well as from the report 
by the Serbian Environmental Protection Agency stating that transport contributes to the overall PM air 
pollution with six percent and to the total nitrogen oxide pollution with 20 percent. Nevertheless, despite 
their negative impact, the positive aspects of cars also need to be considered, including their usefulness 
to individuals in terms of mobility. Car use increases individual freedom but also affects different needs 
and values, such as the need for independence, for enjoying one’s life, and for improving one’s status 
(De Groot & Steg, 2006). Similarly, freedom is determined not only by the degree of car use but also by 
other environmental factors, such as access to nature and various institutions.

EU citizens have become wealthier and the improvement of their living standard led to increased 
consumption, thus generating more waste. In this region only, around 3 billion tons of waste are depos-
ited annually, of which 90 million tons represent hazardous waste. According to Eurostat, this amounts 
to approximately 6 tons of solid waste per every man, woman, and child.
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In addition, over a half of the population live in urban areas, where the ozone levels exceed the 
maximum allowed limits. The fraction of PM10 particles considered the most contaminating is smaller 
than 2.5 micrometers and referred to as PM2.5 particles. PM2.5 always accompany PM10 particles; they 
reach the upper respiratory tract even easier due to being smaller and they are the ones carrying heavy 
metals (Arruti et al., 2010). Epidemiological studies conducted over the last 20 years have identified a 
significant correlation between short- and long-term exposure to increased environmental PM concen-
trations and increased morbidity (mostly cardiovascular and respiratory diseases) and mortality rates 
(Goldberg et al. 2001).

Another crucial aspect for human well-being is access to clean drinking water. Water management is 
a major and growing challenge in many parts of the world. Many people do not have access to sufficient 
amounts of water, or at least to water that is safe for drinking, in their surroundings. Even though consider-
able progress has been made in the EU countries, whose wastewater treatment processes greatly reduced 
the water pollution in industrial and public utility facilities, diffuse pollution caused by agricultural and 
urban effluents still remains a challenge. Improved freshwater quality is not always easy to identify. 
Biochemical oxygen demand is the main water quality indicator in rivers. Specifically, the amount of 
oxygen used by aquatic microorganisms during biochemical oxidation of organic substances is called the 
biological oxygen demand. Organic pollution of river water often leads to rapid water deoxygenation, 
increased ammonia concentrations, and the consequent death of fish and aquatic invertebrates. The most 
important sources of organic waste are household and industrial waste waters.

Indicators of Environmentally Responsible Behavior

Environmentally responsible behavior manifests itself through activities such as energy conservation, 
the use of renewable resources, and sustainable consumption (Osbaldiston & Sheldon, 2003).

The chief indicators of environmentally responsible behavior were chosen based on Eurostat data. They 
include energy productivity, resource productivity, the share of renewables in final energy consumption, 
packaging waste recycling rate, and wastewater sludge production and disposal per capita. These indica-
tors directly affect quality of life as they are the main triggers for the impact on environmental quality.

Increased use of renewables is a priority in the EU energy and environmental policies, because such 
use reduces greenhouse gas emissions and enables more efficient energy consumption. Over the last 
20 years, Europe has seen a significant improvement in drinking water quality, but continuous efforts 
are still necessary to further improve the quality of water resources. For example, the bioaccumulation 
of mercury and other persistent organic pollutants can be high enough to cause health issues among 
vulnerable populations, such as pregnant women. Between 1990 and 1995, the amount of generated 
waste in Europe increased by ten percent. Most of the waste thrown away is either burned or deposited 
in landfills (67%), but both methods damage the environment. Recycling is the principal measure of the 
policy to reduce the negative environmental impact of accumulated waste.

Therefore, it should be borne in mind that environmentally responsible behavior is closely connected 
with efficient and economical use of energy and resources, use of renewables instead of fossil fuels, 
waste recycling, and proper management and disposal of waste water (Thogersen, 2006)
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Consumption of Environmental Services

Almost 75 percent of European citizens live in urban environments. The Sixth Environment Action 
Programme of the EU, specifically its thematic strategy on the protection of the urban environment 
emphasizes the effects on the health and quality of life of city dwellers. The aim is to improve the urban 
environment in order to make it more attractive and healthier to live, work, and invest in, while attempting 
to reduce the harmful effects on the wider environment. The quality of life and health of urban dwellers 
greatly depends on the quality of the urban environment itself, with a highly complex interaction between 
the urban environment and the social, economic, and cultural factors.

The main indicators for the consumption of environmental services and amenities provided are se-
lected based on Eurostat data. They comprise an index of sufficiency, total freshwater abstraction per 
capita, fish production per capita, and forested and other wooded land per capita. The increase in these 
indicators indicates an upsurge in the use of services provided by the environment, which has a direct 
positive impact on quality of life.

The index of sufficiency shows to what extent the specific Sites of Community Importance are appro-
priately covered by the plant and animal species as well as habitats listed in Habitats Directive Annexes I 
and II. This is an important quality-of-life indicator connected to the measures for biodiversity protection.

With regard to water, as a life-essential amenity, it is also a vital economic resource with a key role 
in the regulation cycle of climatic factors. There are significant differences between the amounts of ab-
stracted water per capita for each EU member country. This partly reflects the availability of resources, 
as the country’s climate, as well as industrial and agricultural structure, are also key factors.

The fish stock in water is considered a natural resource provided by the environment to fulfil human 
needs. Fish are a natural, biological, and renewable resource. With the exception of fish farming, fish found 
in the wild are usually not owned until caught, although some lakes and rivers may be privately owned.

In Europe, forests have been traditionally associated with their primary function, which is to provide 
wood for further processing. However, their function as recreation or tourist sites has become increas-
ingly important in many countries in the region – particularly their benefits for economic growth, health 
and well-being, and quality of life.

Other important indicators include access to green spaces and satisfaction with the quality of local 
environment; unfortunately, these are not included in Eurostat databases.

Besides, it should be noted that, in addition to objective data and indicators, subjective data on envi-
ronmental quality also provide some key information about environmental conditions.

One of the subjective indicators regarding access to green spaces refers to the complaints about the 
lack of access to recreational or green zones. Access to green spaces is crucial to quality of life, because 
undisturbed environments provide a source of satisfaction (Milligan et al., 2004), improve mental well-
being (Brown & Grant, 2007), and allow people to recover from everyday stress (Mace et al., 1999) and 
to pursue physical activities. The plant composition is a fundamental element in public green spaces, 
improving the environment and people’s quality of life (Santos et al., 2021).

This leads to a conclusion that the three aforementioned groups of indicators positively impact envi-
ronmental quality, which in turn results in higher consumption of environmental services (Štreimikienė, 
2015). Perhaps the finest example of the claim that environmentally responsible behavior directly im-
proves environmental quality can be found in the footage and images testifying that nature has notice-
ably regenerated itself during the isolation of worldwide populations due to the Covid-19 pandemic, 
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following an extended period of pollution. With people spending less time in nature and having fewer 
opportunities to behave environmentally irresponsible, nature has been given a chance to restore itself.

Keles’ Categorization of Environmental Factors

Keles (2012) offered a categorization of environmental aspects that can either improve or deteriorate 
quality of life. According to him, the first and the most crucial factor is access to environmental infra-
structure and services, such as water and sanitation systems, solid waste management, drainage, and 
transportation. When people do not have adequate access to the said amenities or when their quality is 
inferior, a series of health issues immediately arise.

The second factor is the pollution due to urban waste and activities, which significantly affects every 
day urban life, causing air and water pollution and land degradation. It has been estimated that 300 to 
700 premature deaths might be avoided every year if a minimum of WHO’s clean air standards is fol-
lowed in practice. According to WHO statistical data, environmental conditions are responsible for one 
quarter of the deaths caused by respiratory or other infectious diseases (Keles, 2010).

The third factor affecting quality of life is resource degradation. For instance, urban development can 
damage neighboring ecosystems through construction on sensitive and fertile land, as well as through 
inadequate disposal of urban and industrial waste. Cultural and historical heritage is another resource 
prone to loss due to neglect and ignorance (Oktay et al., 2009).

The fourth factor involves environmental hazards from natural sources, such as earthquakes, floods, 
etc., as well as from anthropogenic sources, such as industrial, transport, or fire-related accidents. Finally, 
global environmental issues, such as greenhouse gases, rise in sea levels, climate change, and pollution 
of international waters, generate considerable risk to the environment (Leitmann, 1999).

Among the aforementioned factors, it should be noted that the decisions regarding the use of urban 
land are crucial determinants for environmental protection, and thus urban and rural life. Fluctuations in 
the real estate markets combined with inefficient land management policies and practices have resulted 
in the degradation of environmental capacities.

From a different standpoint, a certain level of quality that guarantees sustainable welfare for the people 
could also have socio-cultural, economic, and spatial characteristics. The fact that people have wishes 
that they intend to fulfil is what constitutes the socio-cultural dimension of the issue. On the other hand, 
if they wish to consume specific material and non-material goods on a specific level, there is a case of 
an essentially economic dimension of the issue – limited resources. To fulfil their wishes, people use 
the space around them for living, working, and recreation. Considering that they create new physical 
conditions, i.e. a new environment for living, working, and recreation, spatial factors will necessarily 
play a special part in raising the level of quality of life. There are certain indicators that these changes 
the equilibrium between processes in the biological and non-biological spheres is disturbed by these 
changes. This is why it is of paramount importance for people to behave environmentally responsibly 
(Van der Heuvel, 1992).

Environment and Quality of Life in Serbia

In Serbia, there is a very pronounced difference between its regions. The southern and eastern regions are 
characterized by their less developed economy. Therefore, the quality of life of people in Serbia differs 
from region to region. In less developed parts of the country, there are untapped natural potentials and 
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resources, which could be used in a sustainable way. By exploiting these potentials, the quality of life in 
the area would improve. Replacing non-renewable energy sources with renewable sources is a form of 
sustainable use of natural resources (Furlan & Mortarino, 2018), and it can be said that Serbia is rich in 
renewable energy sources. It is certainly important to use these sources, but only their use largely depends 
on the degree of environmental awareness (Arundati et al., 2020). Sustainable development focuses on 
meeting the needs of people and overcoming the conflict between the economy and the environment. 
By realizing this model in practice, it is possible to create conditions so that the economy and ecology 
can go hand in hand. In order for this development to proceed without contradictions, it is necessary 
to simultaneously respect social issues, starting from the lowest (local) to the highest (global) level of 
their manifestation (Strbac et al, 2012). An aesthetically uncultivated environment has an adverse effect 
on humans. A clean environment, aesthetically refined, is a precondition of modern ecological culture 
(Koković, 2010). In Serbia, a relatively low level of environmental awareness is expressed, and thus the 
average citizen does not have a positive attitude towards the need to act in a way to reduce pollution, use 
energy rationally and change the attitude towards non-renewable resources. According to the reports 
included in the National Development Strategy of Serbia, almost a quarter of the citizens do not have 
enough self-confidence, and do not trust other people’s views, while in some absurd way, they still believe 
in their superiority and omniscience. Due to the weak economic situation, the youth in Serbia have little 
chance to build better lifestyles. Considering the fact that the quality of life refers to both the individual 
and the region, i.e. the local community, the mentioned aspects include the psychosocial and economic 
aspects of quality. The economic aspect is related to investments and the quality of the economy. The psy-
chosocial aspect is associated with physical and mental health, social security, social institutions (health, 
education, court), political stability and the environment (Arsovski, 2005). It is necessary to find ways 
to use the natural potentials of Serbia, and thus to accelerate the economic development of the region, 
through social welfare and more pronounced care for the environment. However, no major progress can 
be achieved without adequate education, development policy, and without raising social awareness. In 
the end, it is concluded that sustainable development is related to the quality of all processes which man 
undertakes and in which he is the main actor. Raising awareness of a different, more careful treatment 
of nature, and thus indirectly of society, leads to raising the quality of life.

CONCLUSION

Environmental management directly or indirectly influences the overall quality of life and life satisfac-
tion. When environmental management is reliant upon the principles of quality management, it can be 
expected to have an effective impact on all quality-of-life elements listed by Eurostat. The principles 
refer to environmental management, which is achieved through several standard requirements. Conse-
quently, the principles of quality management can be adjusted to apply to environmental management. 
Concerning the principles of quality management adjusted to the environment, there is the principle 
of customer focus, which emphasises the environment and the stakeholders. The principle of leader-
ship focuses on teamwork, environmental policy development, and continuous learning about the ways 
to protect the environment. The principle of people involvement states that the environment can be 
conserved only if all members of a social community work together toward this goal. The principle of 
the process approach means that the environment is either preserved or destroyed in various processes. 
The principle of continual improvement is the core principle for managing the demand to improve en-
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vironmental protection every year. The principle of a factual approach to decision-making refers to the 
re-examination and application of scientific methods planned at all levels of decision-making regarding 
the environment. Finally, the principle of mutually beneficial supplier relations refers to the development 
of relations with all the relevant environmental actors for the purpose of coordinating environmental 
protection. The practical significance of this paper is that we need to look at all human activities that 
lead to environmental pollution in order to be able to adequately analyze the relationship between quality 
of life and the ecological state of the environment.

FUTURE RESEARCH DIRECTIONS

Future research should address some of the curtail quality of life issues at the forefront of local as well 
as global political and environmental agendas at the beginning of the 21st century. Also, future research 
should examine how and in what way satisfying and endangering the environmental aspects of quality 
of life affects society and how it affects the individual. Future research should examine the relationship 
between the individual and collective responses to environmental problems, and examine the extent to 
which the subjective perception of quality of life coincides with objective measures of environmental 
assessment. Because quality of life depends not only on the physical and social ’quality’ of the envi-
ronment, but is also a result of the way people interact with their environment, future research should 
examine the possible ways of human interaction with their environment. Also, they should examine what 
kind of environment we need in order to have a sense of subjective well-being and better quality of life.
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KEY TERMS AND DEFINITIONS

Ecological Awareness: Is to be informed and know the impact of our actions and activities on our 
environment and the ecosystems around us: individually or collectively, locally and globally.

Environmental Protection: Considers the full preservation of environmental quality, biodiversity, 
and geodiversity, and the rational use of natural resources, which is a basic condition for sustainable 
development, a healthy life, and a good quality of life.

Environmental Quality: Reflects the ability of environment to meet the basic human needs.
Quality of Life: Reflects the social dimension of sustainable development and represents the range 

within which individual needs are met.
Sustainability: Reflects the balanced relationship between people and the environment. It refers to 

a balance between environmental, social, and economic qualities.
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ABSTRACT

In recent years, natural disasters have compelled public authorities, organizations, and citizens to increase 
their efforts in properly planning and implementing effective risk management procedures. Accordingly, 
in literature contemporary concepts such as natural disaster risk management and crisis management 
emerged. Therefore, the chapter aims to shed light on the significance of natural disaster risk manage-
ment and crisis management in the development of an effective societal system by its transformation and 
to point out the positive and negative factors influencing these management activities. The authors will 
firstly give an overview of these two concepts, their elements, and development phases, and afterward, 
the investigation of possible positive and negative factors of natural disaster risk management will be 
introduced. The chapter will make a significant contribution to filling the gap in the literature on miti-
gating the influence of natural disasters and risk management.

INTRODUCTION

In the contemporary and turbulent business environment, increased competition and accelerated dynamics 
of social, economic, and political processes (Janjić & Rađenović, 2019) as well as the process of glo-
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balization, are the cause of various economic, social, environmental, and political crises. Globalization 
can be observed as a well-known and recent phenomenon in human history, which creates new ideas, 
identities, and competition (Janjić et al., 2020), where competitiveness presents the basic assumption 
of the economic prosperity of each country (Krstić & Janjić, 2019). Crises occur and evolve in parallel 
with the development of human societies. The epochs of time, which were marked by various crises, 
were imbued with numerous socio-cultural changes. Despite the tendencies of the modern unpredictable 
and complex environment (Jovanović et al., 2020) and efforts of organizations to reduce the factors that 
can lead to accidents, crises are inevitable due to the complexity of modern technology, human factor, 
and the very interdependent nature of the industry (Ray, 1999).

Crisis management and risk management are relatively new concepts, both theoretically as teaching 
and scientific disciplines, research fields, and practice in corporate business, government administra-
tion, public companies, and non-profit organizations. The belated and slow entry of these concepts into 
the academic sphere was influenced by terminological confusion related to different types of proactive 
and reactive management of dangers and uncertainties that threaten society, individual organizations, 
and groups. The crisis contains the seeds of success, as well as the root of failure. Finding potential for 
success is the essence of crisis management (Kyhn, 2008).

Climate changes are becoming more serious, and the consequences are being observed on all con-
tinents through numerous natural disasters. Natural disasters such as earthquakes, floods, droughts, 
landslides, erosions pose the greatest threats to sustainable development globally. Natural disasters are 
a natural syndrome and part of human existence, but they are among the most common types of crises, 
which produce significant material damage, causing the greatest danger to the economy and life condi-
tions. Predicting, preventing, and reducing the impact of disasters is possible through the systematic 
efforts of the state and companies, which are reflected in the adequate management of crisis and risk, 
adoption of appropriate regulations, engagement and training of human resources, and using appropriate 
equipment and resources.

The aim of this chapter is to point out the significance of natural risk management and crisis man-
agement in the development of an effective societal system by its transformation. The purpose of the 
chapter is to fill the gap in the literature and merge theoretical and practical solutions in the field of 
natural disaster risks management.

The chapter is structured as follows: Firstly, it is presented the theoretical background of natural 
risk management. Secondly, the authors give an overview of the characteristics of natural disaster risk 
management and crisis management. The third part of the chapter points out the solutions and recom-
mendations for natural risk management in the case of societal transformation with the special emphasis 
on the role of the state in the case of floods in the Republic of Serbia. Lastly, future research directions 
and concluding remarks are given.

BACKGROUND

The process of globalization in the last decades of the twentieth century has led to political, economic, 
and social integration, reducing the importance of national boundaries (Jovanović & Đokić, 2020). In 
globalization and the knowledge economy, knowledge and ideas at the corporate, national, and global 
levels play a key role in solving various problems (Jovanović, 2018). The economic reality of modern 
companies and national economies is faced with the processes of internationalization and globalization 
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(Jovanović & Đokić, 2019). Their interdependence emphasizes the importance of managing certain prob-
lems at the global or regional level. It is also the case with natural disaster risk management. Namely, it is 
necessary to look at global trends that encourage the risk of natural disasters (earthquakes, windstorms, 
and floods) and strive to mitigate them through policies and practices at the global and national levels 
(Gencer, 2013). In addition, companies are expected to continuously analyze the macro environment in 
terms of various exogenous factors, including environmental factors (Đorđević et al., 2020).

The drastic growth of losses due to natural disasters began in the 1950s, as a result of the concentration 
of the population in urban areas, the development of coastal areas, as well as the way of life of people, and 
the development of technologies, but also due to global warming (consequential changes in the natural 
environment). Without planned measures at the global level, such trends will deepen further (Smolka, 
2006). At the global level, natural disasters kill on average 60,000 people per year. It was responsible 
for 0.1% of deaths over the past decade. In addition, droughts and floods were the most fatal disaster 
events (Ritchie & Roser, 2014). According to the Emergency Events Database (EM-DAT, 2017), that 
provides The Centre for Research on the Epidemiology of Disasters (CRED), the total number of people 
affected by disasters in 2016 (569.4 million) was the highest since 2006, far above its 2006-2015 annual 
average (224.1 million). Taking into account the distribution of disaster occurrences across continents 
for the 2006-2016 period, the data are as follows: Asia was most often hit (46.7%), followed by America 
(24.3%), Africa (16.9%), Europe (8.2%), and Oceania (3.8%).

In the period from 2010 to 2015, the biggest natural disasters in Serbia included: extreme temperatures, 
floods and fires. The floods affected 1,615,820 people, with 57 deaths during this period. When it comes 
to extreme temperatures, they affected 118,264 people and the damage amounted to 132,260,000 US dol-
lars. Also, in the same period, two people died as a result of the earthquake (Petrović & Grujović, 2015).

Disaster is defined as a “situation or event which overwhelms local capacity, necessitating a request 
to the national or international level for external assistance, or is recognized as such by a multilateral 
agency or by at least two sources, such as national, regional or international assistance groups and the 
media” (Centre for Research on the Epidemiology of Disasters, 2004). Natural disasters involve natural 
variations that call into question the socio-economic development and lives of people. It is the result 
of variations on the earth’s surface (Zhang et al., 2006). Although the term natural disaster indicates a 
process caused by nature, this understanding of the term does not indicate the origin or initiator of that 
process. It is also called a natural hazard. The following can be distinguished: 1) geo-tectonic hazards - 
processes originating from the earth’s crust such as volcanic eruptions, earthquakes, uplift or subsidence 
of land, and 2) hydrometeorological hazards - processes originating from the earth’s atmosphere that led 
to floods, droughts, storms and extreme weather conditions (Ranke, 2016). Also, there are other explana-
tions of these phenomena in the literature. Hazard is any phenomenon that can cause the destruction of 
life and property. It becomes a disaster when the potential to cause destruction is fulfilled. When there 
is a danger to human life and property, a hazard is called a disaster. This means that not all hazards are 
disasters (Babu, 2017).

Natural disaster risk can be seen as the exposure or chance of loss (human, physical, economic, 
natural, social) due to the danger that threatens a certain area in a certain period. It is the probability that 
the influence of that danger will occur multiplied by the implications of that influence (Asian Disaster 
Preparedness Centre, 2000). Exposure involves people, property, and other segments that are potentially 
subject to losses. It refers to people or various assets in a dangerous area. On the other hand, the risk is 
the possibility of negative consequences taking into account the probability that a risky event will occur. 
Disaster is the inability of the affected community to solve the problem of negative consequences due 
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to human, material, economic and environmental losses with its resources (United Nations International 
Strategy for Disaster Reduction, 2009).

About 90% of natural disasters in Europe are directly or indirectly conditioned by weather and cli-
mate. About 95% of the economic losses caused by catastrophic events are the result of these weather 
and climate disasters. The average number of annual disasters caused by weather and climate in Europe 
has increased by about 65% in the period 1998-2007 compared to an annual average in 1980 (Popović 
et al., 2009).

The economic consequences of natural disasters can be seen as direct and indirect. Direct losses in-
clude losses due to the destruction of the property of private entities and the business sector, but also the 
property of the state - bridges, roads, schools, hospitals, communication infrastructure. Indirect effects 
can be observed through a slowdown or interruption of economic activity - reduced demand, interrup-
tion in production, lack of input, interruption in distribution channels. Human and economic losses are 
particularly high among the poorer population (Szlafsztein, 2015).

MAIN FOCUS OF THE CHAPTER – NATURAL DISASTER 
RISK MANAGEMENT AND CRISIS MANAGEMENT

Theoretical Framework of Crisis Management

Crisis management as a scientific-theoretical discipline and a rationally designed concept of pragmatic 
action entered the historical scene in the second half of the 20th century. The origin of this term is in 
the political sphere. It is believed that US President J. F. Kennedy was the first which used the term 
crisis management during the Cuban Missile Crisis in 1962, when Cold War tensions culminated in 
the installation of Soviet nuclear warheads in Cuba (Kešetović & Toth, 2012). On the other hand, crisis 
management is a relatively new concept in theoretical and practical terms. Implementation of crisis 
management is accompanied by terminological ambiguity related to basic phenomena - emergency, 
crisis, conflict, and catastrophe, but also different types of management that represent an attempt to 
manage uncertainties and dangers.

Crisis management has been thoroughly researched in the past few years. There are numerous defini-
tions, and diverse authors have contributed to the basis of this concept (Fearn-Banks, 2002; Boin et al., 
2005; Elliot et al., 2005; Glaesser, 2006; Coombs, 2007; Kouzmin, 2008). Comprehensiveness is still 
being accomplished, and the definition is still a work in progress. The ability of an organization to act 
quickly, efficiently, and effectively in possible operations aimed at reducing future threats to human health 
and safety, minimizing damage to public or private corporations, and minimizing the negative impact on 
the company operations is known as crisis management (Drennan & McConnell, 2007). Other scholars 
have developed similar conceptual approaches, linking crisis management with dealing with unforeseen 
occurrences. Crisis management can be defined as a holistic approach that begins with readiness and 
prevention and continues through the process of reaction, recovering, and learning (Fearn-Banks, 2002).

The task of crisis management should be to demonstrate quick and precise corrective actions, taking 
into account the needs of stakeholders and society, a clear presentation of the recovery strategy, com-
munication in clear terms, delivery of consistent messages of the recovery plan. The crisis team should 
gather as many facts about the situation as possible, in an attempt to get a full picture of it in order to 
take management actions (Aghahowa, 2008).
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The Crisis Management and Similar Related Concepts

Apart from crisis and crisis management, there are similar yet separate concepts, linked by a similar 
philosophical framework. Therefore, it is necessary to distinguish between the following terms: issue 
management, risk management, emergency management, and disaster (catastrophe) management (Figure 1).

Issue management is a management process aimed at preserving markets, reducing risk, creating 
opportunities, and managing an organization’s image as an asset for the benefit of both the firm and its 
shareholders (Gaunt & Ollenburger, 1995). There are few differences between issue and crisis manage-
ment. Issue management means primarily identifying trends and events that may have an impact on the 
company, whereas crisis management is a more reactive discipline that mainly focuses on the situation 
after a crisis has occurred (Monstad, 2003). In comparison with crisis management, issue management 
focuses less on the action and more on anticipation. Issue management is proactive in determining the 
possibility for change and influencing the implementation of appropriate decisions before the changes 
have a detrimental impact on the company.

The changing corporate environment, which is defined by risks from political, economic, natural, and 
technical resources, indicates the importance of risk management (Wu & Olson, 2010). Risk management 
includes the management activities of organizing, coordinating, planning, controlling, and directing. It is 
a systematic way to measuring, evaluating, and managing the risk that an organization faces by aligning 
strategy, people, technology, processes, and knowledge. In the contemporary world, risk management is 
the process of assessing risk and implementing risk management methods. It is a matter of determining 
the extent to which an organization is vulnerable to prospective losses and determining the best course 
of action for dealing with such risks.

Emergency management is “a complex policy subsystem that involves an intergovernmental, multi-
phased effort to mitigate, prepare for, respond to, and recover from disasters” (Donahue & Joyce, 2001). 
An emergency is a sudden, fast-occurring, usually unexpected event or happening that requires quick 

Figure 1. Crisis management and similar concepts
Source: Adapted to Kešetović, 2008

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



26

Natural Disasters and Risk Management
 

action (Keković et al., 2011), which can be prepared for, but rarely with precision. It is a broader term 
than crisis, because every crisis is also a certain emergency, while every emergency does not have to be 
a crisis. (Kešetović, 2008). Emergencies usually evolve during the incubation period, so that they often 
grow unnoticed and lead to an acute crisis.

Disaster management (catastrophe management) entails taking steps to mitigate or eliminate the 
consequences of natural and other disasters of catastrophic proportions. It differs from risk management 
in the sense that catastrophe, as an event that cannot be handled in theory. Disaster is “a situation that 
overwhelms local capacity, necessitating a request for external assistance at the national and international 
levels, or is recognized by a multilateral agency or at least two sources, such as national, regional, or 
international assistance groups and the media” (Moe et al., 2007, p. 787). Disaster management initia-
tives, strive to prevent or avoid possible losses from hazards, promote early and appropriate aid to disaster 
victims, and seek to achieve rapid and successful recovery.

The Main Stages of Crisis Management

In conditions of natural disasters, there are different approaches to the development and implementation 
plans of management crises, intending to find effective ways, methods, and crises management tools for 
timely identification and effective response to the risk and crisis events. In the field of crisis management 
theory and practice, different scholars (Mitroff & Pearson, 1993; Pheng et al., 1999; Coombs, 2007), 
suggested some stages of crisis management (Figure 2).

Stage One: Signal detection provides the proactive measures that a company can take before a 
problem occurs. Signal detection is the process of detecting warning indicators of impending problems 
within and out of an organization. Crisis signals can be any type of qualitative or quantitative data of 
“organizational imperfections” that indicates a departure from normality. There have also been various 
attempts to develop early warning systems, with an emphasis on natural disasters (Zschau & Küppers, 
2003), geophysics and financial markets (Sornette, 2004), and financial crisis (Berg & Pattillo, 1999).

Stage Two: Prevention entails attempting to mitigate recognized hazards that could result in a crisis. 
The activities which are undertaken to avoid a natural phenomenon or prospective hazard from having 
detrimental impacts on people or economic assets are referred to as prevention. To reduce or eliminate 
disaster impact on the company, society, and the environment its necessary to define regulatory and 
physical steps for timely recognition, early warning, and effective intervention at an early stage of crisis 
development.

Stage Three: Damage containment includes a system of measures to address the negative consequences 
caused by the crisis. Damage containment is entirely based on reducing the harm from unavoidable events 

Figure 2. The main stages of crisis management
Source: Mitroff, 1994
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as it occurs after a crisis has happened and averting it from spreading damage to untouched areas of an 
organization or environment (Canyon, 2013).

Stage Four: The main goal of the recovering stage is to recover from the crisis by performing and 
adopting short-term and long-term recovery strategies and programs, to help the company resume normal 
operations. Recovery by natural disaster impacts entails the restoration of normal community activities 
and stabilization of the disaster conditions, as well as provides an opportunity to enhance organizational 
capacity to support economic, social, and physical development (Berke et al., 1993).

Stage Five: Learning presents the last phase of crisis management. Learning is achieved by a con-
tinuous process of critical examination of previous practices, improving performances, and achieving 
success. The importance of this stage is represented in recognition of the opportunity to learn from 
previous catastrophes and to avoid future crises (Kovoor-Misra et al., 2000).

The Main Elements of Natural Disaster Risk Management

The literature provides a distinction between the terms “crisis management” and “risk management” 
(Zhang et al., 2006). Disaster risk management is defined as a set of planned actions - projects and pro-
grams, and tools used to reduce disaster risk or mitigate damage. It is based on three elements: 1) risk 
assessment, 2) disaster prevention and mitigation, and 3) disaster preparedness (Deutsche Gesellschaft 
für Technische Zusammenarbeit, 2002). On the one hand, crisis management is based on post-disaster 
activities, while on the other hand, risk management is focused on the activities in the pre-disaster 
stage, during the disaster, and in the post-disaster stage. As a result, risk management rather than crisis 
management is accepted.

Risk management of natural disasters can be divided into four phases (Figure 3). The first step is to 
identify the risk of a natural disaster and then predict the potential impact of that disaster. Risk identifica-
tion is based on hazard assessment, vulnerability studies, and risk analysis. Hazard assessment enables 
the determination of the possible location and probability of the occurrence of a dangerous natural phe-
nomenon in a certain period, based on historical data, scientific information, and teams of experts for 
the research of this data. Vulnerability studies define the social, physical, and economic impact of that 
dangerous natural event. Risk analysis combines information from previous assessments and analyses 
based on which the probability of loss due to a dangerous event is estimated (Freeman et al., 2003).

If the anticipated risk is high, it is necessary to control it by defining certain control measures - for 
example, the construction of a dam to protect against floods or insurance. Planning documents that in-
clude risk reduction measures are an important component of natural disaster risk management. These 
documents determine the levels of local risk prevention. Furthermore, it is necessary to determine the 
method for risk assessment of a certain area, and then define clear measures for risk reduction. Ultimately, 
it is necessary to predict the costs taking into account the level of resistance. Determining whether the 
measures comply with the characteristics of the area - industrial activities, agricultural sector, environ-
mental issues, cultural heritage, social and ethical values, also plays an important role. In this way, the 
acceptance of risk reduction measures by people from certain areas is encouraged (Ranke, 2016). Given 
that resources are limited, it is necessary to consider all risk control measures in order to reap the greatest 
benefits from them (Mechler, 2003).

The earthquake in Managua (Nicaragua) and the tropical cyclone Tracy in Darwin (Australia) which 
occurred in the early 1970s, indicated the importance of managing the risk of natural disasters, primar-
ily by identifying this risk. For this purpose, the Geo Risks Research Group was set up in 1974, as well 
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as a database of global natural disasters that facilitates the risk identification phase. The first model for 
assessing natural disasters’ risk was developed in 1987. This model enables the determination of aver-
age annual and potential maximum losses, which is the goal of the next phase of natural disaster risk 
management. When it comes to the third phase, the best way to control risk is to insure against natural 
disasters but also through loss prevention and mitigation - 1) land-use planning, 2) construction assets 
and 3) contingency strategies. Finally, it is necessary to consider the possibilities for financing losses, 
which requires the cooperation of different entities – affected private individuals and business entities, 
financial institutions, and governments/public authorities (Smolka, 2006).

Over the past few years, the literature has emphasized the importance of integrated natural disaster 
risk management. It is the concept that includes all types of natural disasters and a consistent strategy 
and management plan. In addition, it suggests risk management practices in the pre-disaster period, 
during and after the disaster. This concept is characterized by holistic risk management with multilevel, 
multidimensional, and multidisciplinary collaboration. It is also the management based on performance 
(Mileti, 1999). This concept is built around the following elements (Zhang et al., 2006):

• a multidimensional and multidisciplinary approach is required to ensure effective disaster risk 
reduction;

• the development of holistic sustainable policies at the state level, while the implementation of 
these policies takes place from the national level to the local level;

• creating support tools for local levels;
• integrated disaster risk management becomes part of regional plans and projects;

Figure 3. Four phases of natural disasters risk management
Source: Mechler, 2003
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• decisions are taken based on information obtained through hazard mapping and vulnerability 
assessment;

• consolidation of knowledge at all levels and its use in policy implementation and decision-making;
• promotion of the identification of responsibilities at the local and regional levels.

SOLUTIONS AND RECOMMENDATIONS FOR THE 
NATURAL DISASTER RISK MANAGEMENT

Natural disaster risks are differently managed in every country. For example, New Zealand has a 
government structure with shared responsibilities for natural risk management among all levels of ju-
risdiction. Management is based on the concept of 4Rs, meaning that reduction, readiness, response, 
and recovery are the main steps to be followed in the case of a natural disaster emergency (Crawford et 
al., 2018). Thaler et al. (2019) proposed the model of societal transformation as a solution for natural 
risk management that is grounded on the data from Austria, France, and Ireland. It is very intriguing 
to analyze how society coexists with natural risks in its environment (Bertoldo, 2021) and to overlook 
social circumstances during materialized consequences of natural disasters (Ivčević et al., 2019). This 
model could be an outcome of the risk analysis and the strategy for its prevention. In environmental, 
financial, or social crisis, all factors should be analyzed in order to take action. The transformation of 
a social system may bring the system into balance. However, it is important to point out that most of 
these changes are triggered by specific hazards and conditions in some areas. Therefore, previous risk 
analysis will contribute to the goals’ setting, effective planning activities, and corresponding decision 
making (Smith et al., 2015).

According to Thaler et al. (2019), there is an equal distribution of barriers and drivers for the transfor-
mation of societies in the case of natural disaster risk management. They have studied data from several 
cases. Their conclusions are unprecedented that the transformation of society was i initiated mostly by 
individuals or other interested parties at the local level who were faced with natural disasters and their 
negative consequences. Except for the local citizens as drivers of societal changes who are most often at 
the bottom of the transformation process, there are positive examples of mutual efforts of local govern-
ment and citizens to come up with a solution for natural risks. Additionally, even though the initiatives 
were driven by individuals, local governments (i.e., municipalities) were legal representatives of the 
transformation process because only they could be legally responsible for every negative consequence 
of the natural risk management. Nevertheless, Zuccaro et al. (2020) assert that local organizations (such 
as NGOs) are the ones whose aim is to disseminate all information about natural risks and to galvanize 
cultural changes. Examples of transformation frequently appeared after hazardous situations, such as 
floods, when everybody understood the importance of changes. Understanding phase as a driving force 
for changes was accompanied by phases in which planning and managing natural risks were transforma-
tion initiators. A phenomenon of natural disasters could be previously planned and managed with not 
necessary for the risk to manifest itself. Therefore, some local entities demonstrated entrepreneurship 
behavior and social engagement in the situation of transformation and managed to propose and imple-
ment social changes from the bottom to the top political levels. It is vital to estimate how policy-makers 
perceive natural risks and how their resource management, especially human, transmits on local citizens 
(Milanović, 2017). Some preventive measures are not only in the domain of government. Inhabitants of 
the area that are constantly under the pressure of natural disasters risk may eventually decide to migrate 
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in order to mitigate its negative effects (Banerjee et al., 2019) and to change residence for the one with 
labor market efficiency (Milanović & Marjanović, 2019).

According to Thaler et al. (2019), barriers to societal transformation and natural disaster risk manage-
ment, are drivers but with the opposite direction. So, if local citizens or local government are not inter-
ested in transformation, if there are not enough resources, most often financial (Milanović & Marjanović, 
2020), or if the group cohesion is very low, it will have a negative effect on the transformation process. 
In some cases, institutional barriers were stronger than citizens’ local activism to transform the society, 
and authorities were using their power-distance in order to make inhabitants obey their decisions. Fur-
thermore, the mismatch between demand and supply of resources (such as information, capital, compe-
tence) is one of the obstacles for planning and implementation activities for both risk management and 
societal transformation. For example, information on the natural risks is not publicly available as much 
as it is preferably (Zuccaro et al., 2020). Organizations that have dedicated their work to promoting the 
importance of natural risks reduction and management face reduced availability of information or require 
a high level of education to be understood (Thaler et al., 2019). A conflict of interests between local 
government authorities and adequate solutions for natural disaster risk management may occur, which 
could cause obstacles in the process of promotion risk management proposals on the government level 
(Bertoldo, 2021). Lastly, de Almeida et al. (2015) advise restraint on the matter of risk management 
because it is mostly grounded on the data analysis of cases that have changed over time. For example, 
the human population has changed its occupation vastly, land use has evolved significantly, and climate 
changes have become a reality.

When drivers are exploited and barriers overcame, practice shows positive examples of natural 
disaster risk management. Moreover, if the local community finds a way to make the interconnection 
between natural disaster risk management and some local environmental problem, the outcome will 
have multiplied effects and a high probability of a permanent solution to the problem. But Thaler et al. 
(2019) assert that institutional changes are inevitable and will give the local community a wider range 
of rights to initiate societal transformation.

According to Abramov et al. (2021), natural risk management could be supported by technology. 
During the era of Industry 4.0, the utilization of digital tools sheds light on the pull of information re-
quired for natural risk management and decision making under the pressure of large-scale hazards. On 
the contrary, Krausmann et al. (2019) stipulate that the advancement in technology has brought new 
hazards that are following natural disasters such as explosions, nuclear contaminations, degradation, etc. 
This risk is called the “Natech” risk. Namely, it also requires data analysis, planning, and management 
activities as its source – natural risk. This type of risk must be included in natural risk management 
plans and procedures because it derives from it and the scope of the damage is wider if a natural disaster 
appears close to some technological facility (Nascimento & Alencar, 2016).

On the other hand, Bertoldo (2021) suggests that scientists are one of the factors of natural disaster 
risk strategies and with their competencies, they can influence public opinion. During the period of 
exploitation of their knowledge, according to the data from the Mediterranean area, four psychological 
factors emerged in natural risk management: “knowledge diversity, local history, and trust, shifting risk 
rationalization and risk objectification” (Bertoldo, 2021, p. 2). Firstly, when it comes to knowledge, 
mutual exchange must exist in the relation scientists – citizens. Scientists can give innovative solutions 
and propose natural risks management strategies. Those are underpinned with contemporary scientific 
analysis of previous experience with natural disasters and supported by technology in predicting future 
trends (United Nations General Assembly, 2015). Similarly, local citizens have their previous experience 
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and strategies for risk management in natural disasters. The inclusion of business models will contribute 
to the development of know-how in the risk management field (Tanović et al., 2020). Hence, an exchange 
of knowledge will mitigate the negative consequences of natural adversity, make the decision-making 
process more resilient and endorse sustainable development (Crawford et al., 2018; Zuccaro et al., 2020). 
Secondly, local history may be a significant factor of natural risk management as a common awareness 
of local inhabitants about previous natural disasters in the living area and how local government has 
reacted to the manifestation of the risk. As seen in the study of Thaler et al. (2019), the government 
can be a driver of a change, but also an obstacle on the path. In the same way, Bertoldo (2021) grouped 
authorities with public confidence and those subject to public criticism. Thirdly, the transition of risk 
rationalization among people was employed in common denial of the risk or total inactivity to take 
precautions to manage the natural risk, Depending on the social culture, the same people think that 
the government has to manage natural risks or shift the responsibility on the individual level. Lastly, 
Bertoldo (2021) highlights the fourth psychological factor – risk objectivization. The existence of risk 
objectivization means that risk is anchored in the social culture, accepted by all stakeholders, and that 
risk management practices could be defined following it. If this is not the case, then the experience of 
natural disasters will be forgotten.

The Role of the State in the Conditions of Natural 
Disasters - an Example of Floods in Serbia

In the process of natural disasters risk management, the state has an important role, especially in condi-
tions of very rare losses and risks that exceed the capacity of the private sector. Even more important is 
its role in prevention: building regulations, providing critical facilities, creating strategies for emergen-
cies, infrastructure. The state can manage these risks directly and indirectly before disasters - through 
preventive and mitigating activities, but also after disasters - through rehabilitation activities and quick 
response to emergencies. It must propose plans, policies, and strategies for managing the risks of natural 
disasters and assess the effectiveness of the proposed actions (Szlafsztein, 2015). Central governments 
should assist the private sector during the post-disaster period through some national disaster risk man-
agement programs, but also cooperation with local governments (Freeman et al., 2003). The function 
of the state in the process of natural disasters risk management includes the following: 1) to create an 
effective national disaster management strategy that determines the national resilience to be reached; 2) 
to determine a land management plan following risk plan; 3) to define disaster prevention and emergency 
management plan; 4) to allocate resources in order to implement defined plans; 5) to raise awareness 
and support private sector (businesses and individuals) in connection with the events and risks of natu-
ral disasters and in particular to provide community support after disasters; 6) to inform people how to 
get involved in risk reduction activities; 7) to encourage communities through technical assistance and 
rehabilitation funds (Ranke, 2016).

Since 2009, the Republic of Serbia has initiated institutional reform of the system of defense against 
natural disasters. The Sector for Emergency Situations was founded as a key coordinating entity for 
these purposes. The National Strategy for Protection and Rescue in Emergency Situations and the Law 
on Emergency Situations were also adopted. In order to understand the extent of damage caused by 
natural disasters in Serbia, it is necessary to identify economic sectors that are dependent on weather and 
climate, and at the same time, have a large contribution to gross national income (Petrović & Grujović, 
2015). In addition, Republic Directorate for Water, as a body of the Ministry of Agriculture, Forestry, 
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and Water Management is responsible for the development of a legal framework in water management 
(Water law, Spatial Plan of the Republic of Serbia, Water Management Plan of Serbia - Strategy). An 
important role in flood defense also has public water enterprise “Srbijavode”, public water enterprise 
“Vode Vojvodine”, public water enterprise “Beogradvode” and HIDMET (Ministry of Agriculture, 
Forestry and Water Management, 2014).

In the past few years, due to frequent floods that hit Serbia (2014, 2016, 2018, 2019), the state has 
allocated significant funds to repair the consequences and mitigate the damage. Due to the underdevel-
opment of the flood insurance market in Serbia, the state bears the greatest burden of repairing damage 
after natural disasters (Ćuzović, 2019).

The state’s role in resolving the catastrophic consequences of natural disasters can also be seen in 
the example of the catastrophic floods that hit Serbia in 2014. Floods can occur in Serbia throughout 
the year, and the peak is in the spring when there is a high level of precipitation and melting snow from 
the mountains. The floods of 2014 damaged the infrastructure for flood protection that failed to prevent 
floods due to underground erosion beneath their foundations. More floods are expected by the end of 
the 21st century, with an increase (close to 20 percent) in the frequency of floods over 100 years for 
large rivers, such as the Danube, Sava, and Tisza. However, Serbia needs to cope with not only too much 
water but also too little. The water flow of the rivers has been reduced in some areas due to changes in 
precipitation. The average annual flow in Serbia has decreased by about 13% by 2020 and is estimated 
by 19% by 2100, which can also be accompanied by a decrease in water quality (Simić, 2019). The dam-
age and losses from these floods amount to about 1.5 billion euros. The amount applies to all sectors, 
including private houses, educational institutions, roads, manufacturing, and agriculture. Two-thirds of 
that amount goes to production sectors, where damage and losses of 1.07 billion euros are estimated. 
The damage to the manufacturing sector alone is estimated at half a billion, and the losses at 569.4 mil-
lion. Most of the arable land in the flooded areas has been destroyed and the damage amounts to about 
108 million euros, while the losses are estimated at 120 million euros. Roads and railways, as well as 
water and electricity transmission infrastructure, were also affected and was consequently affected the 
business sector. The effects of the floods on the infrastructure sector (transport, communications, and 
water supply) are estimated at 192.1 million euros. When it comes to issues such as - the environment 
and management, the estimated damage is 17.2 million, and losses 10.6 million euros (Perović, 2018, 
p. 114). For the repair of damages due to the floods that occurred in March 2016, state aid was paid for 
damaged residential buildings 174.1 million dinars, for cleaning agricultural land 52.6 million dinars, and 
for helping business entities 984 thousand dinars. In 2017, 31.6 million dinars were spent on the repair 
of damaged buildings in the floods. In 2018, state aid for damaged and destroyed residential buildings 
in the floods during May and June amounted to 426 million dinars. In the floods that occurred during 
June 2019, about a thousand residential buildings owned by citizens were damaged, for which the Gov-
ernment of the Republic of Serbia provided non-refundable financial assistance of 120 to 600 thousand 
dinars, in accordance with the category to which they belong (Ćuzović, 2019).

FUTURE RESEARCH DIRECTIONS

Previous studies have addressed potential positive and negative stimulants that could encourage or discour-
age natural disaster risk management practices. Therefore, United Nations have recognized the importance 
of creating both a multinational and multidimensional framework to create resilient societies to disasters 
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(such as natural or caused by humans). The Sendai Framework for Disaster Risk Reduction 2015–2030 
introduced by United Nations has four following priorities: an understanding based on knowledge about 
disaster risks, the establishment of multilevel disaster risk governance, devoting resources for mitigating 
the disaster risk, and anticipated readiness as proactive behavior of all stakeholders before even disaster 
occurs (United Nations General Assembly, 2015, p. 14). Following this initiative, every country should 
develop its framework for the society resilient to natural disasters.

Likewise, natural risk modeling can also contribute to society by delivering models that use his-
torical and vulnerability data as inputs and produce outputs in the form of individual and total losses. 
Consequently, these models contribute to the public promotion of natural risks and influence policy-
makers decisions (Crawford et al., 2018). If the scope of modeling is narrowed down to the modeling 
of stakeholders’ participation in the management process, it would positively affect natural disaster risk 
management and sustainable development. Hedelin et al. (2017) summarized outcomes of the stakehold-
ers’ participation modeling such as the formation of the pull of knowledge based on both science and 
experience, filling the gap between science and practice, offering multiple-choice solutions by scientists 
for decision-makers, and bringing prosperity in mutual collaboration between all stakeholders with the 
free expression of opinion.

Specifically, there is room for improvement in creating a composite index that will measure success-
ful practices in natural risk management in the Republic of Serbia. When it comes to composite index, 
it is obtained as a mixture of different variables collected to measure some phenomenon such as natural 
disaster resilience. Most of these indexes and their weights of the sub-indexes are developed on the ba-
sis of questionnaire results, pull of indicators, Analytical Hierarchy Process (AHP), or Delphi methods 
(Kusumastuti et al., 2014). Currently, there are indexes measuring levels of vulnerability and resilience 
connected to disasters risk management, such as those developed by Kusumastuti and associates (2014). 
They calculated the resilience index towards natural disasters as a ratio of preparedness and vulnerability 
composite indexes. These composite indexes were obtained by aggregating indicators of social and com-
munity capacity, economics, institution, and infrastructure indicators using the AHP method for both 
vulnerability and preparedness indexes, while vulnerability had one more group of indicators – hazard. 
This resilience index indicates which of the composite indexes should be improved. Moreover, Asadzadeh 
et al. (2017) indicate that the calculation of the community disaster resilience composite index should 
estimate the strength of the community to be proactive and reactive in case the natural disaster occurs. 
Marin et al. (2021) developed a disaster risk assessment index composed of hazard, exposure, vulner-
ability, and resilience indicators at the municipality level that could be used in a proactive and reactive 
manner while making decisions on natural disaster management activities.

Both modeling and computation of composite indexes depend on reliable databases such as DesIn-
ventar Sendai or the Emergency Events Database (EM-DAT). For example, EM-DAT provided reliable 
data for the study of Tselios and Tompkins (2020) on the drivers of natural and technological disasters 
in 228 countries over a more than fifty-year period. However, available datasets are also the main short-
comings of many studies (Kusumastuti et al., 2014; Tselios & Tompkins, 2020; Dzator & Dzator, 2021), 
and scientists and policy-makers are encouraged to bridge the gap in the existing datasets.

In line with the previous research, similar practices and solutions could be implemented in the Re-
public of Serbia in the context of soil and torrential floods.
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CONCLUSION

Natural disaster risk management emerged from the practice of individual management activities aimed 
at mitigating the negative effects of natural disasters. Most often the decision-making process in the case 
of natural risks is under the jurisdiction of local authorities because not all areas have the same exposure 
and vulnerability to the negative environmental hazards. Natural disasters common for Western Balkan 
countries, such as soil erosion and torrential floods, are not common in Italy, which shares a higher 
exposure to earthquakes. Therefore, natural disasters impose the need for different societal changes to 
adapt to emerging living conditions. The aim of this chapter was to shed light on the importance of natural 
disaster risk management and crisis management and to determine the positive and negative factors of 
societal changes required for mitigating the influence of natural catastrophes. It is important to bridge 
the gap between scientific results derived from the literature and the political solutions of policy-makers 
in line with the interests of all stakeholders.

The authors presented the theoretical background of natural disaster risk management and crisis 
management. Natural disaster risk management is a set of planned actions - projects and programs, and 
tools used to reduce disaster risk or mitigate damage, while crisis management is based on post-disaster 
activities. Risk management is focused on the activities in the pre-disaster stage, during the disaster, and 
in the post-disaster stage. Both concepts have their elements and phases of development. If society is in 
the zone of natural disaster risk, it will try to mitigate the risk and enhance its resilience. Therefore, it is 
significant to analyze factors that lead to societal changes in order to adapt to different circumstances in 
the environment. Such factors have positive and negative effects and most often are dependent on local 
authorities and government decisions.

Practical solutions for natural disaster risk management are connected to socioeconomic and political 
drivers of disaster propensity (Tselios & Tompkins, 2020; Dzator & Dzator, 2021). According to Tselios 
and Tompkins (2020), socioeconomic factors are more influential on the country’s propensity to natural 
disasters than political factors. This further means that if a country has a high level of poverty, discrimi-
nation, overpopulation, low educated population, low level of urbanization, or environmental issues, its 
exposure to the risk of natural disaster is larger than in countries on the higher level of development. The 
same rule applies to technological disasters risk. So, if governments strive to decrease country’s exposure 
to disaster risk, it should increase investments in economic growth in order to decrease poverty, encour-
age educational attainment because it is correlated to economic development, endeavor higher levels 
of urbanization that is oriented away from risky areas (Tselios & Tompkins, 2020). Besides previous, 
natural disaster risk management is also dependent on human capital, financial capital, rule of law, and 
public opinion on the importance of natural disaster risk management (Dzator & Dzator, 2021). The 
same factors are very important if a natural disaster occurs.

Scientists can also contribute to the decision-making process by providing a scientific approach to 
the problem of natural disasters, such as developing a comprehensive composite index that will indicate 
the main points of building resilience to the natural risks and the need for change in existing resilience 
measures. Therefore, the chapter attempted to raise awareness on natural disaster risk management, crisis 
management, and drivers and barriers of societal adjustment to natural disasters.
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KEY TERMS AND DEFINITIONS

Climate Change: A change in global or regional climate trends, mostly influenced by carbon dioxide 
emissions.

Crisis Management: A set of planned actions - projects and programs, and tools used for post-
disaster activities.

Mitigation: The action of reducing the severity, seriousness, or painfulness of something.
Natural Disaster Risk: Natural disaster risk can be seen as the potential probability of loss (human, 

physical, economic, natural, social) due to the natural danger that threatens a certain area in a certain 
period.

Resistance: The ability not to be affected by something, especially adversely such as a natural disaster.
Risk Management: A set of planned actions - projects and programs, and tools used to reduce di-

saster risk or mitigate damage.
Societal Transformation: A way of changing cultural and social institutions over time with the 

impact on society.
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ABSTRACT

The EU countries are obliged to harmonize their legislation in the field of flood protection, and thus tor-
rential floods, in accordance with the Water Framework Directive (WFD) which was adopted in 2000. Two 
EU countries, Austria and Italy, and three Western Balkan countries were selected for the strategic and 
legal framework of torrential flood control: Serbia, North Macedonia, and Bosnia and Herzegovina. In 
addition to the legal framework of torrential flood control in EU countries, policies and strategies related 
to this area were studied for comparative analysis with non-EU countries. The strategic framework for 
the protection of water resources, and in particular torrential flood protection, is lacking in all Western 
Balkan countries. The aim of this chapter is to determine the directions of future strategic directions 
and torrential flood control policies in the Western Balkans based on the experiences of EU countries, 
advantages and disadvantages of the existing strategic, and legal frameworks.
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INTRODUCTION

As a result of natural and anthropogenic factors, with the increasingly expressive impact of climate 
change, torrential floods occur in European countries, causing extensive material damage and the loss 
of human lives. In addition to intensifying flood protection work, the need for legal regulation and their 
harmonization with the countries of the region and the EU (Nikolić Popadić, 2020).

The most important document of the European Union related to water resources and flood control are 
Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing 
a framework for Community action in the field of water policy as amended by Decision 455/2001/EC 
and Directives 2008/32/EC, 2008/105/EC, 2009/31/EC and 2013/39/EU (Water Framework Directive, 
WFD) and Directive 2007/60/EC of the European Parliament and of the Council of 23 October 2007 on 
the assessment and management of flood risks.

Water resources are crucial for life, society, economy, and environmental sustainability. Water protec-
tion is, therefore, one of the priority areas regulated in EU legislation from the 1970s. An early beginning, 
the European water legislation had some problems in the efficiency of their implementation, such as the 
low acceptance rate by the target groups, disparity noted between the level of governance (watersheds 
and administrative boundaries), and the fact that directives are based on standards that regulate certain 
segments, but no problems as a whole (Boeuf & Fritsch, 2016).

WFD, adopted in December 2020 to achieve a good water status until 2027, transform the EU wa-
ter policy from the fragmented regulatory framework to a holistic approach that integrates ecological, 
economic, and social functions through the entire river basin (Kallis, 2005; Fritsch & Benson, 2020).

Floods Directive (2007/60/EC) has been established a framework for assessing and managing flood 
risks, represents a new approach to flood management, that is closely coordinated with the WFD. It en-
courages setting targets and defining measures to flood risk maps. Flood risk maps are tools combining 
flood hazard formulates country-specific physical interventions after a long process of assessing the flood 
hazards and risks described in the Directive. The interventions are then defined in a flood management 
plan, which is the final step of the planning process (Dragović et al., 2016).

BACKGROUND

The field of water legislation was regulated at the level of the European Union 20 years ago (Water 
Framework Directive-WFD), but the laws of some countries, and especially bylaws, have not yet been 
harmonized with them. One of the key elements of the WFD is the River Basin Management Plan, which 
is a binding document, but unfortunately, in some WB countries, it has not yet been adopted for all river 
basins. Boeuf and Fritsch (2016) analyzed 89 papers published in journals on the application of WFD 
in European countries. According to their analysis, EU member states have developed policies for the 
consistent application of the WFD, while Mediterranean countries are lagging behind. They also point to 
the need to encourage EU candidate countries to implement the directive, as well as to increase research 
that includes a comparative analysis of the application of WFD in groups of countries. The degree of 
application of the Flood Directive (FD) and the approach to flood risk management varies across EU 
and WBC countries. This diversity of approaches has a negative effect, especially on transboundary 
rivers where incompatibility of approaches can reduce the effectiveness of flood risk management 
(Priest et al., 2016). Research on the application of FD in some EU countries indicates the problem of 
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greater commitment to establishing a procedure for its implementation than essentially its application 
in practice (Priest et al., 2016). The EU Soil Thematic Strategy is an important document with which 
national strategies and laws related to the protection of soil from degradation, i.e., erosion as the most 
pronounced form of degradation and one of the most significant causes of torrential floods, have been 
harmonized. For this reason, in some countries (e.g. Italy), flood protection is defined in the legal and 
strategic framework of land protection. Considering the current situation, there is an evident need for 
greater harmonization of the WFD and Flood Directive (FD) with the legislation related to climate 
change, both in the EU countries and in the WBC.

Watercourses in the Western Balkans are classified into two categories (I and II) according to the 
position of watercourses concerning the state border, size and characteristics of the basin, regime, and 
characteristics of watercourses in terms of water use, water protection, and protection from harmful ef-
fects of water. Torrential flows belong to the second-order flows, and the local community is responsible 
for their regulation, protection against harmful effects, as well as for the development of the Operational 
Plan for protection against torrential floods (Dragović et al., 2016). Unfortunately, very few municipalities 
in Serbia, Bosnia and Herzegovina, and Northern Macedonia have adopted such a plan. It follows from 
all the above that in addition to the need to harmonize the legal and strategic framework in the Western 
Balkans countries (WBC) with EU legislation, there is an even greater need for consistent implementa-
tion of already adopted acts at the state level.

STRATEGIC AND LEGAL FRAMEWORK OF TORRENTIAL 
FLOODS CONTROL IN SOME EU COUNTRIES

In recent decades, EU states to experience flooding that led to the devastation and extensive material 
damages caused mainly by climate change. Flood control is regulated in EU states through multiple 
laws, such as The Water Framework Directive, the Forest Act, etc. The work outlines the legislative 
framework for flood control for the EU states: Austria and Italy.

The Strategic and Legal Framework of Torrential Floods Control in Austria1

Hazards emerging from torrents, avalanches, and erosion have mainly regional effects, but in the moun-
tainous country of Austria, natural hazards control as such is a task of national importance. Floods and 
debris flow affected a large area of the Austrian territory (Figure 1). As of 2015, 11,922 torrents have 
been counted in Austria. About 70% of the federal territory (83,855 km2) is subject to the care of the 
Austrian Service for Torrent and Avalanche Control. In the Federal Provinces of Vorarlberg, Tyrol, 
Carinthia, and Salzburg, this area covers more than 80% of the provincial territories. In Austria, about 
120,000 buildings and 1,500 km of transport routes are exposed to the risk of torrents.

There is a long tradition of natural disaster mitigation in Alpine regions. In the Alps, basic techniques 
of “torrent control” have been known for a long time. The first torrent control works were constructed 
around the year 1500. Originally, control plans took advantage of the possibilities of using “living” 
construction material (bioengineering), aimed at preventing the erosion of loose rock, or promoted the 
protective effect of forests. It was the work of Josef Duile that started the practical implementation of 
structural mitigation measures (Duile, 1826). The severe floods in Tyrol and Carinthia in the year 1882 
initiated, as in France, a rethinking of natural hazards prevention. Julius Graf Falkenhayn (k.u.k. Minister 
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of Agriculture) travelled to France in the year 1883 to learn of the methods used and implement them in 
Austria (Wang, 1901). In this time, two technical domains characterized the progression of the torrent 
control: one was hydraulic engineering, and the other was forest engineering. Hydraulic engineering 
was mainly applied to the lower part of the torrent, while forest engineering addressed the headwaters. 
In 1884 the emperor of the Austrian-Hungarian monarchy passed the Torrent control act (Imperial Law 
Gazette concerning provisions on the non-hazardous drainage of mountain waters of 30 June 1884, RGB. 
No 117/1884), stating that torrent control works have to be executed on a national level, with public 
funding, and following a systematic approach. The government implemented a legal basis for financ-
ing and organizing the torrent control service to ensure further development. The educational course 
„Afforestation and torrent control in mountainous areas” was established in 1879 at the University of 
Natural Resources and Life Sciences, Vienna (BOKU), and served as the scientific basis for the staff of 
the newly established service.

Nowadays, the protection against torrents is laid down in the Austrian constitution as a competence 
of the Federal Government (Art. 10), both concerning legislation and execution. Based on the Forest 
Act (Austrian Forest Act of 1975, Federal Law Gazette No 440/1975, as last amended by Federal Law 
Gazette I No 56/2016), the Federal Government attends to this task via a decentralized agency imme-
diately subordinated to the Ministry of Agriculture, Regions, and Tourism (BMLRT), labelled as the 
Austrian Service for Torrent and Avalanche Control (WLV or die. wildbach).

In the Forest Act (§ 102), all tasks of its offices are laid down, among them

• the development up of hazard zone maps,

Figure 1. The area affected by floods and debris floods in Austria
(Source:https://boku.ac.at/fileadmin/data/H03000/H87000/H87100/IAN_Reports/REP0111_Band4.pdf)

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



46

Strategic and Legal Framework of Torrential Flood Control in Some Western Balkan and EU Countries
 

• the planning and implementation of technical and forest-biological control measures,
• the consulting services and expert activities,
• the care for the torrent and avalanche catchment areas,
• the administration of the subsidies allocated, and
• the representation of the public interest concerning the protection against Alpine natural hazards.

The Forest Act also includes provisions on the headquarters and organization of the offices. Presently 
there are 7 provincial headquarters (Vienna, Lower Austria, and Burgenland in the same one) and 21 
regional headquarters (Figure 2). Further, four Centres of Expertise (Natural Hazards Information, Tor-
rential Processes, Geology and Avalanches, Monitoring) and two central Services (Digital Infrastructure, 
Central Payroll Accounting) fulfill important planning tasks.

The Austrian Service for Torrent and Avalanche Control and its offices (including the Centres of 
expertise and central services) has about 300 staff members working in the fields of technology and 
administration and approximately 700 workers employed based on contracts for work and services to 
fulfill the tasks defined by the Forest Act of 1975. Besides this, the legal foundations of the hazard map 
for torrential watersheds, which is one of the forestall land use plans, are laid down in the Forest Act 
(§ 7, 8, 11) and its associated ordinances (1976, 2011, 2021). As far as its legal effect is concerned, the 
hazard zone map is only an expert opinion, but its content (hazard zones) may become binding due to 
its being laid down in the local land-use planning. The provincial laws regulating land use and building 
contain building restrictions for areas exposed to natural hazards. The identification of the hazard zones 
in the zoning and development plans allows authorities to assess the risk for each parcel and, if neces-
sary, to determine provisions for making a site apt for development.

The legal basis of engineering works along water bodies is laid down in the Water Management Act 
1959 (“Wasserrechtsgesetz”, Federal Law Gazette No 215/1959, as last amended by Federal Law Gazette I 
No 54/2014). The steps for implementing the EU Floods Directive (2006/60/EC) are delineated in this act.

Torrent, avalanche, and erosion control measures are financed by the Disaster Fund “Katastrophenfond” 
of the Federal State (Disaster Fund Act, Federal Law Gazette No 201/1996 as last amended by Federal 
Law Gazette I No 46/2016). Subsidies are granted subject to the provisions of the Hydraulic Structures 
Development Act (“Wasserbautenförderungsgesetz”, Federal Law Gazette No 148/1985, as last amended 
by Federal Law Gazette I No 98/2013), which defines the terms and conditions under which subsidization 
is provided as well as the principles of the planning and implementation of control measures.

Every year the Federal Government dedicates funds (subsidies) of about 85 million Euros from the 
Disaster Fund to torrent, avalanche, and erosion control. Together with contributions from the Federal 
Provinces and beneficiaries (municipalities, water corporations, and others), almost € 160 million are 
thus available annually for investments inactive control measures.

About 78% of the available funds are spent on torrent control, 9% on avalanche control, 8% on 
rockfall and landslide control measures, and 5% on land-use management measures (protection forests, 
catchment area management). The share of maintenance activities is growing, that of new constructions 
is slightly decreasing.

However, comprehensive protection against alpine natural hazards also includes organizational 
measures (emergency alert, alarm, and evacuation), monitoring systems, and civil disaster control, tasks 
which are mostly implemented by the Federal Provinces. Modern natural hazard management can best 
be explained using the principle of the risk cycle, which begins with the event (disaster) and comprises 
disaster intervention, repair, reconstruction, prevention, and measures for disaster preparedness. The 
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objective is to improve and enhance society’s preparedness and resilience to cope with future natural 
disasters. Provision of these security services requires the cooperation of experts of different technical 
disciplines and many public and private organizations. A task of natural hazard management is also to 
harmonize all normative documents and relevant technical plans to serve the goal of protecting against 
natural hazards.

To coordinate these tasks, the political field of strategy “Protection against natural hazards” has 
been established at the Federal Ministry of Agriculture, Regions, and Tourism. The main objective is 

Figure 2. Organization chart of the Austrian Service for Torrent and Avalanche Control (2016)
(Source: www.bmlrt.gv.at/english/forests/forest-and-natural-hazards/die-wildbach-in-austria.html, 2020, modified)
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to manage these tasks beyond the specific competencies of the individual ministries, regional units, and 
technical fields.

Based on European directives (e.g. Water Framework Directive, Directive 2000/60/EC) different 
aspects in designing control measures have to been taken into account. Especially ecological aspects 
play a significant role in future planning. Engineers have to consider the biological quality (fish, ben-
thic invertebrates, aquatic flora) and the hydromorphological quality such as riverbank structure, river 
continuity, or substrate of the river bed. Additionally, the topic „sediment connectivity” is of increasing 
importance in water-related protection concepts. This also means to include woody debris and sediment 
transfer into the protection strategy, because both factors may increase the risk of torrential processes. 
On the other hand, these immanent components during floods and debris flows are of high ecological 
importance for river habitats.

In connection with forestall measures, the influence of climatic change has to be considered. For 
example, the spreading of invasive species, dangerous forest pest insects, and the increasing risk of forest 
fires change the traditional methods of forest management.

Structural measures are permanently adapted according to the gained experience by torrential events. 
The major challenge concerning structural measures is to extend the durability of these measures and 
to develop appropriate asset management. In 2022, the liable standards „ÖNORM” (ÖNORM B4800), 
replacing the ONR Series 248XX, will be published.

Besides all engineering aspects, the social component must not be neglected. Future torrent control 
strategies have to shift from planning for the society to planning with people and society in a multi-
disciplinary approach, using tools for proactive Risk Management.

The Strategic and Legal Framework of Torrential Floods Control in Italy

During the last two centuries, Italy was affected by devastating flood events in several regions of the 
country, from North to South. Historical records document flood disasters from 1850 to date (see Salvati 
et al., 2010), but it was only during the second half of the 20th century that the tragic consequences related 
to these events posed serious questions to the flood risk governance of the country.

An important input to focus on the need to revise the national and local legislations in the field of tor-
rential flood control was given after the flood disasters occurred in 1951 during which the area covered 
by the Po catchment (Polesine, Northern Italy), a smaller area located in Calabria (Southern Italy) and 
part of Sicily and Sardinia were devasted by extraordinary rainfall events. Calculations, made ex-post, 
documented economic losses of ca. 206.6 million Euros for the Po catchment and ca. 15.5 million Euros 
for Calabria, Sardinia, and Sicily (Lastoria et al., 2006).

Losses of similar magnitude occurred 15 years later (November 1966), when the River Arno over-
flowed in Florence (Central Italy). In that case, it was difficult to calculate the devastating effect of that 
flood disaster that caused the death of 35 people, damages to homes, buildings, and treasured artworks 
and the left ca. 70,000 citizens without electricity, gas, or heating for days. However, according to a 
report provided by the Arno Basin Authority, recent estimates suggest that if a similar flood were to 
occur in recent years, the damage to Florentine homes and businesses could total ca. 15.5 billion Euros 
(Galloway et al., 2017).

Before the above events, most of the actions were related to the areas directly hit by the disasters and 
can be considered only isolated attempts to contrast the problem. Important examples in this direction 
were the activities carried out in Calabria (Southern Italy) after the big floods in 1951 and 1953. In 
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those cases, the ‘Special Law’ 1177/55 of 26 November 1955 and the public work projects in the 1950s 
provided by the ‘Cassa per il Mezzogiorno’ (established by the national government in 1950 to encour-
age the development of public works and infrastructure of Southern Italy) are important programs that 
pre-emptied ‘ordinary’ planning practices and favored the formation of an approach oriented to imple-
ment ad-hoc, ‘extraordinary’ plans and projects funded from above, rather than manage from below the 
‘ordinary’ government of urban transformations.

At a national scale, the situation improved only after the occurrence of the 1966 flood event in Florence, 
for which an inter-ministerial commission led by Prof. Giulio De Marchi (1890-1972) was nominated to 
establish new strategies for flood risk management and to promote actions of priority to help the areas 
hit by the disasters. However, the suggestions given by the De Marchi Commission took time to reach a 
political consensus and another crucial event occurred in Valtellina (Lombardia, Northern Italy) in 1987. 
In that case, 53 people were killed by an incredibly warm summer that caused the glaciers to release a 
great quantity of water, which summed up to exceptional storm events that occurred in just three days. 
Economic damages that followed this event were calculated at ca. 1.4 billion US$ (Guzzetti et al., 1994).

The Valtellina event posed an important milestone on the need to focus the attention on the problems 
generated by flood disasters because, after that tragedy, the national government established the Soil 
Protection Act (183/1989) with the aim of planning and managing in an integrated way the catchments 
of the Italian rivers (Boardman, Poesen, 2006).

With the Law 183/89 of 18 May 1989, the relative body of norms and regulation developed rapidly in 
the 1990s, and the importance of the Civil Protection Mechanism took place. In this respect, following 
three more tragic events occurred in Piedmont (1994), Sarno (1998), and Soverato (2000), the Depart-
ment for Civil Protection (DCP), first introduced in the early 1970s, installed a network of advanced 
early warning and alerting centres, to help the areas at risk in preventing further damages.

The Law 183/89 is a milestone for soil protection in Italy as it attributed a fundamental role to plan-
ning and programming within each single river catchment and introduced several key principles in 
ruling the flood risk management that was incorporated a few years later by the EU Water Framework 
Directive (WFD, 2000/60/EC) and the EU Floods Directive (FD, 2007/60/EC). The general aim of this 
aw was the adoption of the ‘River Basin Authorities’ (RBA) as planning and management units that 
were identified based on hydrographic criteria. Each of these units was assigned to a single ‘River Ba-
sin’ (RB) based on the establishment of a network of river basins (RBs) of regional, inter-regional and 
national importance. The map of the RBAs is depicted in Figure 3 and includes 40 RBAs consisting of 6 
National RBAs (numbered in Figure 3), 13 Inter-regional RBAs, and the remaining 21 RBAs distributed 
in Regional, International and ‘Pilot’ (the latter includes only one unit, the Serchio Catchment, adopted 
for special studies).

Each RBA was responsible for a ‘plan of flood and landslide management’ (River Basin Plan, RBP), 
or PAI (Piano di Assetto Idrogeologico, in Italian), intending to identify areas of different risk within 
each unit. In this respect, the class R4 (highest risk) includes areas where a significant risk of deaths 
or injuries could occur together with loss of property and damages to economic activities; the class R3 
includes areas prone to risk that could cause more limited harm to people, properties or lifelines; the 
classes R2 and R1 are related to areas where minor or limited risks with no direct threat to persons and 
economic activities could occur. However, even if the logical structure of the Soil Protection Act and 
the related actions were very convincing from a theoretical point of view, the development of the RBPs 
proved to be more demanding than initially thought and lasted for more than a decade (Mysiak et al., 
2013). It must be recognized that the activity of the Civil Protection Service (CPS) managed by the 
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Figure 3. Location and geographical boundaries of the 40 River Basin Authorities established by the 
National Law 183/1989
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Department for Civil Protection (DCP) was very intense in that period but it was, at the same time, very 
complicated because it required coordination of multiple governing bodies at the local scale. These units, 
so-called Functional Multi-hazard Centers (FMCs), had a regional competence and were reunited into 
a national network together with other independent centers having the tasks of scientific and technical 
support. The national network was managed by the DCP that was subordinated to the Prime Minister 
(national government).

In the meantime, the Law 59/1997 of March 1997 transferred the matters of civil protection from the 
central government to the regions, and this action made the activity of the DCP more complex. Since 
that political act, each region should have been in charge of regional legislation on civil protection and 
could decide to change administrative responsibilities and assign additional functions to the provinces 
and municipalities. Following this structure, each region should have implemented a regional preven-
tion program based on the indications given by the national program; the provinces should have been 
in charge of collecting data and information for implementing the activity of the CPS, and the mayors 
should have directed and coordinated the services of assistance to people.

Unfortunately, the tragic events of Piedmont (1994), Sarno (1998), and Soverato (2000) complicated 
the regular applications of the directives indicated by the Law 183/89 and a new decree-law 179/2002, 
established by the Ministry for Environment, Land and Sea Protection, introduced the need to consider 
urgent actions (state of emergency) for the areas hit by flood catastrophes. Based on that law, the na-
tional government was empowered to bypass the basic coordination program, for their citizens’ safety 
and protection, which caused a conflict of interests and competencies between state, regions, and local 
governance.

A solution to this problem was given by the Law 152/2006 that followed the basic indications of the 
EU Water Framework Directive (WFD, 2000/60/EC) and gave more strength and a new impetus to the 
activities of the River Basin Authorities that are now consolidated units of planning and management. 
Based on this law, the so-called ‘Hydrographic Districts’ were identified. More specifically, 5 River Basin 
District (Po River, Eastern Alps, Northern Appennines, Central Apennines, and Southern Appennines) 
and 2 Regional Authorities (Sicily and Sardinia) were established (see Figure 4). The old River Basin 
Authorities were incorporated into these new geographical units, but they still maintain their main tasks.

Following the EU Floods Directive (FD, 2007/60/EC), and considering the national legislation in 
force (Legislative Decree 152/2006), the new Legislative Decree 49/2010 (Barbano et al., 2012) focused 
the attention on the Hydrographic Districts and established the new actions to be taken consisting of the 
two following steps:

1.  preparation of Flood Hazard Maps and Flood Risk maps (art. 6);
2.  preparation of the Flood Risk Management Plans, FRMPs (art.7, modified by the Law 116 of 

August 2014).

The maps covered those areas of the country exposed to significant flood risk and were prepared 
according to three levels of probability: Low probability (extreme events), medium probability (likely 
return period ≥ 100 years), and high probability. These new maps enhanced and integrated the contents 
of the PAIs, according to the national guidelines provided by the Environmental Ministry of Land and 
Sea, with the input of ISPRA, RBDs, and the technical board State-Regions. Examples of Flood Hazard 
and Flood Risk maps can be found at the following and related links provided by ISPRA https://www.
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Figure 4. Location and geographical boundaries of the 7 Hydrographic Districts established by the 
National Law 152/2006
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isprambiente.gov.it/en/publications/reports/landslides-and-floods-in-italy-hazard-and-risk-indicators-
2013-summary-report-2018.

The Flood Risk Management Plans are essentially prepared based on the Flood hazard maps and flood 
risk maps and are periodically reviewed and, if necessary, updated if changes occurred, also taking into 
account the likely impacts of climate change on the occurrence of floods. Examples of FRMPs can be 
found at the following link (provided by the EU Commission) for each Hydrographic District https://
ec.europa.eu/environment/water/participation/map_mc/countries/italy_en.htm.

STRATEGIC AND LEGAL FRAMEWORK OF TORRENTIAL FLOODS 
CONTROL IN SOME WESTERN BALKAN COUNTRIES

Floods are one of the main hazards in the Western Balkan countries, increased by topographic and land 
characteristics, heavy precipitations, removal of forest cover, uncontrolled urbanization, and reduced 
discharge capacity of regulated river sections (Figure 5). 1,539 torrents are registered in Macedonia, 935 
in B&H, and more than 11,500 in Serbia. During catastrophic torrential floods in B&H and Serbia, in 
May 2014, 76 lives were lost, 2.6 million people were endangered, and about 12,000 km2 were flooded 
with material damage higher than 3 billion euros. During a torrential event in Macedonia, near Skopje, 
in August 2016, 22 people died, and costs of losses and damages were significant.

River basin management in WBC countries is influenced by structural and political organization in 
certain countries, based on local Law on Waters, implementation of EU Directives, as well as the relevant 
by-laws. A well-established legal, strategic and organizational framework in Western Balkan countries 
is the foundation for good prevention from floods and preservation of human and material goods.

The Strategic and Legal Framework of Torrential 
Floods Control in Bosnia and Herzegovina

Presently the Law on Waters in Bosnia and Herzegovina (B&H) has certain exceptions that essentially 
distinguish B&H from the neighbouring, i.e. Southeast European countries regarding the national laws 
on water. These specifics arise from the character of constitutional organization of the country, which 
involves three administrational units of the Federation of Bosnia and Herzegovina (FB&H), the Republika 
Srpska (RS), and the Brčko District (BD). Further, the legal framework in the water sector is harmonized 
according to the constitutional organization of B&H, and consists of: Annex IV of the General Frame-
work Agreement for Peace in B&H from the Constitution of B&H, Constitution of FB&H, Constitution 
of RS, Statute of BD, laws, and bylaws adopted at the levels of state of B&H, entities FB&H, RS, BD, 
cantons, and municipalities.

Strategic and Legal Framework for the Federation of Bosnia and Herzegovina

Regarding the jurisdiction in the water management sector in the FB&H, the Law on Waters (Law on 
Waters, 2006) is used as a basic document, as well as several bylaws required for its implementation.

The Law on Waters stipulates that water management includes water protection, water usage, pro-
tection against harmful effects of water, and regulation of watercourses and other waters. Among other 
things, issues related to water resources, water facilities, territorial bases of water management (Figure 
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6), water management institutions, water management plans, the role of the public in water management, 
and financing of water management systems are regulated.

Figure 5. Location of floods 2010-2015 in the Western Balkans
Source: A study for the European Commission: Flood Prevention and Management, Gap analysis and needs assessment in the 
context of implementing the EU Floods Directive, 2015, Executive summary
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The law (Law on Waters, 2006) also regulates the issue of the institutional framework in the water 
sector in the FB&H and the financing of this activity, as well as the coordination with the entity of RS 
and BD in the creation of water management plans, cooperation with the RS and BD authorities on 
the matters of issuing water, acts, inspections and other issues. Regarding the FB&H, the jurisdictions 
in water management are also given to cantonal and municipal authorities, stipulated through laws on 
named administrational levels.

The FB&H Law on Waters regulates the issue of adopting water management plans for the Sava River 
Basin and the Adriatic Sea Basin, as well as implementing measures and activities aimed at reducing or 
preventing damage in human lives and material goods caused by contaminated waters and eliminating 
the consequences of the damage.

The key document that deals with this issue in a more detailed way is the Water Management Strat-
egy of the Federation of Bosnia and Herzegovina 2010 – 2022 (2012). The strategy elaborates the legal 

Figure 6. Water catchment area in B&H
(Source: http://www.voders.org/index.php/slivovi)
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framework of water management in B&H and the FB&H, the institutional framework of water manage-
ment in the FB&H, the economic framework of water management, water use, water protection, water 
management goals, and measures by water areas. Within the water management goals and measures 
are the objectives of developing and adopting plans for protection against harmful effects of water and 
reduction of erosion.

The total funding required for achieving the strategic objectives in the water management sector for 
12 years is estimated to be 2,760,695,000 BAM, of which 621,000,000 BAM would be necessary for 
water protection.

By the Law on Waters of the FB&H (Law on Waters, 2006), there are two water areas in the FB&H: 
the Sava River Basin and the Adriatic Sea Basin. Water management plans for these two river basins are 
prepared to implement the FB&H Water Management Strategy 2010–2022 (2012). The content of the 
Water Management Plan is prescribed by Article 25 of the Law on Waters of the FB&H.

Water management plans are made exclusively for the river basins (according to the old terminology 
“basin”) because according to the Water Framework Directive (WFD) (2000/60/EC), management must 
be done with one river basin plan regardless of the administrative boundaries, divisions, and jurisdictions. 
Cantons in the FB&H are not obliged to make water management plans because they belong to some of 
the water areas for which management plan has already been prepared. The obligations of the cantonal 
authorities, arising from the management plans, are developing the Cantonal Operational Flood Protec-
tion Plans (COP) and the financing of the projects from the river basin management plan. They also 
carry out activities defined by the COP, through annual programs adopted by the Cantonal governments.

Cantonal programs aim at protecting against torrents and floods according to priorities determined 
based on established criteria in cooperation and coordination with civil protection organizations and 
municipalities. They are in charge of watercourses of the II (second) category while agencies are re-
quired to finance projects for watercourses of the I (first) category. The division of watercourses into 
two categories (I and II) is given in Article 5 of the Law on Waters of FB&H.

The monitoring of the implementation of the strategy is achieved through cantonal authority annual 
reports on the implemented projects from the program submitted to the management plan holders, which 
are the Agency for the Sava River Basin and the Agency for Adriatic Sea Basin.

Strategic and Legal Framework for the Republika Srpska

In the entity of RS, the Law on Waters (Law on Waters, 2012) was adopted, as well as several bylaws 
necessary for the implementation of the law. The Law on Waters in the RS regulates the manner of inte-
grated water management on the territory of the RS, which includes water protection, water use, protec-
tion against harmful effects of water, regulation of watercourses and other water bodies. This law also 
regulates the institutional framework, the manner of financing activities, coordination with the FB&H 
in water management, and other issues related to integrated water management. The law determines the 
obligation to adopt management plans for the Sava and Trebišnjica river basins.

The RS Flood Defense Plan (Flood Defense Plan RS, 2019) was adopted by the Government of the 
RS, and it is a basic document for the coordination and implementation of activities of importance for 
flood protection and rescue.

The Ministry of Agriculture Forestry, and Water Management adopts the main operational plan for 
flood defence every year, by which the method of active flood defence on already built water manage-
ment facilities, at a time of forthcoming danger of large (flood) waters, is determined.

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



57

Strategic and Legal Framework of Torrential Flood Control in Some Western Balkan and EU Countries
 

The Strategy of Integrated Water Management of the Republika Srpska has been adopted and is 
valid until 2024 (Institute for Water Management, 2012). The planning model applied in the strategy is 
flexible and interactive planning. According to this model, water resources are analyzed, the approxi-
mate scope of needs is considered, possible conflicts of interest in the field of use, arrangement, and 
protection of water, conflicts of interest in land use, and priorities in conflict situations are defined. The 
outcomes which arise from these analyses are adaptive solutions that are not unambiguous and which 
can be adapted to inevitable changes in the direction of development. Such planning directs development 
towards resource possibilities but leaves enough space for the realization of flexible, adaptive solutions.

The main goal of the Water Management Strategy is to achieve a single, managed, and fully harmo-
nized water regime in the territory of RS, in each of its two river basins (by Article 23 of the Law on 
Waters of Republika Srpska).

Within the Water Management Strategy, as a separate chapter, the issue of Protection against ero-
sion and torrents is addressed, which defines the following: the need for regulation of torrent basins, 
the strategy of conservation, regulation and protection of basins, measures and works for regulation of 
torrent basins and erosion areas, also areas on which anti-erosion measures should be performed, the 
economic importance of anti-erosion land management.

The necessary investments to address alls mentioned issues were assessed in Annex 3 of the framework 
Plan for Water Management Development of RS (Ministry of Agriculture, Forestry and Water Manage-
ment RS, 2006). The assessment was made according to the methodology of Gavrilović. Accordingly, 
for the total of 178 selected catchments in the entity of RS, 123.545.461 EUR is required for water 
management. For each separate torrential basins, according to the same methodology, annual needs for 
construction works (m3 / km2) and afforestation (ha / km2) are estimated at 6.000.000 EUR/year. This 
amount includes about 4.000.000 EUR for new anti-erosion actions, through projects, and 2.000.000 
EUR/year is the amount required to repair damaged anti-erosion facilities and their further maintenance. 
It can be seen that 1/3 of the total annual costs are planned for rehabilitation and maintenance, which if 
the plan is implemented, will have a positive effect on the optimal functioning of anti-erosion activities 
and already built facilities against torrential floods.

Strategic and Legal Framework for the Brčko District

The legal framework for the implementation of protection against harmful effects of water consists of 
Statute of the BD of B&H (Statute of the BD of B&H, 2009), Law on Public Administration of the BD 
of B&H (Law on Public Administration of the BD of B&H, 2019), the Law on the Government of the 
BD of B&H (Law on the Government of the BD of B&H, 2019) and the Law on Waters Protection (Law 
on Waters Protection, 2007).

Water protection is implemented based on the Main Operational Plan for Flood Defense in the Brcko 
District (MOP), which is adopted every year by the Government of the BD. This plan defines the organi-
zations, manner, and procedure of performing flood defence in the area of   Brčko District where protec-
tive water management facilities have been built, as well as where they have not been built. Floodplains 
with built and unbuilt water management facilities for flood prevention are divided into sectors, and 
further into sections. For the area with constructed protective water management facilities in the MOP, 
a regional head of flood defence is appointed, as well as his assistant.
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The Strategic and Legal Framework of Torrential Floods Control in Serbia

Works on protecting against erosion and torrential floods in Serbia have been carried out since 1907. 
In a long tradition, this area was regulated by different legal and other regulations, and the works were 
funded mostly within the forestry sector, and after 1967 strictly within the water sector. The first Law 
on Regulation of Torrent in Serbia was adopted in 1930, which regulates the work on protection of tor-
rential watersheds as well as their financing. After World War II, in 1954, the Law on Land Protection 
and Regulation of Torrents was enacted, which was slightly amended in the new Law on Protection of 
Land from Erosion and Regulation of Torrents in 1960. The law was repealed in 1965 and since then, 
this area has been regulated by the Law on Waters (Dragović et al., 2007).

The basic legal document in the field of water management is the Law on Water, which regulates 
“the legal status of water, integrated water management, management of water facilities and water land, 
sources and methods of financing water activities as well as and other issues of importance to water 
management” (Law on Water, 2018). The main watersheds in Serbia are depicted in Figure 7.

In the current Law on Water, there is no special chapter regulating the area of soil erosion and pre-
vention of torrential flooding, but it is regulated only by individual articles. The chapter Water facilities 
list, among others, facilities for “flood protection, erosion, and torrents”, with precise definition. The 
chapter Management of water facilities defines that the Public Water Management Company manages 
“…by water facilities for protection against erosion and torrents in the waterway area accumulations”, as 
well as “by water facilities for watercourse regulation and flood protection on II order waters and water 
facilities for protection against erosion and torrents are managed by the local self-government unit on 
whose territory the facilities are located”. Chapter named Programme of Measures also contains a special 
subchapter “Protection against the harmful effects of erosion and torrents” in which several articles of 
the Law defined: the manner of determining the erosion area; works and measures for preventing the 
harmful effects of erosion and torrents (Figure 8) and obligations of performing works and measures. The 
Law on Water also found that the jobs of general interest that are financed: construction, reconstruction, 
rehabilitation, maintenance, and management of water facilities for protection against erosion and tor-
rents of public property and the execution of works and measures to protect against erosion and torrents.

In recent decades, little has been invested in water protection, building new and maintaining existing 
facilities, and this is the reason why the floods that occurred in 2014 have catastrophic consequences 
(Dragovic & Ristic, 2013).

The necessary preconditions for the implementation of the Law on Water are the adoption of bylaws, 
taking into account the relevant EU directives. According to the Law on Water, 30 bylaws were adopted, 
of which 13 ordinances, 8 regulations, several decisions, and ordinances, as well as the Operational 
plan for flood control for the current year. The legal acts of particular importance are the Regulation on 
the annual program for monitoring over the water status, and the Regulation on the program for water 
management, which are adopted each year.

The Law on Disaster Risk Reduction and Emergency Management regulates “disaster risk reduction, 
prevention, and strengthening of the resilience and readiness of individuals and communities to respond 
to the consequences of disasters, protection and rescue of people, material, cultural and other goods...early 
warning, notification, and alarm...” (Law on Disaster Risk Reduction and Emergency Management, 2018).

The Law on Meteorological and Hydrometry Activities defines the system of early warning of me-
teorological and hydrological disasters. The Republic Hydrometeorological Institute of Serbia (RHMZ), 
among other activities, provides meteorological and hydrological support to flood defence and protection. 
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The Institute produces and periodically novels endangered maps and maps of the risk of meteorological 
natural disasters and participates in the production of flood risk maps based on the prescribed methodol-
ogy and within its scope assesses the endangerment of the Republic of Serbia (Law on Meteorological 
and Hydrological Activities, 2010).

In this study, we cited only laws that greatly affect the area of water and flood protection.
Strategic planning and normative activities that are the basis for water management in the territory 

of the Republic of Serbia are defined by the Law on Water. The basic strategic document in the field 
of water is the Water Management Strategy on the territory of the Republic of Serbia until 2034. The 
sub-chapter “Flood Protection with Outer Waters” gave a view of the existing state of flood protection 
with a special focus on torrential flood protection measures and facilities built for this purpose (Water 
Management Strategy, 2017).

The current state of flood protection in Serbia is not satisfactory despite many built facilities and 
undertaken measures. It is estimated that 18% of Serbia’s territory is potentially threatened by flooding. 
The Republic Water Directorate has drafted a Preliminary Flood Risk Assessment (2012) that identi-
fied flood areas on Serbian territory. Endangered maps and flood risk maps were done only for areas 
along the Danube and in the Velika Morava river basin, while for other areas of Serbia’s territory that 
are largely threatened by torrential flooding, those maps have not yet been produced.

The strategic goal is to reduce the risk of harmful effects of water, which is achievable by adequate 
risk management involving multiple subjects and includes the following phases: response to a flood event, 
recovery, and preparedness for the next event. According to strategy, to sustain the current condition in 
the area of erosion and torrential flood protection, it is necessary to build technical works in the amount 
of 350,000 m3 (about 4 m3/km2), and biological works In the amount of around 34,000 ha (0,4 ha/km2). 
To improve the situation in this segment of water protection in the coming period, technical works in 
the amount of about 1,000,000 m3 (12 m3/km2) and biological works covering the area of about 100,000 
ha should be conducted. To achieve this goal, it is necessary to invest around €230 million until 2034, 
while the preservation of the projected functions of the constructed facilities and performed works re-
quires annual investments of around €7,5 million. The negative in this Strategy is that the planned level 
of financing of flood protection until 2024 is the lowest, compared to the other water sectors.

A significant contribution to the adoption of planning documents in the field of water to harmonize 
with the WFD is the proposal of the Work Program and the dynamics of the water management plan 
for the territory of the Republic of Serbia 2021-2027, which is awaiting adoption. The Water Manage-
ment Plan is the basic instrument that implements the principles of the WFD and represents a strategic 
framework for water management.

Although several legal regulations on the water are currently in effect, the transposition of the EU 
legislation has not been fully achieved. The relevant pieces of legislation fully complying with the Water 
Framework Directive and the Flood Directive are under preparation after adaptation by-laws and decrees 
follow. As important requirements of the Flood Directive, preliminary assessments have been carried 
out in the country. Detailed flood risk and flood hazard maps were prepared under the International 
Commission for the Protection of the Danube River (ICPDR) initiative for the Morava and Danube 
River Basin and other projects. Maps were produced for 27 flood basins out of 99 identified as areas of 
potential significant flood risk (Dragović et al., 2018).
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Figure 7. Main watersheds in Serbia
(Source: Water management strategy of the territory of the Republic of Serbia, 2017)
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Figure 8. Technical and biotechnical works in the territory of Serbia
(Source: Water management strategy of the territory of the Republic of Serbia, 2017)
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The Strategic and Legal Framework of Torrential 
Floods Control in North Macedonia

The provisions regulating torrent control are comprised of several sector laws focusing on various aspects 
related to torrent management, including erosion control. In practice, very often, torrents are not sepa-
rated from river floods. There is no official delineation and cadaster of torrents in the country. Because 
of that, provisions for flood control are generally relevant for torrent floods.

The system for flood control encompasses elements of prevention of damage caused by floods, 
protection by taking measures to reduce the likelihood of floods, information system about flood risks 
and in the event of a flood, as well as emergency response and mitigation of the impacts on the affected 
population. The registered floods in the last 50 years in North Macedonia are shown in Figure 9. This text 
aims to give an overview and analyze the key national legal documents applicable to flood management.

Law on Waters -The core national legal instrument referring to the issue of flood management is 
the Law on Waters (hereinafter: LW) (Law on Waters, 2016). It incorporates the basic principles and 
procedures of water resources management. In general, the LW incorporates flood management in the 
overall river basin district management principles:

• the planning and management is based on the river basin district as a geographical unit for flood 
management,

• the river basin management plan encompasses the flood risk management and ensures efficiency 
of the implementation of measures, and the development of a program for protection against 
harmful effects of waters should be carried out in coordination with and is integrated into reviews 
of RBMPs,

• acknowledges the extreme floods as exceptional circumstances allowing deviation from the envi-
ronmental objectives for a particular water body, and

• sets the competencies for planning and implementing the measures for protection against harmful 
effects of the waters within the same management body.

Within this law torrents, floods are separated then river and otter floods. The most relevant part of the 
law is the Chapter V: Protection against harmful effects of waters that contains provisions on activities 
and measures for protection and defense against floods, defense against erosion and torrents, defense 
against freezing of surface water bodies, as well as the elimination of the consequences from such harmful 
effects of waters, and competences thereof. The LW establishes references to other relevant lex specialists 
stipulating that relevant provisions of other laws determining the conditions, manner, and procedures for 
protection against the harmful effects of waters shall also be applicable. Within sub-chapter 4 – Protec-
tion from erosion and torrents, definitions of torrent and torrent bed are presented (article 139 and 140) 
as well as direction for torrent control and responsibilities (art.141).

The Law on Protection and Rescue - specifies the establishment and organization of a protection and 
rescue system, the construction of protection and rescue facilities, risk assessment for possible hazards, the 
creation of a protection and rescue plan, and spatial planning (Law on Protection and Rescue, 2019). The 
Law on Crisis Management governs the crisis management system in the Republic of North Macedonia 
such as the organization and functioning, decision-making and the use of the resources, communication, 
coordination and cooperation, assessment of the security jeopardy of the Republic of North Macedonia, 
planning and financing (Law on Crisis Management, 2015). The Law on Hydro-meteorological activities 
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governs the functioning of the Hydro-meteorological activity and responsibilities of Administration for 
Hydro-meteorological activities and establishes a single meteorological and hydrological observation 
system, and also sets obligations for warning and notice of extreme weather conditions (Law on Hydro-
meteorological activities, 2015). The Law on Local Self-government regulates inter alia the responsibility 
for the execution of preparations and undertaking of activities for the protection and rescuing of citizens 
and goods against war destructions, natural and other disasters, as well as against the consequences 
caused by them (Law on Local Self-government, 2002). They also have other competencies in flood 
management, which are delegated by other sector laws. Municipalities have inherent the Law on water 
economy - regulates the management, utilization, operation, and maintenance of hydro-systems and ir-
rigation and drainage systems by the entities acting as water management activity providers. It provides 
information on some institutional and operational competencies related to the integrated flood manage-
ment system (Law on water economy, 2015). The Law on forests regulates the management, utilization 
of silviculture, and protection of all forests in the country. Erosion and torrent control are not elaborated 
within the Law but some provisions for afforestation or those for protective forest and sustainable for-
est management significantly contribute to erosion and torrent control (Law on forests, 2014). Within 
the Rulebook for preparation forest management plans, there is a new article 2014 for protective forest 
(delineation of these forests) and it follows erosion and torrent control.

Erosion and torrent control are mentioned or touched (together with river floods or other hazards) in 
several national strategies or plans, as follows: Water strategy (mostly), National Action plan to combat 
Land degradation and desertification, National communication on climate changes, etc. Some conse-
quences of torrent floods in North Macedonia are depicted in Figure 10.

Water Strategy (2012-2042). This document provides a direction for the country and sets the long-
term vision of where the water sector should be by 2042. It is a document explaining the status of waters, 
inter alia the river training and protection against harmful effects of waters (river training, flood protec-
tion, erosion protection; water management objectives, inter alia, for protection against floods and other 
harmful effects of water (river training, flood protection, erosion protection, irrigation, surface water 
drainage); as well as a program of activities and measures, inter alia, for protection against floods and 
other harmful effects of water.

Within other national plans and strategies, torrent floods and other hazards are not mentioned sepa-
rately but are recognizable as term natural hazards. All provisions are generally for natural hazards, not 
for any hazard separately. All provisions are generally for natural hazards, not for any hazard separately. 
An exception in the National Action Plan to Combat Desertification, where torrents (including erosion) 
are mentioned separately from river floods and consist of some measures against it.

The relevant national legislation assigns competent authorities which are responsible generally for 
flood management, including torrents. The main responsible body is the Ministry of Environment and 
Physical Planning, but also Local Self-governments and Water management enterprises. In a case of a 
crisis, the legislation includes additional competent public and private entities.

Legislation related to torrent control exists. There are strategies, national plans where torrents are 
separated from rivers, but provisions in some laws and documents are generally for floods even together 
for all-natural hazards.

Some provisions, especially within Law on Water as main legislation, are ambiguities and create 
difficulties in operative torrent control. According to the LW, municipalities are responsible for settled 
areas while water management enterprises are out of the urban area. For the biggest rivers, it is partially 
correct, while for torrents, it is incorrect, taking into consideration the responsibilities of various entities 
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in any torrent catchment. The usually greater part of the torrent basins is in the mountain regions that 
are under the competencies of Public Enterprise “National Forests” and on the highest elevation PE for 
“Pastures management”. Notorious fact but also according to the art., 141 of LW is that torrents should 
be integrally treated on the whole catchment with a focus on erosive areas. It means that mayors have an 
obligation for torrent control on the territory that belongs to their municipalities, but the basin could be 
mostly under competences of any otter subject (enterprise) on a national level (e.g. PE National Forest, 
PE Pastures Management) or part of the basin to be within other municipality. Besides, the misunder-
standing of the problem by people from LMAs contributes to the preparation of designs for regulating 
the torrent within the settlement and without other measures - cross structures or measures on the catch-
ment slopes. It resulted even in destroying the newly constructed channels.

Figure 9. Registered floods in last 50 years in North Macedonia
Source: http://globalfloodmap.org/ (Annotations for torrents by I. Blinkov, 2021)
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COMPARATIVE ANALYSES OF STRATEGIC AND LEGAL 
FRAMEWORK OF TORRENTIAL FLOODS

In the EU countries considered in the study, Austria, and Italy, the area of flood protection is regulated 
by different laws. The basic law governing this area in Austria is the Austrian Forest Low. The Constitu-
tion of the Government of Austria determines the competence of the Federal Government, legislative 
and executive, for protection against torrents. This law regulates the development of hazard zone maps, 
planning, and execution of control measures, organization of torrential flood control services, etc. In 
addition to state-level laws, provincial laws have been enacted that regulate land use and buildings haz-
ards. Management of larger river flows and performance of protective works on them is regulated by 
the Law on Water Management. Compared to Austria, in Italy, the legislative framework of torrential 
floods control is given through the Soil Protection Act. The aim of this law is the integrated planning 
and management of river basins in Italy. Based on the Soil Protection Act, the Department for Civil 
Protection was formed, and a network of advanced early warning and alerting centers was installed.

The Water Framework Directive and Floods Directive, which are binding on EU countries, were the 
umbrella laws in Italy for the adaptation of the existing Soil Protection Act and the enactment of the 

Figure 10. Consequences of torrent floods 2015 and 2016 in North Macedonia
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Legislative Decree for the development of Flood hazard maps and Flood risk maps which are the basis 
for the Flood Risk Management Plans. By harmonizing the Soil Protection Act with the WFD and FD, 
the River Basin Authorities are adopted as the river basin management units responsible for drafting a 
Flood and landslide management plan.

The strategy in the field of flood control in Austria is “Protection against natural hazards”.
In the WB countries, no special laws have been adopted that regulate the field of protection against 

torrents, but it is mainly regulated by the Law on Waters. The strategic and legislative framework of this 
area is specific in B&H due to its territorial division into three entities. However, in all three entities, the 
basis for legislation related to torrential floods control is the Law on Waters. In the Federation of B&H, in 
addition to the adopted Law on Waters at the federal level, these laws have been adopted at the cantonal 
level. Water management strategies have also been adopted in the Federation of B&H and the Republika 
Srpska, while Flood Defense Plans have been adopted in the Brcko District and the Republika Srpska.

The laws that regulate the area of torrential floods in Serbia are the Law on Waters, the Law on Di-
saster Risk Reduction and Emergency Management, and the Law on Meteorological and Hydrological 
Activities. The basic strategic document in this area in Serbia is the Water Management Strategy on the 
territory of the Republic of Serbia until 2034, adopted in 2017. Water Law prescribes that watercourses 
of the second-order which are all the torrential watercourses (more than 12,000) fall under the jurisdic-
tion of the local self-government which cannot cope with floods neither in financial nor in personnel 
and technical sense. Thus, local communities have a “tie hands” in the sense of taking necessary steps 
in torrential flood risk reduction.

As in Serbia, the legal framework for flood protection in North Macedonia consists of the Law on 
Waters and the Law on Hydro-meteorological activities. In addition to these two laws, one-act regulates 
this area and Law on Protection and Rescue, Law on Crisis Management, and Law on water economy. 
The most important strategic document in the field of water in North Macedonia is the Water Strategy 
(2012-2042). An overview of the Legal and Strategic Framework of torrential floods control in the 
selected countries is presented in Table 1.

Following the floods that occurred in 2014, WB countries have intensified their work on the adoption 
of strategic, legal acts, and by-laws for flood protection, but there is still evident inconsistency between 
legal acts at the horizontal (other relevant state-level laws) and vertical levels (EU legislation). For ef-
fective defense against torrential floods, it is necessary to adopt all bylaws, and even more important is 
their implementation in practice.

Flood protection in WBC is organized on a different level, and different authorities and institutions 
are responsible for water management. All considered countries are aligning their water legislation with 
the requirements stipulated in the EU Water Framework Directive and Flood Directive.

Flood risk management still has to take into consideration some challenges, such as integrated water 
resource management and community participation in the decision-making process, including adapta-
tion need regarding climate change.

Common challenges also include funding problems, limited capacity at the local level, and unclear 
allocation of roles and responsibilities in flood management across responsible authorities.
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SOLUTIONS AND RECOMMENDATIONS

Torrential floods occur in a short period of several hours due to heavy rainfall. Whilst, the large river 
floods occur after one or more days. Torrential flood risk management is more complex due to the short 
arrival time, which makes the adoption of flood defense plans even more important. These plans are 
adopted at the local level and must be in accordance with the Flood risk management plan and the River 
basin management plan at the state level. The analysis of the legal framework for flood protection in 
the EU and WBC indicates its coverage by laws from various fields (water, forest, land, environment).

The multidisciplinarity of the factors influencing the occurrence of torrential floods is also reflected 
in the diversity of aspects in the legal and strategic framework. This leads to the phenomenon that this 
area is legally regulated by several laws instead of being defined organizationally, strategically, and 
legislatively in a single way. The recommendation is to create a strategy and legislation that will cover 
the whole problem of soil erosion and torrential floods.

FUTURE RESEARCH DIRECTIONS

Future research directions should focus on integrated water resource management, community partici-
pation in the decision-making process, as well as adaptation needs regarding climate change. Also, the 
funding, human and technical capacity at the local level and adequate allocation of roles and responsibili-
ties across responsible authorities are the keys to the development and implementation of the torrential 
flood management plans.

During strategic planning, as well as during undertaking measures and works on torrential flood 
control, and following EU directives, it is necessary to consider environmental aspects (biological and 

Table 1. Strategic and legal framework in some EU and WB countries

Country Law Strategy

Austria

• Austrian Forest Act 
• Water Management Act 
• Hydraulic Structures 
• Development Act

• Protection against natural hazards

Italy • Soil Protection Act

Bosna and 
Herzegovina • Law on Waters

• Water Management Strategy of the Federation of Bosnia 
and Herzegovina 2010 – 2022 
• Strategy of Integrated Water Management of the 
Republika Srpska up to 2024

Serbia

• Law on Waters 
• Law on Disaster Risk Reduction and 
Emergency Management 
• Law on Meteorological and Hydrological 
Activities

• Water management strategy on the territory of the 
Republic of Serbia until 2034

North Macedonia

• Law on Waters 
• Law on Protection and Rescue 
• Law on Hydro-meteorological activities 
• Law on Crisis Management 
• Law on water economy

• Water Strategy (2012-2042)
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hydro morphological quality of torrent flows). One of the important components of flood prevention 
is protection against soil erosion by undertaking biological works. For the success of these works, it is 
necessary to include in the future, forest management strategies measure to prevent the occurrence of 
climate change (invasive species, forest fires, etc.).

CONCLUSION

In recent decades, floods in Europe have had catastrophic consequences, and two EU countries (Austria 
and Italy) and three Western Balkan countries (Bosnia and Herzegovina, Serbia, and North Macedonia) 
have been considered for the analysis of the strategic and legislative framework for torrential floods. 
Binding laws in EU countries are the Water Framework Directive and Floods Directive, but in the ob-
served EU countries, the area of control of torrential floods is regulated through Forest Law (Austria) 
and Soil Protection Law (Italy). In all analyzed countries of the Western Balkans, this area is legally 
regulated through the Law on Waters, which is relatively harmonized with EU directives. In addition to 
this law, torrential floods control in WB countries is also regulated by the Law on Meteorological and 
Hydrological Activities (Serbia and North Macedonia), the Law on Disaster Risk Reduction and Emer-
gency Management (Serbia), the Law on Protection and Rescue (North Macedonia) and others. Flood 
management plans have been adopted in most countries, for the whole territory or individual catchment 
areas. Flood defense plans rely on these plans and local communities are responsible for their adoption 
in the WBC. A strategic flood defense framework has been established in the analyzed WB countries 
by developing Water Management Strategies for each of the countries.
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KEY TERMS AND DEFINITIONS

Floods Directive: Directive 2007/60/EC is the EU flood directive on the assessment and manage-
ment of flood risks. Protecting the community from the risk and impact of flooding is at the heart of 
the European Floods Directive (2007/60/EC). Introduced in 2009, the Floods Directive provides a new 
approach to managing flood risk on a catchment-wide scale.

Forest Law: This Law regulates the conservation, protection, planning, cultivation, use, and man-
agement of forests and forest land, including all necessary rules and requirements defining the control 
over the implementation of provided rules, monitoring, inspection, as well as other issues relevant to 
forests and forest land and areas.

Law: A normative act of the state which is passed by its legislative body according to the decision 
procedure. Laws regulate social relations in all areas of life. By law, social rules are transformed into 
norms, which are binding for all citizens.

Law on Water: The basic legal document in the field of water management, which regulates the legal 
status of water, integrated water management, management of water facilities and water land, sources, 
and methods of financing water activities as well as and other issues of importance to water management.

Soil Protection Act: This act defines important functions of soil and its degradation processes, such 
as soil erosion, reduction of organic matter content, loss of soil biodiversity, soil contamination, saliniza-
tion, soil compaction, blocking of its functions, and high hydrogeological risks (floods and landslides). 
Also, it defines measures and responsibilities for reducing degradation processes.

Strategy: It is defined as a general plan of action with the purpose of achieving specific, clearly 
defined goals.
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Torrential Flood: A flood caused by heavy or excessive rainfall in a short period of time, (gener-
ally less than 6 hours) that occurred in a small watershed characterized by a steep slope and intensive 
erosion processes.

Water Framework Directive: Directive 2000/60/EC of the European Parliament and Council is a 
legislative approach established for managing and protecting water, based not on national or political 
boundaries but on natural geographical and hydrological formations: river basins.

Watershed Management: The process of implementing land-use practices and water management 
practices to protect and improve the quality of the water and other natural resources within a watershed 
by managing the use of those resources in a comprehensive manner.

ENDNOTE

1  The Article is based on the flyer “Austrian Service for Torrent and Avalanche Control”, published 
by the Federal Ministry of Agriculture, Forestry, environment and water management (2016), the 
proceeding “From practical experience to national guidelines for debris-flow mitigation measures 
in Austria”, published at the 7th Debris flow hazard mitigation conference, Denver (2019) and on 
the homepage https://www.bmlrt.gv.at /english/forests/forest-and-natural-hazards/die-wildbach-
in-austria.html
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ABSTRACT

Watersheds in the Lesser Himalayan region are highly susceptible to natural hazards, particularly those 
instigated by action and movement of water, such as soil erosion, flood, and mass movements of lands. 
Hilly watersheds with diversified land use and fragile ecosystems are responsible for accelerating soil 
erosion. Soil erosion is one of the most implicit hazards as it degrades water and soil quality in a water-
shed. The study prioritizes the soil erosion-susceptible zones in the Tons river watershed (India) in the 
Lesser Himalayan region. The interrelationships and role of morphometry, soil quality, slope, and land 
use together as four components in soil erosion are studied. Remote sensing data and multi-criteria deci-
sion method (MCDM) framework has been used to estimate soil erosion susceptibility of sub-watersheds. 
Results showed that morphometric parameters like elongation ratio and slope of sub-watersheds play a 
major role in determining the state of erosion.
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INTRODUCTION

Soil erosion is a threat to humankind as it degrades one of the essential natural resources i.e., soil. 
Soil erosion depends on combinations of factors such as the steepness of slope, land use & land cover, 
climate and ecological calamities like forest fires and landslides. On-site and off-site soil erosion have 
detrimental impacts on natural resources. Soil erodibility, erosivity and land use management practices 
play a key role in defining the status of the soil. Soil erosion leads to a reduction of protective cover, 
making the region more vulnerable. In a watershed, soil erosion leads to the degradation of the water 
quality of the streams as the eroded material is carried down to the lower reaches of the rivers, making 
it incompatible to carry an excess amount of water and sediment load. Vulnerability assessment towards 
soil erosion in a watershed plays a key role in identifying the extent of fragility in an area and supports 
in making appropriate plans for its conservation. Therefore, it is crucial for watershed management’s 
point of view to identify the vulnerable zones towards erosion. Assessing soil erosion vulnerable zones 
based on various factors responsible for inducing erosion provides a basis for planning different strate-
gies. There are several methods available to assess the region’s susceptibility to soil loss and may be 
used depending upon the availability of data and other resources for assessment. Several qualitative and 
quantitative methods are being used worldwide to assess soil erosion and vulnerability zones towards 
erosion. Studies need to attempt methods based on the availability of accurate input for assessing soil 
erosion vulnerability. Among various qualitative methods, Multi-criteria decision methods (MCDM) 
based on different approaches like Više Kriterijumska Optimizacija i Kompromisno Rešenje (VIKOR), 
Technique for Order of Preference by similarity to Ideal Solution (TOPSIS) and Compound Factors 
(CF) have been used by researchers worldwide, however, CF approach is the most used method due to 
its flexibility about the inclusion of different components (Pandey et al., 2021).

The study identifies the most vulnerable sub-watersheds towards soil erosion using MCDM. It 
highlights the inclusion of various components which play a role in governing soil erosion. The study 
highlights the importance and application of the MCDM method based on CF value to prioritize zones 
susceptible to soil erosion. In addition, it suggests that methods like MCDM allow the inclusion of vari-
ous components due their flexibility and that it may make the study more vigorous. The outcome of the 
study ranks and provides information on the sub-watersheds that need soil and water conservation. The 
related objective is to understand the usefulness of methods like MCDM to examine the vulnerability 
status of watersheds through ranking for strategizing protection and conservation of the watershed.

BACKGROUND

A watershed is the surface area drained by a part or the totality of one or several given water courses. 
Watersheds are naturally occurring hydrologic units characterized by a set of similar topographic, climatic 
and physical conditions (Javed et. al., 2009). Many watersheds in the fragile lesser Himalayan region are 
subject to water induced soil erosion of varying degrees leading to their degradation. Adoption of various 
land uses leads to an increase in soil vulnerability and adds to its proneness towards erosion. Therefore, 
there is a need to prioritize the zones prone to soil erosion in watersheds of the Lesser Himalayan region. 
To formulate the mitigation strategies effectively and implement conservation measures to deal with soil 
erosion, it is crucial to identify and quantify areas at risk (Blinkov, 2015). Many watersheds of the Tons 
river region are also facing problems of excessive runoff and pronounced soil erosion as it is located in the 
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Lesser Himalayan (Kumar et. al., 2014). Morphology and land use of the watershed plays a vital role in 
determining the degree of soil erosion in the watershed. Complex degradation processes like soil erosion 
require a multidisciplinary approach to the use of modern methods and techniques (Polovina et al., 2016). 
Among various MCDM based qualitative approaches, the VIKOR approach provides qualitative results 
and accuracy generally based on the number of parameters used (Pandey et al., 2021). In this approach, 
assigning weights are important and need extensive raw data, which is challenging in many cases. An-
other method, TOPSIS is a less popular method used to assess soil erosion vulnerability due to difficulty 
in selecting the most preferred alternative. In this approach less parameters lead to less accurate results 
(Pandey et. al., 2021). However, MCDM based on Compound Factors (CF) is the most used method due 
to its flexibility in inclusion of different components (Pandey et al, 2021). Multi-criteria decision analysis 
using the compound value method was performed for prioritizing the sub-watersheds for susceptibility 
to erosion. This approach is based on the principles of knowledge-driven modeling (Todorovski et al., 
2006) and converts the qualitative understanding of a phenomenon based on scientific knowledge into 
a quantitative estimation. Many researchers have focused on multi-criteria decision-making (MCDM) 
techniques for solving complex decision-making (Ameri et al., 2018). Assigning a lumped value for a 
parameter of an entity as well as its use in only a comparative study are some drawbacks of this method. 
Further, it also imparts the same weightage to all the parameters involved, which in some cases can 
exaggerate the final output. However, this method relies on detailed estimation and parameterization of 
the processes involved and that is why it becomes one of the best approaches to compare processes in 
the watershed. The total number of ranks assigned is based on the number of watersheds. The average 
of the ranks of all the parameters for a particular watershed is designated as compound value (Cp) and 
represents the collective impact of all the parameters on the erosion susceptibility of a sub-watershed. 
It is determined from the following formula (Altaf et al., 2014):

C
n

R
p

i

n

i
= ∑
1  

where, Ri is the rank of a particular watershed for a parameter, and n is the number of parameters.
Multiple factors like geomorphology (Horton, 1945), soil erodibility parameters, land use and land 

cover (Ashmore, 1993; Ameri et al., 2018) play a crucial role in deciding the state of a watershed for its 
proneness towards erosion. Thus, morphometry, land use (Altaf et al, 2014), slope and soil quality with 
the help of various remote sensing and GIS tools and field study can provide a better solution to assess 
proneness of watersheds towards soil erosion. Morphometric parameters (Strahler, 1964) of a river basin 
provide a quantitative description of the drainage system, which is an important aspect of the charac-
terization of basins. It involves evaluation of streams, analysis of various drainage parameters, namely 
ordering of the various streams and measurement of the area of the basin, perimeter of basin, length of 
drainage channels, drainage density (Dd), drainage frequency, bifurcation ratio (Rb), circulatory ratio (Rc), 
basin relief (Bh) and length of overland flow (Lg) to predict the approximate behaviour of the watersheds 
during periods of heavy rainfall (Parveen et al, 2012; Altaf et al., 2014). Land use and land cover and 
slope of a watershed help us to understand the status of types of land use in the watershed and provide 
us with the information about its contribution in erosion (Ameri et al, 2018). Soil erodibility depends 
primarily on parameters like organic matter, permeability and bulk density etc. and plays an important 
role in identifying erosion status (Ghosh et al., 2013). Moreover, soil properties have impact on sedi-
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ment detachment and transport, infiltration (Ashmore, 1993) though use of soil quality parameters are 
restricted to few studies for qualitative assessment of vulnerability of watersheds to soil erosion (Pandey 
et al., 2021). In the present study, morphometric parameters have been grouped with land use and land 
cover, slope and soil quality parameters to assess soil erosion susceptibility of different sub-watersheds 
of the Tons river watershed.

MATERIAL AND METHODS

Study area

The watershed, lying in Sirmaur and Dehradun, lies in the Lesser Himalayan region within the Tons River 
catchment on the Himachal Pradesh and Uttarakhand boundary. It is situated between 300 40’ 30” N to 
770 43’ 30’’ E and 300 28’ 30” N to 770 51’ 0’’ E (Figure 1) with elevation ranging from 431 to 1803 
m above mean sea level (amsl) and covers an area of 91.91 km2. The drainage point of the watershed is 
taken at its confluence in the mainstream Yamuna. The drainage pattern is mainly dendritic.

Data used

Drainage networks and other baseline data of the watershed were generated using the toposheets 53F/10 
and 53F/14 from the Survey of India on a 1:50,000 scale. Watershed was delineated using ArcGIS 
tool with 20m contour lines provided on the toposheet. Advanced Spaceborne Thermal Emission and 
Reflection Radiometer (ASTER) 30 m digital elevation model (DEM) and LANDSAT 8 imagery were 
downloaded from United State Geological Survey (USGS) website was used for the analysis of streams 
of the watershed by using spatial analyst tool. With the help of ArcGIS, the toposheet was masked with 
DEM, and the whole catchment area was extracted from the DEM. After delineating the watershed, 
sub-watersheds were delineated. Twenty-one sub-watersheds (SWS) were identified (Figure 2) and 
taken up for further study (Figure 3). Area, elevation, and mean elevation of the whole watershed and 
21SWS were calculated with the help of the ArcGIS tool. Land use classification was conducted using 
LANDSAT8 images using the tool of Arc GIS 10.3. Morphometric parameters were analysed for mor-
phometric parameters using the ASTER DEM (30m).

Methodology

The assessment of the watershed is based on four components, namely, Morphometry, Slope, Land use 
and Soil quality. Total of 19 parameters were calculated using remote sensing and GIS and field study. 
The framework of the study is described below (Figure 3).

Morphometric parameters

The data were analysed for morphometry, and 10 variables were estimated using the data on stream 
and watershed boundaries obtained using Arc GIS 10.3. The selection of 10 important morphometric 
variables was based on Altaf et al. (2014). Further, each morphometric parameter was determined using 
the standard formula given in Table 1. Morphometric parameters having a direct relationship with erod-
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ibility, directly serve as indicators of soil erosion intensity and have been termed as ‘erosion risk assess-
ment parameters’. These include the linear morphometric parameters such as drainage density, stream 
frequency, mean bifurcation ratio, drainage texture, length of overland flow and areal morphometric 
parameters like basin relief. The shape morphometric parameters such as elongation ratio, circulatory 
ratio, form factor, basin shape and compactness coefficient have an inverse relation with erodibility 
(Ratnam et al., 2005). Based on the direct relationships for the linear and shape parameters, the highest 
value of a morphometric parameter and Hypsometric Integral was given rank 1; the immediate higher 
value was ranked 2, and so on. Whereas for the shape parameters, the lowest value of a morphometric 
parameter was given rank 1; the value lower than this was ranked 2, and so on.

Soil quality parameters

The soil quality parameters which affect erodibility of the soil were analyzed. Field study was conducted, 
and soil samples were collected from 10 watersheds selected based on land use of the sub-watersheds, 
Samples of soil were collected from each land use of all the 10 selected sub-watersheds. Standard proto-

Figure 1. Map showing the Tons river watershed
Source: Author
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cols were used to test the samples for bulk density, organic carbon and water holding capacity. The soil 
quality parameters obtained for ten sub-watersheds were further used to predict and assign the value of 
soil properties for the remaining 11 sub-watersheds using Hierarchical Cluster Analysis (HCA) based on 
Euclidean distance (Biswas et al., 2015) under an assumption that sub-watersheds similar in morphologi-
cal characteristics within the same watershed will have similar soil properties. Based on morphometric 
parameters, all 21 sub-watersheds were grouped into ten clusters using HCA, as given in Figure 6.

Slope

Weighted average slope for all the sub-watersheds was calculated using the Surface tool in ArcGIS 10.3.

Land use parameters

The sub-watersheds were classified into five classes i.e., forest, agriculture, settlement, barren and scrub. 
A combination of bands of LANDSAT8 images was used and supervised classification in ArcGIS 10.3 
was performed for land use classification. The accuracy assessment was carried out using ground control 
points (GCP’s) and was cross verified with the Google Earth tool. The kappa value for the accuracy 
was 82.3 percent.

Figure 2. Sub watersheds (SWS) of Tons watershed
Source: Author
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Multi-Criteria Decision Method

For this study, soil quality, slope, land use and morphometry criteria are included as they play a role 
in making a sub-watershed susceptible to soil erosion. Since 21 sub-watersheds are taken up for the 

Figure 3. Framework of the study
Source: Author

Table 1. Showing geomorphometric parameters of the watershed

S. No Morphometric Parameters Formula Method

1 Mean Bifurcation Ratio Horton (1932)

2 Form factor ratio (Rf) Rf = A / Lb
2 Horton (1945)

3 Elongation ratio (Re) Re = 2/ Lb*(A/π) Schumm (1956)

4 Circularity ratio (Rc) Rc = 4* π (A/P2) Strahler (1964)

5 Basin Relief (H) H = Z-z Schumm (1961)

6 Ruggedness Number (Rn) Rn= Dd*(H/1000) Strahler (1964)

7 Stream frequency (Fs) Fs = Nu / A Horton (1945)

8 Drainage density (Dd) Dd = Lu / A Horton (1945)

9 Drainage Intensity (Di) Di= Fs/ Dd Horton (1945)

10 Length of overland flow (Lg) Lg = A/2* Lb Horton (1945)

Where, A= Basin Area, Lb= Basin Length, Z= Maximum Elevation, z=Minimum elevation, P= Perimeter

Source: Author
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study, ranks were assigned from 1 to 21. For morphometry, soil quality, slope and land use, rank 1 was 
assigned so that the value of the parameter represents a maximum contribution to the erosion and rank 
21 represents minimum contribution. The average of the ranks of all the parameters for each watershed 
was designated as compound value (Cp) and represents the collective impact of all the parameters on 
erosion susceptibility of a sub-watershed using the formula by Altaf et al. (2014).

Based on Cp values, the sub-watersheds are categorized into four priority groups-very high priority 
(8.00-9.33), high priority (9.34 – 10.66), medium priority (10.70 – 11.99) and low priority (12.00-13.32).

RESULTS

The results obtained by multi-criteria decision method from the data generated of the watershed are 
discussed below.

Morphometric analysis

The measurement of various morphometric parameters (Table 2), namely bifurcation ratio (Rb), total 
relief (H), relief ratio (Rh), drainage density (Dd), stream frequency (Fs), elongation ratio (Re), circular-
ity ratio (Rc), form factor ratio (Rf), and length of overland flow (Lg) of the watershed has been carried 
out, and the result have been presented in Table 2. The results show that the river basin is not circular 
since the elongation ratio (Re) varies from 0.64 (SWS7) to 1.91 (SWS15) (Table 2). The value of Rf lies 
towards the higher side as it varies from 0.32(SWS7) to 2.85 (SWS15), as given in Table 2. The circu-
larity Ratio (Rc) of the watershed was observed from 0.36(SWS18) to 0.74(SWS15) (Table 2). Stream 
order (Nu) 4

th is the highest order in this watershed. It is the trunk stream through which all discharge of 
water and sediment passes. The study area has a maximum number of 1st order streams. Stream number 
(Nu) provides the number of streams of different orders and the total number of streams in the basin. 
Total 481 streams segments were recognized in the watershed, out of which 298 are 1st order, 104 are 2nd 
order, 47 are 3rd order, and 32 are 4th order. The Rb values in the sub-watersheds of the area range from 
1.75 (SWS10) to 6.73 (SWS18). Total Relief (H) aspects of the sub watershed play an important role in 
permeability, drainage development, surface and sub-surface water flow, landforms development and 
erosion properties of the terrain. The analysis reveals that the SWS19 has the maximum relief i.e., 1390m 
(Table 2). Ruggedness Number (Rn) is the product of basin relief and drainage density and defines the 
slope length and steepness. The value of ruggedness number for the watershed varied from 1.18 to 4.38 
in SWS1 and SWS17, respectively (Table 2), which indicates the presence of steeper and longer slopes.

Drainage Density (Dd) indicates the closeness of spacing of channels (Table 2). It provides a numerical 
measurement of landscape dissection and runoff potential. Horton (1932) suggests that a high drainage 
density indicates the watershed is low permeable sub-soil and thin vegetation cover. The high value of Dd 
i.e. 3.58 (SWS 17) indicates high runoff potential of the watershed and impermeable subsoil. Drainage 
Intensity (Di) indicates the period taken by surface runoff to get removed from the watershed, making it 
less or highly susceptible to flooding, gully erosion and landslides. The Di in the area varies from 1.18 in 
SWS21 to 2.85 in SWS18. Stream Frequency (Fs) is indicative of low relief and high infiltration capac-
ity of bedrock. In the present study, Fs exhibits a positive correlation with the drainage density values 
of the sub-watersheds, which indicates an increase in stream population with respect to an increase in 
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drainage density. The highest stream frequency is for SWS17 (8.99) (Table 2). The value of Lg for all 
sub-watersheds in the watershed varies from 0.03 in SWS7 to 0.41 in SWS21.

Land use

The land use was identified and determined for each sub-watershed and it was observed that SWS 13 has 
a maximum forest area of 4.5 km2 (Figure 4). At the same time, the least forest area is in SWS1 (0.16 
km2) (Figure 5). Similarly, SWS 8 has maximum agricultural land use (3.47 km2) while the minimum 
agricultural land use is in SWS 19. The presence of both settlement and scrub is maximum in SWS12, 
while it was minimum in SWS6 and SWS 11, respectively. The barren area, which is an open rocky 
surface in the watershed, is maximum in SWS17 (4.17 km2) and minimum in SWS 6. The scrub is found 
in a few sub-watersheds being maximum in SWS12 (0.96 km2).

Table 2. Quantitative morphometry results of Tons sub watersheds

SWS Rbm Rf Re Rc H Rn Fs Dd Di Lg

SWS1 2.00 0.95 1.10 0.63 780.00 1.18 3.47 1.51 2.30 0.33

SWS2 2.00 0.50 0.80 0.52 971.00 1.66 2.61 1.71 1.53 0.29

SWS3 6.00 0.42 0.73 0.37 1067.00 1.74 3.42 1.63 2.10 0.31

SWS4 2.83 1.75 1.49 0.71 1079.00 1.64 2.61 1.52 1.71 0.33

SWS5 2.58 0.47 0.78 0.57 1151.00 2.47 4.30 2.15 2.00 0.23

SWS6 5.00 0.57 0.85 0.58 990.00 2.24 4.47 2.27 1.97 0.22

SWS7 3.30 0.32 0.64 0.61 1151.00 2.47 6.76 3.15 2.15 0.03

SWS8 1.76 0.67 0.93 0.63 1274.00 2.30 4.60 1.80 2.55 0.28

SWS9 2.00 0.51 0.81 0.62 724.00 1.66 5.51 2.30 2.40 0.22

SWS10 1.75 0.34 0.65 0.43 718.00 1.33 3.78 1.86 2.04 0.27

SWS11 4.75 2.02 1.60 0.46 781.00 2.10 5.82 2.69 2.16 0.19

SWS12 3.33 0.65 0.91 0.59 676.00 1.77 3.53 2.61 1.35 0.19

SWS13 2.44 0.37 0.69 0.68 857.00 2.70 6.43 3.15 2.04 0.16

SWS14 2.83 1.02 1.14 0.57 742.00 1.72 5.40 2.32 2.33 0.22

SWS15 2.40 2.85 1.91 0.74 1225.00 3.91 6.15 3.19 1.93 0.16

SWS16 2.55 1.61 1.43 0.43 1273.00 3.01 4.86 2.37 2.05 0.21

SWS17 2.40 2.44 1.76 0.62 1222.00 4.38 8.99 3.58 2.51 0.14

SWS18 6.73 2.61 1.82 0.36 867.00 2.22 7.30 2.57 2.85 0.19

SWS19 2.25 0.44 0.75 0.62 1390.00 3.08 5.54 2.22 2.50 0.23

SWS20 3.25 0.35 0.67 0.50 938.00 2.35 6.86 2.50 2.74 0.20

SWS21 2.50 0.42 0.73 0.54 1115.00 1.35 1.43 1.21 1.18 0.41

Min 1.75 0.32 0.64 0.36 676.00 1.18 1.43 1.21 1.18 0.03

Max 6.73 2.85 1.91 0.74 1390.00 4.38 8.99 3.58 2.85 0.41

*Where, Mean Bifurcation Ratio (Rbm), Form Factor (Rf), Elongation Ratio (Re) Circularity Ratio (Rc), Basin Relief (H), Ruggedness 
Number (Rn), Stream Frequency (Fs), Drainage Density (Dd), Drainage Intensity (Di), Length of overland flow (Lg)

Source: Author
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Slope

Most of the area has a steep slope going up to 74.76 percent (Figure 4). The weighted average slope of 
the sub-watersheds varied from 40.70 percent in SWS 13 to 74.76 percent in SWS 6. High slope was 

Figure 4. Land use (A), Slope (B) and Distribution of land use (C) in the watershed
Source: Author

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



84

Prioritization of Soil Erosion-Susceptible Sub-Watersheds Using Multi-Criteria Decision Method
 

observed in SWS 19 (70.76%), SWS18 (73.08%), SWS 17(70.56%), and SWS 15 (68.61%) (Figure 5).

Soil parameters

The hierarchical cluster analysis identified homogenous clusters of sub-watersheds. The 10 sampled sub-
watersheds were SWS14, SWS20, SWS4, SWS12, SWS13, SWS17, SWS8, SWS9, SWS15 and SWS 
10. The sub-watersheds that clustered with the sampled sub-watersheds are given in Figure 6.

Out of 3 soil quality parameters, the organic carbon ranged from 0.66 percent to 1.17 percent, while 
the water holding capacity varied from 33.46 percent to 38.3 percent (Table 3). The bulk density was 
slightly high in SWS 17 and SWS 16 i.e. 1.45, and in the rest of the watershed, it varied from 1.38 to 
1.45 g/ml. It was observed that, overall, the bulk density was high in all the sub-watersheds making them 
more prone to soil erosion. Low organic carbon content across the sub-watersheds indicated their less 
water infiltration capacity on the soil surface.

Multi-Criteria Decision Method Analysis

Multi-Criteria Analysis was performed by taking three different components (morphometry, soil quality, 
slope and land use) together to understand the susceptibility of sub-watersheds was analysed (Table 4). 
Results show that five sub-watersheds fall in the medium priority category and five in the low priority 
category, while four sub-watersheds are in the very high priority category, and seven are in the high 
priority category (Figure 7). The results showed that SWS13, SWS11, SWS15 and SWS1 are under very 
high vulnerable sub-watersheds.

Figure 5. Distribution of various land use and slope across the different sub watersheds
Source: Author
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DISCUSSION

The highest compound value and rank 1 in this group were determined to SWS13 (Figure 7). SWS13 
has a low elongation ratio (0.7) and form factor (0.4) while a high circulatory ratio (0.68) and basin 
shape (2.7). Chow, 1964 had noted that strongly elongated basins have circularity ratios between 0.40 
and 0.50. The form of the basin is wide in the heading part and narrow in the lower area of confluence, 

Figure 6. Dendrogram for different sub-watersheds with explanations of their groups
Source: Author

Table 3. Soil Quality Parameters for sub-watersheds

Soil Quality

OC (%) WHC (%) BD (g/ml) OC (%) WHC (%) BD (g/ml)

Sub-watershed Mean Mean Mean Sub-watershed Mean Mean Mean

SWS1 0.964 38.358 1.431 SWS12 0.776 36.783 1.384

SWS2 1.020 36.571 1.423 SWS13 0.903 38.279 1.383

SWS3 0.846 33.466 1.408 SWS14 0.964 38.358 1.431

SWS4 0.846 33.466 1.408 SWS15 1.008 36.299 1.415

SWS5 0.846 33.466 1.408 SWS16 0.666 33.986 1.450

SWS6 1.020 36.571 1.423 SWS17 0.666 33.986 1.450

SWS7 0.846 33.466 1.408 SWS18 0.903 38.279 1.383

SWS8 0.986 39.095 1.386 SWS19 0.666 33.986 1.450

SWS9 0.748 37.433 1.423 SWS20 1.020 36.571 1.423

SWS10 1.170 36.512 1.417 SWS21 0.846 33.466 1.408

SWS11 0.776 36.783 1.384

*OC=Organic Carbon; WHC= Water Holding Capacity; BD=Bulk Density
(Source: Author)
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and the risk of flood is high during excessive rains based on stream order. The land use provides the 
sub-watershed an optimum condition i.e. highest forest cover (4.56 sq.km) but its very high vulnerability 
status indicates the influence of morphological behaviour of the sub-watershed playing an important 
role. Low elongation ratio leads to soil susceptibility towards erosion and are indicative of a wide variety 
of climate and geology of the region (Altaf et al., 2014). High drainage density in the SWS13 indicates 
the region to be affected by weak and impermeable subsurface material. Low Rb value (2.44) in SWS13 
indicates the less structural disturbance and the drainage patterns have not been distorted. It indicates 
that the watershed is falling under not normal basin category (Strahler, 1957) and that there is high 
structural complexity and low permeability of the terrain. Sparse vegetation and mountainous relief, 
even in a small proportion of sub-watershed, can lead to high drainage density making it vulnerable to 
erosion (Horton 1945). The SWS under the high vulnerability category is SWS 2, SWS6, SWS8, SWS9, 
SWS10, SWS12 and SWS14. SWS6 has the highest rank among this category. It consists of a high 
forest area (1.63 km2), but due to its high slope of 74.76 percent and low elongation ratio, it is highly 
susceptible to erosion. SWS12 has the highest area under settlement, contributing to its status of being 

Table 4. Ranking based on MCDM for watershed prioritization towards soil erosion susceptibility

SWS Rbm Rf Re Rc H Rn Fs D Di Lg BD WHC OC Sl F A B S SB Rank Prt

SWS1 19 14 14 17 17 1 17 20 8 2 4 19 14 9 1 17 10 20 6 2 VH

SWS2 17 9 9 7 12 5 18 17 19 5 6 11 18 17 3 12 11 7 9 10 H

SWS3 2 5 6 2 10 8 18 18 11 4 12 1 7 12 2 15 9 17 9 20 L

SWS4 8 17 17 20 9 4 19 19 18 3 12 1 7 6 11 6 7 13 4 12 M

SWS5 10 8 8 9 6 15 14 14 15 8 12 1 7 5 15 9 14 8 9 14 M

SWS6 3 11 11 11 11 11 13 12 16 10 6 11 18 1 13 18 21 9 9 9 H

SWS7 6 1 1 13 7 16 4 3 10 21 12 1 7 15 16 13 12 2 9 19 L

SWS8 20 13 13 18 2 13 12 16 3 6 17 21 16 10 20 1 4 3 9 8 H

SWS9 18 10 10 16 19 6 9 11 6 11 6 16 4 16 12 11 15 5 9 11 H

SWS10 21 2 2 3 20 2 15 15 13 7 10 10 21 18 8 19 16 19 5 5 H

SWS11 4 18 18 5 16 10 7 5 9 17 18 14 5 8 19 16 19 12 8 3 VH

SWS12 5 12 12 12 21 9 16 6 20 16 18 14 5 20 10 7 13 1 2 7 H

SWS13 13 4 4 19 15 17 5 4 14 18 20 17 12 21 21 14 17 15 3 1 VH

SWS14 9 15 15 10 18 7 10 10 7 12 4 19 14 14 18 8 8 16 9 6 H

SWS15 14 21 21 21 4 20 6 2 17 19 11 9 17 7 9 5 2 14 9 3 VH

SWS16 11 16 16 4 3 18 11 9 12 13 1 6 1 11 6 10 3 11 9 18 L

SWS17 15 19 19 15 5 21 1 1 4 20 1 6 1 4 4 4 1 10 1 21 L

SWS18 1 20 20 1 14 11 2 7 1 15 20 17 12 2 14 3 6 4 7 17 L

SWS19 16 7 7 14 1 19 8 13 5 9 1 6 1 3 7 21 20 18 9 15 M

SWS20 7 3 3 6 13 14 3 8 2 14 6 11 18 13 5 20 18 21 9 13 M

SWS21 12 6 5 8 6 3 21 21 21 1 12 1 7 19 17 2 5 6 9 16 M

*Where, Mean Bifurcation Ratio (Rbm), Form Factor (Rf), Elongation Ratio (Re) Circularity Ratio (Rc), Basin Relief (H), Ruggedness 
Number (Rn), Stream Frequency (Fs), Drainage Density (Dd), Drainage Intensity (Di), Length of overland flow (Lg), Organic Carbon 
(OC); Water Holding Capacity (WHC); Bulk Density (BD), Slope (Sl), Forest (F), Agriculture (A), Barren (B), Settlement (S), Scrub (SB), 
Priority Status (Prt)

Source: Author
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highly prone to soil erosion. The relief of this sub-watershed is the lowest (676m), implying land use is 
not playing a role in deciding the vulnerability status of the region. Also, it has less ruggedness number 
(1.8), drainage intensity (1.4) and stream frequency (3.5), making it less susceptible to soil erosion. 
SWS2, SWS7, SWS16, SWS17 and SWS18 are least prone to erosion. These sub watersheds consist 
of different proportions of land use, among which barren is the major one. SWS17 is least vulnerable 
to soil erosion, although it has high barren (4.17 km2) and scrub (0.97 km2) areas. High length of over-
land flow (Lg), 0.41 in the sub-watershed indicates that the streamflow will take a longer time to travel 
through the sub-watershed resulting in increasing the susceptibility towards erosion, but high elongation 
ratio and circulatory ratio (Figure 7) makes the sub-watershed less susceptible towards erosion. Form 
Factor Ratio (Rf) lower values of form factor indicates a highly elongated shape. The elongated basin 
with a low form factor indicates that the watershed has a flatter flow peak for a longer duration than the 
circular basin. Circulatory ratio indicates the elongated and circular shape of few sub-watersheds. Since 
form factor ratio and elongation ratio indicate the presence of an elongated watershed, a circulatory ratio 
of 0.5 will be considered an elongated watershed. Thus, in case of SWS1,7 morphometric parameters 
are playing major role despite the presence of maximum barren land in the sub-watershed (Figure 5). 
In SWS 18, the low length of overland flow (0.14) along with low relief (867m) contributes to its less 
susceptibility. The study suggests that the presence of high value of favorable land use like forest and 
low value of factors like slope percentage is not alone sufficient to address vulnerability status of the 
sub-watersheds. A combined contribution of all different parameters provides a comprehensive way to 
understand the vulnerability of different sub-watersheds. The MCDM method is a reliable way to in-
clude all the parameters for vulnerability assessment (Pandey et al., 2021). This method can be applied 
to assess any watershed and rank the watersheds according to their vulnerability status towards erosion. 
The limitation of this method is as it may overestimate or underestimate the results depending upon the 
number of parameters and unavailability of weights to the parameter. The selection of the parameters 
for vulnerability assessment is crucial and should be reviewed thoroughly before selection.

FUTURE RESEARCH DIRECTIONS

Soil and water conservation is a matter of concern worldwide. Soil erosion degrades both soil and water 
quality of the region. In future, the detailed inventory on loss caused to natural resources due to soil 
erosion will help in forming strategies and policy for conservation. In addition, future research should 
focus on identifying the best methods to assess soil erosion in region with scare data. It should focus 
on identifying the methods, which provides best estimates towards the susceptibility of soil erosion. 
Research on soil conservation techniques needs to be conducted to promote and facilitate long-term 
conservation programs. In future research holistic management approach of soil and water resources 
should be considered. It should be linked with social and economic development with protection of 
natural ecosystem. There is need of conducting advance approach considering various parameters like 
water quality, which may be a good indicator in suggesting erosion status in the region. Last but not the 
least, frequency of studies should be increased in fragile regions like the Himalayan and coastal regions.
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CONCLUSION

Watershed management is of utmost importance in prevention of degradation. Such management plans 
should include soil and water conservation measures and understanding of erosion-prone zones in a 
watershed. Assignment of relative status to sub-watersheds based on vulnerability to erosion becomes 
important when it comes to their management and conservation. For assessing the vulnerability of the 
Tons watershed towards soil erosion, MCDM qualitative approach is an efficient way, especially in 
regions lacking a substantial amount of data for quantitative approach. Morphometry alone is not suf-
ficient to understand the priority status of any watershed. Quantitative morphometric characterization 
of a drainage basin, along with various other components like slope, soil quality, land use that affect soil 
erosion, should be considered for determining the vulnerability of a watershed to soil erosion. The study 
inferred that the vulnerability of a watershed could be understood in a better way with a combination of 
different components rather than considering a single component. The MCDM approach provided a better 
assessment of soil susceptibility as it is based on the combined role of morphometry, soil quality, slope 
and land use as grouped components categorizing them into low, medium-high and very high priority. 
With the help of satellite-based remote sensing, data to study watersheds can be accurately extracted. 
Their analysis for prioritizing the sub-watersheds may further help provide useful input in formulating 
conservation strategies of soil and water in watersheds.

Figure 7. Grouped criteria watershed prioritization for erosion susceptibility
Source: Author
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RECOMMENDATION

It is suggested to combine satellite imagery, remote sensing technology and the field data to understand 
the hydrological processes. In addition, a combination of parameters may provide better scenarios to 
understand watersheds for their management and conservation.
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KEY TERMS AND DEFINITIONS

Hierarchical Cluster Analysis (HCA): It is a method to build a tree diagram where the groups that 
are most similar based on characteristics in the study are placed on branches that are close together.

Infiltration Capacity: Infiltration capacity is the maximum rate at which a soil is capable of ab-
sorbing water in a given condition. Several factors control infiltration capacity. Antecedent rainfall and 
soil-moisture conditions.

Morphometry: In geomorphology, morphometry is a quantification of morphology. Indices of water-
shed morphometry can interpret the shape and hydrological characteristics of a river basin. Morphometric 
analysis of watershed is the best method to identify the relationship of various aspects in the area. It is a 
comparative evaluation of different watersheds in various geomorphological and topographical conditions.

Soil Erodibility: It is defined as a resistance to two energy sources defines the erodibility of a soil 
as a material with a greater or lesser degree of coherence: the impact of raindrops on the soil surface, 
and the shearing action of runoff between clods in grooves or rills.

Soil Erosion: Soil erosion is one of the ten major soil threats, identified in the Status of the World’s 
Soil Resources Report. It is defined as the accelerated removal of topsoil from the land surface through 
water, wind and tillage.

Soil Erosivity: Erosivity is the term used to describe the potential of raindrop impact, runoff from 
snowmelt, or water applied with an irrigation system rainstorm to detach and erode soil.

Watershed: A watershed is the geographical area drained by a watercourse. The concept applies 
at various scales – from, for example, a farm drained by a creek (a “micro-watershed”) to a large river 
basin (or a lake basin).
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ABSTRACT

Climatic conditions, precise relief features, variations of soil, flora cover, socio-economic conditions 
together lead to torrential flood waves as a result of current soil erosion processes. Erosion and torrential 
floods are aggravated due to over exploitation of agricultural and forest land along with urbanization. 
Effects of soil erosion include nutrient loss, land use changes, reduced productivity, siltation of water 
bodies, among other effects like affecting livelihood of marginal communities dependent on agriculture 
globally and public health. Nearly 11 million km2 of soil is impacted by erosion precisely by water. Other 
factors like intensified agriculture and climate change contribute to and aggravate the erosion rate. 
Contemporary torrential floods are characterized by their increased destruction and frequency unlike 
the pre-development periods when their occurrence was rare. The focus of this review is to compile and 
aid as a data base for understanding methods of preventing erosion of soil and torrential floods as put 
forth by various researchers.

INTRODUCTION

Lithosphere is one of the most vital yet fragile resources on earth, playing essential roles in all living 
things. In the process of achieving sustainable development goals (SDGs), an enhanced pressure is being 
exerted on SDGs related to water, food, climate and health (Keesstra et al., 2018). About sixty percent 
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increase in the demand of fiber, feed and food is projected during the coming years due to the population 
growth (FAO, 2015). In order to fulfil certain aspects of sustainable generation, including zero hunger, 
no poverty, well-being and good health, it is required that land be searched for satisfying these needs 
via development and agricultural activities, which result in land degradation problems. Hence, land and 
soil conservation need immediate attention.

Soil science, among other land-associated disciplines, is significantly related to many of SDGs. More-
over, land degradation directly affects lithosphere and hydrosphere. Among several concerns related to 
land degradation, one of the important that attracts scientists and stakeholders is soil erosion (Baveye et 
al. 2016; Keesstra et al., 2016). Soil erosion has become a prevalent issue in several countries apart from 
being a global problem. Soil erosion can be understood as destruction of soil due to natural phenomena 
involving wind, snow and water and anthropogenic factors like extensive and intensive agriculture, which 
are happening simultaneously. Depending on the intensity, soil erosion can be a natural process taking 
place for millions of years, resulting in the formation of new soils, or it can be an accelerated process 
due to anthropogenic activities comprising of overgrazing, deforestation and farming practices that are 
not sustainable leading to loss of soil greater than its formation (Holy, 1980).

Several studies have presented adverse effects of soil erosion on water quality, agricultural production 
and the health of the ecosystem (Fayas et al., 2019). Some of the aspects leading to soil erosion include 
terrain, land cover, climate erosivity and soil erodibility. Agricultural activities are impacted due to soil 
erosion which results in reduced productivity. The impact of erosion on soil productivity can be seen 
both on-site and as off-site. This is a consequence of 3 interaction effects - long-term, small productivity 
and reduced soil quality (Lal, 2001).

Soil particles in agricultural lands detach and segregate from soil mass when rain water droplets hit 
the soil surface. Such unceasing exposure to heavy rainfall significantly deteriorates the soil. Several 
researchers have presented the effects of cropping on erosion rates of soil, resulting in denudation of 
topsoil reducing soil fertility (Nearing et al., 2017; Ahmad et al., 2020).

Soil erosion not only affects productivity and results in loss of nutrients, siltation of water bodies, 
but it also affects the public health of marginal communities across the globe that are contingent on 
agriculture (Meena et al., 2017). Human activities like the expansion of agricultural lands, conversion 
of forest lands, deforestation, shifting cultivation on steep slopes, rapid urbanization, road construc-
tion and other progressive activities followed by poor soil preservation, high rainfall and enhanced soil 
erosivity are the reasons for higher rates of soil loss and sedimentation of water bodies like rivers and 
lakes which result in reduced water quality and recreation (Markose et al., 2016; Al-Abadi et al., 2016; 
Dutta, 2016; Barman et al., 2020).

It is known that precise characteristics of relief, climate, variations in vegetation and soil cover, along 
with social conditions, usually result in the torrential floods, which is one of the prime reasons for soil 
erosion. As they appear in numerous forms, floods are the utmost recurrent natural catastrophic events 
occurring across the world (Barredo, 2007). Among types of floods, torrential floods are categorized 
under hydrological hazards that manifest as a sudden occurrence with maximum water discharge resulting 
in a greater rate of sediments in torrential flood trend, usually concurring with movements of landslides 
and clay flows (Foulds et al., 2014, Petrovic, 2015; Kostadinov et al., 2014; Garambois et al., 2014; 
Tiranti et a., 2014; Liste et al., 2014). The phenomenon of torrential floods is due to dangerous rainfall 
episodes having a rapid reaction from areas of small watersheds, intensive soil erosion and steep slopes. 
Changes due to urbanization and activities like deforestation and agriculture bring about changes in 
the higher and lower parts of the watershed along with natural processes and conditions. Further, these 
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activities tend to disturb the natural structure of the soil, resulting in conditions for intensified soil ero-
sion, sedimentation in the river bed and sudden runoff on slopes.

In contrast to great rivers floods, torrential floods occurrence is sudden, leaving no reaction time. 
Significantly this phenomenon is characterized by short duration, localized havoc aftermath and severe 
causalities. The frequency of waterborne diseases is higher in emergency management conditions after 
the occurrence a torrential flood.

Apart from physical consequences, psychological consequences like trauma and related diseases 
also occur (Petrovic, 2015). Erosivity due to rainfall is the chief factor for the loss of nutrients and sedi-
ments across the world, leaving farmers susceptible to failure of crops leading to unstable equilibrium 
in various landscapes (Wuepper et al., 2020). Earth’s surface exposure to destructive precipitation is a 
crucial parameter governing erosion due to water on terrestrial ecosystems along with other destruc-
tive hydrological events like flash floods and floods (li et al., 2016; Diodato et al., 2017). Incidences 
of hydrological extremes leading to accompanying sediment loss during precipitation are perceived to 
be dominant features in the global climate system since, across the world, variation in precipitation and 
temperature arrays produce consistent variations in the development of natural hazards (Brönnimann et 
al., 2018). It has been presumed that rainfall-runoff erosivity and extreme storms are becoming more 
recurrent owing to climate change (Yin et al., 2018). Highly susceptible areas might result in disastrous 
regime changes related to the occurrence of such destructive hydrological events (Diodato et al., 2019). 
This explains the constant interest of engineers and scientists towards the hydrological response of 
landscapes, ranging from an elementary understanding of the phenomenon to predictions of altering 
situations, that are driven by enhanced recognition of both environmental and financial cost, neglecting 
hydroclimatic forcing parameters in association to the preservation of soil systems as well as land-use 
planning.

REASONS FOR ENHANCED SOIL EROSION DUE TO TORRENTIAL FLOODS

Mismanagement and over-exploitation of agricultural, forest lands and urbanization aggravated the 
phenomenon of torrential floods and soil erosion. Erosion of soil leads to several changes in land use 
mainly focusing on abandoning arable land due to reduced productivity (Bakker et al., 2005). Soil ero-
sion gets more complicated with the local economic development. Also, with watershed development, 
the hydrological regime changes resulting in the enhanced volume of the torrential flood (Ristić et al., 
2010). The occurrence of torrential floods was very rare during the pre-development era, but these have 
now become frequent, more disparaging owing to the alteration of the watershed from land uses of 
rural to urban. Clearing forests and their vegetation, inadequate agricultural measures and unrestrained 
urbanization are among few negative human activities, enhancing the occurrence of torrential floods 
with a frequency or recurrence interval of 100 to reduce to 20 years (Ristić et al., 2012).

EXTENT OF SOIL EROSION

On an average, the soil erosion rates across the globe are approximately 12 – 15 tonnes/hectare/year, 
implying that nearly 0.90 – 0.95mm of topsoil is lost every year (FAO, 2015; Ashiagbor et al., 2013). It 
is estimated that about 11 million kilometers of the area is impacted by water-related erosion. Erosion 
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of soil is also aggravated due to climate change and intensive agricultural practices leading to a loss in 
soil fertility, soil quality degradation, siltation of water bodies and dams resulting in endangered food 
production, degrading water quality, eutrophication, etc. (Bou-Imajjane et al., 2020; Belasri et al., 2016; 
Aiello et al., 2015). Influences of erosion of soil can be understood as on-site and off-site erosion. On-site 
soil erosion comprises of decreased nutrient and water holding capacity of the soil, decreased organic 
matter, together with soil depth that can support organisms and roots. While off-site impacts reflect the 
fate of soil particles after dislodging from the crop land, adverse effects include economic consequences 
owing to deposition of large quantities of sediments into infrastructure, settlements and residences in 
terms of muddy floods and associated environmental damage. Further, the soil particles tend to adsorb 
chemicals and cause eutrophication of water bodies (Lal et al., 1990; Langdale et al., 1992; Pimentel 
et al., 1995 and 2006; Wardle et al., 2004; Boardman, 2010; Mullan, 2013). Further, nearly 84% of soil 
erosion is estimated to be caused by wind and water (Sayl et al., 2016). Moreover, it is estimated that 
the average soil loss due to water is greater than 2000 t-km-2y-1 (Vaezi et al., 2017; Shit et al., 2020).

SOIL EROSION AND RESERVOIRS

The estimates say that nearly 0.5 to 1% of deposit every year affects reservoir volume limit across the 
world. It is projected that by 2050 several dams will lose half of their capacity owing to human activities 
like deforestation (Chuenchum et al., 2020). In Asia alone, the deposit has affected nearly 40% of the 
total storage of reservoirs (Walling., 2011). Emerging countries are at high risk owing to deposit as it 
affects the long-term sustainability of storage structures. Nearly 30 - 32.8 Mha of land is affected by soil 
erosion due to water in India. However, in Pakistan, about 16 Mha of land is affected by the loss of soil 
via various processes, and nearly 70% of soil is lost i.e., 11.2 Mha is lost through water erosion. Trends 
across the globe show that nearly 20 billion tons of deposit are collected in the ocean discharged from 
rivers (Gelagay et al., 2016; Jozaghi et al., 2018; Atoma et al., 2020; Munir et al., 2021).

SOIL EROSION AND SOIL BIODIVERSITY

Lack of detailed spatial assessments for depicting various processes contributing to soil-driven ecosystem 
services globally enhances the challenges for addressing interactions among soil biodiversity (Costanza 
et al., 2017). Erosion of soil, among other effects, degrade conditions for soil biodiversity resulting in a 
negative influence on biogeochemical cycles (Wall et al. 2015; Quinton et al. 2010). Drivers of soil ero-
sion combine to bring changes in the ecosystem and contribute to soil condition degradation for several 
human livelihoods as well as soil biodiversity (Jónsson and Davíðsdóttir, 2016; Bardgett and van der Putten 
2014). According to the recent meta-analyses and assessments, IPBES, 2018, has recognized a related 
optimistic link between soil biodiversity and decline in soil biodiversity. However, global susceptibility 
of soil biodiversity to processes of soil degradation is still understudied owing to the contemporary sub-
surface conservation strategies stressing primarily on ecosystem processes without representation on 
how sub-surface diversity is related to them (Nielsen et al., 2015). Nonetheless, several earlier regional 
and global risk assessments related to soil erosion have not included quantification of the straight influ-
ence of natural systems on deterrence of erosion of soil, nor have they considered this process to oversee 
long-term, static variations. Along with the non-inclusion of several temporal and spatial dimensions of 
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risk from soil erosion, these assessments also ignore potential spatial matches among soil biodiversity 
and risk of erosion, specifically at a global scale.

In similar climatic and environmental conditions, enhanced vegetation cover led to a significant risk 
reduction in water-driven erosion of soil, resulting in increased supply of ecosystem service (Guerra et 
al., 2016). In the framework of contemporary scenario where data availability for input and process-based 
physical models are not sufficiently adequate for applications at a global scale, using physical empirical 
methods towards prediction of risk from soil erosion would provide rationally precise estimates (García-
Ruiz et al. 2015; Borrelli et al. 2017). Such experimental models enable users to reason vigorously for 
impacts of land cover, and climate change through modeling unceasing changes in vegetation cover and 
erosivity from rainfall (Guerra et al., 2020).

MANAGEMENT AND ASSESSMENT OF TORRENTIAL FLOODS

Ephemeral mountainous streams originating from mountains and several other zones of the world car-
rying exhaustive bedload that cause flash floods are Torrents. Recurrent changes in the course of river 
migration and meandering cause widespread impairment to the environment in alluvial and valley lands, 
where consequences are have washing their beds, eroding their banks and destroying valuable arable 
lands. Torrential watersheds vary in dimensions experiencing unanticipated utmost discharge with high 
sediment volume. Thus, it is vital to understand torrential streams and their hydraulic and hydrological 
characteristics in order to take measures for conservation and minimizing negative impacts on the sur-
rounding environment (Ristić and Malošević, 2011).

Enrichment of soil with minerals and transport of sediment by water are the two significant benefits of 
flooding. The sediments that are transported enhance soil fertility replacing long-lasting with novel soil; 
also, floods are a great normal way for recharging groundwater (Gioti et al., 2013). Nevertheless, floods 
also cause economic and human loss and are viewed as catastrophes. Researchers across the globe are 
constantly trying to find ways and means to manage floods, utilize flood water and control assets loss.

Previous studies presented non-structural as well as structural management of floods. Structural 
management takes into account physical measures comprising of construction of floodwalls, dams, 
raised buildings, cleansing of aquatic environments and flood proving characteristics (Munir et al., 
2020). While non-structural methods comprise of planning for flood plain partitioning, disaster and 
early warning schemes.

During the current eras, hydrological models have been demonstrated as efficient procedures for 
predicting and monitoring flash floods. Hydrometeorological methods globally have been categorized 
as the finest management customs available for flash floods. These are classified into distributed, semi-
distributed and lumped schemas. Distributed models incorporate inferential and distributed data like 
temperature, solar radiation, soil moisture, precipitation etc., while performing calculations on both 
chronological and chorological scales. On the other hand, semi-distributed models’ sub-catchment is 
considered the smallest unit of a watershed, while lumped modeling encompasses assumptive conditions 
that are uniform. It has been reported that semi-distributed and distributed models have been equally 
adopted and implemented for monitoring flash floods as they have greater performance over lumped 
models (Jia et al., 2019). In general, various uncertainties existing in cause input data tend to disturb 
hydraulic models, specifically available secondary data that regulates the output of the model (Walega 
et al., 2017).
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Few attempts for estimation of torrent areas and their affected zones have been taken up across the 
world. Land degradation induced by upstream torrential activities and their impacts on human settle-
ments and natural resources in the downstream call for periodic assessment and monitoring of extent 
and nature of hazards through the systematic acquisition of data using satellite remote sensing. This 
provides a great input for hazard assessment of torrential river systems. Several torrents seam together, 
forming larger rivers with a moderate slope, braiding patterns creating an overflow of river water causing 
floods that lead to loss of forest and agricultural production and destruction of human settlements. Risk 
assessment and hazard mapping as a consequence of torrents in Aswan Governorate, Egypt, was carried 
out by Omran, 2020, who reported a greater risk of lower elevation over higher. HEC-RAS (Hydrologic 
Engineering Center River Analysis System) and Personal Computer SWMM models were used to carry 
out flash flood analysis of Wadore hill torrent by Munir et al., 2020 in Pakistan (Kumar et al., 2021). 
Adopting various models for assessment enhances user-defined scenarios portraying the reality of sys-
tems having sufficient accuracy (Xie et al., 2017; Cheng et a., 2017; Wu et al., 2017; Iosub et al., 2020).

CONTROL OF SOIL EROSION

It is well recognized that vegetation reduces erosion of soil. Vegetation intercepts rainfall, while some 
water drops are stored in the canopy remaining evaporates or reach the soil surface directly as raindrops 
or indirectly via leaf drainage or stem flow (Puigdefábregas, 2005). Water that reaches the surface of soil 
gets stored in small depressions or infiltrates into the soil, while the remaining soil moves downhill as 
surface runoff gets entrain in soil particles and transport them, they may also get concentrated, forming 
gullies and rills. Soil erosion is governed by several factors like slope angle, erosivity of eroding agent, 
erodibility of soil and nature of plant cover (Figure 1). Significance of vegetation cover towards erosion 
control has been established by several studies from bench-scale/plot to basin-scale (Zhao et al., 2013; 
Quinton et al., 1997) and have presented that vegetation cover plays an imperative role in the recovery 
of degraded land (Zhao et al., 2013). Linear to Exponential reduction in the rates of erosion has been 
observed among vegetation-associated lands, as there is a variation among the kind of relationship for 
canopy and ground covers (Boer and Puidgefábregas, 2005). Optimistic effects of vegetation towards 
erosion control are attributed to the reduced kinetic energy of raindrops and the reduction in velocities 
of surface runoff (Puigdefábregas, 2005).

Moreover, vegetation changes the inherent properties of soil that determine soil erodibility (Gyssels et 
al., 2005); it makes conditions for the supply of organic matter and microclimate, provide the nutrients, 
and ultimately enhances the activity of microorganisms leading to better plant productivity.

Organic matter, along with secretions from bacteria and fungi, enhances the development of stable 
accumulates (Vásquez-Méndez et al., 2010) that affect the hydraulic conductivity and thus water stor-
age, increasing the shear strength of soil (De Baets et al., 2008). It has been clearly demonstrated that 
soil loss is reduced due to the combined effect of below and above-ground biomass. Reduction to nearly 
zero within 0 – 10% of cross-sectional grass-root occupation was found whole, and only 25 – 50% reduc-
tion with aerial cover for the same area (De Baets et al., 2006). Zhou and Shangguan, 2007 conducted 
a rainfall simulation experiment after 27 weeks of sowing ryegrass demonstrated in erosion pans and 
presented that this species account 90% reduction in soil detachment below ground (Ola et al., 2015).
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ASSESSMENT OF SOIL EROSION

Efforts towards quantifying water ruled soil erosion through measuring gully growth rates can be drawn 
back to nearly 4000 years, but it was only lately that concern regarding the issue had received attention 
resulting in significant attempts being made for obtaining widespread data related to water ruled soil 
erosion as baseline data for the conservation of soil (Sang et al., 2002). During 1939, Jacks and Whyte 
had highlighted the problem of human-induced soil erosion at a global scale. As per estimates, nearly 10 
million ha of arable land is lost every year as a consequence of soil erosion (Shikangalah et al., 2016). 
Swift expansion of urban functions and population explosion led to variations in land use and land cover, 

Figure 1. Controlling Methods of Soil Erosion
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resulting in the transformation of croplands, semi-natural and natural areas into non-porous lands (Radic 
et al., 2020). These changes resulted in the development of various kinds of erosion processes which, 
along with the current conditions of climate change, have become the key catalysts for the occurrence 
of torrential floods (Kusky, 2020).

Probably the most significant environmental problems associated with the combined effects of 
urbanization, soil erosion, and torrential floods are the negative effect on quantity, quality and spatial 
distribution of water as well as soil resources (Pribadi et al., 2018). Certain changes in the soil, such as 
retention capacity and infiltration, directly affect the magnitude and extent of erosion leading to surface 
runoff (Ristic et al., 2012). Besides being affected by the intensity and frequency of natural disasters, 
environmental risks in urban areas are increasing as a consequence of population explosion and the 
effects of socio-economic activities on land use and land cover (Herslund et al., 2016).). Hydrological 
events triggered by intense and short storms or lengthy duration rainfall result in sustained erosive force 
and lead to significant loss of soil in several zones of the globe (Duulatov et al., 2021; Wuepper et al., 
2020; Diodato et al., 2020). These events might increase in severity and frequency along with climate 
system variations in relation to global warming (Wei et al., 2020; Rineau et al., 2019; Harris et al., 2018). 
Significant challenges are faced in quantifying undercurrents and present expansions of climate extremes 
with rainfall erosivity and their impact on landscapes. Soil erosivity due to rainfall is significant towards 
understanding dynamics of surface processes such as degradation of soil as well as other stressors of 
landscape like landslides and flooding (Reimann et al., 2018; Schmidt et al., 2016).

Understanding and interpreting these changes have become an essential part of research as it helps 
propose and implement management measures towards the control of soil erosion. Numerous methods 
have been proposed and used to estimate soil erosion, including monitoring and measurement, plot 
studies, modeling and use of tracers (Parsons, 2019). Understanding these dynamics also presents an 
opportunity to capture the fingerprint of climate changes happening recently (Zittis et al., 2019; Diodato 
et al., 2021). Among these approaches, modelling methods are significant towards gaining insights into 
these processes and the impacts of different factors on the genesis, occurrence and erosion intensity and 
predicting production of erosion material (De Vente et al., 2005; Boardman, 2006). While modeling is 
the most appropriate solution, this also comes with the advantages and disadvantages of its application. 
Modeling comes with a certain degree of uncertainty attributed to the quality of input data used necessary 
for applying a specific model. The advantages of modeling lie in their wide applications towards calcu-
lating erosion production due to the impact of changes in land use, climate change leading to changes in 
land cover (Renschler, 2003). The spatial and temporal dynamic modeling methods application enabled 
deeper speedy and dependable conclusion regarding causes of erosion processes (Mitasova et al., 2013). 
Modern cities have the most noticeable dynamics of change among urban zones and their surrounding 
semi-natural and natural elements and agricultural areas (Pribadi et al., 2018; Polovina et al., 2021).

Powerful rainfall, specifically on sheer slopes of hill torrents, stimulates flash flooding having a 
brief lag time causing intense economic loss (Petrovic, 2015). The runoff behavior in such sheer hilly 
catchment is understood as a composite process that is exclusively contingent on physical parameters 
like size, shape, type of stream of the catchment (Fan et al., 2013). Accurate measurement of discharge 
in these catchments remains a challenge owing to precise calculations required for physical parameters. 
Recently, advancements and improvements in studies related to changes in the natural environment and 
water balance have boosted hydraulic as well as hydrological studies (Moynihan et al., 2014). Research-
ers have developed various strategies for integrating physical and man-induced factors on runoff from 
storm events (Gutiérrez et al., 2014; Jiang et al., 2015). Ahmad et al., 2015 presented that among several 
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available methods SCS- CN (Soil Conservation Service Curve Number) has proven to be sustaining 
method towards quantifying voluminous discharges from flash floods in catchments (Fan et al., 2013).

FUTURE RESEARCH DIRECTION

• Long-term and large-scale monitoring is required, which allows the researchers to analyze the 
impacts of land management policies and practices on erosion.

• Interdisciplinary research for developing erosion predictions and controlling technologies to en-
sure the new technologies’ adoption at regional/ local levels. Land managers and end-users must 
be involved in the entire process to enhance the rates of the adaptation.

• More practical, well organized, and essential methods for collecting data related to soil erosion 
and torrential flood are required to develop the tools for enabling more productive data sharing.

• Efforts to significantly increase our understanding of sediment transport by wind or water and the 
off-site impacts on air and water quality are required, and research is necessary to conduct these 
lines.

CONCLUSION

Being an indispensable resource for life, water might as well act as a land-disturbing aspect due to its 
erosive force of precipitation, expressed as storm erosivity. Hydrological extremes tend to change the 
structure of soil which triggers the erosion. Ecological consequences like modifications in characteristics 
as a consequence of climate change and precipitation extremes are usually understood poorly. Popula-
tion explosion coupled with a rise in income resulted in enhanced challenges of meeting the world’s 
demand for products from agriculture and ecosystem services. There has been a need for the produc-
tion of more energy and food; therefore, soil protection worldwide and prevention of soil erosion have 
become mandatory with high priority. The above discussion presents direct relation between floods and 
soil erosion which enhances with the duration of the flood. Also, a relation between land-use changes 
and spatial and temporal patterns of accelerated erosion has also been presented. Since anthropogenic 
activities altered the source-to-sink system, there is a need for a holistic approach towards understanding 
novel pathways and stores that are created along the landscapes, towards ensuring the transport of natural 
amount of particulates. Hence, novel methods and models of assessment and measurements are required 
for enabling appropriate management strategies. Along these lines, accessibility of widespread high-
temporal resolution archives of rainfall for huge areas with the progress of climate models has unlocked 
novel prospects towards using these approaches for hazard prevention and large-scale planning (Table 1).
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Table 1. Recent studies carried out on Torrential Floods and Soil Erosion

S.No Author Country Objective Results

  1. Křeček et al., 
2021 Czechia To study the defensive actions of the forest of the Jizera 

Mts.

The projected ecological changes cannot significantly deny the great 
possibility of water recharge or inverse actions in new rescue after 
acidification and fundamentally disturb the forest cover.

  2. Zhou et al., 2021 China To recognize the spatial form and foundation of gullies. The spatial form of gullies in north-eastern China is a mixed type, and 
varied ecological factors were observed.

  3. Bombino et al., 
2021 Italy

To evaluate various parameters in 4 variations of 
management practices i.e., Mechanical tillage (MT), total 
soil cover with a net (SP), and mulching in the grove of 
Southern Italy.

The various influence of soil mulching at dissimilar doses in the residue in 
Mediterranean olive groves.

  4. Gwapedza et al., 
2021 Africa To examine Modified Universal Soil Loss Equation 

(MUSLE).
Modified Universal Soil Loss Equation (MUSLE) could estimate the 
sediment yield, which can be observed by calibrating it.

  5. de Almeida et al., 
2021 Brazil To identify various rainfall patterns and their impacts on 

the sediments.
The study showed various technologies for designing the water erosion 
experiments by considering the duration, intensity.

  6. Ivica et al., 2018 Croatia
Soil losses due to water were studied in Stagnosols in 
central lowland Croatia, under different tillage treatments 
that vary in depth and tillage direction.

Tillage treatments like tillage across the slope (PAS, VDPAS, SSPAS) 
efficiently store the soil nutrients.

  7. Asfaw et al., 2019

Amhara 
National 
Regional 
State

The study mainly focused on implementing water and soil 
conservation practices by quantifying the morphometric 
characteristics.

The author mainly focused on enhancing/strengthening the water storage 
capacity and preventing sediment loss from the watershed by practicing 
various conservation projects related to soil and water.

  8. Gholami et al., 
2021 Iran

This study aims to evaluate the pattern of the storm and 
its effect on surface runoff, erosion of soil and sediment 
intensity on rangeland soil slope.

GLM test was conducted to evaluate the pattern of storm influence on 
surface runoff, erosion of soil and sediment concentration on rangeland 
soil slope significantly at a level of 99%.

  9. Boardman et al., 
2020 Belgium

The study focused on the Muddy runoff from agricultural 
fields and their effects on properties, freshwater systems 
in Europe.

The study focused on the protection of measures for muddy water from 
agriculture fields.

  10. Kaboli et al., 2021 Iran
Temporal and spatial disparities in rainfall were ascertained 
using DRCI as well MRPI in Iran by collecting 30 years of 
data from eighty meteorological stations.

The increasing trend was observed in DRCI values at eighty percent of 
meteorological stations and was important at thirty seven percent of tested 
stations.

  11. Pant et al., 2020 India Morphometric, morphotectonic, statistical, and hazard 
analyses were studied.

Future considerations for the Alaknanda river basin were analyzed by soil 
erosion, and flash flood possibilities by relating watershed management 
to develop the area.

  12. Du et al., 2021 China Analyzing spatial and temporal disparities of sediment load 
and runoff in Malian River basin.

Anthropogenic activity effects on runoff along with sediment load 
decrease using the double-mass curve method resulting in ninety and 
seventy-eight percent, respectively, and rainfall changes were also 
observed, i.e., 9.3% and 21.3%, respectively.

  13. Yavari et al., 2021 Australia

To know the erosion process by relating runoff, rainfall, 
and suspended and sediment bedload export by assessing 
yearly, inter-event, seasonal, and intra-event periods in the 
trial plot.

An experimental study was conducted in a trial plot to understand the 
sediment dynamics and develop predictive models by improving landform 
models.

  14. Munir et al., 2021 Pakistan

The author mainly focused on emerging a method to 
recognize the appropriate sites for dams using RDSA. The 
author focused primarily on the soil erosion estimation 
using the RUSLE model.

The study showed that the yearly average sediment yield (SY) would 
feed the dam A and B were approximately 298,073 and 318,000 tons, 
respectively, and expected that there would be no harm for 87 and 90 years 
for both the dams.

  15. Mohammadi et 
al., 2021 Iran The study evaluated the land-use changes between 1991-

2014 in the Talar watershed by using GIS.
The study prioritizes the improper management and planning of land and 
how it leads to the flow discharge of watershed.

  16. Kumar et al., 2021 India
The author used API to study the temporal Landsat data in 
GEE to know the land use and land cover pattern in Tangri 
River, India.

Models TOPSIS and ELECTRE were utilized to evaluate trends of 
vulnerable sections in torrential regimes and mainly focused on the 
planning, monitoring, and management.

  17. Polovina et al., 
2021 Serbia The author focused on the study is to evaluate the reasons 

for soil erosion by analyzing with the G2 erosion model.

The study depicted an increase in soil erosion in semi-natural and natural 
areas, i.e., forty-three and sixteen percent, respectively, in the land of 
Master Plan of Belgrade.

  18. Petrović et al., 
2021 Serbia

To study the severe torrential flood that occurred in 
Serbia on 15th September 2014, with the magnitude, 
compensations and losses caused.

Ancient events of torrential floods should be considered to plan risk 
mitigation measures, as of now present incident was used to form 
mitigation and prevention measures.

  19. Stefanidis et al., 
2018 Greece To measure the changes by soil erosion in catchment areas 

beneath climate change.

The decline in rainfall and temperature will be seen till the 21st century 
yearly, possibly these variations could lower the soil erosion probability 
according to the results.

  20. Luino et al., 2018 Italy To study both critical floods that happened in September 
1993 and October 2000 in the Soana Valley.

The results point out the land use planning and management that happened 
on both critical flood days, with the errors in protection organization.
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KEY TERMS AND DEFINITIONS

Biodiversity: Variety of flora and fauna precisely in a habitat.
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Climate Change: Change in global and regional climatic patterns specifically apparent from middle 
to late of the 20th century.

Lithosphere: Rigid outer part of the earth.
Management: Process of dealing with issues.
Over-Exploitation: Excessive use of a resources.
Soil Erosion: The process of gradual movement and transport of upper layer of soil through agents 

like water, wind etc. is called soil erosion.
Torrential Floods: Extremely heavy rainfall or downpour.
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ABSTRACT

Soil is one of the most valuable natural resources. Despite soil importance, the pressures on soil have 
increased in recent decades. Soil degradation is a critical and growing problem, whereby soil erosion 
presents a prevailing process compared to other degradative processes. The intensity of erosion depends 
on the topography, climate conditions, soil characteristics, human activities, and the presence of vegeta-
tion. In this chapter, the diverse factors that cause soil erosion have been evaluated. The level of damage 
associated with soil erosion has been analyzed, with emphasis on the impacts they may have on the global 
carbon cycle, phosphorus loss, dust emissions, eutrophication, and soil biodiversity.

INTRODUCTION

Soil, the biologically active medium that has been formed in the uppermost layer of Earth’s crust, plays 
a vital role in the functioning of terrestrial ecosystems. Soil is essential for humans because it presents 
the basis for food production. Besides, soil acts as a filter for contaminants, a reservoir of water and 
nutrients, participates in the cycling of carbon and other elements through the global ecosystem, serves 
as a habitat for soil organisms, as well as a landscaping and engineering medium.

Despite its importance, the pressure on soil is increasing. As an element of the land degradation 
process, soil degradation refers to a decline in soil productivity and quality. Several physical, chemical, 
and biological processes are responsible for the degradation of soil. The physical methods include dete-
rioration of soil structure, compaction, crust formation, erosion, and desertification. Among all chemical 
processes, leaching, soil fertility decline, acidification, salinization and pollution are significant. The 
biological processes of soil degradation include carbon reduction and a decrease in soil biodiversity 
(Osman, 2014).

Several natural and anthropogenic causes can lead to soil degradation. Among the natural ones, the 
most important are frequent floods, high-velocity wind, high-intensity rains, leaching in humid regions, 
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drought in arid areas, etc. As regards anthropogenic causes, the most significant are deforestation, over-
grazing, inadequate use of agrochemicals, monocropping, shifting cultivation (Dragović & Vulević, 
2020; Osman, 2014).

Many studies confirm the connection between deforestation and soil degradation. Based on research, 
conversion of the forest area into the pasture and the subsequent unregulated grazing have altered the 
erosion rate, nutrient amount and soil characteristics (Rhoades, 2011). Hajabbasi et al. (1997) were 
investigated deforestation effects on soil physical and chemical properties in the Lordegan region of 
central Zagros Mountain, Iran. Deforestation and clear-cutting of the forests resulted in lower soil quality. 
Namely, deforestation and subsequently tillage practices resulted in a 50% decrease in organic matter 
and total nitrogen, a 10 to 15% decrease in soluble ions comparing to the undisturbed forest soil. Also, 
the tilth index coefficient of the forest site was significantly higher (0.717) than the cultivated forest 
and the deforested areas (0.633 and 0.573, respectively). The consequences of deforestation vary from 
soil erosion and sedimentation to loss of biodiversity, climate change, flood and drought, the decline in 
water quality, etc.

Overgrazing is one of the most severe problems on a global scale in terms of soil degradation. Depend-
ing on grazing intensity, soil organic matter, nitrogen content, microbial activity and soil moisture vary. 
All the above-mentioned factors and loss of vegetation cover lead to soil erosion and desertification. The 
results obtained by studying a dry Mediterranean agro-forest landscape (Crete, Greece) indicate that soil 
erosion increases and soil moisture decrease on overgrazed land and highlight the crucial role of sustain-
able grazing in land degradation mitigation (Kairis et al., 2015). According to research conducted in 
eastern Hovsgol, Mongolia, soil fertility decreases and soil chemical properties change due to overgrazing. 
In overgrazed areas, soil organic matter content was 30-50% lower and exchangeable calcium 40-60% 
lower than non-grazing areas. Nitrogen content was also lower in overgrazed valleys. Overgrazing was 
also found to affect soil physical characteristics in terms of increasing topsoil temperature, decreasing 
moisture, and increasing bulk and particle density (Wang & Batkhishig, 2014).

Modern agriculture relies on the extensive use of agrochemicals, pesticides, fertilizers and soil con-
ditioners, to increase crop productivity by controlling harmful pests, pathogens, and weeds (Mandal et 
al., 2020). Excessive applications of nitrogen and phosphorus fertilizers lead to the disruption of the 
natural nitrogen and phosphorus cycles. Also, the use of fertilizers introduces heavy metals and radio-
nuclides from mineral fertilizers and pathogens, veterinary pharmaceuticals, and endocrine disrupters 
from organic fertilizers into the soil. Their inappropriate use hurts the soil quality and represents one 
of the basic forms of degradation.

Monocropping is the agricultural practice of growing a single crop (corn, soybeans, wheat) year 
after year on the same soil, in the absence of rotation through other crops or growing multiple crops 
(polyculture) on the same soil. The monocropping can lead to many adverse effects, including soil deg-
radation. Long-term utilization of the same culture leads to loss of soil nutrients, some types of insects 
and pests proliferate, so farmers become dependent on fertilizers, pesticides and other agrochemicals. 
Henry (1995) found that a deterioration in soils’ physical and chemical properties causes cane yield 
decline (during monocropping).

Shifting cultivation is an old farming practice, where the “slash-and-burn” technique is applied to 
clear land, followed by a long fallow period important for the restoration of soil fertility. Many studies 
indicate that crop burning has harmful effects on soil, such as increased susceptibility to soil erosion 
and a reduction in nutrients (Dragović & Vulević, 2020).
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According to the Global Assessment of Soil Deterioration (GLASOD), there are five principal types 
of soil degradation: water erosion, wind erosion, chemical deterioration, physical deterioration, and 
degradation of biological activity (Oldeman, 1991).

Soil erosion presents an overall process compared to other degradative processes. The slow geologic 
erosion is a constructive process, which has created fertile soils of alluvial flood plains and loess plateaus 
around the world (Lal, 2003). In contrast, intensive soil erosion is a global problem with several environ-
mental impacts. Erosion is generally characterized by three phases, including separation of individual 
particles from the soil mass, transport of eroded material, and deposition. These processes usually result 
in the relocation of the top layer of soil rich in nutrients and organic matter. Organic matter affects the 
improvement of soil structure, soil water retention, aeration, soil thermal regime, as well as adsorption 
properties. Also, organic matter has the role of a buffer, participates in the global carbon cycle, serves 
as an energy source for soil microorganisms, etc. Soil erosion hinders the growth of plants, agricultural 
yields, and quality of water. Erosion may lead to reduced crop production by reducing nitrogen, phos-
phorus, and soil organic matter reserves, varying soil clay content, depleting available water capacity, 
and reducing soil aggregation. Much of the phosphorus from erosive soils are transported to water bodies 
together with eroded soil causing eutrophication, or significant growth of algae and other aquatic plants in 
nutrient-enriched waters that lowers dissolved oxygen levels. As these algae and other plants decompose, 
the result is increased fish kills, increased turbidity, and shifts in aquatic flora and fauna populations.

Without appropriate erosion prevention and control, the soil may lose its ability to hold nutrients, 
regulate water flow, filtrate pollutants, and other significant properties and functions.

This chapter aims to point out causes and types of soil degradation, emphasizing soil erosion and 
providing future guidelines for soil degradation prevention.

BACKGROUND

Soil and Sustainable Development

The United Nations’adoption of the 17 sustainable development goals (SDGs), under the 2030 Agenda 
for Sustainable Development, supported the scientific and academic community to generate accurate 
information to support planning and monitor socio-economic development by interlinking them with 
environmental sustainability dimensions (UN 2015; Tóth et al., 2018). Some SDGs, directly or indirectly, 
consider soil resources through the issues of food security, food safety, urban development and sustain-
ability of terrestrial ecosystem services. SDG target 15.3 on land degradation neutrality point out “by 
2030 to combat desertification, restore degraded land and soil, including land affected by desertification, 
drought and floods, and strive to achieve a land degradation-neutral world”.

As mentioned, sustainable development goal 15 considers sustainable use of terrestrial ecosystems, 
combat desertification, and halt and reverse land degradation. Many ecosystem services and soil functions 
are related to this goal. Appropriate land management is crucial for sustainability. The importance of the 
Agenda for Sustainable Development results from the fact that 75% of the land is degraded (IPBES, 2018).
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The Causes and Effects of Soil Erosion

Soil erosion is considered the most widespread form of land degradation that may cause environmental 
and property damages and social and economic disruption. Erosion is a process of detachment of soil 
particles by different agents (e.g., runoff, raindrop, wind, gravity, etc.) and their displacement and de-
position (Figure 1).

The erosion process lowers the quantity and quality of soils on-site; however, significant sediment-
related problems off-site can notice. The content of soil loss by natural erosion is easily recoverable by the 
biological processes of soil formation. Erosion caused by anthropogenic influences, known as accelerated 
soil erosion, is a much bigger problem. Solving the problem of soil erosion requires an understanding 
of the complexity of erosion processes, their interactions, and their spatial extent.

Several erosion processes occur simultaneously in many environments and may interact, resulting in 
amplification or compensation of soil loss rates (Poesen, 2018).

The intensity of soil erosion depends on many factors, such as the configuration of the terrain (slopes), 
climate conditions, soil characteristics, human activities, and the presence of vegetation. Depending on the 
dominance of the above factors, soil erosion may be more or less harmful. Soil erosion is a pronounced 
process on steep land, where soil material is easily transported. Land with a high slope will relieve the 
rainwater flow rate or runoff saturation in the area, primarily due to the faster movement of the water 

Figure 1. a) Aeolian erosion in the desert area Ischigualasto, San Juan, Argentina b) Water erosion, 
Đavolja varoš, Kuršumlija, Serbia c) Barren landscape (granite), the monastery of St. Archangel Mi-
chael, Prilep, Northern Macedonia d) Fluvial erosion of the karst area in the valley of the river Cijevna, 
Podgorica, Montenegro e) Fluvial erosion in the valley of the river Pčinja, Trgovište, Srbija f) Gully 
erosion in the valley of the river Struma, Sandanski, Bulgaria
(Source: Author)
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downhill (Chen et al., 2011; Nenadović et al., 2013). The wind is one of the most important factors for 
decreasing soil quality and quantity through erosion, especially for sandy or lighter soil. It causes the 
loss of the most fertile part of the soil and significantly reduces soil productivity (Osman, 2014). Since 
wind erosion is affected by climatic factors, wind velocity, precipitation, temperature, as well as evapora-
tion and soil moisture content, wind erosion poses a severe threat in the arid and semi-arid regions with 
rare vegetation, low rainfall and high temperature. The evaporation is more increased than precipitation 
over a long time, which causes depletion of soil humidity and organic matter and deteriorates the soil 
structure. Wind erosion not only affects the land but also harms crops and infrastructure. The most im-
portant soil characteristics that affect soil erodibility by wind are texture, structure, and water content. 
When it comes to vegetative cover, it has been proven that it slows the wind velocity near the ground 
and decreases the eroding capacity.

Rainfall and rainwater runoff cause the dispersion of the soil organic matter and sand particles, but 
in heavy rainfalls, more significant soil components also get affected, causing the erosion processes. In 
areas with lush vegetation, natural erosion is moderate, gradual, and harmless. In these conditions, the 
rate of soil loss is less than the rate of soil formation (Osman, 2014). Crops and grasses improve the 
structure of soils; thereby, a decrease in soil erosion is significant. Areas with less naturally occurring 
vegetation are more susceptible to soil erosion. Moreover, anthropogenic activities that are responsible 
for soil erosion are mining, agriculture, deforestation, and overgrazing. There are numerous water ero-
sion’s on-site effects upon agricultural soils, which can be reflected in soil loss, loss of nutrients and 
organic matter, soil compaction, the decline in soil quality, reduction in growth and yield of crops, the 
reduced capability of ecosystem functions, etc. (Hicks & Anthony, 2001; Bogunovic et al., 2018; Al-
letto & Coquet, 2009; Bongiorno et al., 2019). Soil erosion causes land degradation and leads to many 
off-site environmental problems such as flooding, water siltation, and pollution (Al-Wadaey & Ziadat, 
2014; Issaka & Ashrafa, 2017; Poleto & Beier, 2012). Off-site effects of soil erosion are not always 
easily noticed because eroded material is transported to distant places and deposited in streams, rivers, 
lakes, agricultural land, roads, etc.

In addition to the above effects caused by soil erosion, it is essential to mention the economic con-
sequences.

Cost estimates for soil erosion have been made worldwide. Telles et al. (2011) estimated the costs of 
soil erosion, as an issue of fundamental importance in view of the current discussions on sustainability. 
The on-site costs were estimated based on soil loss, nutrients, pesticides, organic matter, productivity 
and yield. On-site effects directly influence productive land, primarily through decline, degradation, 
or reduction of nutrients and organic matter. Also, they lead to a drop in fertile soil depth and moisture 
available for plants. As a result, the use of plant crops is limited. The side effect of these difficulties is 
instability in food production, land devaluation, additional costs for irrigation, loss of investments in 
improved production systems that become non-effective in soils with accelerated erosion, and labor costs 
to repair the damage caused by soil erosion (Telles et al., 2011; Telles et al., 2013).

Off-site costs were estimated in various ways. The significant off-site consequence is sedimentation 
(Telles et al., 2013; Montanarella, 2007). The content of sediment in water bodies causes the functional-
ity of hydroelectric power plants and water treatment stations. The costs incurred by this process were 
estimated in terms of water treatment (Foster et al., 1987) and increased expenditure on electrical energy 
generation (Marques, 1998). It is known that sedimentation can adversely affect irrigation, navigation, 
recreation and water storage and distribution, which may cause an increase in costs concerning reparation 
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(Hansen et al., 2002). Off-site costs can also be related to the increased price of agricultural products, 
resulting in macroeconomic instabilities (Cohen et al., 2006).

SOIL EROSION: ENVIRONMENTAL EFFECTS

Soil is a complex of solid components (about 45% mineral and 5% organic matter), gases comprise about 
20–30%, and water (20–30%). The amount of gases and water in the pore space can change quickly 
depending on weather conditions and other factors. The inorganic components of soils represent more 
than 90% of the solid components. The major elements C, N, P, and S (macronutrients) are essential to 
the life cycles of organisms and are absorbed by them in significant amounts. The global biogeochemical 
cycles of these elements are therefore of major interest, especially because of the large anthropogenic 
influence they experience. Soil organic matter (SOM) includes the entire organic compounds in soils, 
excluding undecayed plant and animal tissues, their “partial decomposition” products, and the soil bio-
mass (FAO, 2005).

Various environmental problems are directly or indirectly related to soil composition and soil-related 
processes. Significant losses of carbon (C) from soils occur due to erosion, leaching and runoff. Also, 
part of the carbon is emitted into the atmosphere in the form of CO2 or CH4.

Emissions to the atmosphere are an important pathway of nitrogen (N) loss (N2, N2O and NH3). 
Cultivated soils, unlike natural, often show exceeding leaching and runoff losses of nitrogen due to the 
addition of high contents of nitrate or ammonium fertilizers that rise inorganic nitrogen amounts.

Leaching losses are minimal for soil phosphorus (P), while gaseous phosphorus emissions to the 
atmosphere do not occur from natural soils. Phosphorus can be absorbed by living organisms or lost 
with soil particles on which it is adsorbed. Fertilizer and organic waste applications to soils can lead to 
phosphorus losses, mostly by erosion, posing an environmental threat (Sposito, 2008).

As mentioned above, soil erosion is one of the most serious environmental problems facing modern 
society. Namely, the soil is being lost from land areas 10 to 40 times faster than the rate of soil renewal, 
which significantly endangers environmental quality.

As the major terrestrial carbon pool, the soil carbon pool is approximately 3.3 times the size compared 
to atmospheric and 4.5 times the size of the biotic pool (Lal, 2004a).

Soil erosion and transport of sediments by rivers are basic processes for soil carbon lateral transfer at 
the land surface. As a consequence of these processes, a significant carbon budget of terrestrial ecosys-
tems occurs (Li et al., 2019; Wang et al., 2019). Nevertheless, this view was not in line with the opinion 
of another group of researchers. Jacinthe, Lal and co-workers have concluded that soil erosion leads 
to a terrestrial carbon loss due to soil aggregates’ decomposition, causing a decrease in soil nutrients 
(Jacinthe et al., 2002; Lal, 2004b).

One of the significant impacts of soil erosion on the environment relates to carbon dynamics and pos-
sible emissions of greenhouse gases (GHGs). Namely, the rapid increase in the atmospheric concentration 
of CO2 and other greenhouse gases into the atmosphere has elevated to a higher level concerns regarding 
the identification of sources and sinks of these gases. It isn’t easy to precisely estimate local, regional 
and global emissions of CO2 and other GHGs originating from soil cultivation, fertilizers, deforestation, 
biomass burning, etc. It is crucial to identify the “unknown” sinks and sources (e.g., terrestrial includ-
ing soils and vegetation, industrial, aquatic, biotic) of CO2 and other GHGs in order to reduce GHGs 
concentration in the atmosphere. The decline in the SOC pool happens due to transport by soil erosion 
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processes, and leaching into groundwater and mineralization. Limited soil cultivation can significantly 
reduce C losses from soils owing to reducing mineralization and erosion. As mentioned, the impact of 
soil erosion on carbon dynamics needs to be accurately evaluated.

Soil C is affected by erosion processes (water and wind erosion). The level of interactions depends 
on different factors such as soil characteristics (the content of mineral and organic matter, soil texture, 
amount of water and soil gasses, soil moisture and temperature regimes, porosity, etc.) and climatic 
conditions vegetative cover. Soil erosion affects SOC dynamics through its impact on disruption of 
aggregates formations, removal of C in runoff water or dust storms, mineralization of soil organic mat-
ter on-site, mineralization of SOC displaced and redistribution over the landscape and transported in 
rivers and dust storms, reaggregation of soil through the formation of organo-mineral complexes at the 
depositional/protected sites and deep burial of C-enriched sediments in depositional sites, flood plains 
and reservoirs and ocean floor (Lal, 2003). Conversion of natural to agricultural ecosystems depletes 
SOC pool because C inputs in managed ecosystems are usually lower than in natural ecosystems due to 
differences in soil moisture and temperature regimes caused by ploughing, drainage, biomass burning, 
or residue removal (Lal, 2001). The movement of soil particles and redistribution of SOC by erosion 
is a pedogenic process because eroded and depositional soils differ from the original soils. The SOC 
is easily transported by runoff water or wind because it is relatively low density and is concentrated in 
the topsoil. The SOC pool in eroded soils is much lower than the uneroded ones, especially on sloping 
terrain. The erosion causes slaking, disruption and decomposition of soil aggregates. The soil organic 
carbon, especially particulate organic carbon, is susceptible to mineralization. The degree of mineral-
ization depends on temperature (an increase in high temperature) and the presence of microorganisms. 
Some research shows that a significant amount of carbon dioxide is sequestered in aquatic ecosystems 
(there is no mineralization of C on the route from eroded sites to aquatic ecosystems, and all terrestrial 
C is transported into aquatic ecosystems is covered with sediments). The river water contains particu-
late organic carbon (POC), dissolved organic carbon (DOC) and dissolved inorganic carbon (DIC). The 
total organic carbon (TOC) is a sum of particulate organic carbon and dissolved organic carbon (DOC). 
It is presumed that rivers could be a sink of atmospheric CO2 depending on the P(CO2). Rivers receiv-
ing large volumes of agricultural and urban effluent containing a high concentration of DOC. It can be 
concluded that the fate of C translocated by erosional processes is determined by numerous complex 
and interacting processes.

One of the significant effects of soil erosion on the environment is the loss of phosphorus and, con-
sequently, the process of eutrophication. Phosphorus (P) is an essential element for plant and animal 
growth, and its presence is necessary to crops and animal production. Soil P exists in organic (unde-
composed residues, microbes, and organic matter) and inorganic forms. Phosphorus needs to be added 
to most soils to provide the required level of this element for optimum crop yield. Due to its pronounced 
adsorption capacity, P can be rapidly fixed in relatively insoluble forms and unavailable to plants. Avail-
ability depends on soil pH and soil type (presence of Al, Fe, and Ca). Agriculture is a significant source 
of phosphorus in the environment. The necessary amount of phosphorus is achieved by the addition of 
fertilizer or manure. In most soils, the P content of topsoil is greater than that of the subsoil due to sorp-
tion of added P, pronounced biological activity, cycling of P from roots to aboveground plant biomass, 
and more organic material in surface layers. Permanent long-term application of fertilizer or manure at 
levels exceeding crop needs increases soil P content. If a significant amount of P is added, it results in 
the accumulation of P in soil. Phosphates are not water-soluble (unlike nitrates), so they move with soil 
movement, adsorbed on soil particles. A major problem related to increasing P content in soil is that any 
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factors that increase soil erosion (water or wind) will also increase the runoff of P with soil to streams, 
rivers, lakes, and coastal regions. The loss of P in agricultural runoff occurs in sediment-bound and dis-
solved forms (Sharpley et al., 2003). Phosphorus, which binds to the soil, is usually lost through sheet 
and rill erosion from agricultural lands. Sharpley et al. (1992) have suggested that sediment P includes 
P associated with soil particles and organic material eroded during flow events and constitutes about 80 
percent of P transported in surface runoff from most cultivated land. The author’s point is that surface 
runoff from grass, forest, or noncultivated soils carries a small amount of sediment. A significant fraction 
is dissolved P origins from the soil and plant material. The greatest amount of dissolved P is available 
for biological uptake, unlike sediment P, which is considered a long-term P source for aquatic biota. 
Usually, surface runoff is dominant compared to subsurface flow in terms of phosphorus loss from the 
soil. Many studies report that the loss of P in surface runoff as well as in subsurface flow depends on 
soil P concentration.

Phosphorus loss depends on soil characteristics, the form of phosphorus applied, rainfall, uptake by 
plants and water movement. Phosphorus Retention Index expresses the capacity of soils to sorb P

(PRI). For example, soils with high P retention decrease P loss by leaching and intensify P loss by 
erosion. Soils with high P retention are prone to storing considerable amounts of P in the soil, which 
can then be lost through erosion when surface runoff removes soil particles that have been enriched 
with nutrients (Weaver, 2001).

The over-enrichment of aquatic ecosystems with nutrients (phosphorus, nitrogen, etc.) leads to algal 
blooms and anoxic events. This phenomenon is called eutrophication and presents a serious environmental 
problem. Eutrophication is essentially a natural process. In that case, water quality is generally accept-
able, and there is a diverse biological community and little algae. However, human activities (extensive 
agriculture, deforestation, development of industry) accelerate these natural processes. As mentioned, 
agriculture is the major source of nonpoint water pollution. Extensive use of fertilizers results in an 
essential amount of nutrients in agricultural runoff. If eroded soil reaches the water bodies, both phos-
phorus and nitrogen in the soil contribute to eutrophication. Possible effects of eutrophication, caused 
by excessive inputs of phosphorus and nitrogen to lakes, rivers and coastal oceans include:

• Increased biomass of phytoplankton resulting in algal blooms
• Toxic or inedible phytoplankton species (harmful algal blooms)
• Increased blooms of gelatinous zooplankton
• Decreases in water transparency (increased turbidity)
• Dissolved oxygen depletion or hypoxia
• Eutrophication-driven acidification
• Dead zones
• Species biodiversity decreases and the dominant biota changes
• Green tides (http://www.coastalwiki.org).

Eutrophication and related algal blooms (a short-lasting substantial increase of an algal population) 
seriously impact ecological functions and water quality. Harmful algal blooms (HABs) are recognized as 
one of the most damaging aspects of cultural eutrophication. Many cyanobacterial genera have optimal 
growth rates and bloom potentials at relatively high water temperatures; therefore, global warming plays 
a crucial role in their boost and persistence. Bloom-forming cyanobacterial taxa can be harmful to the 
environment, humans, and other organisms by outcompeting useful phytoplankton, depleting oxygen, 
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and producing a variety of toxic secondary metabolites (e.g., cyanotoxins). (Paerl & Otten, 2013). Algal 
blooms operate by photosynthesis and therefore produce a lot of oxygen. The reverse happens when the 
bloom decays; oxygen is extracted from the water when the organic material is mineralized. Namely, 
bacteria decompose algal remains, a process that consumes dissolved oxygen contained in the water. 
When the oxygen consumption rate in the aquatic environment exceeds resupply, oxygen content can 
rapidly collapse to levels inadequate to sustain most animal life, producing hypoxic conditions. Algal 
blooms also reduce water clarity and inhibit sunlight from penetrating the water and reach submerged 
aquatic vegetation and benthic (seafloor) microalgae, causing them to release less oxygen that would 
generally help replenish the water’s oxygen supply.

Except for hypoxia, acidification of coastal waters is a significant problem related to microbial 
degradation of organic matter. CO2 released in microbial degradation of organic matter in the water 
forms carbonic acid (H2CO3), which causes acidification of coastal water. Coastal ecosystems can also 
be acidified through:

• atmospheric carbon dioxide fluxes
• the introduction of acidic river water
• upwelling of CO2 enriched deep water (Wallace et al., 2014).

It may be noted that due to a combination of these processes in some coastal zones, seasonal decrease 
of pH and/or high P(CO2) was detected, while in some coastal regions, the continuous decline of pH 
value in recent decades was noticed (Feely et al., 2010; Cai et al., 2011; Waldbusser et al., 2011; Duarte 
et al., 2013; Melzner et al., 2013).

Eutrophication increases phytoplankton biomass and reduces water transparency. Water transpar-
ency is an indicator of water quality. Actually, water transparency is a function of the concentrations 
of chlorophyll-a, total suspended matter, and colored dissolved organic matter. Knowledge of water 
transparency could ensure useful information concerning aquatic environmental changes and the marine 
ecosystem (Bai et al., 2020). Qiang and co-workers gave an overview of research related to lake eutro-
phication and its ecosystem response. One aspect concerned the relationship between total phosphorus 
concentration and transparency. It was found the correlation between total phosphorus concentration 
and transparency in 13 eutrophic lakes in Denmark indicates that water transparency decreases as the 
total phosphorus concentration increases, and the sensory water quality decreases with transparency 
(BoQiang et al., 2013).

Biotic and abiotic changes associated with eutrophication influence the direction and strength of 
natural selection and, thereby, the shape of the ecological fitness landscape experienced by component 
populations (Alexander al., 2017). Rapidly increasing of nutrients in a short time resulted in anthropogenic 
eutrophication in the majority of aquatic ecosystems. To avoid risk of hyper-eutrophication, some spe-
cies have developed mechanisms of adaptation to the mentioned environmental conditions (behavioural 
adaptations). Frisch et al. (2014), using the resurrection ecology approach, environmental, genetic and 
phenotypic data spanning pre- and post-industrialized agricultural areas reveal the evolutionary conse-
quences of anthropogenic environmental change. They concluded that younger genotypes of Daphnia 
pulicaria of South Center Lake, Minnesota, grew less efficiently under low-phosphorus conditions as 
they had adapted to take advantage of the high-phosphorus diet while the lake was eutrophic. Some 
zooplankton species (Acartia tonsa) also show behavioural adaptations to the enhanced eutrophication. 
Modifications in the environment often indicate that the well-adapted native species are not competitive 
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to non-native species. Changes in the environment very often display the reverse outcomes of competi-
tive interactions among species. Anthropogenic influences may substantially impact ecosystem changes 
during eutrophication, which may result in the fact that invasive species (usually arriving from more 
phosphorus-rich habitats) have an ecological advantage over native species (Byers, 2002). The modified 
environmental conditions related to eutrophication can influence visual signalling between mates and 
between competitors. If the fact that sexual selection is mediated by vision-based mate selection takes 
into account among many species, it is evident that eutrophication-induced turbidity weakens sexual 
selection. Modifying natural and sexual selection and reproductive isolation and gene flow, eutrophica-
tion affects basic processes that cause and sustain biodiversity.

As mentioned above, erosion is one of the most serious threats to soil, primarily from the aspect 
associated with land loss, which is reflected in the quantity and diversity of soil organisms. Soil biodi-
versity implies a variety of organisms, including micro-organisms (e.g., bacteria, fungi, protozoa and 
nematodes), mesofauna (e.g., acari and springtails), as well as macro-fauna (e.g., earthworms and ter-
mites). Causal relationships between soil biodiversity and erosion can be considered through different 
aspects. Microorganisms are widespread in nature because of their small size, adaptation to different 
habitats, capability to utilize a wide range of nutrients etc. The bacterial population is prevalent and 
participates in soil structure dynamics, cycling processes, regulation of different plant communities, soil 
aeration, and soil fertility. The loss of a considerable content of soil cause a decrease, disperse and mix 
of a tremendous resource of soil organisms. As a result, erosion has a direct impact on soil population 
quantity and dynamics.

The influence of water and wind erosion on organisms replacement is previously described. It is 
known that rivers are important for the movement, migration, and dispersal of different aquatic and 
riparian organisms. Namely, soil runoff can move organisms’ long distances and lead to invasion effect. 
Many studies have shown that invasive species can change biodiversity and ecosystem functioning. 
Merritt & Wohl (2002) have investigated the correlation between flow regime, channel morphology, 
dispersal phenology, and seed deposition. Systematic delivery of seeds under different environmental 
conditions (mentioned above) in repeated processes suggested that hydrochory may function as a form 
of dispersal for some coastal plant species. The results of the investigation have shown that knowledge 
of hydrograph characteristics may be used to accommodate or inhibit species using hydrochory. Some 
soil animals are subject to similar processes (e.g., nematodes). Based on the above, soil erosion can be 
considered as an invasion facilitator.

The intensity of erosive processes as well as agriculture and desertification may change and destroy, 
partially or entirely, communities of soil organisms. This problem is even more important when it comes 
to rare, vulnerable or endangered species. It is assumed that many soil organisms have developed protec-
tion mechanisms to reduce the effects of soil erosion as a type of stressor.

Microbial biomass carbon and microbial abundance immediately after, and two years after soil ero-
sion were investigated by Mabuhay et al. (2004). This study aimed to estimate the degree of damage, 
the rate of recovery of microorganisms, the determination of the community diversity, and establish re-
lationships between microbial biomass, microbial abundance, and the physicochemical properties of the 
soil. The research area was Hiroshima Prefecture (three different sites). This study pointed out that soil 
erosion has a damaging effect on microbial biomass, abundance and composition, by changing natural 
soil characteristics and removing vegetative protection. Immediately after the occurrence of erosion, a 
decline in microbial amount was noted, with the exception of a short period in spring and autumn. The 
difference in microbial biomass carbon between the study areas was noticed. The area in Kagamiyama 
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(undisturbed area; pine trees) showed the highest biomass carbon, followed by the area in Yasumiyama 
(naturally eroded; mixed, primarily needle-leaved, vegetation) and Itsukaichi (naturally eroded; secondary 
mixed-pine forest). The microbial abundance showed a significant difference between the Kagamiyama 
site and the eroded sites. The three groups of microorganisms (Gram-positive bacteria, Gram-negative 
bacteria and fungi) were significantly affected by erosion. As can be seen, the eroded areas showed poor 
microbial diversity compared to the undisturbed area. This is in line with the assumption that microbial 
diversity declines with soil depth.

Regarding microorganism diversity, the analysis showed that the eroded sites (Yasumiyama and Itsu-
kaichi) were most similar in composition, whereas the Kagamiyama site was the most different (Mabu-
hay et al., 2004). Based on the presented results, it can be seen that almost half of the microorganisms 
present in the undisturbed habitat are not present in the eroded sites, which indicates that many groups 
of microorganisms were removed during erosion processes. Also, some groups of microorganisms were 
present in the area two years after erosion (Yasumiyama) and in the undisturbed area (Kagamiyama), 
but not in the area immediately after erosion (Itsukaichi). These groups of microorganisms were prob-
ably removed with the eroded soils and had not been re-established. Finally, microorganisms in the soil 
(immediately after erosion) are not present in the undisturbed soil and soil two years after erosion. This 
is probably a new colonizing species in the area.

The conclusions of Fierer et al. (2003) support the above results. Namely, they examined variations 
in microbial community composition through two soil depth profiles. The results showed that the com-
position of the soil microbial communities changes significantly with soil depth. The differentiation of 
microbial communities within the two profiles coincides with an overall decline in microbial diversity. 
Gram-negative bacteria, fungi, and protozoa were highest in the topsoil, unlike Gram-positive bacteria 
and actinomycetes, which are dominant in the subsurface. The vertical distribution of these microorgan-
isms may be conditioned by carbon availability (lower at greater depth).

For the carbon analysis (Mabuhay et al., 2004) the values greatly vary from one area to another. The 
Kagamiyama area showed the highest percentage of carbon and nitrogen content. This was followed by 
the area at Yasumiyama, while the lowest value was in Itsukaichi.

As stated earlier, soil biodiversity and soil erosion are closely interlinked. Namely, not only does 
erosion intensely transform soil organisms, but it also affects soil characteristics and loss. For example, 
mycorrhizal fungi that inhabit either a forest or grassland will probably reduce the soil eroded by rain 
or wind, keeping soil aggregates compacted. On the contrary, the extensive excavation activity of some 
soil‐living mammals (e.g., moles) may distract soil structure and, thus, accelerate the erosion rate (Or-
giazzi, 2018). A group of soil organisms, earthworms, has been confirmed to affect soil structure and 
hydrology significantly. In most cases, this is a positive impact reflected in better soil porosity, aeration, 
water infiltration etc. The burrowing activity of earthworms ensures a better run of water, favoring wa-
ter infiltration (Edwards et al., 1990). However, according to the literature data, water infiltration and 
erosion processes depend on the dominant species (e.g., anecic L. terrestris, endogeic A. tuberculata) 
as well as on the abundance of earthworms (Bohlen et al., 1997; Edwards et al., 1990; Shuster, 2001).

Another very significant impact of erosion on the environment can be seen from the aspect of air 
pollution. Soil erosion by wind causes dust emission to the atmosphere. The major compounds of global 
aerosols are dust particles origins in different soil sources (sediment-deposition mostly in arid regions, 
playa-dry lake etc.). Global dust emissions from soils are estimated to be about 3000 million tons per year. 
A significant fraction includes particles less than 10 micrometers in diameter (PM10). The significance 
of PM10 is reflected in fact that they originate from soil organic carbon and clay material responsible 
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for the adsorption capacity of the soil. Also, they are crucial air pollutants associated with health risks. 
As mentioned, wind erosion is an important problem in the arid and semiarid regions with poor vegeta-
tion, low rainfall and high temperature. The most critical factors affecting wind erosion are soil struc-
ture, climate, field width and slop, and vegetation. Soil erodibility refers to the ease of detachment and 
transport by wind. Climate influences refer to wind velocity, precipitation, and temperature that result 
in evaporation and soil moisture content. Strong winds and soil dryness increase the susceptibility of 
the topsoil to erosion. Vegetative covers reduce the wind velocity at the soil surface and also generally 
decrease the soil erodibility.

Anthropogenic activities change the soil’s properties and its capacity to resist soil erosion. The soil 
erosion by wind can cause considerable nutrient loss (particularly phosphorus loss) and may lead to 
soil degradation and a decrease in fertility. Li et al. (2015) suggested that soil tillage and wind erosion 
represent two major emission sources of particulate matter (PM2.5 and PM10) from cultivated soils. The 
results of experiments with cultivated and uncultivated land showed that no-till soils had consistently 
lower PM2.5 and PM10 emissions than paired conventional tilled soils for uncrushed samples. One of 
the most important soils in overall dust emission is loess (cover about 10% of the Earth’s land surface) 
as primary or secondary deposits. Dust emission of loess is due to the high availability of suspended 
sediments in silt and clay fractions (Katra, 2020). The destruction of the top layer of soil by erosion 
reduces soil nutrients, decreasing soil productivity and stability. Dust emissions, caused by erosion pro-
cesses, can have both positive and negative effects. Namely, increased dust emissions from agricultural 
soils may intensify the phosphorus inputs to aquatic systems and accelerate eutrophication. On the other 
hand, Saharan dust that is transported over the Atlantic Ocean provides a vital input of phosphorus to 
the oligotrophic waters of the ocean and the P-depleted rain forests of America (Swap et al., 1992). The 
study conducted by Katra et al. (2016) aimed to focus on phosphorus cycling via dust emissions under 
standard land-use practices in an arid environment. The experiments indicate significant phosphorus 
fluxes by PM10 dust due to agricultural land use. The emission of phosphorus from soil dust sources 
has significant implications for soil nutrient resources and management strategies in agricultural regions 
as well as for loading to the atmosphere and global biogeochemical cycles.

Some soil from damaged land enters suspension and becomes part of the atmospheric dust load. Dust 
obscures visibility and pollutes the air, impacts water quality, and imperils animal and human health.

EROSION PREVENTION AND CONTROL: 
SOLUTIONS AND RECOMMENDATIONS

Soil erosion control measures have proven to reduce erosion potential and therefore preserve environ-
mental quality, primarily soil quality. The most significant principles which should be applied in order 
to reduce soil erosion (by water) imply:

• Reducing detachment of soil particles from the surface of the soil. In this way, the possibility of 
splash erosion is reduced. This can be realized by providing a cover on the soil during the pluvial 
season. Tillage and cropping management systems are significant elements for reducing raindrop 
impact on soil particles due to crop residue availability to protect the soil surface.

• Improving the structure and texture of the soil, especially the surface layer (topsoil). A well-
structured soil improves water drainage after irrigation or heavy rain and minimizes runoff. Soil 
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organic carbon is important as a binding medium in the formation of soil aggregates and soil ag-
gregate stability (Bronick & Lal, 2005).

• Increasing the movement of water into the soil due to gravity and capillary forces (infiltration) and 
reducing surface runoff. The slopes, orientation of the slopes, topsoil properties, and the micro-
topography of the soil surface affect soil infiltration and erosion processes. Namely, the average 
erosion value increases at a higher slope. The erosion was observed to be high at higher slope 
steepness due to the increase in the surface flow velocity which is greater than the infiltration 
capacity (Duhita et al., 2021).

• Reducing runoff velocity leads to an increased infiltration rate. Since the degree and length of 
the slope affect the runoff velocity, it is necessary to correct them with appropriate techniques. 
Commonly used engineering approaches to reduce runoff velocity include the formation of ter-
races and waterways.

• Minimal soil destruction ensured by adequate land resources management (no-tillage, minimum 
tillage, and subsoil tillage). In contrast, intensive tillage increases the possibility of erosion.

• Wind erosion is a dominant type of erosion in the arid and semiarid regions characterized by poor 
vegetation, small precipitation, and high temperature. As a result of the notable differences in soil 
types, climate conditions, and used crops, there is no uniform erosion control method. However, 
by combining several different methods, wind erosion can be reduced to a tolerable level. Some of 
the most important measures in controlling wind erosion can be seen in the following:

• The primary method of reducing consequences caused by wind erosion is land coverage with 
surface residues. The residue, in general, originates from previous crops and can affect the mainte-
nance of soil moisture by reducing evaporation. Apart from the benefits that are achieved by using 
this type of soil protection, there are also negative effects. Namely, after residues decomposition, 
significantly fewer residues remain in the soil.

• In areas with inadequate residue amounts to protect the soil, proper cultivation can highly reduce 
the erodibility of the soils. Tillage disturbs the natural soil structure, leading to the soil aggregates’ 
decomposition into smaller particles. The small soil particles become susceptible to aeolian ero-
sion, why tillage must be avoided or minimized.

• Timing of the tillage practice is most important to produce the combination of surface clods and 
roughness needed to control wind erosion. Rough cloddy surfaces increased infiltration and de-
creased soil erosion. Overtilling reduced surface roughness and cloddiness.

• Crop strips, crop barriers, or shelterbelts reduce field width and erosion from perpendicular winds. 
Barriers placed in the path of prevailing winds decrease wind velocity and reduce the intensity of 
aeolian erosion. Shelterbelts permit some flow of the air which removes the unwanted turbulence 
that occurs behind solid barriers. It has been shown that the yield was higher in the presence of 
shelterbelts.

• Provide a cover of growing vegetation. Perennial grasses and legumes cover the soil densely and 
ensure the best long-term protection against wind erosion. Grasses and legumes can also be used 
in combination with other crops such as different types of trees.

Soil erosion can be easily controlled on-site if the appropriate methods are used.

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



125

Environmental Consequences of Soil Erosion
 

FUTURE RESEARCH DIRECTIONS

Soil resource is crucial to the survival of the human population, but its degradation is permanent. 
Preservation of this resource is important to maintaining agricultural productivity and environmental 
quality. Improving knowledge of the possible future rates of soil erosion is important for policymakers 
engaged in land-use decision-making and for earth-system modelers seeking to reduce uncertainty on 
global predictions. Also, increased endeavor, both from the research and financial aspect, is needed to 
develop new technologies to reduce soil erosion and sediment transport.

CONCLUSION

The pressure on soils will continue in the future, and a clearly defined regulation is needed. The United 
Nations’adoption of the 17 sustainable development goals (SDGs), under the 2030 Agenda for Sustain-
able Development, supported the scientific and academic community to generate accurate information 
to support planning and monitor socio-economic development by interlinking them with environmental 
sustainability dimensions. Sustainable development goal 15 considers sustainable use of terrestrial eco-
systems, combat desertification, and halt and reverse land degradation. Many ecosystem services and 
soil functions are related to this goal. To achieve a sustainable situation, appropriate land management 
is crucial. The importance of the Agenda for Sustainable Development results from the fact that 75% of 
the land is degraded. Soil erosion is considered the major and the most widespread form of land degra-
dation that may cause environmental and property damages and social and economic disruption. One 
of the significant impacts of soil erosion on the environment relates to carbon dynamics and possible 
emissions of greenhouse gases (GHGs). Also, important effects of soil erosion on the environment are 
the loss of phosphorus and, consequently, the process of eutrophication. Eutrophication is one of the 
serious threats to the environment, primarily for freshwater systems, in terms of reducing water qual-
ity and altering ecosystem structure and function. A solution to eutrophication is acute. Governments 
should perform more beneficial policies to regulate the industrial and agricultural sectors to reduce 
activities that contribute to eutrophication. Erosion is one of the most serious threats to the soil from 
the aspect associated with land loss, which is reflected in the quantity and diversity of soil organisms 
(micro-organisms, mesofauna, and macro-fauna). Causal relationships between soil biodiversity and 
erosion can be considered through different aspects. Another, very significant, impact of erosion on the 
environment can be seen from the aspect of air pollution. Soil erosion by wind causes dust emission 
to the atmosphere. The major compounds of global aerosols are dust particles origins in different soil 
sources (sediment-deposition mostly in arid regions, playa - dry lake, etc.). Global dust emissions from 
soils are estimated to be about 3000 million tons per year. A significant fraction includes particles less 
than 10 micrometers in diameter (PM10).

Solving the problem of soil erosion requires an understanding of the complexity of erosion processes, 
their interactions, and their spatial extent.
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KEY TERMS AND DEFINITIONS

Air Pollution: The presence in or introduction into the air of a substance with harmful or poisonous 
effects.

Biodiversity: The variability among living organisms from all sources, including terrestrial, marine, 
and other aquatic ecosystems and the ecological complexes of which they are part; this includes diversity 
within species, between species, and ecosystems.

Carbon Cycle: The continuous movement of carbon between different living organisms on earth and 
between living organisms and the environment, through natural processes like photosynthesis, respira-
tion, and decomposition in the soil, and also the burning of fossil fuels.

Environmental Quality: A state of ecological conditions in environmental media, expressed in terms 
of indicators or indices related to environmental quality standards.

Eutrophication: The process by which a body of water becomes enriched in dissolved nutrients that 
stimulate the growth of aquatic plant life, usually resulting in the depletion of dissolved oxygen.

Soil Degradation: Element of the land degradation process which refers to a decrease in soil’s pro-
ductivity and quality.

Soil Erosion: Detachment and movement of topsoil or soil material from the upper part of the profile 
by the action of wind or running water, especially due to changes brought about by human activity (such 
as unsuitable or mismanaged agricultural methods).

Sustainable Development: The practice of maintaining productivity by replacing resources used 
with resources of equal or greater value without degrading or endangering natural biotic systems.
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ABSTRACT

The aim of the chapter is to show the possible impact of policulture farming on some determinants of 
sustainable agricultural development, especially from the point of view of economic viability, biodiver-
sity, and land degradation. Increasing the area under polyculture is one of the main solutions to the 
present environmental problems. The key constraints are economic pressures due to the question of the 
cost-effectiveness of such a mode of production and the need to provide sufficient food for a growing 
population, especially in developing countries. The results of the research show that policulture (organic 
agriculture) should be favored, while monoculture farming must be adequately directed and put in the 
function of achieving ecological goals of sustainable development as much as possible. In addition, on 
the example of European countries, it was assessed that there are good conditions for further “green-
ing” of agriculture, bearing in mind the movement of the analyzed indicators.

INTRODUCTION

The agricultural sector faces many challenges. The main one is the need to specialize production without 
disturbing the ecological balance. Soil pollution, biodiversity loss and land erosion are leading problems, 
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especially in monoculture production (Alcon, 2020). Therefore, economic and environmental goals 
should be harmonized through the principles of sustainable development.

At the global level, the risk of biodiversity loss, abandonment of agricultural land and its degrada-
tion has become one of the important issues of sustainable agricultural and rural development. Also, 
a responsible attitude towards soil fertility is important for overall sustainable economic development. 
Without the major resource on which agriculture is based, its long-term sustainable development will 
not be possible. Soil erosion and excessive use of chemicals are particularly dangerous for the preserva-
tion of agricultural land. Land is a renewable natural resource. However, restoration is much slower than 
land degradation and fertility loss (Kelam, 2016).

Monoculture is a form of production that is often seen in collision with the principles of sustain-
ability. This is the practice of growing the same culture in the same field, from year to year. The risks 
of monoculture farming arise because the obtained products are used mainly in industrial production. 
Intensive agricultural practices such as monoculture and simplified two-crop rotation systems threaten 
ecosystem services essential for crop production, reduce agricultural productivity and cause adverse ef-
fects on the environment (Wang et al., 2021). Furthermore, monoculture represents one of the practices 
of intensive agricultural production, which endangers land quality and leads to land degradation. Due 
to the industrialization of agricultural production, which includes mechanization of farms, intensive 
use of pesticides and fertilizers, specialization of farms and improved transport network, there has been 
a spatial concentration of certain types of crops and loss of crop diversity (Crossley et al., 2020). This 
production depletes nutrients from the soil making it less productive, reduces organic matter in the soil 
and can cause significant erosion. In addition to soil degradation, monocultures have a detrimental effect 
on surface and groundwater, as they can cause contamination due to runoff of nutrients and agricultural 
chemicals (Wang et al., 2021). Monoculture production is in conflict with certain economic principles 
too. It is clear that above-average profitability can be achieved in this way, but it is not in line with the 
principles of risk diversification.

The aim of the chapter is to provide insight into the possibilities of polyculture production in achiev-
ing the goals of sustainable development and preventing the loss of land quality. The secondary goal of 
this paper is to point out the potential shortcomings of monoculture, and to provide potential solutions 
so that it would not be considered an alternative to polyculture farming. The chapter provides answers 
to some open questions and discussions in the scientific literature related to this topic. At the same time, 
data at the level of the European Union are used to assess sustainable agricultural development.

BACKGROUND: AGRICULTURAL SUSTAINABILITY AS AN INTEGRAL 
PART OF SUSTAINABLE SOCIO-ECONOMIC DEVELOPMENT

The considerable importance of agriculture in the socio-economic development of European countries 
can be viewed from several aspects. From the economic aspect, the benefit of agriculture is reflected 
primarily in its role in food production but also in ensuring food security, production of raw materials for 
other industries, and foreign trade. From the social aspect, the agricultural sector affects the demographic 
and social development of a country. The development of the agricultural sector enables the creation of 
conditions reduce poverty in the country. Christiaensen et al. (2011) emphasise key factors that determine 
the ability of a particular sector to contribute to poverty reduction: (i) the extent to which poor people 
participate in the sector; (ii) the relative importance of that sector in the economy; (iii) growth and growth 
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potential of the sector; and (iv) indirect impact of the sector on growth in other sectors. Numerous stud-
ies have proven the great power of the agricultural sector in reducing poverty (Liu et al., 2020; Warr 
& Suphannachart, 2021), which in many cases surpasses other economic sectors (Christiaensen et al., 
2011). Having in mind the importance of agriculture, it is recommended to include and analyse the effect 
of the agricultural sector in growth strategies, where the emphasis is placed on the analysis of the role 
of increasing agricultural productivity. The mechanism behind the impact of agricultural productivity 
on poverty reduction is as follows: as labour productivity increases, the amount of food produced per 
worker increases, which causes falling prices, withdraws real wages, reduces absolute poverty and allows 
farmers to shift to more productive sectors, thus increasing overall productivity (Dorinet et al., 2021).

Given the availability of significant natural and human resources, agricultural production is one 
of the most important economic activities of many European countries. Agriculture is a sector that is 
almost completely supported at the European level, unlike most other economic sectors for which na-
tional governments are responsible. The primary reason for forming a unified policy at the European 
Union level is the fact that it is necessary to ensure the existence of a uniform public policy whose basic 
responsibility is to enable food security, responsible and rational use of natural resources and encourage 
the economic development of rural areas.

The Common Agricultural Policy of the European Union (CAP) was launched in 1962 and represents 
a partnership between agriculture and society, and between Europe and its farmers. Its main objectives 
are (European Commission [EC], 2021a):

• to support farmers and improve agricultural productivity, while ensuring a stable supply of afford-
able food;

• to protect the farmers of the European Union and to provide them with opportunities to earn an 
adequate living;

• help tackle climate change and the sustainable management of natural resources;
• maintain rural areas and landscapes across the European Union;
• keep the rural economy alive by promoting jobs in farming, agri-foods industries and associated 

sectors.

The CAP has undergone numerous reforms over the years. However, today, after almost 60 years of 
implementation, it faces perhaps the most significant challenges for enabling sustainable food produc-
tion that would help feed the world’s population, whose significant growth is expected in the future. 
Another challenges pertain to responding to the climate change and providing sustainable management 
of natural resources, as well as protecting the countryside throughout the European Union and main-
taintaining the rural economy (Pe’er et al., 2020). In 2018 the European Commission has proposed the 
new, reformed CAP aimed at providing the conditions to achieve the objectives of the European Green 
Deal. The reformed CAP should incentivise, empower and reinforce European farmers, helping them 
contribute more resolutely to tackling climate change, protecting the environment and moving to more 
sustainable and resilient food systems (EC, 2021b). With planned implementation in 2023, the new CAP 
reform aims to create and support the conditions for the transition to more sustainable agriculture with 
a special focus on climate and the environment.

Given the growing problems facing the agricultural sector in recent years, it is not surprising that one 
of the strategic directions of the reformed CAP is related to achieving the goals of the European Green 
Deal. Contemporary tendencies, primarily related to demographic trends globally, have led to increased 
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pressures on the agricultural sector. Specifically, meeting the growing needs of the world’s population 
has led to the expansion and intensification of agriculture. Yet, these processes are key determinants of 
biodiversity loss as well as climate change. Generally, certain agricultural practices had favoured biodi-
versity. However, those practices have gradually been halted or substituted by agricultural systems that 
capitalize on yields through unsustainable use of natural resources and to the detriment of biodiversity 
(Pe’er et al., 2020). The consequence of the dynamic growth of the world’s population in the last hundred 
years is an increased demand for food, which leads to increased pressures on the agricultural sector and 
more intensive agricultural production, resulting in the conversion of new land into agricultural, which 
as a consequence has the degradation of the environment (Kolasa-Więcek, 2018).

In recent years, a number of challenges have been imposed on the agricultural sector. Not only must 
the agricultural sector produce more food for humans, animals and other raw materials to meet the needs 
of a growing human population, but it must also contribute to the socio-economic prosperity, while 
ensuring the protection of natural resources (Trivino-Tarradas et al., 2019).

Due to the need to transform the agricultural sector in accordance with the principles of sustainable 
development, more and more developed and developing countries are facing various environmental and 
socio-economic problems. Implementation of the concept of sustainable development in the context of 
agriculture inevitably implies consideration and creation of appropriate strategies for balancing crop 
and livestock production with protection of the quality of national soil and water resources, as well as 
consideration of socio-economic consequences of such activities (Wilson & Maliszewska-Kordybach, 
2000). The implementation of sustainability in agriculture has led to the emergence of the concept of 
agricultural sustainability.

Sustainable development in the agricultural sector requires the establishment of food and fiber pro-
duction and processing practices that protect or enhance natural resources, that are compatible with the 
environment, contribute to the socio-economic well-being of all people, ensure a secure and high-quality 
agricultural supply, and provide well-being of agricultural and agri-food enterprises, workers and their 
families (McRae et al., 2000). Agricultural sustainability is a comprehensive priority of the European 
Union, which is reflected in the preservation of ecosystems, improvement of biodiversity, preservation of 
water and soil quality in ecosystems related to agriculture (Trivino-Tarradas et al., 2019). Hansen (1996) 
states that agricultural sustainability denotes meeting the needs of the present without compromising on 
the needs of the future generations with regard to food, feed and fibre production. Agricultural sustain-
ability is a narrower concept than environmental sustainability; however, it is an important element of 
environmental sustainability. The main contributions of sustainable agriculture practice to the preserva-
tion of the environment are reflected in maintaining soil quality, reducing erosion, and preserving water.

Agricultural sustainability is a multidimensional concept that requires consideration of environmental, 
economic and social factors. Since the achievement of agricultural sustainability is an integral part of the 
strategies of most countries in the world, it is desirable to monitor appropriate indicators to determine the 
level and trends of agricultural sustainability of an individual country. Numerous indicators for monitor-
ing agricultural sustainability have been developed. Some of them are based on analysing spatial dimen-
sion (Sabiha et al., 2016; Trivino-Tarradas et al., 2019), while others evaluate agricultural sustainability 
at the local level (Wezel et al., 2014; Rao et al., 2019). Three groups of agri-environmental indicators 
used for measuring agricultural sustainability can be identified (Bockstaller et al., 2008): (i) indicators 
based on the use of one type of variable obtained by survey, databases and not directly measured; (ii) 
indicators based on calculation; and (iii) indicators based on one or several measurements. In recent 
years, the application of multicriteria analysis methods when creating composite sustainability indices 
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has also become important (Diaz-Balteiro et al., 2017; Stanković et al., 2021a; Stanković et al., 2021b; 
Stanković et al., 2021c) and represents a methodology that can significantly contribute to measuring 
and monitoring agricultural sustainability (Talukder et al., 2018; Tzouramani et al., 2020). The purpose 
of agri-environmental indicators is to (McRae et al., 2000):

• inform agricultural and other decision-makers about environmental performance in agriculture;
• determine how environmental conditions within agriculture are changing over time;
• provide information on the impact of the adoption of stewardship principles and the use of envi-

ronmentally sound practices;
• support the development of strategies and actions targeted at areas and resources that remain at 

environmental risk; and
• facilitate the environmental analysis of agricultural policies and programs and the monitoring of 

their performance.

The European Commission has taken a number of actions to align with the UN Sustainable Develop-
ment Goals in order to enhance climate change mitigation and foster sustainable agricultural practices 
(Schiavon et al., 2021). Reducing and mitigating land degradation is an integral part of the United Na-
tions Sustainable Development Goals for 2030 (SDG), primarily SDG15 Protect, restore and promote 
sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and 
reverse land degradation and halt biodiversity loss. However, land use care is also part of several other 
goals, e.g., SDG02 End hunger, achieve food security and improved nutrition, and promote sustainable 
agriculture, as well as SDG 11 Make cities and human settlements inclusive, safe, resilient and sustainable.

Consequences of Inadequate Agricultural Practices

Agriculture is often identified as one of the greatest threats to biodiversity, as cultivated land requires 
more water, increases soil erosion and water pollution, preserves less carbon, emits more greenhouse 
gases and maintenances considerably less habitat and biodiversity than the ecosystems it replaces (Zhang 
et al., 2011). Although agriculture is an economic sector that provides multiple benefits, such as food 
security and the provision of resources for other sectors, it also generates negative externalities, such 
as air, water and soil degradation (Adegbeye et al., 2020). It is evident that there is an interrelationship 
between agriculture and the natural environment; however, the nature of that connection is complex. 
Despite being one of the most sensitive sectors when it comes to the negative effects of climate change, 
the agricultural sector is simultaneously one of the main causes of climate change (Agovino et al., 2019). 
Although agriculture contributes to the maintenance of valuable habitats in Europe, intensive agricul-
tural activity and inappropriate agricultural practices can lead to depletion of natural resources, create 
negative impacts on the ecosystem and worsen the impact of climate change (Bosco & Simeoni, 2018).

Almost half of local non-CO2 greenhouse gas emissions in the European Union are generated by 
agriculture and almost half of land for economic use is agricultural land (Renner et al., 2020). In addition 
to greenhouse gas emissions, one of the problems facing agricultural production to ensure sustainability 
is land degradation. The use of agrochemical inputs, such as fertilizers and pesticides, has intensified in 
recent decades to increase production in response to a number of market and economic factors, but has 
consequently led to an increase in soil and water pollution (Expósito & Velasco, 2020).
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Land worldwide faces worldwide growing threats due to population growth, economic development 
and climate change (Montanarella et al., 2016). Bearing in mind that a significant part of food is produced 
on land, while slightly more than 1% of food is obtained from water systems, it can be concluded that 
land degradation also poses a serious threat to food safety (Pimentel, 2006). As some projections predict 
that the world’s population will reach over 9 billion in 2050, food security for that population requires a 
significant increase in world crop production in the coming decades (Foley et al., 2011). In response to 
the growing needs of the population, it is assumed that there will be an expansion of agricultural land 
to the detriment of natural ecosystems. Another unfavorable trend is unsustainable agricultural intensi-
fication that can accelerate land degradation, which currently affects many productive lands around the 
world (Prăvălie, 2021).

Land degradation can be defined as a loss of the land system’s biological and/or economic resilience 
and adaptive capacity (Holling, 2001). Land degradation and environmental sustainability are interre-
lated processes. While environmental sustainability is determined by the resilience and solidity of the 
exploited resources, their sensitivity to modification, and the ability of a system to adjust to change, land 
degradation arises when the resilience and adaptive capacity of the land are compromised (Baartman et 
al., 2007). Over 75% of the world’s soil is facing moderate to high degradation, and this could surpass 
90% by 2050, which threatens global food supplies, increases carbon emissions and conditions potential 
migratory movements due to the abandonment of infertile soil (Perović et al., 2021). Soil degradation is 
the process of reducing the quality of the soil and its ability to support animals and plants. An integral part 
of soil degradation is soil erosion that occurs when the topsoil and nutrients are lost either naturally (for 
example, due to wind erosion), or due to human actions (such as poor land management). Although soil 
degradation can occur as a natural process, it has been considerably accelerated in the last few decades 
by intensive agricultural practices such as deforestation, intensive tillage, overgrazing, and forest fires.

Baartman et al. (2007) have listed several land degradation characteristics: (i) it is a human-induced 
phenomenon that cannot be caused by natural processes alone; (ii) land degradation decreases the ca-
pacity of the land system to meet its user demands; and (iii) land degradation threatens the long-term 
biological and/or economic resilience and adaptive capacity of the ecosystem.

The United Nations (UN, 2013) have issued a document regarding the importance of soil sustain-
ability and responsible land management according to which (Gomiero, 2016):

• soil sustainability is a prerequisite for meeting the needs of a growing population,
• sustainable land management can contribute to the maintenance of healthy land, which in turn 

contributes to achieving food security for the world’s population, as well as ensuring environmen-
tal sustainability,

• good land management generates a number of socio-economic benefits, which are reflected in 
the contribution to economic growth, biodiversity conservation, sustainable agriculture and food 
security and poverty reduction,

• issues such as climate change, water availability, land degradation and desertification, and droughts 
are the most important challenges facing the world and to be addressed as soon as possible,

• raising awareness about the sustainable use of limited resources is an important task in order to 
achieve sustainability.

European Commission identifies several causes of land and soil degradation (EC, 2021c): poor 
land management, such as unsustainable farming and forestry practices, land use change, construction 
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activities and soil sealing, as well as pollution from industrial emissions to the atmosphere, poor waste 
management or contaminants present in fertilisers or sewage sludge that are applied to the soil. Land 
degradation negatively affects 3.2 billion people and causes an economic loss of about 10% of the annual 
global gross product (Scholes et al., 2018). As a phenomenon closely related to soil degradation, soil 
erosion generates both direct and indirect costs (Panagos et al., 2018). Direct costs are reflected in the 
loss of fertile land and are borne by farmers, since due to soil erosion, they have losses in production, 
reduced yields, as well as a reduction in arable land. Indirect costs are borne by society and are reflected 
in floods, landslides, water pollution, habitat loss and damage to biodiversity.

Bearing in mind the consequences of poor land management, attention is given to the consequences 
of intensive agricultural production practices on the long-term sustainability of crops and to impend-
ing environmental costs reflected in a shortfall of wildlife habitat, diminishing water quality, degraded 
biodiversity and greenhouse gas emissions (McRae et al., 2000).

Since monoculture is an agricultural practice that can jeopardize agricultural sustainability, and thus 
the environmental sustainability, more details about the practice of monoculture will be provided in the 
next section. One of the basic risks of monoculture is the reduction of the quality and degradation of 
the soil, which undoubtedly leads to its erosion in the future.

MONOCULTURE VS. POLYCULTURE

Monoculture is the production of only a certain type of product (usually from plant production) on a 
certain soil over a long period of time. Monoculture farming mainly means plant production, although 
it can also refer to livestock production. In the second case, only one breed of cattle is raised on certain 
land and in a certain period of time.

Products made from monoculture can meet the growing demand for food. Higher demand exists due 
to the rapid increase in the world population. Monoculture is just trying to solve this problem. At the 
same time, rice and wheat, as the most important food sources, are the most common crops covered by 
monoculture farming. As the majority of the world’s population lives in developing and underdeveloped 
countries, it is imperative to provide affordable food prices on a global level, especially given the global 
trend of increasing prices of agricultural and food products due to market monopolization (Radukić & 
Marković, 2015).

The economic benefits of monoculture, which make the products obtained from this production 
cheaper, should not be overlooked. The best reason for growing one type of plant on larger arable land 
is to reduce costs. The savings can be more efficient: tillage with agricultural machinery, the use of 
pesticides, herbicides, as well as the final harvest. There is a reduced need for labor, which affects the 
reduction of fixed costs per product unit.

In monoculture, it is possible to apply some solutions of modern agriculture without higher costs. The 
concept of smart agriculture mainly finds its application in this form of production. The use of drones, 
meteorological stations, as well as sensors that are placed in the ground is significantly facilitated in that 
case. Monitoring plant development via drones and some forms of satellite monitoring can reduce the use 
of pesticides in monoculture-based agricultural production. Also, as the application of modern informa-
tion and communication technology carries with it high fixed costs (Rađenović et al., 2020), they can be 
significantly reduced per unit of product. This facilitates the control of plant diseases; there is no delay 
in applying certain pesticides, while the constant monitoring of crops is at an exceptional level because 
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there is an up-to-date early warning system for infections. These systems use numerous parameters that 
make it easier for managers to act with the help of modern software solutions. Air temperature, humid-
ity, moisture on the leaves, soil temperature determine the probability of crop infection and optimize the 
use of fertilizers. This has a twofold effect: reducing production costs and protecting the environment, 
and greening agricultural production by reducing pesticide consumption. Lower production costs are 
directly correlated with lower market prices that can be expected in this case.

The essence of the increasingly frequent land consolidation processes is in favor of the aspiration for 
the existence of monocultures. This provides higher productivity, economic efficiency, yield, as well as 
the easier process of managing the entire production (the same method of pruning, the same planting 
period, the same harvest period, uniform application of the same or similar chemicals, the same climate, 
rainfall and number of hours when the sun is active). The specialization of production leads to a radical 
reduction of costs so that the increased free funds can be used for new investments. Monitoring crop 
development is much simpler and requires less time. However, the crop that will be most profitable given 
the existing climatic and other natural conditions and resources must be selected. On the other hand, 
without crop insurance, the risks of production on large plantations increase significantly.

The economic effects of adequate management of monoculture farming will be drastically higher 
than polyculture if the appropriate crop, suitable land, and correct application of mechanical and chemi-
cal means are chosen. Also, a lot depends on the climatic conditions in that area (average amount of 
precipitation, average daily exposure to the sun or light, number of days with frost, terrain disposition, 
etc.). Therefore, before planting, the soil that is most suitable for a specific plant culture must be care-
fully selected. Since in that case, there is no possibility of risk diversification, it is necessary to manage 
the production process well. Producers who do not diversify their production will face many challenges 
if there is a price disturbance in a particular cultivated crop market.

All of this would be ideal if there were no other side to the coin. These are potential disadvantages 
of this form of agriculture. In the first place, it is about the quality of the land that remains after the end 
of the production cycle. The composition of the soil is becoming evidently poorer. As the reduction 
of necessary minerals and other elements in the soil occurs, the question arises of whether the initial 
richness of the soil will be maintained. Namely, pests and parasites will multiply more easily in the soil 
where the same type of agricultural crop has been planted for many years. On the other hand, biological 
pest control, as well as the regulation of the entire ecosystem, are significantly more present in non-
specialized production (Klasen et al., 2016). In polyculture, there are often certain wild plants that can 
regulate the appearance of parasites. In addition, farmers can sow certain plants themselves to protect 
the main crops. Sustainable agriculture often means replacing a good portion of conventional chemicals 
with plants. For example, parsley is suitable in vineyards because it can protect the vine from various 
diseases, garlic if planted between rows of strawberries has a positive effect on the firmness and size 
of strawberries, chamomile found among cereals also favors the development and resistance of some 
cereals, etc. (Đekić, 2010).

On the opposite side of monoculture production is polyculture. Such production is environmentally 
sustainable, but it can bring an economic loss to agricultural producers. At the level of the national 
economy, it can cause inefficient management of farms, as well as an increase in the price of basic food-
stuffs. It dominates on smaller parcels that most often appeared due to decades of inheritance by several 
owners and division of land. This is inevitably associated with higher labor costs. In polyculture, lands 
of the same owners are often distant from each other, which leads to unprofitable farming.
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Table 1 shows the distinction between monoculture and polyculture based on some basic parameters, 
such as: production risk, production costs, risk diversification, the profitability of investments, production 
sustainability, risk of soil erosion, use of pesticides and other phytosanitary preparations, biodiversity 
conservation and preservation of the agricultural landscape.

The problem of increased risk in monoculture farming has already been highlighted. In contrast, risk 
diversification stands out as an advantage in polyculture, because the yield and market price of certain 
crops can compensate for the negative circumstances of yield decline due to natural or some other factors, 
as well as market price disturbances or changes in demand. However, traditional agriculture increases 
the costs of organizing production since the landholdings are reduced. Each crop has its own specific 
requirements, which brings with it increased certain costs. These costs can be drastically higher than in 
monoculture due to:

• higher labor costs,
• use of different types of pesticides,
• use of a different method of land cultivation,
• higher costs of agricultural machinery per unit of product.

Diversification of production, in addition to the impact on reducing risk, can also have effects on 
increasing yields. For example, the diversity of plant species on grasslands affects the increase in milk 
production and, consequently, increases farmers’ incomes (Schaub et al., 2020).

Soil erosion stands out as one of the problems with monoculture. In fact, monoculture land can quickly 
become susceptible to erosion. This will reduce the fertility of the land, but also prevent crop production 

Table 1. Distinguishing between monoculture and polyculture farming

Characteristics Monoculture Polyculture

Production risk Increased, but also the possibility of making 
significant profits is higher Decreased

Production costs Significantly lower Significantly higher

Risk diversification
Impossible due to production specialization, 
crop insurance is necessary, which increases 

costs
Possible

Profitability of investments Significant savings are made, so large 
investments are possible

Investments are often unprofitable, which 
makes it impossible to improve the 

production process

Sustainability of production Only possible with adequate management of 
production processes Possible

Danger of soil erosion There is a danger
There is reduced risk, except in areas 

where there is excessive deforestation and 
conversion of forest to agricultural land

Use of phytosanitary preparations Usually increased Usually reduced

Biodiversity conservation There is a risk of disturbing natural 
biodiversity

There are good conditions for preserving 
agrobiodiversity, especially in organic 

farming systems

Preservation of the landscape Not possible Possible

Source: (Authors’ contribution)
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in the future. Soil erosion and pollution are especially present if there is intensive and irrational use of 
land, as the main natural resource needed for agricultural activity. In that case, arable agricultural land 
may lose its purpose. It is known that soils with the same crops and the same types of the root system 
are primarily exposed to soil erosion. This prevents the natural balance of the land, especially if there is 
deforestation of certain forests and trees in larger areas. Soil erosion often occurs due to disturbances of 
moisture and the amount of water in the soil due to the inadequate irrigation process on larger parcels.

An additional problem for land degradation is created by excessive deforestation. Deforestation is 
directly related to soil erosion processes. It is especially dangerous when it is done on a large area of   
land growing certain cereals with the application of pesticides or for the purpose of converting agricul-
tural land into construction land for housing (in suburban areas or weekend zones) or industrial activity. 
On the example of European countries, there are positive trends, bearing in mind that there has been a 
constant increase in the share of forest areas in total land. Since 2009, from which data are available, 
there has been a permanent increase in forest areas, which is fully in line with the proclaimed goals of 
sustainable development. In the countries of the European Union, the share of forests in the total area is 
about 43%, according to the latest available data (Eurostat, 2021). There is evidence in the literature that 
agroforestry increases biodiversity, soil quality and enables landscape heterogeneity (Beillouin et al., 
2019), so that afforestation, in the context of soil conservation and sustainable development, achieves a 
number of benefits for socio-economic development.

A special concern in monoculture is the ecological dimension of sustainable development. Loss of 
soil fertility exists primarily because the same plants on a larger agricultural area prevent beneficial 
microorganisms from multiplying and surviving in such a disturbed environment. The reduction of land 
fertility affects the accelerated degradation of land, which raises the question of the possibility of mak-
ing a profit in the future.

As monoculture farming grows the same crops in a certain area, the quality of these products may 
decrease over time. In addition, the inability to adequately control pests creates additional pressure for 
farmers to use pesticides. Such intensive agriculture production associated with increased pesticide use 
can often mean a reduction in of products’ quality and nutritional properties..

Table 2 shows the change in sales of pesticides (in kilograms) in the countries of the European Union 
in percentages compared to 2011. The data indicate a declining trend in the use of almost all forms of 
pesticides except Insecticides and acaricides. Sales of Molluscicides were particularly reduced. The 
slowest decline in sales of Plant growth regulators was recorded. It is a change that is in line with the 
proclaimed goals written in sustainable development strategies.

In addition, monoculture farming can impair the quality of the environment as well as natural bio-
diversity. A richer ecosystem usually means the diversity of the living world, which includes plants, 
animals and microorganisms. For example, as the most important pollinators, bees look for different 
plants in order to improve their immunity and ultimately survive. The potential danger arises from the 
fact that such production calls into question the achievement of the environmental goals of agriculture. 
Therefore, space is opened for violating the goal of biodiversity conservation, which is highly ranked in 
the sustainable development strategies of many countries.

All these problems associated with the loss of biodiversity cause the loss of landscape and land 
degradation. Among them are: intensive agriculture, land abandonment, fires due to human negligence, 
expansion of urban areas, as well as the accelerated emergence of commercial tourist destinations (Ba-
jocco et al., 2012). The loss of the natural landscape is often considered inevitable since conventional 
industrial agriculture is often necessary for the nutrition of the population and the economic development 
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of poor countries (Russo Lopes et al, 2021). However, on the other hand, there are huge risks to the 
environment, land and other natural resources. Given that agricultural landscapes have become increas-
ingly monotonous, farmers who will adequately manage the diversification of production should play a 
key role in order to prevent the loss of the landscape (Peltonen-Sainio et al., 2020).

Organic Agriculture and Sustainable Development

Profitability of production is the goal of every economic entity in a market economy. However, in the 
context of achieving the goals of sustainable development, economic goals are a necessary condition but 
not a sufficient condition. In fact, everything that is economically justified does not have to be desirable 
for sustainable socio-economic development. That is why environmental goals are playing an increas-
ingly important role. Market-oriented production can often lead to environmental degradation and, in 
the long run, prevent further development due to overexploitation of natural resources. The degradation 
of natural resources on which agriculture rests will affect the impossibility of dynamic growth of agri-
cultural production. As the main part of agricultural production is carried out in the open, it is necessary 
to adequately manage the environment in order to protect it.

Organic agriculture is a form of sustainable agriculture (Marković, 2018b). This method of farming 
implies the principles of good production practice, and the preservation of biodiversity and agricultural 
resources. The ultimate goal is to get healthy, quality and environmentally friendly products. Given the 
growing demand for such products from consumers, it can provide producers with significant economic 
benefits. The prices of organic products can be several times higher than conventional agricultural prod-
ucts. In addition, the price of organic food is far more stable, with a tendency to constantly increase, 
especially processed products from organic farming. Food products of organic origin and with little added 
value can bring significantly higher incomes for farmers. Organic farming also has its social significance 
because it affects the development of entire rural areas, both from an economic point of view and from 
the point of view of increasing arable land and preventing land degradation. Sustainable, organic agri-
culture means a process in which quality products will come out as an output. Such production strives 
to preserve the environment and natural resources through their rational use, while respecting certain 
ecological principles.

Table 2. Sales of pesticides in the countries of the European Union (as a percentage compared to 2011 
as a reference year)

PESTICIDE 2015. 2019.

Fungicides and bactericides +2,95% -11,78%

Herbicides, haulm destructors and moss killers -2,66% -13,53%

Insecticides and acaricides +1,93% +26,11%

Molluscicides +63,14% -43,68%

Plant growth regulators +15,60% -10,79%

Other plant protection products -13,47% -31,29%

Source: (Eurostat, 2021)
Note: Countries for which data were not available for all years were not taken into analysis
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The concept of sustainable agriculture enables adequate land management, tillage, crop rotation, as 
well as the use of chemical preparations in order to achieve stable agricultural production, but with the 
preservation of natural resources (Turek, 2013). The goals of sustainable agriculture are (Marković, 
2018a, p. 413):

• ensuring food security of the population,
• maintaining the economic value of production, and
• preserving the existing and improving the future quality of the environment and natural resources.

Globally, more and more large farmers are shifting to organic farming, both because of significant 
environmental incentives and because of the market price of these products. Thus, the areas under organic 
production in the European Union are increasing. Compared to 2013, in 2019, there was an increase of 
2 percentage points (Eurostat, 2021). According to the latest available data, the share of organic agri-
culture in the total utilized agricultural area in the European Union is about 8%. As the use of chemical 
preparations in monoculture can significantly disrupt the existing biodiversity, so agrobiodiversity is 
one of the most prominent goals of organic agriculture. Such diversity of flora and fauna encourages 
diversity and is important for agricultural landscapes.

Avoiding the negative effects of unsustainable agricultural practices can be achieved by using regen-
erative agricultural techniques focused on building soil health through ecosystem-focused techniques. 
Achieving sustainable agricultural production involves the use of various techniques to create and 
maintain a healthy soil structure, rich in nutrients, without the use of synthetic fertilizers or pesticides. 
These techniques include composting, crop rotation, no-till or low-till techniques, zero pesticide use and 
sustainable pest management techniques and similar (Sherwood & Uphoff, 2000).

MONOCULTURE FARMING MANAGEMENT FOR SUSTAINABLE 
DEVELOPMENT: SOLUTIONS AND RECOMMENDATIONS

The above clearly indicates that the practice of monoculture is one of the leading causes of land degrada-
tion. Land degradation is a reversible process but can become an irreversible phenomenon of desertifica-
tion when it is accompanied by deteriorating climate conditions, and also can lead to the degradation of 
ecosystems that communicate with the soil layer, such as groundwater and atmosphere (Salvati & Zitti, 
2009). Potential solutions for solving the problem of land degradation and desertification are different 
and diverse and depend on the specific situation. The most general classification of measures includes 
(Bowyer et al., 2009): (i) Measures to avoid and minimize land degradation (prevention measures and 
those aimed at increasing soil resilience); (ii) Measures to reduce the impact of ongoing land degradation 
processes; (iii) Measures for recovery, remediation and management of degraded land.

However, there is simply no one-size-fits-all solution to the problem of land degradation. The problem 
is complex, caused by numerous factors and processes, and it is necessary to adequately analyze the rea-
sons for the occurrence of land degradation, and create an appropriate response. Potential solutions must 
be flexible and adapted to the given circumstances. Certain practices can be applied in order to prevent, 
mitigate or even avoid soil degradation. The simplest way is to leave the vegetation on the ground so 
that the nutrients can return to the soil. In addition, it is possible to educate stakeholders on sustainable 
practices in order to preserve biodiversity. Education about the harmful effects of monoculture practice 
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is extremely important. Possible recommendations for tackling the issue of land degradation can be 
systematized as follows (Baartman et al., 2007):

• Using incentives, financial (subsidy) or material (say in the form of seeds or other material), to 
encourage local actors to apply practices that help preserve the soil;

• Raising awareness of the importance of land conservation, reducing land degradation and imple-
menting sustainable agricultural practices;

• Education and training of farmers and other stakeholders on the benefits of implementing sustain-
able agricultural practices;

• Giving greater security and responsibility to land tenants, in terms of providing the possibility of 
buying land after a certain number of years of use;

• Encouraging research related to new sustainable agricultural practices.

Addressing land degradation involves systemic changes at the macroeconomic level, including joint 
efforts to improve the sustainability of both production systems and consumer lifestyles, while fostering 
a socio-economic environment conducive to low population growth rates and per capita consumption 
(Scholes et al., 2018). Often, policies related to the problem of land degradation are adopted after the 
problem occurs, in terms of land mitigation measures, which do not bring adequate results. The focus of 
policymakers should be on ex-ante policies that will not only mitigate but also contribute to avoiding land 
degradation. Evading, reducing and reversing land degradation is key to human well-being, as short-term 
gains from unsustainable land management often translate into long-term losses, and on average, the 
benefits of land restoration are ten times greater than the costs of land degradation (Scholes et al., 2018).

Disruption of natural biodiversity and excessive exploitation of natural resources are the main risks 
faced by the concept of monoculture. Therefore, in order to protect ecosystems in agriculture, sustain-
able agriculture systems are being applied in practice. One of the main forms of sustainable agriculture 
is organic agriculture, which aims to increase agrobiodiversity. In addition, the goal is to obtain quality 
and health-safe products whose production is strictly controlled. Having in mind the respect of ecological 
principles, this production strives to protect the quality of the environment. Increasing the area under 
polyculture is one of the main solutions to the present environmental problems and improving the func-
tion of the ecosystem. The key constraint is economic pressures due to the cost-effectiveness of such a 
mode of production and the provision of sufficient food for the market.

In parallel with favoring organic production, it is necessary to adequately manage monoculture 
farming, bearing in mind its potential economic benefits. It is primarily about increased economic and 
production efficiency, bearing in mind the effects of economies of scale. Industrial agriculture should 
not completely replace organic food production, which is present mainly in small, local areas. Thanks to 
this production, a large number of the population in rural and suburban areas is fed. Although it carries 
with it certain risks, monoculture should not be suppressed, but adequately directed. Industry-oriented 
monoculture production must not conflict with the environmental and social goals of sustainable economic 
development. Otherwise, after a certain period of time, the process of soil erosion will begin, which will 
endanger the basic agricultural resource. A certain compromise must be made between the economic 
benefits of production specialization and the environmental costs of monoculture farming (Klasen, 2016).

However, it should be noted that adequate management of monoculture practices can lead to a reduction 
and gradually to a cessation of land degradation. For example, there are certain crops that are suitable for 
planting in monoculture, such as corn or wheat. However, it is necessary to rotate such crops annually 
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on specific land, so managers must keep this in mind in order to maximize yields. In this way, through 
crop rotation, the negative effects of monoculture on land and biodiversity can be mitigated. Some plant 
species (e.g., parsley, onion) often fail if they are planted again in the same field a year after harvest. 
In some cases, such a practice is needed that in a period of several years, the same culture must not be 
planted on the same land, and even sometimes such planting must be several hundred meters away from 
the previous one. In practice, the case of rotation of corn and wheat planting is common.

In polyculture, it is necessary for the farmer to organize production, planting schedule, maintenance 
time and harvest in a good way. As unit costs are often increased, it is necessary to unite farmers, not 
only horizontally, but also vertically. The ultimate goal is to create strong rural family farms. This is 
because small farmers often have limited access to agroeconomic and market information, as well as a 
low ability to take significant risks (Van Zonneveld et al., 2020).

Greening of agriculture, encouraging biodiversity, as well as reduced use of pesticides are solutions 
to the growing problems of preventing land degradation and sustainable agricultural development. In the 
European Union, through various reforms of the common agricultural policy since 1992, the aim was 
to ensure self-sufficiency in food, but also to reduce soil pollution, preserve animal welfare standards, 
as well as food safety (Marković, 2015). Various programs for greening agricultural production have 
been initiated, in which farmers have often been conditioned to receive certain payments to apply good 
agricultural practice from an environmental point of view. The key goal was to prevent soil erosion, 
land degradation and respect principles of sustainable development. The data showed that the European 
Union is going in the right direction, having in mind the increase of areas under organic production, 
reduction of the use of almost all types of pesticides, as well as the increase of areas under forest land.

FUTURE RESEARCH DIRECTIONS

Further research in this area can be directed towards creating a composite index that would initially en-
able monitoring of the level of land degradation. In contrast, further improvement and inclusion of other 
indicators would make it possible to create a composite index of agricultural sustainability.

The development of composite indices assumes the application of methodology suitable for quanti-
fying regional differences in terms of land quality. The stated methodology should be able to evaluate 
the complex phenomena of land degradation from the point of view of several relevant criteria, by sum-
marizing individual indicators into a composite index. Composite indices are widely used in research 
of various social, environmental and economic phenomena, whenever it is necessary to observe more 
variables to obtain a complex assessment. Such indices are used as a means for benchmarking countries, 
regions or areas in many domains. The growing number of constructed composite indices in the world 
is an obvious sign of their importance and usefulness in policy-making. These indices are increasingly 
recognized as a useful tool in the analysis of economic policy and public communication. In order to avoid 
large amounts of data and indicators when creating development strategies or policies, policymakers will 
certainly benefit if this data is replaced by a composite index. It is often easier to interpret the composite 
index to the general public than to identify common trends in a large number of specific indicators.

The need to create composite indices arises in situations when individual indicators cannot adequately 
represent a complex or multidimensional concept, such as in this case land degradation or agricultural 
sustainability. With the help of such an index, it is possible to compare areas, regions and countries by 
taking into account several different dimensions or performances (for example, environmental, economic 

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



146

The Role of Polyculture in Sustainable Agricultural Development and Prevention of Land Degradation
 

and social dimensions of agricultural sustainability) at the same time. However, composite indices can 
give a deceptive assessment of a phenomenon if they are not adequately constructed. The quality of a 
composite index depends not only on the quality of the data but also on the methodology used to construct 
it. One of the scientifically accepted methodologies, which leads to the creation of non-compensatory or 
semi-compensatory composite indices, is multicriteria analysis. The application of multicriteria analysis 
methods to create an index for monitoring land degradation and agricultural sustainability can be ex-
tremely useful since multicriteria analysis is used to evaluate complex, multidimensional phenomena, 
such as the concept of land degradation, but also agricultural sustainability. Therefore, the focus of future 
research in this area will be primarily on developing a model for assessing land degradation, with the 
aim of further improving the model for assessing agricultural sustainability.

CONCLUSION

Easier process management, as well as lower resource use costs, are cited as the main benefits of mono-
culture. The costs of using the machines are lower because of the same irrigation conditions, the same 
pesticides are needed, as well as a smaller number of agricultural machinery. However, at the national 
level, monoculture farming can often require increased costs due to environmental pollution. In addition, 
it poses a greater risk to small farmers. Therefore, the specialization of production is possible only for 
large companies in the field of the agricultural sector with higher capital.

In order to achieve the goals of sustainable development from the aspect of environmental protection, 
the prevention of soil erosion stands out as a priority. Soil erosion is one of the leading determinants of 
land degradation. It is especially dangerous in agricultural systems that use frequent tillage. The chapter 
has shown certain advantages of the polycultural way of agricultural production in preserving the qual-
ity of the soil. Summarizing the most important topics in the paper, the recommendation is to increase 
biodiversity, afforestation, as well as the controlled use of pesticides and agro-technical measures. It is 
necessary to raise farmers’ awareness of the benefits of manure use in sustainable agricultural systems. 
The favorable circumstance is that the use of pesticides is decreasing (in the analyzed countries), while 
the areas under organic production, as a specific form of agriculture, are growing. Future research 
should also examine contemporary sustainable agricultural land management practices in soil erosion 
prevention. It is about the integration of crop and livestock production, application of agroforestry and 
the concept of a circular economy.

Monoculture production should be directed in the right way in order to extract the maximum economic 
effects, at the same time without depleting fertility and nutrients in the soil. In practice, this is usually 
achieved by crop rotation. The major goal is to find a balance between the economic and environmental 
goals of sustainable agricultural development. The success of the creators of agrarian, economic and 
environmental policy will depend on this.

The ultimate goal of sustainable development in the modern economy should be the creation of 
economically viable production, which will not disturb the environment and which will ensure overall 
socio-economic development. The remaining population in rural areas is a much-needed condition for 
sustainable agricultural and rural development. There is also an increasing number of abandoned fertile 
lands due to unresolved problems regarding inheritance or low interest of young people in this type of 
activity.
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In the following period, food prices on the world market are expected to rise due to the existing health 
and economic crisis, threatening to persist for years. Therefore, the return of people to the countryside 
and their own production can ensure food self-sufficiency, nutrition with quality products, as well as the 
preservation of arable agricultural land. Otherwise, there may be an abandonment of agricultural land 
and additional socio-economic problems. Also, care must be taken to ensure that natural production is 
rational, which is often not difficult given the price and profit those organic products can make on the 
market.
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KEY TERMS AND DEFINITIONS

Agrobiodiversity: Diversity of living world (microorganisms, bacteria, parasites) necessary for 
sustainable agricultural production and conservation of soil quality.

Economies of Scale: A term used to denote the cost-effectiveness of increased production volumes, 
where as production volumes increase, unit costs decrease.

Land Degradation: The comprehensiveness of processes related to the reduction of soil fertility, 
land erosion or the reduction of useful living world in arable land.

Monoculture Farming: A form of production in which only one crop is selected to be planted, or 
only one type of livestock is raised, usually on a larger agricultural area. The choice of plant production 
is made in accordance with the basic climatic predispositions of the soil, the type of soil and its position.

Organic Agriculture: A traditional agricultural practice that involves the use of as many natural 
preparations as possible in the production process in order to preserve the quality of food, food nutrients, 
as well as human health in the final instance.

Polyculture: A method of production that includes the diversification of cultivated crops, harmonized 
with the principles of biodiversity, organic or ecological agriculture and preservation of soil fertility.

Risk Diversification: One of the key economic principles based on risk reduction through the pro-
duction and sale of various outputs.

Sustainable Development: Economic development that will not have negative consequences for the 
environment and people’s quality of life in the future.
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ABSTRACT

Wind erosion is a widespread phenomenon causing serious soil degradation. It is estimated that about 
28% of the global land area suffers from this process. Global climate changes are expected to accelerate 
land degradation and significantly affect the intensity of wind erosion. Shelterbelts are linear multi-
row planting strips of vegetation (trees or shrubs) established for numerous environmental purposes. 
Shelterbelts are a specific type of agroforestry system which could reduce soil degradation (soil erosion). 
Shelterbelts mitigate greenhouse gas through trees storing carbon (C) in their above- and below-ground 
biomass, wherefore they are highlighted as one of the potential ways to mitigate climate change. The 
purpose of this chapter is to present wind erosion as a land degradation problem, especially in line with 
climate changes and the present concept of vegetation establishment in the form of shelterbelts for long-
term multi-functional provision of ecosystem services, in particular carbon sequestration.
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INTRODUCTION

Land degradation in arid, semi-arid, and dry sub-humid areas results from climatic variations and hu-
man activities and commonly leads to desertification (The United Nations Convention to Combat De-
sertification). Climate change has a significant influence on land degradation through an increase in air 
temperature, decrease in precipitation which results in frequent and long-term droughts, and frequent 
extreme events, such as devastating heavy rain and stormy winds.

During the last several decades, the range and intensity of desertification have risen in dryland areas. 
Inappropriate land management, particularly when coupled with droughts and reduced and forest vegeta-
tion cover, has contributed to high wind erosion.

Vegetation could protect soil from wind erosion processes. In that sense, shelterbelts as vegetation 
objects can supply a long-term and very efficient option. Likewise, a well-designed shelterbelt can protect 
crops, reduce nutrient loss, change a microclimate, and provide other ecosystem services.

Although their primary role is directly or indirectly related to reducing wind speed, they have recently 
been recognized as carbon reservoirs that could contribute to climate change mitigation.

This chapter discusses the problem of wind erosion in line with climate change and concepts of 
vegetation establishment in shelterbelts for long-term multifunctional provision of ecosystem services, 
in particular carbon sequestration.

BACKGROUND

Wind erosion leads to serious soil degradation (Lal, 1994; Sterk, 2002). This process has a negative impact 
on soil quality (Wang et al., 2020), agricultural production (Santra et al., 2017), human health (Brevik & 
Burgess, 2014), etc. Wind erosion has mainly become evident in arid and semi-arid areas (Zhibao et al., 
2000). A large concentration of GHG in the atmosphere leads to global warming and climate changes, 
which could accelerate wind erosion processes in the future all over the world (Sharratt et al. 2015; Li et 
al., 2019). As an appropriate tool for carbon sequestration, agroforestry systems are recognized worldwide 
(Montagnini and Nair 2004; Ramachandran Nair, 2009). Shelterbelts represent one of the agroforestry 
systems and need special attention due to their environmental services, including the potential to mitigate 
the greenhouse effect (GHG) (Mayrinck et al., 2019). In this regard, numerous studies on shelterbelts’ 
carbon sequestration potential have been performed worldwide (Kort and Turnock, 1998; Czerepowicz 
et at., 2012; Possu et al., 2017). In line with the modern concept of ecosystem services promoted by 
Millennium Ecosystem Assessment (MEA) (Reid, 2005), the potential of shelterbelts to sequester carbon 
could be considered an ecosystem service (Xie et al., 2018).

SOIL EROSION BY WIND, CLIMATE CHANGES INFLUENCE 
AND EFFICIENCY OF SHELTERBELTS

Wind Erosion Problem and Mechanism of the Process

Wind erosion is a natural process of transportation and deposition of soil in conditions of high-speed 
winds, reduced humidity, and the absence of vegetation cover (Weinan & Fryrear, 1996; Laity, 2016). 
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Wind erosion is a widespread phenomenon causing serious soil degradation. It is estimated that about 
28% of the global land area and about 42 million ha of European agricultural land experiencing land 
degradation suffer from this process (JRC, 2010) (Figure 1 and Figure 2). On the European continent, 
some research reported high intensity of wind erosion processes in parts of Germany (Schmidt et al., 
2017), Hungary (Mezösi et al., 2015), Spain (Gomes et al., 2003), Serbia (Baumgertel et al., 2019), UK 
(Riksen & De Graaff, 2001), etc. Wind erosion is also often associated with desertification, a degradation 
process that most commonly occurs in arid, semi-arid, and dry sub-humid areas where soil productivity 
depends on water availability (UNCCD, 1994).

Wind erosion is a dynamic process in which soil particles are detached and moved under wind erosive 
force. Wind erosion is caused by two basic processes, deflation and abrasion (Laity, 2016). Deflation is 
the dominant process that causes wind erosion. During deflation, incoherent, small particles are blown 
off the surface. As a result of deflation, smaller or larger depressions in the relief may occur. The inten-
sity of deflation depends on wind speed and particle size. The wind speed is directly proportional to the 
deflation, while the particle size is inversely proportional (Gonzales et al., 2017). Abrasion is caused by 
the mechanical action of particles that move by salting on a coherent material. Abrasion leads to damage 
to both rock material and plants in the transport of erosion material (Gardiner et al., 2016). The degree 
of impact of abrasion depends on the composition (density and strength), shape, and particle size of the 
erosion sediment (Laity, 2016). Particle density directly affects the total kinetic energy, while strength 
determines whether the kinetic energy will damage the object/plant or deform the particle itself.

Figure 1. Wind erosion in Serbia
Source: Letić et al. (2009)
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Soil Erodibility and Influence of Vegetation and Land-use Change on Wind Erosion

Soil erodibility is the ability of soil to resist the erosive force of the wind. The inherent physical and 
chemical properties of the soil affect its ability to resist wind erosion. These are texture, organic mat-
ter content (Colazo & Buschiazzo, 2010; Stredova et al., 2015), CaCO3 content, hydraulic properties, 
density, structure, as well as the current soil condition in terms of moisture content, compaction, and 
presence of crust (Fan et al., 2008). In terms of texture, the most erodible are soils with a high content 
of sand fraction. Sandy soils dry out quickly and have stable structural aggregates (Kisić, 2017). Soils 
with a higher content of clay-loamy soils are more resistant than sandy soils, but they create a higher 
dust emission in the erosion process, while clay soils are the most resistant to wind erosion. According 
to Woodruff & Siddowey (1965), all particles and aggregates larger than 0.84 mm are considered non-
erodible particles, and the erodibility of soil depends on their percentage.

The content of organic matter in the soil directly influences soil structure stability, which determines 
soil resistance to erosion and water availability to vegetation. According to Zobeck et al., (2013), the 
density of particles of the erodible fraction (> 0.106 mm) is inversely proportional to the content of 
organic matter and with increasing content of organic matter, the density of initiated particles of the 
erodible fraction decreases. According to recent research, the biotechnological process of introducing 
carbonates with microbial activity (microbial-induced carbonate precipitation - MICP) stimulates the 
formation of carbonate deposits and thus increases the resistance of naturally erodible soils to wind 
erosion (Tang et al., 2020). This method of reducing erodibility has been well demonstrated in sandy 
soils (Maleki et al., 2016).

Figure 2. Wind erosion in Netherland
Source: Borrelli et al. (2015)
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The key role of vegetation in reducing erosion is to absorb the wind energy before it can detach soil 
particles. The vegetation cover is under the constant influence of natural factors, mostly climate and 
human activities. The degree of protection that the vegetation cover provides to the soil depends on the 
vegetation characteristics, condition, and height. From the aspect of wind erosion control, the most im-
portant is that the soil surface is not exposed to the direct action of the erosive wind force. The critical 
speed of movement also increases with the height of the vegetation cover so that forest ecosystems provide 
the best protection against wind erosion and agroecosystems and grass ecosystems (Zhang et al., 2018).

A crop does not provide equal protection against erosion in all crop phenophases, which means that 
its efficiency depends on the number of days from sowing/planting. This implied the development of 
equations for determining crop sets for summer, winter, crops with narrower and wider leaves (Fryrear 
et al., 2001). Standing crop residues function similarly to growing crops. Flattened crop residues are 
also effective in reducing soil erosion. The degree of protection of the land by lying harvest residues is 
expressed through the content of non-erodible lying remains on the surface. In addition to protecting the 
soil surface from the direct action of the wind, harvest residues also contribute to the return of organic 
matter to the soil. In the process of decomposition, the lying remains are incorporated into the soil and 
cease to perform a protective function as a cover on the soil surface, while the standing remains to pass 
into the lying ones and take over their protective function as a surface covering of the soil (Blanco & 
Lal, 2008). In addition to the number of crop residues, their orientation has a significant impact on wind 
erosion. On the other side, forest vegetation in the form of shelterbelts on the agricultural area is very 
effective in controlling wind erosion.

The impact of land use/cover change, soil overexploitation, deforestation, and intensive tillage is just 
some of the human activities that can lead to increased susceptibility to wind erosion. However, at the 
same time, appropriate management methods can reduce sensitivity and control degradation due to wind 
erosion. In Inner Mongolia, the impact of human activity on the dynamics of wind erosion predomi-
nates at 11.33% of the total area (Zhang et al., 2018). The same authors considered that human activity 
consists mainly of grazing, human-caused land use/cover change, and ecological restoration programs.

Agriculture as a way of using land requires applying certain tillage operations, which often leave 
the area without any protection for a certain time. In this way, the surface becomes susceptible to wind 
erosion due to the collapse of structural aggregates of the soil, destruction of crop residues, and dry-
ing of the soil. In the absence of protection, the crushed particles of drained soil are easily torn off and 
transported along the field. In areas where agriculture is the dominant land use, degradation caused 
by wind erosion can be successfully controlled by good land management strategies and planning and 
management, applying best practices and implementing ecological restoration programs. Some of the 
strategies applied to control wind erosion in areas where agriculture is the dominant use are: reduc-
tion of cultivation during fallow, the establishment of field shelterbelts, reduction of intensive grazing, 
minimal tillage or its elimination if possible, reduction of tillage speed, and leaving crop residues on the 
surface, the introduction of belt cultivation of crops and application of mulch, application of stabilizers 
and polymers to the soil, increasing the roughness of the surface layer of the soil and reducing the length 
of the field in the wind direction, etc. For successful erosion assessment and planning of wind erosion 
control measures, it is necessary to know exactly the condition of the soil surface that causes a certain 
way of tillage. Tillage operations modify the crust on the soil surface, change the arrangement of lumps 
of soil on the surface, orient the ridge furrow roughness, and spread and burying plant remains. In this 
way, some tillage operations can influence the reduction of wind erosion, indicating the importance of 
tillage inputs in assessing wind erosion.
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Negative Impact of Wind Erosion and Damages

Wind erosion has been neglected in the past as a process of degradation. However, when it was recognized 
as a cause of a sharp decrease in soil fertility, and as a source of atmospheric pollution, more attention 
was paid to it (Oldemann et al., 1990; Gobin et al., 2003; Funk & Reuter, 2006). The effects of wind 
erosion are present at the location where the deflation process takes place (on-site effects) and outside 
these locations on the path of erosion sediment transport and at the places of particle deposition (off-site 
effects). The main on-site effect of wind erosion is the decline in soil quality caused by removing the 
surface layer of soil with the highest organic matter content and nutrients (Buschiazzo & Funk 2015; 
Négyesi et al., 2019), as well as the reduction of retention capacity. Due to the drying effect of wind, 
the stability of structural aggregates decreases in organic soils, and the content of dry erodible material 
increases, while organic matter content decreases (Zobeck et al., 2013; Kučera & Podhrazska, 2016). 
Agricultural lands can, to some extent, mitigate the effect of fertility loss, but this can cause an off-site 
effect associated with groundwater and surface water pollution. The off-site effects of wind erosion are 
reflected in adverse health effects caused by dust storms and damage to traffic, communications, and 
irrigation and drainage infrastructure (Shi et al., 2004). On the way of transport of erosion sediment 
particles, plants are damaged due to abrasion. Moreover, erosion particles damage crops and natural 
vegetation, especially young plants (Gonzales et al., 2017). In addition, turbulent airflow increases 
evapotranspiration and further affects the reduction of soil moisture. In locations where the wind’s ki-
netic energy is not sufficient to transport the erosion sediment, off-site effects are also observed in the 
deposition process, which is manifested by the backfilling of arable land and young crops on them. The 
pace of land degradation has shifted the focus from on-site effects, which are mainly related to economic 
effects, to off-site effects related to environmental impact (Funk & Reuter, 2006).

Climate Change and Its Influence on Wind Erosion

According to the UN Framework Convention on Climate Change (UNFCCC, 1994), climate change is 
defined as a change of climate that is directly or indirectly attributed to human activities that alter the 
composition of the global atmosphere. Climate change is characterized by an increase in temperature, 
precipitation regime changes, annual distribution, and an increased frequency of extreme weather events 
and periods with extreme climatic conditions (Weart, 1997).

Climate models are dynamic models that represent a simplified representation of reality and operate on 
a global scale, even in a limited region of the world (von Storch, 2005). Climate models are the primary 
tools for researching the climate system’s response, enabling climate predictions on seasonal to decadal 
time scales and predicting future climate during the coming century and beyond (Kattsov et al., 2013).

Based on a reliable climate model, we can examine the impacts of different scenarios. The scenarios 
are described through possible events, i.e., events that will significantly affect climate development in 
the future. The climate scenario should be realistic, consistent, and convincing. For climate research, 
the Intergovernmental Panel on Climate Change (IPCC) (https://www.ipcc.ch/) has established a Rep-
resentative Concentration Pathways scenario (RCPs) (Kwak et al., 2017). There are four such scenarios 
(Table 1.) that predict temperature changes based on the total influence of external factors (greenhouse 
gases and aerosols that affect the radiation balance) (Huang et al., 2013).

Figure 3 presents the temperature change according to the optimistic scenario (RCPs 2.6) and the 
pessimistic scenario (RCPs 8.5). It is noticed that the temperature does not increase evenly and that the 
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warming is higher above the continents and the Arctic in relation to the warming above the ocean. The 
reason is that the oceans can absorb more heat.

IPCC (2013) estimates average global warming of 1.4 to 5.8°C for 1990 to 2100. IPCC (2013) states 
that global mean temperatures will increase in most land areas, which will affect the occurrence of more 
frequent hot and less cold temperature extremes within daily and seasonal time frames.

In addition to changing temperatures, climate change will affect the change in precipitation dynamics. 
Based on IPCC projections, we can expect more precipitation in some regions and less in others. Figure 
4 shows the change in mean annual precipitation. A land area in southern Europe and northern Africa 
will have less rain, while much more precipitation will be in northern Eurasia and central Africa. An 
increase in the frequency and intensity of extreme precipitation is expected, and the reason for that is 
that warmer air can carry more moisture. Changes in mean precipitation (such as annual precipitation) 
reflect only one side of climate change, while the other side represents the more significant variability 
of individual rainfall episodes. It is assumed that there will be more extreme events in the future, such 
as heavy rains over a short period, which will increase the risk of floods. Also, long periods with very 
little rain can lead to more dry days. However, such changes can already be noticed.

Table 1. Description of Representative Concentration Pathways scenarios (RCPs)

Scenarios CO2 Concentration (ppm) Global Warming until 2100 (Mean and Likely Range)

RCP 2.6 490 1.0 (0.3 – 1.7) °C

RCP 4.5 650 1.8 (1.1 – 2.6) °C

RCP 6.0 850 2.2 (1.4 –3.1) °C

RCP 8.5 1370 3.7 (2.6 – 4.8) °C

Source: (Kwak et al., 2017)

Figure 3. Change in average surface temperature
Source: (IPCC, 2013)
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Global climate changes are expected to accelerate land degradation (Huang et al., 2015) and signifi-
cantly affect the intensity of wind erosion (Sharratt et al., 2015; Li et al., 2020; Liddicoat et al., 2012; 
Mezosi et al., 2016). In conditions of reduced humidity, especially if longer periods of time have moisture 
deficit, wind erosion develops rapidly and can leave permanent consequences.

Climatic indicators key to the wind erosion process are wind speed, precipitation, and temperature 
(Yang & Lu, 2016). The erosive strength of the wind is determined by the direction and speed of the 
wind, while changes in precipitation and temperature directly affect the soil water content and soil reten-
tion function of an ecosystem (Sharratt et al., 2013). Since the beginning of the 21st century, there has 
been growing concern about the effects of climate change and its negative impact on many processes 
and components of the global ecosystem. Li et al. (2020) predicted that in Central Asia, spring soil wind 
erosion would increase by 10.34% (RCP4.5) to 10.71% (RCP8.5) and that winter soil wind erosion will 
increase by 23.32% (RCP4.5) to 33.74% (RCP8.5) in the late 21st century. Liddicoat et al. (2012) pre-
dicted that the temperature increases by 0.4 °C to 1.8 °C, average annual precipitation might decrease 
by 15%, farmlands in South Australia would suffer from increased soil wind erosion by 2030. Similarly, 
with the increase in temperature by 2 °C in grasslands in Asia, wind erosion will increase by about 25% 
(Gao et al., 2002). Also, the same authors further predict that the increase in annual wind erosion will 
likely be more pronounced in the areas with sandier soils.

The influence of wind speed as a driver of wind erosion is equally significant. According to research 
by Lee et al. (1999), aeolian erosion on agricultural areas under maize will increase by 20% under condi-
tions of unchanged temperature and precipitation.

SHELTERBELTS AS A SOLUTION AND RECOMMENDATION FOR 
WIND EROSION CONTROL AND ECOSYSTEM SERVICES

Shelterbelts are linear multi-row planting strips of vegetation (of trees or shrubs) established for numer-
ous environmental purposes. In different parts of the world, they are also known as Protective Forest 
Belts (PFB), windbreaks, or shelterbelts. They affect the reduction of wind speed on the leeward and 

Figure 4. Change in average precipitation
Source: (IPCC, 2013)
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windward, and hereupon they represent one of the most used practices for soil protection from wind 
erosion (Baumhardt & Blanco-Canqui, 2014). In addition to their primary function (erosion protection), 
shelterbelts ensure numerous benefits for humans and the environment. Shelterbelts have a positive effect 
on increasing plant and animal biodiversity (Alemu, 2016), energy saving, increasing yields (Zheng et 
al., 2016), air quality (Chen et al., 2015), water conservation (Thevs et al., 2017), road (Chu et al., 2013) 
and noise (Stojanović et al., 2016) protection, improving landscape ecological network (Podhraska et al., 
2021), etc. Lately, shelterbelts have been increasingly recognized as an appropriate tool for mitigating 
climate change through CO2 sequestration from the atmosphere.

Because of the numerous functions that shelterbelts provide, they are considered multifunctional 
objects (Mize, 2008). In recent times, by introducing a relatively new concept of ecosystem services 
(MEA, CICES), defined as a direct benefit for humans, some of the beforementioned functions could 
be considered as ecosystem services provided by shelterbelt created from Miscanthus giganteus. In this 
regard, Littlejohn et al. (2019) identified and quantified key ecosystem services groups (provisioning, 
regulatory and cultural). On the other hand, Xie et al., (2018) measured the forest structure, species di-
versity and major individual ecosystem services (Figure 5) of four single species dominated shelterbelts 
in Eastern China. Weninger et al. (2021) systematically analyzed published studies regarding ecosystem 
services (according to CICES) provided by shelterbelts. They pointed out most often mentioned positive 
functions, such as soil protection, biodiversity, and pest control, whereas for biomass production, nutri-
ent, and water balance. Considering the wide spectrum of functions that shelterbelts provide, they could 
perform most ecosystem functions (according to MEA) (Table 2). Due to their multifunctionality and 
capability to improve environmental conditions, shelterbelts represent one of the most used agroforestry 
practices (Brendle et al., 2009). Agriculture production produces almost one-third of total emitted CO2 in 

Figure 5. Ecosystem services provided by shelterbelts
Source: (Xie et al., 2018)
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the atmosphere (Gilbert et al., 2012); consequently, special attention should be on evaluating the carbon 
storage potential for agroforestry systems (Possu, 2015).

Erosion Protection by Shelterbelts

Shelterbelts reduce wind speed and decrease erosion intensity within the leeward zone (from 5 up to 
30 shelterbelts heights). Wind speed reduction is mostly affected by internal and external shelterbelt 
structures (Heisler and De Walle, 1988). According to Yang et al. (2016) and Wu et al. (2018), two main 
parameters influencing wind speed reduction are shelterbelts height and porosity. Porosity can be used 
as a descriptor of internal structure, and it is defined as the ratio of perforated area to total area (Heisler 
and De Walle, 1988). Based on the results of research performed by Rahaček et al. (2017), there is a 
strong correlation (r = 0.842 to 0.936, p <0.05) between optical porosity and band efficiency in terms of 
incoming wind speed reduction. Similar results are obtained by Stredova (2012) and Thuyet et al. (2013).

There are some general claims about how shelterbelts should be designed to perform different 
functions. In this regard, according to the document Shelterbelts – Design Guidelines (Agriculure and 
Agri-Food Canada, 2010) suggest denser shelterbelts, a mixture of tree and shrub species, native and 
herbicide-tolerant species and trees with an upright and narrow growth habit. Other similar guidelines 
published within different regions worldwide give similar instructions and emphasize the choice of 
mainly domestic woody species.

In addition to the direct impact on wind speed reduction, shelterbelts change other microclimatic 
indicators in the protection zone (Figure 6). This primarily refers to the change in solar radiation, air 
temperature, and relative humidity, which, together with the reduced wind speed, affect the change of 
evapotranspiration. Reduced evapotranspiration can lead to soil moisture conservation which further 
positively affects the soil’s ability to resist erosion processes. Also, through the change of evapotrans-
piration, shelterbelts could affect increase of yield (Osorio et al., 2018).

In China and the United States, large-scale afforestation projects have been implemented on agricultural 
land using shelterbelts with the aim of reducing physical damage to plants and reducing the intensity of 

Table 2. Ecosystem services provided by shelterbelts

Provisioning Services Regulating Services Cultural Services Supporting Services

Products obtained from 
ecosystems

Benefits obtained from the 
regulation of ecosystem 
processes

Nonmaterial benefits 
obtained from ecosystem

Necessary services for the 
needs of other ecosystem 
services

Service

Food Climate regulation Spiritual and religious Soil formation

Water Disease regulation Recreation and 
Ecotourism Nutrient cycling

Fuelwood Water regulation Aesthetic Primary production

Fiber Water purification Inspirational and 
Educational

Biochemicals Pollination Sense of place

Genetic resources Cultural heritage

Source: (Authors)
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wind erosion. One of the largest projects undertaken to increase afforestation and desertification is the 
“Three-North” shelterbelts project in China. Since its inception 30 years ago, important achievements 
have been made concerning that forest cover increased from 5.05% in 1978 to 10.51% in 2008 (Li et al., 
2012). In the United States (U.S.), a shelterbelt program was performed by the Prairie States Forestry 
Project (PSFP), which resulted in 30,000 km of shelterbelts planted from 1935 to 1942 across six the 
area of Great Plains states (Dunlop, 2000). One example from Eastern Europe is the establishment of 
shelterbelts in former Yugoslavia which started before the Second World War. In the period after had got 
wider extent including shelterbelts establishment in development strategies such as so-called “Five-year 
plan”, as one of the activities of high priority for economic growth and development. The research of 
the positive effects of shelterbelts’ standard types and the usual crops in a sheltered zone on wind speed 
reduction was conducted on shelterbelts in the area of Pančevo and Bačka Palanka (Lukić 2006; Lukić 
and Dožić 2006). Similar projects were carried out in some other parts of Eastern European countries, 
such as Hungary (Szigeti et al., 2020), Bulgaria (Shahanov & Cirella, 2021) and Russia (Chendev et 
al., 2015).

Nowadays, new strategies and projects on establishing new shelterbelts rely more on stimulation and 
subventions for local farmers in order to plant new shelterbelts on their land. For example, Prairie Farm 
Rehabilitation Administration (PFRA) includes a free tree distribution program for local farmers to 
purchase trees for shelterbelts (Kulshreshtha & Rempel 2014). Also, one of the mechanisms to introduce 

Figure 6. Shelterbelts effect on microclimate conditions
Source: (Marshall, 1967)
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shelterbelts is through land commission where shelterbelts could be considered as “common facilities”, 
which means that their purpose will provide benefits for the whole community.

Carbon Sequestration by Shelterbelts

One-third of the total carbon dioxide emissions into the atmosphere, according to Gilbert (2012), come 
from intensive agriculture, primarily due to the use of pesticides. In order to increase forest cover in 
agricultural systems, shelterbelts represent a highly acceptable measure of the introduction of woody 
components. Through a direct result of the growth of trees, shelterbelts storing carbon (C) in their above- 
and belowground biomass, wherefore they are highlighted as one of the potential ways to help mitigate 
climate change (Possu et al., 2017). In addition to using on agricultural land in the urban landscape, 
shelterbelts provide numerous environmental services (Li et al., 2007), which include avoiding carbon 
emissions indirectly (Nowak et al. 2017) and bringing to an energy reduction of 20% for heating (Ko, 
2018).

In recent times, studies about the carbon sequestration potential of shelterbelts have become more 
represented worldwide. These studies are mostly performed in North America, mainly in Canada and 
(Kort & Turnock, 1998; Possu, 2015; Dhillon & Van Rees, 2017; Krobel et al., 2020; Mayrinck et al., 
2019; Rudd et al., 2020; Amichev et al., 2016b). Moreover, the above studies assess carbon sequestration 
in shelterbelts. As a result, Amichev et al. (2016a) found that the carbon potential of the six shelterbelts 
species in Canada ranges from 1,78 to 6,54 Mg C km-1 yr-1. On the other hand, Possu (2015) analyzed 
carbon storage potential for different field windbreaks across the USA and reported 5.8 Mg C km-1 
yr-1 for a three-row tall-deciduous windbreak. Also, similar research has been performed in different 
parts of China (Chu et al., 2019; Wang et al., 2013, and others). According to (Mayrinck et al., 2019) 
research in which shelterbelts are considered as agroforestry practices have also been done in Poland, 
New Zeeland, Russia, etc. Additionally, studies on carbon sequestration potential are performed in the 
Republic of Serbia, in the predominantly agricultural area of AP Vojvodina, where Lukić et al. (2018) 
determine the potential of some specific shelterbelts. According to the results, in Bačka Palanka (Serbia), 
20-year-old shelterbelts consisted of the most commonly used species (Populus x euramericana, Ulmis 
pumila, Robinia pseudoacacia), estimated carbon stock was 0.300; 0.333 and 0.111 t per tree, respectively. 
Research about shelterbelts’ carbon sequestration potential could serve as a basis for succeeding studies 
where their impact on climate change mitigation could be analyzed in more detail.

In the studies mentioned above, standard allometric equations are mostly used to assess carbon 
sequestration. In some cases, specific allometric equations do not exist, whereas available equations 
for another tree species were used (Czerepowicz et al., 2012). In that sense, there is a space for future 
research which could be oriented to establish allometric equations for given specific tree species. Also, 
in some studies, remote sensing techniques have been used. That includes using optical satellite images, 
point-cloud network, or/and vegetation indices obtained by UAV.

Although their carbon sequestration function is recognized as an essential element of smart agriculture 
and sustainable development, there was a lack of shelterbelt spatial distribution data and tree growth 
models that are needed for carbon inventory analyses (Amichev et al., 2016b). Likewise, according to 
Possu (2015), accessible and valid data for estimating windbreak contributions from local to regional C 
assessments in most areas do not exist.

Local farmers represent a substantial factor regarding accepting and implementing shelterbelts into 
their agricultural production systems. To provide practical knowledge for local farmers on how to design 
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shelterbelts, numerous guidelines with that purpose are provided within different countries and regions 
worldwide. In the context of adaptation to climate change, the Net zero-emission concept, which pro-
motes that all man-made greenhouse gases should be eliminated from the atmosphere, is a top priority. 
Considering the potential of shelterbelts for carbon sequestration, they represent an appropriate tool to 
achieve set goals.

Agroforestry systems are promoted through different strategies and programs which promote sus-
tainable agriculture production. Also, there are numerous guidelines published in different countries 
worldwide with practical information about how to design and establish shelterbelt in an appropriate 
way. However, a broad interdisciplinary view on these shelterbelt functions lacks scientific literature 
and common knowledge (Weninger et al., 2021).

FUTURE RESEARCH DIRECTIONS

The assessment of carbon reserves in shelterbelts is usually performed using by IPCC methodology 
developed for typical forests. However, the conditions in the shelterbelts are somewhat different because 
the undergrowth is not present to the extent that it can be present in the forest. Consequently, further 
research could be addressed to revise the factor for the conversion of wood volume into biomass – BEF 
factor. Also, remote sensing techniques confirm the potential for studying different vegetation, from 
grassland to forest ecosystems, but also in agriculture. For further research, the development of specific 
allometric equations in areas where they do not exist is necessary. Also, the application of remote sens-
ing techniques for assessing carbon storage in shelterbelts in combination with data collected from field 
should be put forward in further research.

Further research could be oriented to creating a national or regional database on shelterbelt carbon 
sequestration using the same methodology. That could cover the areas which are not limited just on 
country borders but covers up larger areas.

CONCLUSION

Due to climate change, there is a risk of wind erosion process acceleration in the future. Shelterbelts have 
the potential to help fight climate change because of their function in carbon sequestration. Shelterbelts 
have been established mainly for the function of wind speed reduction, but these days there is a need for 
their establishment in the context of smart agriculture within agroforestry systems. Within that system, 
shelterbelts could provide numerous ecosystem services.
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KEY TERMS AND DEFINITIONS

Agroforestry: Is a mutual name for land-use systems and practices in which woody perennials are 
meaningfully integrated with crops and/or animals on the same land-management unit. The agroforestry 
system is the interaction of agriculture and trees with productivity, sustainability, and adaptability.

Carbon Sequestration: Is when atmospheric carbon dioxide is taken up by trees, grasses, and other 
plants through photosynthesis and stored as carbon in biomass and soils.

Climate Change: Includes global warming driven by human-induced greenhouse gas emissions and 
the resulting large-scale shifts in weather patterns.

Ecosystem Services: Are the several different benefits to humans provided by the natural environ-
ment and healthy ecosystems.

Shelterbelts: Are linear plantings of multiple rows of trees or shrubs established for environmental 
purposes such as protecting farmsteads and livestock areas, reduce wind speed and alter, wind field, 
saving energy, and to enhance wildlife habitat.

Soil Degradation: Is the loss of the intrinsic physical, chemical, and biological qualities of soil either 
by natural or anthropic processes.

Wind Erosion: Is a naturally occurring process that causes the transfer of soil particles by wind energy.
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ABSTRACT

In this chapter, the author discusses the importance of mitigation and adaptation actions needed to be 
taken from an environmental and engineering standpoint in regards to dams, reservoirs they form, the 
river basins they serve, and how this can benefit these systems in the future. One of the main problems 
identified for the mid-21st century will be the availability of fresh water. Currently, appx. 20% of the 
world’s freshwater is stored in manmade reservoirs. However, these reservoirs sediment over time. This 
“sediment phenomena’’ adversely affects the water volume in reservoirs and their sustainable main-
tenance, potentially jeopardizing water supply and lives. To answer the “sediment phenomena,’’ this 
chapter will explore a new approach to a no less devastating problem of land degradation, developed 
at the Technical University of Vienna. In the Balkan region, sediments are mostly composed of alluvial 
soil, decomposing organic matter, and sands, making them indeed a perfect soil amendment for degraded 
lands and barren topsoil terrains destroyed during torrential floods and landslides.

INTRODUCTION

Climate Change is a very complex issue of our time, and as such many international, intergovernmental 
and academic institutions worldwide have been trying to propose the best actionable advice to be con-
sidered by authorities when dealing with disaster aftermath, preparing for them and or risk assessment 
for such events.

Climate Change will have various consequences on Europe and the Balkans as its integral part, such 
as droughts, forest fires, river floods, which will all be felt throughout our economies.

The Importance of Proper 
Dam Maintenance Due to the 
Increase of Torrential Floods 

in the Face of Climate Change
Vesela Tanaskovic Gassner
Afforest for Future, Austria
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Droughts are expected to be more severe and persistent in most of Europe, except for northern parts 
of Europe, including Baltic states and most northeast. South of Europe, including the Balkans will face 
strong reductions in low flows and experience agricultural droughts that can be expected to increase 
up to 7-fold in the various simulations, reaching 700,000 km2/year, almost twice the area of Germany.

The largest increase in the exposed area would be in Southern Europe (reaching nearly 60% of the total 
EU-affected area, compared to 30% today). People affected by droughts would also largely increase 
from today’s levels by a factor of seven, reaching 153 million/year in the Reference simulation. Again, 
half of the overall population affected would be in the Southern Europe region. The multimodel ensemble 
projections of more cropland and people affected by drought in the south and the opposite signal in the 
north are statistically highly significant and robust amongst the Reference simulation members, while 
the projected changes are more dissonant in a transition zone in between. (Ciscar JC, 2014)

Looking into the same simulation references, forest fires are expected to more than double in Southern 
Europe, reaching more than 3 times the size of ex-Yugoslavia, almost 800,000 ha. However, if we were 
to achieve only a 2°C temperature increase, this would be around 400,000 ha, 50% less.

Torrential floods and soil erosion are among the top concerns when looking into the future of Cli-
mate Change, which increased or evoked disasters across the south and central Europe. The Balkans, as 
an integral part of Europe, has already been experiencing this increase in devastating effects, intensity 
and casualties.

Climate change is projected to largely change the frequency and magnitude of river floods. Flood dam-
ages could more than double with the 2080s climate under the Reference simulation, reaching around 
€11 billion/year. The largest increase would occur in the UK & Ireland and Central Europe South 
regions. The number of people affected by floods per year could almost double to 290,000. Under the 
2°C simulation, the effects would be smaller, with annual economic damage of around €10 billion and 
240,000 people/year affected by floods. If the 2080s economy is simulated (i.e. allowing for economic 
and population growth, instead of shocking the current economy as of today), then the damages would be 
much greater, reaching €98 billion/year and €68 billion/year under the A1B and E1 scenario, respectively. 
This difference is due to the much higher value of assets at risk because of economic and demographic 
developments. (Ciscar JC, 2014)

The adaptation measures to river flooding have been a focal study point in many simulation studies, 
with the most common objections to maintain a 1 in the 100-year level of flood protection across Europe 
manageable. However, it is important to note that flood damage simulations are usually subject to a high 
degree of uncertainty, partly because of the uncertainty in the extreme precipitation projections. The 
uncertainty of costs can be translated into all economic aspects, however, there is great recurrence that 
the overall economic costs will be around 2% of the total EU GDP today.

Most of the previous biophysical impacts (barring droughts and habitat suitability) have been integrated 
into an economic model to assess the effects in terms of household welfare losses. The economic effects 
consider the direct climate effects (as measured by the biophysical models) and the indirect effects in 
the economy (as calculated with the general equilibrium economic model). Under the Reference simula-
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tion, the annual total damages would be around €190 billion, almost 2% the of EU GDP today. (Ciscar 
JC, 2014)

Unfortunately, when we look at the costs of climate change, it is clear that the global south will have 
to pay the price that was set by “industrial countries or so-called global west”. The same will be with 
Europe and “poor” southern Europe, including the Balkans, will have to pay a major price in the very 
near future.

The geographical distribution of the climate damages is very asymmetric, with a clear bias towards 
the southern European regions. Relative to GDP (see next Figure), the welfare losses range from 0.2% 
in Northern Europe to 3% in both the Central Europe South and Southern Europe regions, i.e. fifteen 
times higher than the damage in Northern Europe. The highest welfare losses would occur in Southern 
Europe (€74 billion), Central Europe South (€58 billion) and Central Europe North (€45 billion). The 
damage in the two regions in the south accounts for 70% of the overall EU damages in monetary terms. 
(Ciscar JC, 2014)

In this chapter, we will look at trends that are expected to hit the region mid towards the end century 
and the effects they may have specifically on dams, reservoirs they make, downstream and upstream 
floodplains, river channels, “tamed rivers” and natural waterways specifically across Balkan region. 
We’ll be taking into account the importance of hydropower in the region, but also the more pronounced 
land-use change, intensified urbanization, unplanned suburban sprawls, the legacy of the Yugoslavian 
era and the future projections of current states of action or inaction in the face of Climate Change.

BACKGROUND

For the past two decades of the 21st century, the Balkan region has been experiencing difficult torren-
tial flood events for numerous consecutive years. In the face of Climate Change, these events are only 
expected to exacerbate, bringing more soil erosion, increased topsoil and vegetation losses together with 
environmental degradation, different levels of property damage, socio-economic losses and ultimately 
the irreversible loss of human lives.

A very short recollection of flood events from the region brings us to the May of 2014 and the flood-
ing that happened across the Balkan peninsula, starting from Croatia, Bosnia and Herzegovina to Serbia 
and beyond rising the Danube levels along its course, causing human casualties on its way. Thankfully, 
this event led to greater empowerment of already existing cross border structures and cooperations, and 
to the formation of new relevant organizational cross border structures, which have till today produced 
a number of guidelines and recommendations, combining the data and values from all the countries of 
the basin, and producing the recommendations and actions looking at the Sava River Basin as a whole 
and addressing it as such, not cut up by borders.

In the report from the International Sava River Basin Commission from 2014 titled “Floods in May 
2014 in the Sava River Basin - Brief overview of key events and lessons learned,” we can find detailed 
reports on the weather and meteorological events that preceded the catastrophic torrential floods in May 
of 2014, and the aftermath, all neatly put together by each countries representatives.

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



179

The Importance of Proper Dam Maintenance Due to the Increase of Torrential Floods in the Face of Climate Change
 

The whole of April 2014 can be characterized as a period of unstable weather, with intense cyclonic 
activity. Several cyclonic systems passed over the region during April, bringing significant temperature 
drops, frequent rainfalls and even snow in some mountainous areas. Continuous precipitation was re-
corded at some meteorological stations (i.e. Banja Luka, Doboj) from 14th April till 4th May. Recorded 
rainfalls were significantly above the long-term average on almost all measuring stations in the middle 
and lower part of the basin. Unusually rainy weather caused the saturation of soils on large areas in 
the Sava River Basin. The soil moisture content in some parts of the basin was between 60 and 100% in 
mid-May. (International Commission for the Protection of the Danube River [ICPDR] & International 
Sava River Basin Commission [ISRBC], 2015)

Aside from extreme rainfall and snow that year, we can notice that the soil moisture was very high 
but not unorthodox for that type of rainfall. This came coupled with

Days of extensive rainfall on pre-saturated soil caused devastating floods in Balkans in May 2014. Due 
to a specific cyclone in mid-May 2014, a large portion of the Sava River Basin within Croatia, Bosnia 
and Herzegovina (B&H) and Serbia was hit by continuous, heavy rainfall. Intensive precipitation in the 
second half of April and the beginning of May preceded this event and caused a high soil saturation. This 
combination caused flash floods, erosion and landslides along small watercourses, but also disastrous 
flooding along the Sava River main course and its right tributaries. (ICPDR & ISRBC, 2015)

There were several factors at play during this particular torrential flood events as always; however, 
ones that are of relevance to this chapter and future forecasting are the land use, river basin maintenance 
- under which fall: dams, dikes, barges, spillways, channels, floodplains, regulated river flows and me-
andering planes, further, soil erosion, soil cover, urbanization and sewage systems (as closing up of soils 
in urban areas becomes more and more predominant trend). The ISRBC addresses most of these factors 
in its report, however, the urgency and the importance of addressing the outdated dam monitoring and 
controlling systems and also outdated dam structures themselves, of which across the Balkans most fall 
under the ex-Yugoslavian legacy, have not been mentioned. Perhaps the reason behind not taking into 
account the dams and their effect on the whole basin during this catastrophic event was the fact that 
most of the dams on river Sava are located in Slovenia, which did not suffer tremendously during this 
particular torrential flooding event.

Nevertheless, the dams as such present an obstacle and an opportunity for sustainable river basin de-
velopment, especially in terms of climate change adaptation and mitigation measures in the Balkan region.

Why? Most of the dam structures in this region do not fall under major dams. Still, they are consid-
ered small to medium-sized dams, and as such, do not fall under the regulatory body of the International 
Commission on Large Dams, or ICOLD, meaning that their capacities, their maintenance and their 
productivity are left to be accounted for by local authorities and at best the local governments, most of 
the dams in the Balkans are still public property, as well as the reservoirs and water bodies they form. 
Calculating, forecasting and keeping track of the dead zone in the reservoir or the amount of sedimenta-
tion accumulated are key factors in assessing the risks in times of climate change.

When dam structures, most importantly, the systems that are in place to keep them safe and operable 
in the future are jeopardized, so are dams. Dams in the Balkans are at risk as well.

In the UK, for example, earthfill embankments are most likely to be vulnerable due to climate change:
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increased erosion, more extreme fluctuations in water levels, changes in vegetation and prolonged drying 
during hot weather could combine to exploit existing weaknesses that may exist in the dam design or 
construction. The form of non-erodible structures (concrete, masonry, etc.) is unlikely to be particularly 
vulnerable to climate change, but there are exceptions, particularly at dams where existing climatic 
variation is known to cause problems associated with cracking or joint movement. Overflow structures 
and spillways may also be vulnerable due to the increasing frequency and size of flows and catchment 
impacts that might increase debris and vegetation. 

Auxiliary structures such as valves or draw-off towers may be vulnerable to similar effects and can be 
prone to other factors such as siltation or heat-induced expansion. (Atkins, 2013)

Changes in hydrology or water quality of a reservoir are easy to notice and usually first to be noticed 
as such. However, various other less noticeable reservoir and dam functions, like increasing water level 
oscillations that can lead to a deterioration of inshore vegetation and therefore bankside fisheries, are 
far less likely to be observed without having a proper observation or monitoring system in place, and 
these are in direct correlation with climate change. These should be assessed using a different blend of 
approaches, such as: predictive modelling, trend analysis, or simple analysis of change factors by opera-
tors that are familiar enough with the catchment area, the reservoir and the dam.

Because of the variety of effects and timescales involved with climate change impacts at dams and res-
ervoirs, the adaptation measures that have been recommended generally follow a ‘plan’ format, which 
involves an escalation of measures over time. Typically, this would range from monitoring to preventa-
tive or reactive maintenance, through to capital works and finally possible decommissioning or change 
of use. (Atkins, 2013)

Another problem that is at large present across the globe and in the Balkans is the aging of dam 
structures as the dam boom happened in the second half of the last century. For a bigger chunk of the 
world’s dam structures, climate change was never considered in original plans. Nor do we have many 
dam plans that have set climate change adaptation measures in place.

The aging dam landscape faces new temperatures, snow, discharge, and flood patterns that increase the 
risk of hydrological failure. New dam release operations will be required to maintain historical levels 
of flood protection in the face of climate change. In addition, precise and reliable hydro-meteorological 
forecasts will be invaluable for maximizing flood protection and avoiding untimely and excessive out-
flows. (Boulange et al., 2021)

DAMS AND THEIR LEGACY IN TIMES OF CLIMATE CHANGE

There are numerous different classification styles and variables when talking about dam structures, this 
is perhaps the best described as follows:

Civil Engineering and its sub-branches like Hydraulics and Water Resource Engineering and/or Manage-
ment, Structural Engineering, Coastal Engineering are usually the ones to deal with dam engineering. 
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This branching of civil engineering science is widely diverse across the globe and education systems. 
This is why today we have so many various dam classifications as we have different engineering groups 
in charge of their design. The most widely accepted classification system is provided by the International 
Coalition on Large Dams (ICOLD). As mentioned in the literature review, this system recognizes two 
basic types of dams:

• large dams - which they track and
• small dams - which they do not monitor.

In this classification, there are a few nuances, and so the large dams are seen by ICOLD as Large 
Dam - Grand barrage A dam with a height of 15 meters or greater from lowest foundation to crest or 
a dam between 5 meters and 15 meters impounding more than 3 million cubic meters, and defined in 
greater detail in the World Register of Dams.

While there are over 100 000 smaller dams with storage over 100 000 m3 and millions under 100 
000 m3, many are unaccounted for by international organizations.

The large dams are further classified by ICOLD as single or multipurpose dams. In both cases, ir-
rigation is the most common with 50% and 24%, respectively, reaffirming the analogy with agriculture. 
(Tanaskovic, 2018)

It is important to note that across the Balkans, there are a handful of large dams monitored by other 
institutions outside of the country or countries of placement, like Djerdap I. However, even these dams 
are extremely poorly maintained and often suffer turbine malfunctions due to inappropriate maintenance 
or in some cases, no maintenance at all. Debris is an overarching problem within dams and their reservoir 
maintenance, which cascades from environmental to engineering creating problems in each sector, and 
at some points, debris can cause a red alert in terms of jeopardizing the whole dam structure. This is not 
solely the case in the Balkans, but perhaps it is very easily visible here as large dams are not taken care 
of. Figure 1 presents the aforementioned problem.

Looking at medium or small dams, the overall importance of dam maintenance just becomes more 
predominant. Namely, most of the large dams have a so-called dead zone planned in the initial design 
of the reservoir and the dam itself. This zone is used to store the incoming silt or sediments, depending 
on the region, and to be safety storage to prevent the sediments from obstructing turbines during the 
first decades of the dam construction. This mainly depends on the geomorphology of the region and the 
location of the dam, climate conditions, incoming rainfall, frequency of flesh floods, vegetation cover, 
soil composition and similar activities that have an impact on turbidity and caring power of the river, 
which creates the reservoir, as well as the actual distance from the river entering the reservoir and the 
new dam. Nevertheless, dead zones are not bulletproof security. More often than not, dead zones get 
sedimented much faster than the initial projections calculated.

Siltation reduces the storage capacity of reservoirs, first reducing the dam’s ability to produce hydro-
power, as with each cleaning of the turbines, production needs to stop and their efficiency before cleaning 
would have been reduced. Not only this, but siltation directly influences the water availability for the 
local communities. There is a less available volume for water and hence there is less available water for 
consumption. The same goes for irrigation. This has led many communities to abandon their villages 
once the dam has been heavily silted. With no access to potable and irrigation water, they were forced 
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to relocate in large numbers, becoming the “first climate refugees”. Such has often been the case in the 
developing world. After the siltation has taken over most of the dead zone, it can become a structural 
threat, sometimes even before that, causing the most dreaded of all the consequences of dam building, 
the dam failure. China has, on average, 68 dam failures each year on account of many factors, out of 
which siltation is always one of them. (Tanaskovic, 2018)

The problem with visible - debris and invisible - sedimentation dam and reservoir maintenance is that 
there is little to no literature for small and medium dams. Even the literature on sediment maintenance 
of large dams is obscured, as it has often been sponsored or written by dam engineers and dredging 
companies who have obviously vested interest in maintaining the status quo and repetitive dredging 
cycles. This is coupled with the fact that most of the dams are a legacy from the 20th century and the 
time when climate change has not been yet introduced nor taking into account when future forecasting 
the events an average 150 yr old dam should withstand, it is easy to see the eminent problem.

When looking into the Balkans in particular, the fact that the region is still recovering from the wars 
in the 90s and economic stagnation, it is clear that the dam infrastructures, reservoirs and the whole 
maintenance of the river basins don’t come as the top priority. A similar situation is across the globe 
within all developing countries. Dams were built by one of the UN bodies financed by some extension 
or program of the World Bank, in a somewhat binding agreement with an unstable local government. 
Maintenance was rarely, if ever, put in place. This is why we have an increasing number of reservoir and 
dam sedimentation and abandonment issues. The effects of dam abandonment, reservoir sedimentation, 
and migration of peoples, are a subject for a whole other book.

Figure 1. Potpecko lake, Serbia (Reuters) – “Almost as far as the eye can see, trash spreads out over 
Serbia’s Potpecko lake, lapping against the dam that crosses it”
Source: Reuters,2021
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Dams and the sediments they lock have a tremendous impact on the downstream environment. The 
regions downstream of the dam, which were usually floodplains, used to get a constant or yearly supply 
of fresh sediments with each year’s flooding. This cycle has been interrupted with the dam’s construction; 
now most if not all of the sediments are being locked behind the dam and stored within the reservoir.

This occurrence of silt or sediment accumulation firstly takes away the available water storage 
space in the reservoir, specifically in the Balkans, most of the dams were constructed during the Tito 
era and are multipurpose dams, meaning that irrigation or water supply was one of the core, if not core 
functionality. When this is diminished or parallel to it, the ability for efficient hydropower production is 
affected, and usually, if nothing is done, the dam loses the core stability of its structure. As the specific 
mass of sediments or silt is much higher than that of water, the weight of sediments is something that 
imposes an imminent risk to the dam structure. This impacts dam safety all over the world, especially 
in regions where torrential floods are a regular occurrence, dam failure due to fast inflow of sediments 
is very common.

On the other hand, the lack of sediments downstream is also causing problems. First problems are 
usually visible in environmental degradation of the habitats, for example, the decline of fish species as 
most small fish procreate and or eat the nutrients carried with sediments that the regular flooding was 
bringing and, etc. Secondly, once fully established new river bed together with the barges and bridges it 
holds becomes unstable, as the lack of sediment deposition or flooding increases the instability and the 
level of erosion along the shores of the river bed. Adding to this the usual occurrence which follows the 
dam construction of land-use change whereby, the forests or local flora is replaced by agricultural land.

Agricultural land as such is not good support for soil building, and only in rare cases - not documented 
in the Balkans - regenerative agroforestry can be of use in mitigating torrential floods and climate change. 
Agricultural land typical of the Balkan region is very loose and easily washable by heavy rains, increas-
ing the likelihood of landslides and nutrient runoff in case of torrential floods.

Another problem connected to dam construction and land use is urbanization, as in many cases in the 
Balkan, dams were constructed to provide potable water. This then created an opportunity to turn more 
land into urban land, and unfortunately, with little to no good planning or taking into account Climate 
change and what it will bring to the region.

As many cities of Tito’s era had only grown since, the initially built parks were usually the last avail-
able recreational spaces, and rarely do we see new parks being included in the masterplans. Huge green 
areas are seen disappearing under pressure for fast development and urbanization, whole reserves gone, 
massive allies cut down and urban green zones paved. Cities are expanding, during this fast develop-
ment, the green areas are the ones suffering the most, being lost under massive loads of structures and 
surrounding pavements. The few remaining green surfaces became the only access for floodwaters to 
enter the soil.

Land Use and Natural Water Retention Measures in Times of Climate Change

The greying effect of cities is not a worldwide trend, quite the opposite in the EU. The trend of re-
greening the urban spaces and re-greening the rivers and their supporting infrastructure has been in 
place by different policies and initiatives more or less since the formation of the European Union and 
most definitely since the turn of the century.
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Natural water retention is explicitly mentioned in the EU Floods Directive (EU, 2007) and the maximi-
zation of its use forms part of specific objectives of the Water Blueprint (EC, 2012d). Other restoration 
measures for natural areas, like remeandering of natural ponds are (indirectly) recommended by a note 
on better environmental options for flood risk management (EC, 2011d) and are seen as a better envi-
ronmental option and alternative to hard (grey) infrastructure. ‘Flood risk management should work 
with nature, rather than against it’ (EC, 2011d). Where the WFD (EU, 2000) has the water body as a 
central concept, limited attention is given to riparian zones, which might hinder the implementation of 
NWRMs to its full potential (EC, 2015g). NWRMs call for integration between the WFD and the Floods 
Directive and between nature legislation and all policy fields, where water and land planning needs 
careful coordination (EC, 2015g). (EEA report, 2016)

Reinstating some of the river’s basic functions while using the Natural Water Retention Measures 
(NWRMs), Green Infrastructures and other measures that work with natural processes are integrated 
into policies that are widely spread across European countries. They need to find their anchorage in the 
Balkans. Restoration of river basins, opening meandering plains and creating space for natural floodplains 
is essential for a river to just be a river. But how can we even consider this with our urban structures, 
deforestation for the purpose of agriculture and also parallel abandonment of agricultural land?

For the Balkans, land use is a huge issue; sustainable land use or planning for sustainable land use 
that is used for mitigation and adaptation measures is far from reality. Daily reports from any number 
of local media will have a report on a loss of a tree alley in a city or a loss of a whole green space for a 
new shopping mall, or a new initiative on building small hydropower plants in national parks, microgrid 
and similar. Green space and green infrastructure are disappearing fast and, in some instances, irrevers-
ibly. At the same time, important world trends are being disregarded or not considered at all in terms of 
urbanization and planning for a livable second half of the 21st century.

The Balkan is located in the south of Europe, with the predicted growth of heat extremes and the 
number of consecutive super hot days only expected to increase in the upcoming years as shown in 
Figure 2., as well as the rise in the extreme flood events and torrential floods, this would mean focusing 
on quite the opposite of what has been done till today.

Climate change is expected to affect all water-related functions and policies discussed in Chapter 4 of 
this report (Ciscar et al., 2014; EC, 2013c; IPCC, 2014b). The shifts in the extremes, rather than the 
trend in the averages, are likely to be the biggest challenge for adaptation (IPCC, 2012) and are also 
likely to be the cost drivers for the adaptation of infrastructure (OECD, 2013). (EEA report,2016). 

Cities like Athens, Thessaloniki, Skopje, Nis, Sofia, Sarajevo, Podgorica and much of the south of the 
Balkans, are very prone to fast forest fires, which lead to barren lands, which then, during high rainfalls, 
do not have anything to hold the soil in place, which further leads to areas prone to landslides depending 
on the terrain and or further degradation of barren soils. The local authorities need to consider this and 
create an appropriate response in terms of policies and local regulations, which need to be mandatory 
and in place for active measures reforestation and river basins revitalization, in order to secure the al-
ready active sites with landslides from further movement and creation of further topsoil loss and erosion.

Few studies have estimated future damages from inundation in response to an increase in intense rainfall 
(e.g. Willems et al., 2012). Pluvial flash floods are the result of short-duration extreme rainfall intensi-
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ties, leading to excessive surface run-off and ponding. Processes that influence flash flood risk include 
increasing exposure from urban expansion and forest fires that lead to erosion and increased surface 
run-off (Lasda et al., 2010). (EEA report, 2016)

The whole of Balkans suffers from uncontrolled urban expansion, while the south of Balkans is at 
higher risk from landslides and topsoil loss due to terrain, high heat extremes increase and local fires, as 
well as soil structures in comparison to the north of Balkans or over the Danube so to speak, predomi-
nantly because of its geographic location and outlook, the Pannonian Basin. However, this part of the 
Balkans has its own problems when thinking about the issue of torrential floods and soil erosion. Very 
important factors across the Pannonian plain and in the future are groundwaters and their pollution and 
or rise during floods; ore problems come from the land use change. Big chunks of up to 80 or in some 
cases 90% of land that used to be occasionally flooded alongside rivers are currently cut off from the river 
and do not function as active floodplains. Some of these are inherited problems or solutions for flooding 
from the Austro-Hungarian times, when the digging of first intersected channels started and continued 
to current times. Dunav-Tisa-Dunav channel is nearly 1000 km long and is the main irrigation supply 
for the huge part of Vojvodina. Therefore, it is understandable that the main pressures, when thinking 
about a different look, are economic development, as well as the regulation of water levels, and loss of 
connectivity as a result of flood-protection measures.

Figure 2. Spatiotemporal characteristics of drought in Serbia
Source: Gocic and Trajkovic,2014
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Land use changes that happened in the past 150-200 years in central and southern Europe, mainly 
from naturally forested areas into agriculture, housing development projects and industries, make ir-
regular and rather frequent floods into undesired phenomena because of the economic damages caused. 
The whole of Sava river Basin is one of such regions, where forests used to dominate. Now, there is so 
much development adjacent to the river bed that there is no space even for a minor flood, as it is imme-
diately characterized as moderate to severe risk because major living centers, industries, and agricultural 
land are surrounding the river. This is why, when possible (and in case of Dunav-Tisa- Dunav entirely 
regulated flow), the water level is regulated for navigation or hydropower and areas are protected by 
hard flood-protection measures, the remaining active floodplains, if any, are flooded in extreme cases 
with higher water levels only.

This grey infrastructure of river control gives a unique opportunity to address climate change and its 
unpredictability to the region. In some cases, in the Balkans, it is already mandatory to maintain some 
of these structures navigable or at least clean, however, the execution is a different thing altogether, but 
it still gives an opportunity for governments to explore different approaches in trying to increase the 
compliance with the maintenance regimens.

Using the remaining floodplains, as biodiversity hotspots, and may well represent a crucial role in 
sustainable flood risk management, these would be the locations in which NWRMs can be implemented 
most methodologically and adequately, serving as an open-door classroom and showplace from one 
project to another.

Regardless of the names used — NWRMs, building with nature, Room for the River, green measures, 
etc. — working with natural processes is vital to maximize the common goals and objectives of water 
management, economic development, nature conservation and ecosystem services. Flood risk manage-
ment is surrounded by a multitude of uncertainties. Changes in flood regimes (mean annual discharges, 
maximum discharges, seasonality) show a mixed pattern across Europe. However, even in those cases in 
which a trend in flow regime is visible, it is difficult to separate a potential climate change signal from 
other drivers of change (such as land use or infrastructure). There are indications that the increase in 
reported flood damage should mainly be attributed to economic development as well as to better reporting. 
Also, an increased flood frequency shall remain uncertain due to climate change. Nevertheless, climate 
change deserves priority, because the lead-time for the adaptation of measures is often very long. Sce-
narios and foresight studies are recommended as tools. Sustainable solutions look beyond the protection 
of flood risk management measures and link it to the overlapping areas of vulnerability, environmental 
quality and the delivery of ecosystem services. Driving forces and pressures, like socio-economic and 
political developments on all scales (from local to European and global), can be estimated with only a 
certain level of detail. This has implications for land use, protection of floodplains, or the availability 
of funding. (EEA report, 2016)

Left column: Change in the annual maximum number of consecutive dry days (CDD: days with pre-
cipitation <1 mm). Right column: Changes in soil moisture (soil moisture anomalies, SMA). Increased 
dryness is indicated with yellow to red colors; decreased dryness with green to blue. Projected changes 
are expressed in units of the standard deviation of the interannual variability in the three 20-year periods 
1980–1999, 2046–2065, and 2081–2100. The figures show changes for two-time horizons, 2046–2065 
and 2081–2100, as compared to late 20th-century values (1980–1999), based on GCM simulations under 
emissions scenario SRES A2 relative to corresponding simulations for the late 20th century. Results 
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are based on 17 (CDD) and 15 (SMA) GCMs contributing to the CMIP3. Colored shading is applied 
for areas where at least 66% (12 out of 17 for CDD, 10 out of 15 for SMA) of the models agree on the 
sign of the change; stippling is added for regions where at least 90% (16 out of 17 for CDD, 14 out of 
15 for SMA) of all models agree on the sign of the change. Grey shading indicates where there is an 
insufficient model agreement (<66%). [3.5.1, Figure 3-9]”

As shown in Figure 3, climate change is expected to affect the Balkans as well as the whole of 
Southern Europe adversely, but two of the most striking predictions are the increase in summer heat 
extremes and the predicted increase in the shifts in the extremes of water-related events rather than the 
continuation of averages, meaning we are to expect that torrential floods enter common vocabulary on 
a regular basis. In this regard, looking at the current state and the floods we have already experienced 
and learning from analyzing them and considering actions that can be applied cross basins is crucial to 
creating fast and flexible mitigation and adaptation measures that can be acted upon and implemented 
by local governments. Important note from the ISRBC, which the author chooses to stress, is this one 
as the top priority recommendation not only for the Sava region but the whole of Balkans:

It is very important to designate erosion-prone areas with a set of conditions for their use, to sustain 
existing forests, and afforest hilly and mountain regions in the Sava River Basin. These may prevent 

Figure 3. Projected annual changes in dryness assessed from two indices
Source: IPCC, 2012
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enormous sediment movement and landslides, which induced huge damages in May 2014. (ICPDR & 
ISRBC, 2015). 

The importance of Climate Change influences over flooding events that have happened recently, and 
that will only continue to increase is perhaps best shown in Figure 4 from the EASCA report (2018).

Here one can grasp the severity of the extremes of hydrological events across Europe, Balkans in-
cluded, where they lead with over 400% increase since the 1980s! With the trend that is expected only 
to increase in the upcoming decades, it is of crucial importance for the whole region to start addressing 
the current state of water structures, of which most are legacy of a previous era, outdated and entirely 
unequipped to deal with the severity of the impending change.

Figure 4. Trends in different types of natural catastrophe worldwide 1980–2016 (1980 levels set at 
100%). MunichRe NatCatSERVICE
Source: EASAC,2018
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SOLUTIONS AND RECOMMENDATIONS

As mentioned so far in this chapter, stressing the importance of mitigation and adaptation actions needed 
to be taken from an environmental and engineering standpoint in regards to dams, reservoirs they form as 
well as the river basins, canals and watercourses they serve and finding a possible solution to this impos-
ing threat of perseverance in difficult times of Climate Change are of vital importance for the Balkans 
to be able to adapt. Climate change will bring to the region torrential floods, topsoil loss, vegetation 
loss, land degradation, soil erosion, and increase in summer heat maximums followed closely by deserti-
fication of barren soils and then overall economic decline. The social wellbeing of the predominantly 
agricultural region, that is Balkans, depends on proper land use which cannot be stressed enough, how 
crucial it will be to focus on nature and to observe its ways rather than trying to work against it both in 
the cities and in rural areas.

There is a positive side to these problems and the existing dam structures while taking into account 
all these predictions. It is the easily accessible use of accumulated sediments to build and rebuild river-
beds, meandering and floodplains, as well as fast and efficient afforestation and reforestation of barren 
soils. Using the channels, barges, dikes, and dams to reforest the barren soils or to increase the existing 
agricultural production.

In the event of torrential flooding reservoirs and dams get the extra pressure to create the buffer in 
accumulating the excess water from the flooding. Usually, this is not just the water; it is nearly always 
a mix of topsoil, vegetation and debris. Many dams had been built with predominantly this servitude in 
mind, however in the Balkans, as in many other developing regions across the globe dams are not suf-
ficiently maintained, and therefore not able to withstand circumstances that climate change brings. The 
same goes for navigable and flood channels made across the Pannonian region, proper maintenance is 
a huge issue.

None of the dams built in the 20th century are, for that matter, made to take climate change into ac-
count, even today, we have massive dam construction projects on the top of the Himalayas that are just 
not suitable for the region and not considering the urgency of Climate Change. One of the main problems 
identified for the mid-21st century will be the availability of freshwater. Currently, approx. 20% of the 
world’s freshwater is stored in man-made reservoirs. However, these reservoirs sediment over time. This 
“sediment phenomena’’ adversely affects the water volume in reservoirs and their sustainable mainte-
nance, potentially jeopardizing the fresh water supply. To answer the “sediment phenomena’’, here we 
will explore the possible implementation of a new approach developed at the Technical University of 
Vienna from 2012-2018 looking to address a no less devastating problem of land degradation and soil 
erosion caused by torrential floods.

In the Balkan region, sediments are mostly composed of alluvial soil, decomposing organic matter, 
sands and gravel, making them a perfect soil amendment for degraded lands and barren topsoil terrains 
destroyed during torrential floods and landslides.

One of the possible solutions to address the existing flood and water retention systems is to make 
people and authorities realize the urgency and importance of proper maintenance, and do so by making 
it profitable.

During regular maintenance sediments are transported away from the bottom of the reservoirs in 
order to use them as a soil kick-starter for surrounding degraded areas. Sediments are dredged, ground 
in special facilities and further pumped in simple water pipelines to the designated areas or transported 
via rail or trucks depending on the best carbon option for a specific dam. Sediments can further be used 
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topsoil kick-starter soil amendment, for the already barren lands, or places where landslides have taken 
off the vegetation cover, or simply along to shores of the reservoir, riverbed or river channel for that 
matter. For the region, it is crucial to plant trees in these soils, not just any but to focus on successful 
agroforestry projects to make it profitable.

Why? The Balkan region has always represented a pathway for people’s movements or migrations, 
from south to north from east to west. It is a gate of sorts between Europe and Asia as well as Africa. In 
the next decades, with the business as usual climate scenario, we must be prepared for a natural heavy 
inflow of climate refugees. To be prepared, we must welcome them with roads that are shaded and well 
provided with easily accessible and free food, and these are edible plants and fruit-bearing trees. In the 
author’s opinion it is by far the easiest way to welcome a sea of climate refugees that will cover the 
roads across the Balkans.

Part of this approach is also the right selection and combination of native and naturalized plants, which 
on the one hand are able to cope with adversities of the environment and, on the other hand, create a 
sustainable added value for the ecosystem as a whole. Choosing the right plants is important both from 
the perspective of rapid implementation as well as the perspective of job creation and retention in the 
region. For the smaller projects and privately-owned spaces, agroforestry is the best recommendation for 
being prepared for torrential floods, locking the soil with trees and producing nuts, fruits or similar low 
maintenance produce that predominantly only need to be harvested if planted in good relations. Using 
sediments to afforest the soil will increase the seedling survival rate based on up to 500% species and 
will ensure soil stability. And the very nature of agroforestry, its diversity ensures profitability regardless 
of the climate scenario or a disaster that hits that year, one of the species in a good agroforestry system 
will be harvested. Sediments from the river beds and channels in the Pannonian basin can be utilities to 
secure the banks and shores with agroforestry, and produce soil amendments after phytoremediation, as 
some sediments in this region may be heavily polluted.

This does not only solve the sedimentation issues, but also the problem of unemployment since a 
completely new ecosystem is developing around now fertile grounds, where there was only desolate land 
before. This also goes for the hydropower stations, as the only solution is a clean-up of debris, debris 
burning thermal power plants must be installed at some locations with a high inflow of debris, these 
are very easy to calculate cost-benefit analysis, where by installing an environmentally well-equipped 
incineration plant one saves not only the hydro station from debris, but from future collapse and pos-
sible dam collapse, while in the same time creating jobs. Along some rivers in the Balkans, one thermal 
station may well serve several hydropower stations.

FUTURE RESEARCH DIRECTIONS

It is important to look at all different available climate models, be critical and constantly compare previous 
predictions with the current reality. Looking specifically at torrential flood events and their configuration, 
soil erosion and possible outcomes after implementing best practices examples versus status quo. How 
will existing dams hold up in the Balkans during the next 10, 20 years and until the end of the century? 
Which are the most vulnerable dams, which regions? Which river basin needs to be addressed first?

In addition, future research could take a global perspective, as climate impacts in the rest of the world 
will affect Europe, e.g. via global (agriculture) markets or via migration flows. Generally speaking, 
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uncertainties in climate change and impact modelling remain very large. The depth of uncertain analy-
sis largely varies across sectors. These uncertainties need to be reduced in order to allow for robust 
statements regarding overall climate costs and the importance of costs in one sector relative to another. 
(Ciscar JC, 2014)

All this takes into account the recent massive torrential floods during the 2021 summer in Austria, 
Benelux countries and Germany. Countries with impeccable records in river maintenance, dam mainte-
nance and channel maintenance, and countries that set standards for river basin and dam maintenance, 
where we have reported on the number of dam failures, and a few dams collapses!

Is the Balkan ready for this? And more importantly, what must be done in the next 10 years to be 
more prepared for such massive torrential floods and soil erosion?

CONCLUSION

There are a number of positive things happening across the Balkans as an answer to the recent torrential 
flood events. However, most are still at the level of academia and perhaps some have entered the policy 
level. Still, all are far from actual implementation and integration into current action plans for mitigation 
and adaptation measures against climate change.

Making actionable plans, policies and actually being able to integrate into the reality of the Balkans 
will play a crucial role in further dealing with soil erosion and torrential floods but also in all other 
aspects that Climate Change will bring to this region.

Therefore, first doing proper research on all water bodies, and especially small and under the radar 
hydropower plants and their impoundments, is crucial for full control over the fresh water system.

Dam maintenance is very specific to each dam, and it depends above all on constant and dependable 
surveillance and monitoring, but also on the river, its tributaries, its river basin, surrounding terrain, 
submerged terrain, as well as the frequency of rainfall and flood occurrence. Therefore, it is very difficult 
to make any type of general recommendations to minimum mandatory dam maintenance in the Balkan 
region, before knowing all the data. Still, biyearly monitoring performed by a dam safety engineer who 
would further recommend next steps should be a minimum for medium-impact dams, while for strategic 
dams like Djerdap, this needs to be daily. Usually, strategic dams also have remote structure monitor-
ing, and many other basin monitoring systems in place. Below, for example, you can see an official 
recommendation for DSC - dam safety conditions, made by the Queensland government, on the proper 
operation and maintenance practices for non-strategic dams and their owners.

Proper operation and maintenance are essential for the continued viability and safety of a dam and 
its associated structures over the life of the dam. Appropriate operation and maintenance reduce dam 
safety risks through avoidance of:

• activities are not undertaken inappropriately or in an unsafe manner
• ‘out of date’ procedures being applied
• problems not being addressed because dam safety inspections are not performed or are not
• carried out by appropriate people
• critical equipment not being checked, then not being operational when needed
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• poor maintenance that can result in abnormal deterioration of the dam, reduced life expectancy of 
the dam and increased risk of dam failure

• failure to open gated spillways at the appropriate time, which can cause overtopping of the gates 
and subsequent failure of the dam

• failure to close gated spillways or outlet works which may empty a reservoir
• poorly trained operations and maintenance personnel.

Queensland Department of Natural Resources Energy and Mine, (2020), Dam Safety Management 
Guideline.

Creating simple yet easy-to-follow documents like the previously mentioned one is the best recom-
mendation at the moment. However, it is crucial to start with creating a list of all mini, micro, small and 
medium dams in the region, together with authority responsible for its maintenance and then integrating 
it into a larger river basin study, should be one of the first next steps. Here it must be clearly stated where 
one authority stops and the next one begins, further pushing this to the policy level where maintenance 
of river basins, including small and medium dams, must be prioritized. Abandoned lands and lands ad-
jacent to the riverbed or meandering plans must be made eminent domains, and governments must take 
action to put in place proper NWRMs and protect national parks from further development, especially 
from mini and micro hydropower plants.
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KEY TERMS AND DEFINITIONS

Adaptation: In human systems, the process of adjustment to actual or expected climate and its effects, 
in order to moderate harm or exploit beneficial opportunities. In natural systems, the process of adjust-
ment to actual climate and its effects; human intervention may facilitate adjustment to expected climate.

Afforestation: Any new land being developed as a forest that has not been a forest since 31.12.1982 
is considered afforestation.

Climate Change: A change in the state of the climate that can be identified (e.g., by using statistical 
tests) by changes in the mean and/or the variability of its properties and that persists for an extended 
period, typically decades or longer. Climate change may be due to natural internal processes or external 
forcings, or to persistent anthropogenic changes in the composition of the atmosphere or in land use.

Drought: A period of abnormally dry weather long enough to cause a serious hydrological imbal-
ance. Drought is a relative term, therefore any discussion in terms of precipitation deficit must refer to 
the particular precipitation-related activity that is under discussion. For example, shortage of precipita-
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tion during the growing season impinges on crop production or ecosystem function in general (due to 
soil moisture drought, also termed agricultural drought), and during the runoff and percolation season 
primarily affects water supplies (hydrological drought). Storage changes in soil moisture and groundwater 
are also affected by increases in actual evapotranspiration in addition to reductions in precipitation. A 
period with an abnormal precipitation deficit is defined as a meteorological drought. A mega drought 
is a very lengthy and pervasive drought, lasting much longer than normal, usually a decade or more.

Flood: The overflowing of the normal confines of a stream or other body of water, or the accumulation 
of water over areas that are not normally submerged. Floods include river (fluvial) floods, flash floods, 
urban floods, pluvial floods, sewer floods, coastal floods, and glacial lake outburst floods.

Runoff: That part of precipitation that does not evaporate and is not transpired but flows through the 
ground or over the ground surface and returns to bodies of water.

Vulnerability: The propensity or predisposition to be adversely affected.
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ABSTRACT

The level of sustainability of a modern society is associated with the ability to manage unwanted stress-
ors from the environment, regardless of origin. Torrential floods represent a hydrological hazard whose 
frequency and intensity have increased in recent years, mainly due to climate changes. In order to ef-
fectively manage the risks of torrents, it is necessary to apply early warning systems, since torrential 
floods are formed very quickly, especially on the watercourses of a small catchment area. The early 
warning system is part of a comprehensive torrential flood risk management system, seen as a technical 
entity for the collection, transformation, and rapid distribution of data. Modern early warning systems 
are the successors of rudimentary methods used in the past, and they are based on ICT and mobile ap-
plications developed in relation to the requirements of end users. The chapter presents an analysis of 
characteristic examples of the use. The main conclusion of the chapter indicates the need to implement 
early warning systems in national emergency management structures.

INTRODUCTION

Observed through different historical periods, catastrophes and different emergencies have always fol-
lowed and marked different time-spans in the development of humanity (Stanković, 2019). Such events 
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are an integral part of the human past, present but also future. For centuries, natural and man-made di-
sasters have caused fear and suffering to affected populations and destroyed natural and material goods 
(Knežević et al., 2018). Investing in disaster prevention can significantly reduce loss of life and human 
tragedy. In addition to the humanitarian influence realized by investing in prevention, which is rarely 
recorded in economic analyzes, such investment can also bring significant economic benefits and cost 
savings to states that would otherwise be burdened by increased post-disaster spending (Ristić, 2014). 
Global costs caused by disasters are on the rise (Janaćković, 2018). However, most of the international 
aid is currently consumed to answer to disaster and recovery instead of reducing future risks, which is 
quite an unsustainable condition. In the context of modern approaches to risk management from various 
disasters, priority is given to various measures of risk prevention and mitigation (Ristić, 2019). Creating 
a resilient disaster management system largely depends on the preparatory phase, as well as on learning 
from previous experience. The resilient disaster management system must be designed so that, in addition 
to efficient communication between the competent services, it enables a smooth, fast, but also timely 
flow of relevant information (Vasović, 2018a, b). In that sense, an indispensable part of any modern 
disaster management system is the early warning system, which has a dual role: timely informing the 
competent services, but also the average member of the affected population. No less important is the 
fact that modern early warning systems are a kind of database of actions and activities taken during and 
after a particular emergency, allowing later data analysis and stimulating build back better processes. In 
that sense, this chapter is stewarded to early warning systems description and explanation of its role in 
torrential flood monitoring and management processes. The key objectives of this chapter are a narrative 
description of early warning systems structure, financial issues related to the torrential flood manage-
ment and practical experiences with such systems in Bosnia & Hercegovina and the Republic of Serbia.

BACKGROUND

The appearance of the first rudimentary early warning systems dates back to the Middle Ages when 
miners in brown and hard coal mines used cages with canaries that could warn miners of the presence of 
methane before an explosive mixture of methane and air appeared in the mine shafts. Since the physiol-
ogy of canaries is significantly more sensitive to the presence of methane than humans, the weakness or 
death of canaries was a reliable, early signal that methane had appeared in the shaft and that evacuation 
and later ventilation were necessary. Such early warning systems were used primarily for those hazards 
that are not easy to detect, i.e., that are difficult to detect, such as the detection of methane concen-
trations in the Middle Ages. On the other hand, hazards that create clear signals such as fires did not 
require special warning systems given the clear propagation of combustion products. In terms of early 
warning of torrential floods, rudimentary early warning systems involved the creation of warnings in 
terms of noise, most often caused by drums or shots, less often by light signals. The purpose of each of 
these systems was to inform that part of the population could be affected by the consequences of tor-
rential floods without even being aware of it. Common to all early, basic systems of early warning of 
torrential floods is the fact that torrential floods can form very quickly, that their effects are short but 
destructive and that there is a short time interval for information exchange and possible evacuation of 
citizens and mobilization of competent services (Dragović, 2017). Later, and especially during the 20th 
century, information exchange systems were significantly improved but were not used too much in the 
field of natural disaster risk management until the beginning of the 21st century, and the emergence of 
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the first global initiatives aimed at preventing natural and man-made disaster risks, such as which are 
the Yokohama Strategy for a Safer World, the Hyogo Framework for Action and especially the Sendai 
Framework for Disaster Risk Reduction and its global target G on multi-hazard early warning systems. 
According to the United Nations, the early warning system (EWS) represents: an adaptive measure for 
climate change, using integrated communication systems to help communities prepare for hazardous 
climate-related events. A successful EWS saves lives and jobs, land and infrastructures and supports 
long-term sustainability. Early warning systems will assist public officials and administrators in plan-
ning, saving money in the long run and protecting economies. The UN, working in diverse partnerships, 
has introduced a number of innovative early warning systems initiatives in vulnerable areas around the 
world” (UN, 2021). As stated by (Chaves & De Cola, 2017), an early warning system represents the 
set of capacities needed to generate and disseminate timely and meaningful warning information that 
enables at-risk individuals, communities and organizations to prepare and act appropriately and in time 
to reduce harm or loss. In (Zambrano et al., 2017) modified the definition of an early warning system 
points that an early warning system allows harm and loss reduction by getting and disseminating warn-
ing information about hazards and vulnerabilities in a group of people who are considered to be at risk. 
Each word has a significant meaning, for example, community involves a network of social interaction, 
early refers to the prevention of any disaster or reduction of the potential harm or damage, warning 
means a message that announces danger and system puts all together. According to this author, typical 
early warning system has four key elements:

• risk knowledge;
• monitoring;
• response capability;
• warning communication.

Furthermore, according to the Serbian National Strategy for Protection and Rescue in Emergency 
Situations, principles on which the integrated protection and rescue system a based are:

• the right to protection,
• solidarity,
• publicity,
• preventive protection,
• responsibility,
• gradual use of forces and means, as well as active
• equal opportunities policy.

According to this strategy, the existing shortcomings highlight the need for better mapping and capacity 
building for risk analysis, promoting integrated vulnerability and capacity assessment, as well as improv-
ing early warning systems to develop resilient risk reduction strategies and measures that contribute to 
strengthening resilience at the local level (National Strategy for Protection and Rescue in Emergencies, 
2011). Regarding Bosnia & Hercegovina, this area is regulated by Internal law on the protection and 
rescue of people and material goods from natural or other disasters in B&H, which stresses the impor-
tance of early warning system development but also the necessity of improved and prompt cooperation 
between two main entities (Federation B&H and the Republic of Srpska) and Brčko District, focusing 
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also on cantonal levels (Internal law on the protection and rescue of people and material goods from 
natural or other disasters in B&H, 2008).

EARLY WARNING SYSTEMS – GLOBAL PERSPECTIVE

At the global scale, probably the most prominent early warning systems are those established by differ-
ent United Nations divisions focusing on disaster risk reduction (like UNISDR, UNEP, UNDP, etc.), 
World Meteorological Organization (WMO), World Health Organization (WHO), Food and Agriculture 
Organization (FAO) and the World Organization for Animal Health (OIE). Particularly interesting are 
the International Telecommunication Union (ITU) activities, which has developed Multi-hazard Early 
Warning Systems and the Common Alerting Protocol.

The Food and Agriculture Organization of the United Nations (FAO), the World Organization for 
Animal Health (OIE), and the World Health Organization (WHO) jointly established the Global Early 
Warning System for Major Animal Diseases including Zoonosis (GLEWS). GLEWS became one of the 
mechanisms used by the OIE, FAO, and WHO to monitor data from existing event-based surveillance 
systems and track and verify relevant animal and zoonotic events. This mechanism has provided a global 
platform that brought together experts, data, functional networks, operational systems and stakeholders to 
improve inter-organizational coordination and support to Member countries for detecting, preventing and 
controlling threats to health and the food chain. GLEWS embodies a cross-sectoral and multidisciplinary 
collaborative tool in addressing health risks at the human-animal-ecosystems interface (GLEWS, 2021).

The United Nations Office for Disaster Risk Reduction (UNISDR) and the World Meteorological 
Organization (WMO) Secretariat, along with other international and national agencies, established the 
International Network for Multi-Hazard Early Warning Systems (IN-MHEWS). This multi-stakeholder 
partnership system facilitates the share of expertise and good practice on strengthening multi-hazard 
early warning systems as an integral component of national strategies for disaster risk reduction, climate 
change adaptation, and building community resilience. IN-MHEWS supports the implementation of 
the Sendai Framework for Disaster Risk Reduction 2015-2030, especially the achievement of its global 
target G on multi-hazard early warning systems and the United Nations Plan of Action on Disaster Risk 
Reduction for Resilience (IN-MHEWS, 2021).

Regarding the ITU activities, Information and Communication Technologies (ICTs) are an essential 
and integral component of Multi-Hazard Early Warning Systems (MHEWS) that manage and deliver 
alerting messages to those in affected areas, and broader national or international level which allows them 
to take action to mitigate the impacts of the hazard. An effective multi-hazard early warning systems 
should include the participation of different stakeholders and actively involve the people and communi-
ties at risk. Their aim is to ensure that the system has an enabling environment, which incorporates the 
appropriate technology, regulatory and legal frameworks, adequate operational capacities, and clearly 
defined roles and responsibilities for all participating agencies, including communities. The Common 
Alerting Protocol (CAP) has been adopted as ITU-T Recommendation X.1303. It is a simple but general 
format for exchanging all-hazard emergency alerts and public warnings over all kinds of ICT networks, 
allowing a consistent warning message to be disseminated simultaneously over many different warn-
ing systems, thus increasing warning effectiveness while simplifying the warning task. The Common 
Alerting Protocol - CAP lists technologies to be used: mobile and landline telephones, Internet (e-mail, 
Google, Facebook, Twitter, WhatsApp, smartphone apps, online advertising, Internet of Things (IoT) 
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devices, in-home smart speakers, etc.), sirens (in-building or outdoor), broadcast radio and television, 
cable television, emergency radio, amateur radio, direct satellite broadcast, and digital signage networks 
(highway signs, billboards, automobile and rail traffic control), among others. CAP enables authorities to 
deliver early warnings and alerts to all people and communities at risk and up to a global scale through 
different technologies (ITU, 2021).

EFAS – European Flood Awareness System

EFAS (EUROPEAN FLOOD AWARENESS SYSTEM) is the first European flood monitoring and pre-
diction system through hydrological forecasting, used as support to the relevant state institutions across 
Europe. It is a complex and polyvalent platform operating continuously in real-time (Rimac, 2019). The 
aim of EFAS is to support preparatory measures before major flood events strike, particularly in the 
large trans-national river basins and throughout Europe in general. EFAS is the first operational Euro-
pean system for monitoring and forecasting floods across Europe and is a component of the Copernicus 
Emergency Management Service (EFAS, 2021).

EFAS is a system comprising a consortium of multiple centers, each of which has its own mandate 
to collect and process hydrological and meteorological data and disseminate relevant hydrological fore-
casts. EFAS sends its forecast (notifications) about potential floods only to its partners and exclusively 
as support to their hydrological forecasting activities.

The hydrological model for EFAS is set at 5x5 km2 and provides a daily and hourly flood warning 
twice a day. EFAS results are based on multiple weather forecasts with different spatial and temporal 
resolutions, including data from other meteorological services, deterministic and short-, medium-, and 
long-term products. The majority of EFAS information is based on exceeding critical water levels in-
stead of quantitative predictions. EFAS provides quantitative flow rate predictions, which partners can 
request to download, only at those stations (river profiles) for which the national hydrometeorological 
service provides relevant real-time data.

EFAS serves only as support (assistance) to institutions authorized to provide hydrological forecasts 
in their countries, but not before joining the partner system.

EFAS has flood alert levels for return periods of 1.5, 2, 5, and 20 years, which are interpreted as follows:

• 1.5-year return period – no flooding is expected;
• 2-year return period – bankfull conditions, possible flooding;
• 5-year return period – significant flooding is expected;
• 20-year return period – potentially severe flooding is expected.

EFAS produces the following types of hydrological forecasts:

• medium range;
• flash flood forecast (ERIC and ERICHA) – nowcasting”;
• seasonal outlook.

For the flash flood hydrological forecast, EFAS provides different indicators, based on two completely 
different concepts, termed ERIC and ERICHA.
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• ERIC flash flood hydrological forecast is generated from high-resolution numerical weather pre-
dictions with a lead time of 120 hours (5 days).

• ERICHA flash flood hydrological forecast is generated from radar-based precipitation monitoring 
and predicts up to 4 hours in advance (the system operates non-stop). Essentially, ERICHA is a 
case of nowcasting based on the European OPERA radar composite.

As defined on the EFAS official website, the ERIC flash-flood indicator is generated by comparing 
the forecasted surface runoff accumulated over the upstream catchment with a reference threshold. It is 
based on the 20-member COSMO-LEPS ensemble precipitation and soil moisture forecasts from the 
LISFLOOD hydrological model and provides indicators for the next five days for catchments smaller 
than 2,000km2. Figure 1 shows the ERIC flash flood indicators modelling chain.

For now, two ERIC products exist:

• Reporting points (“ERIC Reporting Points” layers): points in the river network (where the catch-
ment area is <= 2000 km2) where flash flooding is possible. Enlarged triangles highlight where 
the flash flood forecast probability over the next 5 days meets specific criteria:
1.  probability of exceeding a 5 year return period magnitude of the surface runoff index is fore-

casted to be greater than or equal to 30%, and
2.  lead time of the above criterion being satisfied is <= 48 hours in a region where an EFAS 

partner exists.
• Affected area (“ERIC Affected Area”): river network which contributes to each ERIC reporting 

point, i.e., areas at risk from flash flooding (“ERIC Affected Area”)

The ERICHA flash-flood indicator is generated from radar-based precipitation monitoring and now-
casting product, based on the European OPERA radar composite. This aims to capture very localised 
events difficult to predict from numerical weather prediction systems, but only provide information up 
to 4 hours. Figure 2 shows the chain of the updated ERICHA system.

Three ERICHA products consists:

• Hourly precipitation maps: Hourly precipitation totals from the OPERA radar composite, updated 
every 15 minutes (“ERICHA hourly accumulation precipitation” layer),

• Flash flood hazard maps: Sections of the river network are highlighted because their flash flood 
forecast probability over the next 4 hours meets certain criteria. The thresholds are based on 

Figure 1. The ERIC flash flood indicators modelling chain
Source: EFAS official website: https://www.efas.eu/en/flash-flood-indicators
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regional climatic characteristics and river basin upstream area as published by the MeteoAlarm 
consortium (“ERICHA - FF hazard levels forecasts” layer), and

• Daily precipitation maps: Daily gauge-adjusted radar rainfall accumulation over the last 24 hours 
(“ERICHA 24-h accumulations” layer).

Besides those two flash flood indicators, EFAS provides medium-range flood forecasts as an over-
view of flood probability over the coming ten days. They are created by comparing the EFAS forecast 
simulations with EFAS flood threshold levels. These flood threshold levels are calculated for every grid 
cell, based on a discharge time series simulated by the operational LISFLOOD hydrological model from 
observed meteorological data (EFAS, 2021).

TORRENT MONITORING AND EARLY WARNING SYSTEMS 
– EXPERIENCES OF BOSNIA & HERCEGOVINA

Bosnia and Herzegovina (Bosna & Hercegovina – B&H) is predominantly covered by hilly and mountain-
ous terrain, which is home to a large number of torrents with different intensities of destruction as well 
as to numerous areas affected by erosion processes of all types and intensities, and there is every likeli-
hood that new torrents and erosion hot spots will emerge (Framework Water Management Foundation of 
B&H, 1994). The possibility primarily refers to the relief energy, geological and pedological foundation, 
climate condition, and the manner of utilization of the land resources and the vegetation cover, which 
create favorable conditions for intense erosion processes and torrents that can cause extensive damage 
(Sokolović et al., 2013). It is difficult to find a branch of the economy in B&H that has not been affected 
by soil erosion and torrents over the recent period. The damage usually involves siltation in residential 
areas, commercial and industrial facilities, communication infrastructure, water storage reservoirs, and 

Figure 2. The chain of the updated ERICHA system producing precipitation and flash flood hazard 
nowcasts
Source: EFAS official website: https://www.efas.eu/en/flash-flood-indicators
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hydro melioration systems, and deterioration of water regimes in rivers, which causes flooding and all 
the resulting consequences. Special emphasis should be given to the damage due to erosion on forested 
and agricultural land, which reduces their productivity (Bajrić et al., 2013).

Catastrophic floods that struck B&H in 2014 were greatly responsible for giving this issue much more 
prominence and a growing sense of urgency. The urgency is only compounded by the effects of climate 
change, which are becoming increasingly prominent and scheduled to fully influence the occurrence of 
floods in the near future.

Table 1 shows the data on torrential flows in B&H from 1985 (Cadaster of Torrential Flows and 
Erosion Areas in Bosnia and Herzegovina, 1985).

The key flood events in B&H were registered in early January 2010 on the rivers Una, Sana, Vrbas, 
and Bosna. The major Drina basin floods were caused by extreme precipitation in Montenegro and partly 
from Serbian drainage basins. The flow volume of the Drina at the confluence with the Sava exceeded 
4.000 m3/s, which is the largest flow recorded over the last 50 years.

The heaviest flood in the Sava basin in B&H occurred in May 2014, resulting in severe human ca-
sualties and considerable damage to property, land, and businesses, thus leading to high economic loss 
(Flood Risk Management Plan for the Sava River Basin, 2018). Approximately 25% of average annual 
precipitation fell in only several days. The B&H floods from May 2014 were the heaviest recorded 
floods in the previous 120 years. The natural disaster affected one-quarter of the country’s territory, 
with about one million people, which is approximately 27% of the total B&H population of 3.8 million. 
The total estimated economic damage amounted to over 4 billion convertible marks or 15% of the total 
B&H’s GDP in 2014.

According to the official data from the competent institutions of the entities and the Brčko District, 
the 2014 floods killed 22 people, while two people were designated as missing. The total damage was 
estimated at over €2 billion.

The damage and destruction due to floods in B&H in 2014 can be summarized as follows (according 
to the Ministry of Security of B&H):

Table 1. Torrential basins with torrential flows

No Primary basin area Number of 
torrential flows

Surface area of the primary 
basin (km2)

Surface area of the 
torrential basin (km2) %

1. 2. 3. 4. 5.

1. Una 96 8.185 1.301 15,8

2. Vrbas 44 5.400 614 11,4

3. Bosna 137 10.460 2.909 27,8

4. Drina 291 7.200 2.546 35,4

5. Immediate basin of 
the Sava River 81 5.029 1.536 30,5

6. Neretva and 
Trebišnjica 237 11.535 3.782 32,8

7. Cetina 49 3.320 281 8,8

8. B&H 935 51.129 12.969 25,4

Source: “Cadaster of Torrential Flows and Erosion Areas in Bosnia and Herzegovina” (1985)
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• 73 municipalities (50%) in B&H affected by floods;
• 100,000 homes damaged or destroyed;
• 230 schools and hospitals damaged or destroyed;
• 66,080 persons evacuated;
• 7,176 landslides activated;
• €2 billion total estimated damage (Crisis management – the case of 2014. floods, 2015).

Torrential Flood Prevention Measures Undertaken in Bosnia & Hercegovina

Even though numerous torrential basins with torrential flows have been identified in B&H, this issue 
was almost completely neglected during the previous period. According to the available data on flood 
prevention investment, some measures to manage erosion areas and torrential basins were indeed imple-
mented, only not to a satisfactory level (Action Plan for Flood Control and River Management in BiH 
2014-20, 2014).

Previous activities on erosion and torrent protection in B&H mostly involved works in river beds 
(about 87% of all works performed), typically mitigation works at the sites most heavily damaged by 
the torrents (Development of Flood Hazard and Risk Maps at Vrbas River Basin in BiH, 2017). Bio-
logical works in the basin, which are particularly beneficial to the country because of landscaping and 
improved microclimatic conditions, were much more reduced in scope and received only 13% of total 
investment, treating only about 10.000 ha of erosion areas in the entire country. Such practice could 
not lead to conservation and biological management of the basins, which would not only resolve the 
erosion issue but also restore the treated areas to the state where they could be used for manufacturing 
or commercial purposes.

Over the previous period, an updated erosion map (2012) was released for the Republika Srpska 
entity, while such a map is currently in development for the Federation of Bosnia and Herzegovina.

In terms of investments required to resolve these issues, estimates have been made for the Republika 
Srpska (Source: Framework Plan of Water Management Development in the Republika Srpska – An-
nex 3, 2006). The estimate was performed according to the same methodology developed by professor 
Gavrilović. The amount of €123,545,461 was allocated for 178 selected basins in the Republika Srpska, 
whereby the said methodology included the cost estimate for construction work (m3/km2) and forestation 
(ha/km2) for each basin.

The average annual investments in the proposed program of activities amount to approximately €6 
million per year. The sum is divided into €4 million per year for new anti-erosion works (with projects) 
and €2 million per year for the recovery of damaged anti-erosion facilities and their ongoing mainte-
nance. One-third of the total annual costs are allocated for recovery and maintenance, which, if the plans 
are realized, will positively affect the optimal performance of anti-erosion works and the already built 
torrent defense facilities.

The above amount indicates that anti-erosion works require significant investments since almost 
nothing has been done to build new systems over the last several decades. In addition, the existing sys-
tems were not properly maintained and are now neglected, with most of them unusable. However, if the 
said amount is only placed against the damage and losses due to floods (significant damage also due to 
torrential flows themselves) from 2014. In that case, it is evident that even such relatively significant 
investments for the Republika Srpska are acceptable and undoubtedly justifiable.
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Existing Flood Early-Warning Systems: Sava FFWS (Flood 
Forecasting and Warning System in the Sava River Basin)

As part of a joint project for flood management in the Sava river basin, implemented through the support 
of the World Bank, the project of establishing the Flood Forecasting and Warning System in the Sava 
River Basin (Sava FFWS) was initiated (Zeljko, 2019).

Sava FFWS is a special regional forecasting system installed and utilized by five countries in the Sava 
river basin – B&H, Montenegro, Croatia, Serbia, and Slovenia – which takes into account the that each 
country has its own models, monitoring and data collection systems, forecasting systems, authorized 
institutions, and interests. The aim of the project is to improve the quality and efficiency of joint flood 
and drought management in the Sava basin, to increase the capacity for flood and drought forecasting, 
and to encourage cooperation between the project countries, Slovenia, Croatia, B&H, Serbia, and Mon-
tenegro, and the International Sava River Basin Commission - ISRBC.

This system represents a platform for joint management of flood and drought forecasting across the 
entire Sava basin. The platform includes every existing forecasting model from the member countries. 
It also allows the production of forecasts for the portions of the Sava basin for which no models were 
previously available (Sava FFWS, 2021).

To develop a stable and functional system, server platforms were established for the project users in 
these countries: Slovenia (ARSO – Slovenian Environment Agency) – primary server platform; Serbia 
(RHMZ – Hydrometeorological Service) – backup server platform; B&H (AVP Sava) – backup server 
platform; and Croatia (DHMZ) – backup server platform. Forecast users access the system via a client 
application while the entire system is located on the server platform.

The establishment of Sava FFWS accomplished three main goals:

• flood forecasting and warning operating system for the entire Sava basin was installed in all the 
basin countries (B&H, Montenegro, Croatia, Serbia, and Slovenia);

• professional personnel in each country were successfully trained;
• recommendations were issued for improving the forecasting system in the future, including the 

proposal concerning the organizational structure for maintenance, use, and improvement of the 
system in terms of monitoring, telemetry, and model development and upgrades, with the priori-
tization of activities and assessment of financial requirements.

Sava FFWS is based on the Delft-FEWS software platform, which has already been used in many 
river basins throughout the world, but mainly within individual countries. Sava FFWS is implemented 
as an open structure for data and forecast management, enabling the integration of a broad spectrum of 
data and models. The concept was of particular importance for the five Sava-sharing countries, which 
use different models. Sava FFWS integrates the following input components, which are interconnected 
in the joint forecasting platform:

• observed hydrological and meteorological data in real-time;
• Hydrological Information System of the Sava basin (Sava HIS);
• a variety of Numerical Weather Prediction (NWP) models;
• available radar and satellite weather images;
• outputs and results of existing national forecasting systems;
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• different meteorological, hydrological, and hydraulic models.

The modular structure of the Sava FFWS system allows users to use a unique forecasting process to 
place elements and combine the observed precipitation and air temperature data with different sources of 
NWP weather forecasts for 3, 5, 7, and 10 days in advance as the input data for the hydrological model 
and for transforming precipitation into the runoff, followed by runoff propagation through the hydraulic 
model in order to calculate the water level. Because of the number of available NWP, hydrological, and 
hydraulic models, Sava FFWS is configured to allow multiple operative processes of forecasting and 
analysis of result spectrums on predicted water levels and water flow rates. The users can always adjust 
them according to their own needs.

As the end result, the predicted water level or flow is compared via the automated process against the 
official reference values when declaring different flood events or flood defense activities. If the reference 
values have been exceeded, Sava FFWS will generate a warning for the forecaster.

The authorized forecasting service will then use this information to prepare a report in accordance 
with their official procedures. For the purposes of preparing a report and forwarding the warning to active 
flood control services and/or emergency services, Sava FFWS provides options that allow the warnings 
to be forwarded via a separate webpage, online service, SMS, etc., so that appropriate action defined 
by official procedures could be taken promptly. Through its client application options, Sava FFWS also 
allows users to conduct various analyses, such as input data assimilation, reliability analysis, what-if 
scenario analysis, and many others.

Thus far, the use of EFAS elements in the Hydrometeorological Institute of the Federation of B&H 
has shown that notifications issued to partners were useful for implementing flood control measures.

TORRENT MONITORING AND EARLY WARNING 
SYSTEMS – EXPERIENCES OF SERBIA

Torrential floods are the most common occurrence out of all so-called ‘natural risks’ in Serbia (Ristić, 
2014), where about 11,500 torrential water courses have been registered, mainly south of the Sava and the 
Danube but also in the northern Province of Vojvodina (Fruška Gora, Vršac Hill, and Titel Hill). Erosive 
processes, as one of the contributory factors of torrential floods, are present in 75% of the territory of 
Serbia (Ristić et al., 2019), with an average annual erosive material production of 30 million m3, of which 
approximately 8 million m3 reaches the river and stream beds (the cause of enormous amounts of mud 
and rocks in flooded towns and villages). Only within the 1950-2020 period, torrential floods killed over 
130 people and resulted in material damage in excess of 12 billion euros. The incidence, intensity, and 
extent of torrential floods make them a constant threat to the environmental, economic, and social sphere 
(Ristić et al., 2012a). Figure 3 shows the consequences of torrential floods in the Republic of Serbia.

In May 2014, catastrophic torrential floods occurred in Serbia, causing several dozen human casu-
alties and the total property damage exceeding 2 billion euros. The event was the result of a climatic 
and meteorological phenomenon that is difficult to predict and highly unlikely to occur, whereby daily 
rainfall accumulated to 190-218 liters per square meter. Serbian authorities claimed that it was an un-
expected natural event (Ristić, 2014), but even a superficial chronological analysis reveals that only in 
the 1996-2020 period, five devastating torrential floods occurred in the drainage basin of the Kolubara, 
three in the basin of the Drina, and one in the basins of the South, the Great, and the West Morava, 
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the Timok, and the Pčinja. Over the last 70 years, daily rainfalls exceeding 120 mm were registered 60 
times in Serbia, those exceeding 140 mm 25 times, while the highest daily rainfalls were registered at 

Figure 3. Torrential floods in Serbia – consequences: ● human life losses and material damage; ● mate-
rial damage only; the period from 1950 to 2020
Source: Ristić et al. (2012a)
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rain gauging stations Rakov Dol (220 mm, South Morava basin) and Planina (218 mm, Drina basin). 
Properties of the cyclone that formed in May 2014 (static nature, duration, spatial coverage, spatial and 
temporal rainfall distribution) led to the formation of torrential floods in Serbia over an area of more than 
30,000 km2, which was a precedent compared to the previous meteorological/hydrological events. Yet, 
there are no guarantees that similar events will not occur in the future, the only uncertainty being when 
exactly they will occur. It is best exemplified by the ongoing floods in Germany, Austria, Belgium, and 
Luxembourg, which surpassed the Serbian floods of 2014 in devastation, human casualties (over 190 
people), and property damage (over 5 billion euros).

Torrential Flood Prevention Measures Undertaken in the Republic of Serbia

The destructiveness of torrential floods from May 2014 and sporadic springtime flood events from 2016 
to 2021 was considerably augmented owing to the absence of preventive action and measures, which 
has been a noticeable trend since 1990. This primarily refers to the integral management of torrential 
basins, which involves design and construction of technical (surge barriers, weirs, regulation structures, 
micro reservoirs, retention basins, bank revetments), biotechnical (gully remediation; slope protection), 
and biological structures (afforestation of bare land; amelioration of degraded forests, meadows, and 
pastures; planting of terraced orchards), as well as the implementation of administrative measures (man-
agement regulations, land use and protection in vulnerable basins). Likewise, the existing torrent and 
erosion protection systems (cleaning of regulation structures, natural beds, and barriers from deposits, 
vegetation, and waste material; repairs of damaged facilities) were not maintained, which significantly 
reduced their efficiency (Ristić, 2014). In addition, the administrative measures defined in the Plans for 
Declaring Erosion-prone Areas (PPEP) were not implemented in the territories under the jurisdiction 
of local self-governments (cities/municipalities). The PPEP identify vulnerable areas (according to the 
methodology prescribed by the Ministry of Agriculture, Forestry and Water Management), after which 
optimal land use (forested, agricultural, urban) measures in terms of erosion and torrential flood preven-
tion are implemented to the level of cadastral parcels (Ristić, 2014). Numerous local self-governments 
still possess completely unusable Operational Plans for Flood Control of Second-order Watercourses 
(OPOP_II).

Three levels of responsibility where prompt action for torrential flood prevention was lacking have 
been observed (Ristić, 2014):

• systemic level (the state);
• local level (cities and municipalities);
• individual level (citizens).

Systemic level of responsibility refers to actions taken by the state in terms of financing flood con-
trol works, authority and purview of water management companies, ownership status of regional water 
management companies, current legislation, and the position of water management in the system of 
public activities. Local level of responsibility refers to the perception of the problem and the total extent 
of activities performed by city and municipal authorities, where urban planning (control of legal and 
illegal building construction in flood zones) and public utility (control of waste disposal along the banks 
and inside the river and stream beds) regulation take priority. Individual level of responsibility refers 
to citizens whose actions contribute to the destructiveness of torrential floods and who thus endanger 
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themselves and their environment (illegal construction of residential buildings in flood zones and waste 
disposal along the banks). In addition, there is also the fact that the media seem to be completely disin-
terested in these occurrences until they actually take place and that TV stations that broadcast nationwide 
allocate negligible time in their programming for educational content about torrential floods in Serbia. 

Efficient prevention measures for the entirety of Serbia can be prescribed according to the following 
documents, which need to be created as soon as possible, considering the potential for human casualties 
and extensive property damage (Ristić, 2014):

• National strategy for soil erosion and torrential flood control;
• Erosion map of Serbia;
• Cadaster of torrential flows in Serbia;
• Cadaster of completed anti-erosion works.

The May 2014 floods were characterized by two observable segments – torrential floods (formed on 
hilly and mountainous areas of Serbia) and the river flood on the lower stream sections of the Kolubara 
and the Sava (Ristić, 2014). Characteristics of torrential floods, such as origin, effects and duration, and 
prevention and control, considerably differ from those of river floods. A torrential flood wave is formed 
within several hours after heavy rainfall, when it exhibits its devastating effects and then slowly dissipates, 
as was the case in May 2014 in Krupanj, Ljubovija, Bajina Bašta, Osečina, Paraćin, Svilajnac, and Mali 
Zvornik. At the same time, a flood wave on larger rivers can be detected several days in advance, which 
happened in the Sava basin, allowing the authorities to set up flood defenses in Srtemska Mitrovica and 
Šabac. Therefore, the current Law on Waters (Official Gazette of the Republic of Serbia, no. 95/2018) 
needs to be harmonized with the EU Floods Directive (2007/60/EC, Article 2), which recognizes torren-
tial floods in addition to river floods. Likewise, the Law on Waters contains the damaging item 5 within 
Article 23: “Water facilities for watercourse management and flood control on second-order waters and 
water facilities for erosion and torrent protection, with the exception of water facilities for erosion and 
torrent protection from item 3 of the current Article, which is publicly owned, are managed by the local 
self-government unit on whose territory the facilities are located”. The 2014 floods showed that local 
self-governments (cities and municipalities), except for a few exceptions, do not possess either material 
or professional resources to handle flood control on second-order watercourses (torrential watercourses). 
Consequently, full jurisdiction of state institutions is warranted for the design, construction, and main-
tenance of facilities for erosion and torrential flood control (Ristić, 2014). Article 26, item 2 of the Law 
on Remediation of Flood Consequences in the Republic of Serbia (Official Gazette of the Republic of 
Serbia, no. 68/2015) fails to state that the said facilities also include water structures for watercourse 
management, flood, erosion, and torrent control, as well as drainage facilities.

Coordination of operations of water management companies, approval of operational programs, 
and provision of funds should be conducted via a separate organizational unit for erosion and torrent 
control within the Republic Water Directorate in conjunction with public water management compa-
nies Srbijavode, Vode Vojvodine, and Beogradvode. The umbrella Ministry of Agriculture, Forestry 
and Water Management comprises organizational units that deal with water management, forestry, and 
agriculture (Water Directorate; Forestry Department; Agricultural Land Department), dominant sectors 
for spatial treatment in terms of erosion and torrential flood prevention. However, current practice has 
shown a complete lack of ‘horizontal’ coordination (Ristić, 2014) during the implementation of projects 
that promote “sustainable land use practices, improvement of water retention as well as the controlled 
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flooding of certain areas in the case of a flood event” (Directive 2007/60/EC on the assessment and 
management of flood risks).

Articles 6 and 8 of the current Law on Forests (Official Gazette of the Republic of Serbia, no. 95/2018) 
recognize the general use functions of forests through the following items:

water relations balance and torrent and flood wave prevention; protection of soil, settlements, and 
infrastructure against erosion and landslides; protective forests are forests whose primary function is 
to protect the soil against erosion.

However, some forestry activities in hilly and mountainous areas of Serbia actually help intensify 
the erosion and form torrential floods (choice of locations for forest exploitation; log skidding methods; 
methods of construction, use, and maintenance of forest roads). Yet, all of this is still not enough to urge 
PC Srbijašume and PC Vojvodinašume to open new job positions for professionals dealing with erosion 
and torrent management (Ristić, 2014). In comparison, erosion protection and torrent management are 
officially included activities within the forestry sector in France and Austria. The Law on Agricultural 
Land (Official Gazette of the Republic of Serbia, no. 95/2018) recognizes the importance of proper treat-
ment of arable areas, intending to create a model of sustainable land use to prevent destructive erosive 
processes and torrential floods (articles 18 and 19). Unfortunately, the highly useful provisions of the 
Law on Forests and the Law on Agricultural Land, pertaining to erosion and torrential flood prevention, 
are most often not implemented in practice (Ristić, 2014).

Financial Support for Prevention Concept 
Implementation in the Republic of Serbia

If there is no proper flood control, there is no reason to be optimistic about the safety of the popula-
tion, the building of infrastructure and new production capacities, and agricultural improvement, which 
jeopardizes the entire concept of social development. Therefore, the allocation of funds for flood control 
is a prerequisite for social development planning and necessary action from political and state bodies 
(Ristić, 2014). 

Serbia requires a 90-million euros investment annually (10.58 billion dinars according to the exchange 
rate 1 euro = 117.5606 dinars, on the day of 26 July 2021), of which 30 million are required for torrential 
flood control (3.53 billion dinars) and 60 million (7.05 billion dinars) for river flood and internal water 
flood control over a 10-year period, in order to ensure optimal efficiency of the flood control system 
and to provide the population and the economy with a higher degree of safety. The sum of 900 million 
euros is a significant burden for the Serbian national budget, but it should be noted that direct property 
damage from May 2014 floods alone amounted to over 1.7 billion euros and resulted in negative GDP 
growth (Ristić, 2014). 

After the 2014 floods, a detailed and comprehensive analysis of all causes and manifestations of 
torrential floods was never performed (Ristić et al., 2017). Mitigation and recovery of the damaged or 
destroyed water management infrastructure were indeed helpful in reaching a certain level of resilience 
in the event of flood recurrence. Extensive work was performed to reconstruct and repair the damaged 
infrastructure, but few new facilities were built. Using different international financial sources (UNDP 
– United Nations Development Program; UNOPS – United Nations Office for Project Services; govern-
ments of Japan, Canada, and Turkey), a total of 44 torrent barriers were built, with the total value of 
1.67 million euros. However, it must be noted that 30 to 50 of such structures used to be built during the 
1970s and the 1980s in Serbia using only national budget funds (Ristić et al., 2017).
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According to the business plan of Public Company Srbijavode for 2018, 2019, 2020, and 2021, 
21.74% to 30% of the necessary funds were allocated for the item entitled “Watercourse management 
and protection against adverse effects of water” (Table 1). 

In 2018, only 7.42 million dinars were allocated for biological and technical works; in 2019 and 2020, 
the funding was raised to 13 million dinars, while the item was completely removed from the business 
plan for 2021. The fact is that biological and biotechnical works were almost completely neglected, except 
for the afforestation of eroded, barren, and burnt surfaces, mainly in hilly and mountainous areas cover-
ing from 2,500 to 3,000 hectares. Integrated management of torrential watersheds (Ristić et al., 2012b), 
which involves not only technical and biotechnical but also biological works, requires at least ten years 
to reach the full effect of vegetation (water interception and improved infiltration and retention). Stable 
forest ecosystems substantially modify the process of transforming rainfall into runoff using intercep-
tion (retaining a portion of the rain on needles and/or leaves) (Ristić & Macan, 2002), infiltration, and 
retention in the powerful forest soil, thus significantly reducing the probability that fast surface runoff 
will form (Ristić & Macan, 1997).

The surface area of the entire country of Serbia is 88,361 km2, of which 29.1% (25,713.05 km2) is 
covered by forest vegetation. According to the current Spatial Plan of the Republic of Serbia, the plan is 
to increase the forested area to 41.4% (36,581.45 km2), i.e., to increase it by 10,868.40 km2 (1,086,840 
ha) by 2050. The plan is to plant approximately 200,000 hectares of forests as multi-row protective belts, 
primarily in the autonomous province of Vojvodina and in the plains south of the Sava and the Danube, 
as well as to plant 886,840 hectares of forests in hilly and mountainous areas. The afforestation process 
requires an investment of 2.3 billion euros, but in addition to other benefits, it would also significantly 
increase the level of security regarding erosions and torrential floods.

It is of particular importance to improve the interaction between the complexes of forest and soil 
covers in order to preserve biodiversity and ecosystem stability (Ristić et al., 2021).

SOLUTIONS AND RECOMMENDATIONS

Efficient torrential flood control is not feasible with the existing financing system, as there are few 
newly-built facilities and the existing ones are poorly maintained, which reduces the system’s function-
ality and progressively increases the risk from floods (Bajrić & Sokolović, 2015). A stable financing 
system can be established through appropriate legislative solutions. Operational and funding priorities 
have to be determined only according to professional criteria, with transparent and controlled processes 

Table 2. Financial support for adverse water-related effects protection

Watercourse management and protection 
against adverse effects of water

Allocated funds 
(in billion dinars)

Allocated funds compared to required 
funds (%)

2018 2.30 21.74

2019 2.88 27.22

2020 2.92 27.57

2021 3.18 30.00

Source: Business plan of PC Srbijavode for 2018, 2019, 2020, and 2021
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of asset spending (Ristić et al., 2019). The identified responsible entities on all levels (systemic, local, 
individual) are obliged to implement optimal preventive and protective measures against erosions and 
torrential floods in accordance with their level of authority.

FUTURE RESEARCH DIRECTIONS

In addition to protecting people and property, all erosion and torrential flood prevention activities es-
sentially contribute to the improvement of the state of the environment and act as a mitigating factor 
for the current and forecasted climate fluctuations. The importance of soil protection against erosion 
and torrential floods has been recognized within the fundamental principles of the Rio conventions 
pertaining to the climate, biodiversity, and soil protection against desertification (UNFCCC – United 
Nation Framework Convention on Climate Change; UNCBD – UN Convention on Biological Diversity; 
UNCCD – United Nation Convention to Combat Desertification).

Furthermore, anti-erosion protection is fully compatible with the concept of Land Degradation 
Neutrality, as the most important global measure to preserve land resources (UNCCD, 2016). No less 
important are the principles and guidelines of EU directives ratified both by the Republic of Serbia and 
Bosnia & Hercegovina, such as the EU Water Framework Directive and Floods Directive, which pro-
vides a holistic methodological framework for integrated water resources management (Vasović, 2015).

CONCLUSION

The history of torrential floods in the Republic of Serbia and Bosnia & Hercegovina, current and predicted 
climate trends, characteristics of hilly and mountainous terrains, as well as the vulnerability of cities and 
other settlements, require due diligence when preparing and implementing preventive measures. The 
fact remains that torrential floods resulting in considerable material damage and even human casualties 
are an increasingly common occurrence both in the Republic of Serbia and the Republic of Bosnia & 
Hercegovina, which is why it is necessary to strengthen every aspect of the system for torrential flood 
risk and effects management. Accordingly, it is necessary to further develop early warning systems, 
both vertically (more applicable to the state in Republic of Serbia) and horizontally (more applicable 
to the state in Bosnia & Hercegovina). In a technical sense, only early warning systems with “gauges” 
and water level meters with further readings can be used as a precautionary measure for (relative) early 
warning on torrential floods. This means that the warning system must be further improved by prescrib-
ing a specific response for each category of possible hazards, as well as the measures to be taken on that 
occasion. It should be reminded that local emergency headquarters are mostly people who do not have 
special professional qualifications. In order to avoid unnecessary waste of resources, false alarms and 
panic, with the existing warning system, when it comes to flood waves in torrential streams, it is neces-
sary to invest in the already mentioned early warning systems (“rain gauges,” water meters in the upper 
stream part of rivers …). A particularly difficult challenge is to maintain an effective data flow in such 
systems and to present the data and information to the average users, who make up the largest part of 
the population affected by torrential floods. Therefore, it is imperative to develop a user-friendly system 
interface, with simple visualization and easy-to-understand data, in the future stages of implementation. 
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The key idea is to educate people who would react preventively in such situations, which will be even 
more frequent due to climate changes, so professional training in this area is of paramount importance.

ACKNOWLEDGMENT

This research was supported by the Erasmus+ Program of the European Union through the Capacity 
Building in Higher Education project entitled: Soil Erosion and Torrential Flood prevention: curriculum 
development at the universities of Western Balkan countries (SETOF), Project No. 598403-EPP-1-2018-
1-RS-EPPKA2-CBHE-JP.

REFERENCES

Akcioni plan za zaštitu od poplava i upravljanje rekama u BiH 2014-20 [Action Plan for Flood Control 
and River Management in BiH 2014-20], Bosnia and Herzegovina, Savet ministara, Sarajevo, 2014.

Bajrić, M., Sokolović, D., Musić, J., & Halilović, V. (2013). Assessment of intensity of erosion and 
natural coverage of skid roads in post-exploitation period. In Works of the Faculty of Forestry. University 
of Sarajevo.

Bajrić, M., & Sokolović, D. (2015). Rehabilitation of a secondary network of forest traffic infrastructure. 
Glasnik Šumarskog fakulteta. . doi:10.2298/GSF15S1005B

Chaves, J. M., & De Cola, T. (2017). Public Warning Applications: Requirements and Examples. Wire-
less Public Safety Networks, 3, 1-18. doi:10.1016/B978-1-78548-053-9.50001-9

Dragović, N., Ristić, R., Pülzl, H., & Wolfslehner, B. (2017). Natural resource management in Southeast 
Europe: forest, soil and water. Skopje, GIZ, 270. EFAS - European Flood Awareness System. Available 
at: https://www.efas.eu/en

EFAS. (n.d.a). Flash flood indicators. https://www.efas.eu/en/flash-flood-indicators

EFAS. (n.d.b). Medium range flood indicators. Available at: https://www.efas.eu/en/medium-range-
flood-forecasts

GLEWS. (n.d.). The Joint FAO-OIE-WHO Global Early Warning System for health threats and emerging 
risks at the human-animal-ecosystems interface. Available at: http://www.glews.net

IN-MHEWS - The International Network for Multi-Hazard Early Warning Systems. (n.d.). Available at: 
https://mhews.wmo.int/en/partners

Izrada mapa opasnosti i mapa rizika od poplava na slivu reke Vrbas u BiH, Knjiga 3 – “Izdvajanje 
bujičnih slivova i formiranje modela osjetljivosti na pojavu i razvoj bujičnih poplava, sa kartom erozije 
u slivu reke Vrbas” [Development of Flood Hazard and Risk Maps at Vrbas River Basin in BiH, Vol. 
3 – Separation of Torrential Basins and Creation of Models of Sensitivity to the Occurrence and Devel-
opment of Torrential Floods with an Erosion Map in the Vrbas River Basin]. (2017). UNDP BIH and 
“Zavod za vodoprivredu d.o.o.” Bijeljina, BiH.

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.efas.eu/en
https://www.efas.eu/en/flash-flood-indicators
https://www.efas.eu/en/medium-range-flood-forecasts
https://www.efas.eu/en/medium-range-flood-forecasts
http://www.glews.net
https://mhews.wmo.int/en/partners


213

Torrent Monitoring and Early Warning Systems Development
 

Janaćković, G., Vasović, D., Malenović Nikolić, J., Mušicki, S., & Vranjanac, Ž. (2018). Vulnerability 
assessment of municipality areas to natural disasters based on group fuzzy analytic hierarchy process. 
Journal of Environmental Protection and Ecology, 19(4).

Katastar bujičnih tokova i erozionih područja u Bosni i Hercegovine [Cadaster of Torrential Flows and 
Erosion Areas in Bosnia and Herzegovina], Zavod za vodoprivredu, Sarajevo, 1985.

Knežević, J., Gurda, S., Musić, J., Halilović, V., Sokolović, D., & Bajrić, M. (2018). The Impact of 
Animal Logging on Residual Trees in Mixed Fir and Spruce Stands. South-East European Forestry, 
9(2), 107–114. doi:10.15177eefor.18-16

Okvirna vodoprivredna osnova BiH [Framework Water Management Foundation of BiH]. JVP Vodo-
privreda BiH, Zavod za vodoprivredu Sarajevo, Sarajevo, 1994.

Okvirni plan razvoja vodoprivrede Republike Srpske [Framework Plan for Water Management Devel-
opment in the Republika Srpska], Ministarstvo poljoprivrede, šumarstva i vodoprivrede, Republička 
direkcija za vode Bijeljina, 2006.

Okvirni plan razvoja vodoprivrede Republike Srpske [Framework Plan of Water Management Develop-
ment in the Republika Srpska], Zavod za vodoprivredu, Bijeljina, 2006. 

Okvirni zakon o zaštiti i spašavanju ljudi i materijalnih dobara od prirodnih ili drugih nesreća u BiH 
[Internal law on the protection and rescue of people and material goods from natural or other disasters 
in B&H], Ministarstvo sigurnosti Bosne i Hercegovine, 2008.

Plan upravljanja rizicima od poplava u slivu reke Save [Flood Risk Management Plan for the Sava River 
Basin], Investicijski okvir za Zapadni Balkan, Consultant: Eptisa Servicios de Ingeniería S.L. (Španija), 
2018.

Rimac, N., Bijedić, A., & Babić, A. (2019). Prvi operativni evropski sistem upozorenja na poplave [First 
Operative European Flood Warning System]. Proceedings, Second Water Congress.

Ristić, R. (2014). Redefinisanje politike prevencije bujičnih poplava u Srbiji [Redefining the Policy of 
Torrential Flood Prevention in Serbia]. Polis, 8, 23–27.

Ristić, R., Kapović Solomun, M., Malušević, I., Ždrale, S., Radić, B., Polovina, S., & Milčanović, V. 
(2021). Healthy Soils-Healthy People; Soil and Human Health. In The Reality of the Balkan Region 
(pp. 223-248). CRC Press, Taylor & Francis Group.

Ristić, R., Kostadinov, S., Abolmasov, B., Dragićević, S., Trivan, G., Radić, B., Trifunović, M., & 
Radosavljević, Z. (2012a). Torrential floods and town and country planning in Serbia. Natural Hazards 
and Earth System Sciences, 12(1), 23-35. doi:10.5194/nhess-12-23-2012

Ristić, R., Kostadinov, S., Radić, B., Trivan, G., & Nikić, Z. (2012b). Torrential Floods in Serbia – Man 
Made and Natural Hazards. 12th Congress INTERPRAEVENT 2012 Proceedings, 771-779.

Ristić, R., & Macan, G. (1997). The Impact of erosion control measures on runoff processes. IAHS Publ.

Ristić, R., & Macan, G. (2002). Istraživanje procesa intercepcije u bukovo-jelovoj sastojini na planini 
Goč. Glasnik Šumarskog fakulteta, 86, 181-188. doi:10.2298/GSF0286181R

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



214

Torrent Monitoring and Early Warning Systems Development
 

Ristić, R., Malušević, I., Milčanović, V., Polovina, S., & Radić, B. (2019). Prevencija bujičnih poplava 
u kontekstu tekućih klimatskih promena [Torrent Flood Prevention in the Context of Current Climate 
Change]. In Scientific conference: “Future of Serbian Agriculture and Forestry”, (pp. 113-121). AINS.

Ristić, R., Polovina, S., Malušević, I., & Milčanović, V. (2017). Srbija i bujične poplave: tri godine posle 
katastrofe u maju 2014. godine [Serbia and Torrent Floods: Three Years After the May 2014 Disaster]. 
Vodoprivreda, 288-290, 245-252. Available at: https://www.voda.ba/sistem-predvidjanja-poplava-i-
ranog-upozoravanja-na-slivu-rijeke-save-sava-ffws

Serbian National Strategy for Protection and Rescue in Emergency Situations. Official Gazette of the 
Republic of Serbia, No 86/2011.

Sokolović, D., Pičman, D., Lojo, A., Gurda, S., Bajrić, M., & Koljić, H. (2013). Određivanje optimalnog 
prostornog rasporeda mreže sekundarnih šumskih prometnica [Determining the optimal spatial distribu-
tion of the network of secondary forest roads]. Sumarski List, 137(1-2), 7–22.

Stanković, S., Vasović, D., & Trajković, S. (2019). Model of sustainable water resources management in 
the conditions of extreme hydrological phenomena. Journal of Environmental Protection and Ecology, 
20(3), 1393-1401. Available at: https://www.itu.int/en/ITU-D/Emergency-Telecommunications/Pages/
Multi-hazard-early-warning-systems.aspx

UNCCD. (2016). Scaling up Land Degradation Neutrality Target Setting. From Lessons to Actions: 14 
Pilot Countries Experiences. Available at: https://www.unccd.int/publications/scaling-land-degradation-
neutrality-target-setting-lessons-actions-14-pilot-countries

United Nations, Climate Actions Division, Early Warning Systems. (n.d.). Available at: https://www.
un.org/en/climatechange/climate-solutions/early-warning-systems

Upravljanje krizom – primjer poplava iz 2014. godine [Crisis management – the case of 2014. floods], 
Parlamentarna skupština Bosne I Hercegovine, Sekretarijat, Istraživački sektor, Sarajevo, 2015.

Vasović, D., Janaćković, G., Malenović Nikolić, J., Milošević, L., & Mušicki, S. (2018b). Promoting 
reflective practice in resources protection area: a step to forecast outcomes in uncertainty. Journal of 
Environmental Protection and Ecology, 19(3), 1320-1329.

Vasović, D., Janaćković, G., Malenović Nikolić, J., Mušicki, S., & Marković, S. (2018a). Multimodality 
in the field of resources protection. Journal of Environmental Protection and Ecology, 19(4), 1519-1525.

Vasović, D., Malenovic Nikolic, J., & Janackovic, G. (2016). Evaluation and Assessment Model for 
Environmental Management under the Seveso III, IPPC/IED and Water Framework Directive. Journal 
of Environmental Protection and Ecology, 17(1), 356-365.

Zambrano, A. M., Calderón, X., Jaramillo, S., Zambrano, O. M., Esteve, M., & Palau, C. (2017). Pub-
lic Warning Applications: Requirements and Examples. Wireless Public Safety Networks, 3, 39-66. 
doi:10.1016/B978-1-78548-053-9.50003-2

Zeljko, D., Sarač, M., & Mičivoda, H. (2019). Sistem prognoze i upozorenja na poplave u slivu reke 
Save [Flood Forecasting and Warning System in the Sava River Basin]. In Proceedings, Second Water 
Congress. Udruženje konsultanata inženjera BiH.

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.voda.ba/sistem-predvidjanja-poplava-i-ranog-upozoravanja-na-slivu-rijeke-save-sava-ffws
https://www.voda.ba/sistem-predvidjanja-poplava-i-ranog-upozoravanja-na-slivu-rijeke-save-sava-ffws
https://www.itu.int/en/ITU-D/Emergency-Telecommunications/Pages/Multi-hazard-early-warning-systems.aspx
https://www.itu.int/en/ITU-D/Emergency-Telecommunications/Pages/Multi-hazard-early-warning-systems.aspx
https://www.unccd.int/publications/scaling-land-degradation-neutrality-target-setting-lessons-actions-14-pilot-countries
https://www.unccd.int/publications/scaling-land-degradation-neutrality-target-setting-lessons-actions-14-pilot-countries
https://www.un.org/en/climatechange/climate-solutions/early-warning-systems
https://www.un.org/en/climatechange/climate-solutions/early-warning-systems


215

Torrent Monitoring and Early Warning Systems Development
 

ADDITIONAL READING

Alasali, F., Tawalbeh, R., Ghanem, Z., Mohammad, F., & Alghazzawi, M. (2021). A Sustainable Early 
Warning System Using Rolling Forecasts Based on ANN and Golden Ratio Optimization Methods to Ac-
curately Predict Real-Time Water Levels and Flash Flood. Sensors, 21(13), 4598. doi:10.3390/s21134598

Beden, N., & Keskin, A. Ü. (2020). Flood hazard assessment of a flood-prone intensively urbanized 
area – A case study from Samsun Province, Turkey. Geofizika, 37(1), 1–25. doi:10.15233/gfz.2020.37.2

Costache, R., Barbulescu, A., & Pham, Q. (2021). Integrated Framework for Detecting the Areas Prone 
to Flooding Generated by Flash-Floods in Small River Catchments. Water, 13(6), 758. doi:10.3390/
w13060758

Hofmann, J., & Schüttrumpf, H. (2019). Risk-Based Early Warning System for Pluvial Flash Floods: 
Approaches and Foundations. Geosciences, 9(3), 127. doi:10.3390/geosciences9030127

Meng, X., Sun, Z., Zhao, H., Ji, X., Wang, H., Xue, L., ... Zhu, Y. (2018). Spring Flood Forecasting 
Based on the WRF-TSRM Mode. Tehnicki Vjesnik (Strojarski Fakultet), 25(1), 141–151. doi:10.17559/
TV-20171211112204

Petrić-Stepanović, V. (2008). Zaštita Slavonskog Broda od poplava bujičnih potoka. Gradevinar, 60(08), 
695–703.

Rapant, P., & Kolejka, J. (2021). Dynamic Pluvial Flash Flooding Hazard Forecast Using Weather Radar 
Data. Remote Sensing, 13(15), 2943. doi:10.3390/rs13152943

Spada, E., Sinagra, M., Tucciarelli, T., & Biondi, D. (2017). Unsteady State Water Level Analysis for 
Discharge Hydrograph Estimation in Rivers with Torrential Regime: The Case Study of the February 
2016 Flood Event in the Crati River, South Italy. Water, 9(4), 288. doi:10.3390/w9040288

Stanković, D. (2014). Challenges to the Takeover Early Warning System in the EU: The Case of Ger-
many. Croatian Yearbook of European Law & Policy, 10(1), 291–324. doi:10.3935/cyelp.10.2014.184

KEY TERMS AND DEFINITIONS

Affected Population: People who are affected, either directly or indirectly, by a hazardous event. 
Directly affected are those who have suffered an injury, illness or other health effects; who were evacu-
ated, displaced, relocated or have suffered direct damage to their livelihoods, economic, physical, social, 
cultural and environmental assets. Indirectly affected are people who have suffered consequences, other 
than or in addition to direct effects, over time, due to disruption or changes in the economy, critical 
infrastructure, basic services, commerce or work, or social, health and psychological consequences.

Disaster Management: The organization, planning and application of measures preparing for, re-
sponding to and recovering from disasters.

Early Warning System: An integrated system of hazard monitoring, forecasting and prediction, 
disaster risk assessment, communication and preparedness activities systems and processes that enables 
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individuals, communities, governments, businesses and others to take timely action to reduce disaster 
risks in advance of hazardous events.

Flood: An overflow of water onto normally dry land. The inundation of a normally dry area caused 
by rising water in an existing waterway, such as a river, stream, or drainage ditch. Ponding of water at or 
near the point where the rain fell. Flooding is a longer event than flash flooding: it may last days or weeks.

Flood Control: Methods that are used to reduce or prevent the detrimental effects of flood waters.
Flood Relief: Methods that are used to reduce the effects of flood waters or high water levels.
Hazard: A process, phenomenon or human activity that may cause loss of life, injury or other health 

impacts, property damage, social and economic disruption or environmental degradation.
Hazardous Event: The manifestation of a hazard in a particular place during a particular period of 

time.
Landslides/Mudslides: Downhill sliding or falling movement of cry soil and rock. Landslides 

are difficult to estimate as an independent phenomenon. It seems appropriate, therefore, to associate 
landslides with other hazards such as tropical cyclones, severe local storms and torrential floods. The 
term landslide is used in its broad sense to include downward and outward movement of slope forming 
materials (natural rock and soil). It is caused by heavy rain, soil erosion and earth tremors and may also 
happen in areas under heavy snow.

Management: Process of planning, decision making, organizing, leading, motivation and control-
ling the human resources, financial, physical, and information resources of an organization to reach its 
goals efficiently and effectively.

Mitigation: The lessening or minimizing of the adverse impacts of a hazardous event.
Prevention: Activities and measures to avoid existing and new disaster risks.
Safety: Concept that includes all measures and practices taken to preserve the life, health, and bodily 

integrity of individuals.
System: Group of interacting or interrelated elements that act according to a set of rules to form a 

unified whole.
Torrential Flood: A flood caused by heavy or excessive rainfall in a short period of time, generally 

less than 6 hours. Torrential floods are usually characterized by raging torrents after heavy rains that 
rip through river beds, urban streets, or mountain canyons sweeping everything before them. They can 
occur within minutes or a few hours of excessive rainfall. They can also occur even if no rain has fallen, 
for instance, after a levee or dam has failed or after a sudden release of water by a debris or ice jam. It 
lasts for a shorter time period than a pluvial flood. Because of their rapid nature, torrential floods are 
difficult to forecast and give people little time to escape or to take food and other essentials with them.

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



217

Copyright © 2022, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  11

DOI: 10.4018/978-1-7998-8459-0.ch011

ABSTRACT

This chapter aimed to investigate the record of climatic and environmental change in the sedimentary 
filling of sebkha Mhabeul and their effect on hydric and eolian erosion within the wetland and its wa-
tershed. Along a 37 cm core, the sedimentary, geochemical, and geophysical signals at the Holocene-
Anthropocene transition were followed. Sampling was carried out each 1 cm to obtain 37 samples. All 
studied parameters and clustering techniques indicate that the first 7 cm represent the Anthropocene 
strata. According to the age model, this upper part of the core records the last 300 yrs. The sedimentary 
record of the Anthropocene is marked by an increasing rate of sedimentation, grain size fining, heavy 
metals (Pb, Cu, Ni, Mn, and Fe) enrichment, which is related to increased erosion. Other intrinsic 
parameters such as CE, pH, Na, K, and CaCO3 enhance sediment erodibility. The measurement of the 
magnetic susceptibility along a 37 cm core collected from the sebkha Mhabeul shows an obvious upward 
increase related to a high content of heavy metals for the first 7 cm.
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INTRODUCTION

The sedimentary record of salt lakes has been used as a proxy to monitor eolian and hydric erosions 
either from their surfaces (Liu et al., 2011; Han et al., 2014; Young & Evans, 1986; Yang et al., 2021) 
or from their catchments (Coronato & Del Valle, 1993; Essefi, 2021).

The Anthropocene is a geologic epoch related to the setting of noticeable human direct and indirect 
impacts on terrestrial environments and subsequent geochemical, geophysical and sedimentological re-
percussions (e.g., Essefi, 2020; Gharsalli et al., 2020). In spite of the controversy on the Anthropocene 
starting date and its stratigraphic status, some common geochemical, sedimentary and mineralogical 
signals, including a variation in the rate of erosion (Bernier et al., 2021) were recorded in inland saline 
systems related to a polluted environment and changing climate. To set a new chronostratigraphic subdi-
vision at the beginning of the Anthropocene, the signal should be persistent, sharp, global, and synchro-
nous to indicate the required Global Stratotype Section and Point (GSSP). This GSSP would deal on the 
worldwide signal of erosion as an indicator of the starting date of this epoch since the Anthropocene is 
marked by an increasing erosion (Marx et al., 2014; Owens, 2020), leading to a noticeable research gap 
concerning the issue of land erosion (Poesen, 2018)

Actually, it is the first notice in the history of the geological sciences to include the human scale 
within the geological scale. As a new emerging epoch, the Anthropocene scaled on a few hundreds of 
years would be integrated on the geological scale extending millions of years. In doing so, even the 
most efficient traditional dating techniques (e.g., radiocarbon dating) letting errors ranging on hundreds 
of years are good for nothing to file a case for the setting of the Holocene-Anthropocene transition. In 
this vein, tephrochronology having a good accuracy seems promising to solve the issue (Wagreich and 
Draganits, 2017).

Anthropocene geochemical signal includes enrichment with heavy metals, organic pollutants and the 
modification of other geochemical parameters, including Ce and pH. This enrichment may be related to 
their amounts increase in the lithosphere, biosphere, hydrosphere and atmosphere as it may be related to 
their easy dissolution into the eroded materials. Several proxies and methods were developed to evaluate 
the scale of anthropogenic effect, including the computation of some geochemical parameters such as 
enrichment and contamination factors, geo-accumulation index and pollution load index (Essefi, 2020). 
The sedimentation during the Anthropocene is modified in two ways. (1) The geochemical modifica-
tion of the elemental composition of sediments with industrial and agricultural pollutants due to direct 
human activities. (2) Modification of sedimentary flux related to eolian activity and/or erosion of the 
outcropping sediments (Foucher et al., 2021).

In this chapter, the aim was to infer the record of environmental and climatic changes during the 
Anthropocene strata within the sedimentary filling of sebkha Mhabeul based on the multi-proxies study. 
These changes would have an effect on eolian and hydric erosion and deposition within this wetland and 
its hydrological catchment. To make it, a dated core from the sebkha of Mhabeul underwent sedimentary, 
geochemical, and geophysical analyses to determine the Holocene-Anthropocene transition.

STUDY AREA

Since they are the outlets of the surrounding basins, wetlands are more candidate to record the setting 
of the Anthropocene more than high lands (Waters et al., 2018). On the other hand, mountains are the 
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last to be influenced by the anthropogenic-induced activities (Gabrieli and Barbante, 2014). Located on 
the coastal Djeffara plain, the sebkha Mhabeul occupies an area of 4-km2 (Figure 1). It is plain with a 
width of 40 Km, covered with marine and lacustrine Quaternary deposits. Bordered to the south by an 
escarpment of Mesozoic limestones (Gammoudi, 2020), the region is marked by an arid climate impos-
ing desert conditions. The rainfall and temperature considerably vary according to the seasons. The wet 
period of winter is marked by low temperatures (1 to 2 °C). Oppositely, the dry period of the summer is 
characterized by excessive temperatures sometimes reaching 40 °C in the shade. The average total rainfall 
is 100 mm/year with significant variability. The evaporation is at its highest level in July and August. 
Depending on the season, the wind sector changes and sometimes blows with an instantaneous speed, 
easily reaching 10 m/s. The winds of the wet period are generally from the west to the east. Those of the 
dry period come rather from the south to south-south-west. The latter are frequently accompanied with 
sirocco, especially during June, July and August. The sedimentary filling of sebkha Mhabeul has been 
considered a good recorder of climatic and environmental changes (Essefi et al., 2014, 2015; Gammoudi, 
2020; Gammoudi et al. 2019; Gammoudi et al., 2021). These changes directly affect the hydric and 
eolian deposition and erosion along the surface of the sebkha and the area of its hydrological watershed.

MATERIALS AND METHODOLOGY

Coring techniques were acknowledged as one the efficient tool to explore shallow subsurface sediment. 
A 37 core cm was taken in sebkha Mhabeul, (Figure 1). Sampling was carried out at each 1 cm. In the 
laboratory, grain size distribution was evaluated by FRITSCH laser granulometer. The pH and electric 
conductivity Ce were measured for all samples. Magnetic properties are an efficient tool for environmental 
and paleoenvironmental investigations. After each heating at (250 C°, 500 C°, 750 C°, 1000 C°), the low 
and high frequencies Magnetic Susceptibility (MS) were measured by a Bartington MS2B probe. As 
for the grain size distribution, computed variables of grain size, including geometric mean, skewness, 
kurtosis and coefficient of variation, were used to set the Anthropocene strata.

Geochemistry is a more relevant tool to assess the Anthropocene (Gałuszka et al. 2014). Potassium 
and sodium were measured by Flame Photometer. The carbonate percentage CaCO3 was measured 
by Bernard Calcimeter. After tri-acids (Nitric, perchloric, chloridric) attack of sediment, the amounts 
of heavy metals (Pb, Cu, Ni, Mn, and Fe) were measured by Atomic Absorption to calculate the geo-
accumulation indices. Indeed, a relevant criterion to evaluate heavy metal pollution is the geo-accumu-
lation index (Geo Index). Müller (1981) determined the degree of metal contamination in sediments 
by comparing current concentrations with preindustrial levels. It can be calculated by the following 
equation. Geo Index=Log2(Cn/1.5Cbn): where Cn is the measured concentration of the examined metal 
(n) in the sediment and Bn is the background concentration of the metal (n), and 1.5 is the background 
matrix correction factor due to lithogenic effects. According to the Müller scale (1981), the calculated 
geo-accumulation index related to the studied samples showed different levels of contamination for the 
analyzed metals (Table 1).

Detecting the Anthropocene does not deal only with analytical techniques. Instead, some statistical 
and computing methods such as Clustering Techniques (CT) may help in individualize anthropogenic 
samples as a standalone population. Clustering Techniques recently emerged as the most used to high-
light pollution and follow its origins, allowing hence the identification of the Anthropocene strata (Es-
sefi, 2020). All computed variables (Na, Ca, K, CaCO3, HFMS25, HFMS250, HFMS500, HFMS750, 
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Figure 1. The sebkha of Mhabeul within the Mediterranean and Atlantic contexts: (a) Surface Atlantic 
water circulation in the Mediterranean basin (Bianchi et al., 2012); (b) Geographical location of sebkha 
Mhabeul (Southeastern Tunisia): (c) Cites of cores of previous and in-progress works on the sebkha of 
Mhabeul
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HFMS1000, clay, silt, sand, very fine silt, fine silt, moderate silt, coarse silt, very fine sand, fine sand, 
moderate sand, coarse sand, heavy metals (Pb, Ni, Cd, Mn, Fe) and their geo-accumulation indices) were 
included to distinguish between the Anthropocene strata from the remaining part of the Late Holocene. 
To better identify the Anthropocene strata, three different clustering methods were used: Paired Group, 
Single Euclidian Linkage and Wards Methods.

RESULTS AND DISCUSSION

Sedimentary Signal of the Anthropocene: Increasing Sedimentary Flux

The setting of the Anthropocene-Holocene transition needs precise dating. Dating in continental sebkha 
remains a major handicap for a precise age model, which is the principal requirement not only to infer 
the record of the paleoclimatic variability but also to find out the date of this transition. Within Mhabeul 
wetland, the first dating attempt was carried out by Marquer et al. (2008). Along the core of Marquer et 
al. (2008), the age model showed that between 10 cm and 2 cm, the rate of sedimentation is 0.251 mm/
yr. For the first upper 2 cm, the rate of sedimentation is equal to 0.238/yr. The rate of sedimentation is 
higher for the Late Holocene with 0.412 mm/yr. Dating of our core was already carried out by Essefi et 
al. (2014) based on tephrochronology. The age model (Figure 2) also showed an increasing sedimentary 
flux from 0.355 mm/yr during the Late Holocene to 0.233 mm/yr during the Anthropocene. As is the 
case in exoreic saline wetlands (Gharsalli et al., 2020, Essefi et al., 2020), this inland saline system of 
Mhabeul shows an increase in the rate of sedimentation, which is related to arid climatic conditions of 
the Anthropocene.

The grain size distribution and its homogeneity directly influence the erosion rate (Dallo, 2021; Li 
et al., 2020) (Figure 3). Finer and more heterogeneous grains enhance sediment erodibility. Along the 
first 7 cm, the plot of grain size parameters shows the setting of the Anthropocene strata 300 yr ago. 
During the Anthropocene, the grain size distribution recorded an upwards fining with a decrease of 
the geometric mean, probably related to the arid climate. On the other hand, distribution parameters 
(skewness, kurtosis, coefficient of variation) increase during this period, indicating hence and increas-
ing erosion. The Anthropocene encompasses the Warming Present (WP), and the upper part of the Late 
Little Ice Age (Late LIA). It is distinguished from the Late Holocene, including the Early Little Ice Age 
(ELIA), and the Medieval Climate Anomalies (MCA). First, in the uppermost part of the core (3 cm), 

Table 1. Sediment classes according to Geo Index interval Müller scale (1981)

Geo Index interval Class Quality of sediment

Less or equal to 0 0 Unpolluted

[0, 1[ 1 From unpolluted to moderately polluted

[1, 2[ 2 Moderately polluted

[2, 3[ 3 From moderately to strongly polluted

[3, 4[ 4 Strongly polluted

[4,5[ 5 From strongly to extremely polluted

More or equal to 5 6 Extremely polluted
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the stage Warming Present (WP) stretches from present to 1918, i.e. ≈95 yr; the establishment of current 
conditions is characterised by stable conditions. Added to a small salt crust, this period is dominated by 
clayey sedimentation rich with organic matter. This part may imbed the Great Acceleration (GA≈70 yr).

Coupled with Mn and Fe amounts, the descriptive grain size distribution including clay, fine silt, and 
fine sand (Figure 4) gives further details to understand the depositional environment and the climatic 
conditions. The sedimentary filling of sebkha Mhabeul is basically dominated by the very fine sand. The 
coarse sand is rare; it only appears in some locations along the core. The high amounts of fine fractions 
coincide with high values of Mn and Fe amounts. This coexistence may be due to the capacity of fine 
sediment to fix heavy metals related to pollution (Aliff et al., 2020) as it may be related to the enrich-
ment of eolian dust by Mn and Fe (Salama et al., 2019).

More significance has long been attributed to the shapes of the cumulative grain-size curves rather 
than distribution curves of sediments. However, in the details of their form, grain-size distribution curves 
are more telling than cumulative curves about constituent sub-populations of particles. At sebkha Mha-
beul, wet aeolian sediment is distinguished as a mix of aeolian and aqueous particles based on modes 
of the grain size distribution (Essefi et al., 2015). According to the genetic approach of the grain size 
distribution, during the WP, the plot of the secondary mode shows a significant downward increase. 
During this period, the primary mode does not show such a significant increase. Subsequently, the ratio 
M/m downward decreases due to wetter climatic conditions. In the Late LIA, the values of second-
ary mode continue their increase with a significant oscillation. The WP period is dominated by sandy 
sedimentation. The bottom of the cycle (Figure 5; 2-3 cm) shows an obvious fining; it is characterized 
by a primary mode (M: ca 103 µm) as an indication of the course eolian sedimentation. The secondary 
mode (m: 3.8 µm) is, however, an indication of the fine aeolian sedimentation. The upward coarsening 

Figure 2. Age model of the sebkha Mhabeul: decreasing rate of sedimentation
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appears due to an increasing dryness during the WP. The second stage is located between 3.5 cm and 
14 cm; it is called the Late Little Ice Age (Late LIA). It is characterized by a primary mode (M: ca 114 
µm) as an indication of the coarse aeolian sedimentation, a translated secondary mode (m: ca 4.5 µm) 
as an indication of the fine aeolian sedimentation, and an occluded to absent fraction (O, A: ca 20 µm) 
(Figure 5). The Late Little Ice Age (Late LIA) is expressed by an upward increase of the fine aeolian 
fraction (Figure 5). On the other hand, the course aeolian fraction shows a slight decrease. The increase 
of the fine aeolian fraction is an indicator of decreasing aridity. Weak amounts of the coarse fraction 
mark wet conditions. This availability of dust in the atmosphere is controlled by aridity.

Figure 3. Grain size parameters variation along the Holocene-Anthropocene transition: finer and more 
heterogeneous sediment grains during the Anthropocene
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Geochemical Signal of the Anthropocene

Geochemical Parameters of the Anthropocene Strata

Erodibility is the set of intrinsic properties of soil such as CE, K, Na, and CaCO3 that are responsible 
for resistance to erosion by external agents (Casabella-González et al., 2021). Along the core, values of 
CE, K, Na, and CaCO3 present fluctuations (Figure 6). Indeed, the first 7 centimeters record a dramatic 
collective upward increase of all variables related to the setting of the Anthropocene strata. Indeed, 
the high carbonate contents indicate chemical conditions, which are characterized by high primary 
productivity and hot temperatures. So, it is an indicator of an arid climate. The proportion of potassium 
(K) dramatically increases from 4 g/kg to 9 g/kg. This fraction may be due to the precipitation of KCl 
under a high rate of evaporation (Essefi et al., 2020) related to a very arid climate or increased K-clays 
(Wasli, 2016). Values of sodium (Na) increase from 2 g/kg to 3 g/kg. This fraction may be due either to 

Figure 4. Variation of clay, fine silt, fine sand, Mn and Fe amounts along Holocene-Anthropocene transition
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the precipitation of NaCl under a low rate of evaporation (Essefi et al., 2020) related to arid climate or 
increased Na-clays (Wasli, 2016). Both possibilities are worth consideration. On the one hand, increased 
CE and CaCO3 are in favor of increasing dryness during the Anthropocene. On the other hand, increas-
ing amounts of the clayey fraction are indicated in the sebkha during the Anthropocene (Figure 4-5).

Figure 5. Genetic approach for the setting of the Holocene-Anthropocene transition
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Heavy Metals and the Holocene-Anthropocene Transition

Wetlands are a good recorder of the Anthropocene due to their fine grain size allowing heavy metals 
fixation and relative preservation of organic pollutants. On the other hand, heavy metals having a natural 
origin, such as iron, do not show an obvious increase, probably related to an increasing erosion (Angeli, 
et al., 2021). The plot of the geo-accumulation indices along the core (Figure 7) confirmed the limit of 
the Anthropocene already identified by sedimentary and other geochemical parameters. According to 
the results obtained, based on the geo-accumulation index of the metals measured, the values show a 
remarkable rise from the first seven centimeters of core (Figure 7). The geo-accumulation indexes of 
Pb, Cu, Ni and Cd are between 1 and 2, they are taken second class, and therefore the soil quality is 
moderately polluted. Generally, it can be seen that the intensity of contamination is moderately strong, 
and the limit Anthropocene-Holocene is remarkable in the upper part of the core (from 7 cm). The 
evolution of the heavy metals content shows upward increasing pollution related to the setting of the 
Anthropocene. According to the age model, the polluted era may have started 300yr ago. Since this date, 

Figure 6. CE, K, Na, and CaCO3 evolution along the core of sebkha Mhabeul
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all heavy metals together increased indicating hence values exceeding the background. We notice an 
increase in low-frequency magnetic susceptibility values that are basically correlated with enrichment 
with heavy metals and Fe-clays.

Geophysical Signal of the Anthropocene

Worldwide, the magnetic susceptibility increase has been considered as an indicator of an increasing 
erosion (Peng et al., 2021; Ding et al., 2020; Kruglov et al., 2020; Menshov et al., 2020). The magnetic 
susceptibility may be due to enrichment with heavy metals. Also, the setting of new microbiology may 
result in magnetic enhancement (Gillings and Paulsen, 2014). Using the magnetic measurement in wetlands 
sediments as a marker for the beginning of the Anthropocene revealed relevance. In this vein, special 
attention is given to the importance of developing and disappearance of magnetic minerals. Actually, the 
starting of the Anthropocene is worldwide marked by an abrupt increase of the magnetic susceptibility 

Figure 7. Setting of the Late Holocene-Anthropocene limit based on heavy metals within sebkha Mha-
beul, southern Tunisia
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(Oldfield, 2015). The magnetic signal is obvious due to the Holocene-Anthropocene transition (Figure 
8). The heating of sediment does not erase this geophysical signal. Instead, the Anthropocene signal 
becomes more obvious due to heating and the subsequent geochemical and mineralogical transforma-
tion. So, due to mineralogical and geochemical magnetic signals, magnetic susceptibility is a cheap and 
easy proxy to identify the Anthropocene signal.

Clustering Technique to Detect Anthropocene

The clustering of all sedimentary, geochemical and geophysical parameters of the 37 samples from the 
core of the sebkha Mhabeul based on three different techniques (a: Paired Group, b: Single Euclidian 
Linkage, c: Wards Method) (Figure 9) shows the individualization of the first seven samples (depth 7 

Figure 8. Magnetic signals along the Holocene-Anthropocene transition: high-frequency magnetic sus-
ceptibility at ambient temperature and after heating at 250 C°, 500 C°, 750 C° and 1000 C°
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cm i.e., 300 yr). The setting of the Anthropocene at the top of this core is due to a radical change of the 
sedimentary environment-related climate change and/or pollution. Except slight modification of samples 
order, the change of the clustering technique does not modify the distinction between Late Holocene 
and Anthropocene samples.

FUTURE RESEARCH DIRECTIONS

Working on erosion along a drainage basin is not only in the outlet. Instead, the upstream and the surface 
of the basin may record erosion. Monitoring erosion along the drainage basin and the upstream may be 
based on remote sensing. Maps of different factors controlling erodibility may be superposed.

Figure 9. Clustering (a: Paired Group, b: Single Euclidian Linkage, c: Wards Method) of all sedimen-
tary, geochemical and geophysical parameters of the 37 samples from the core of the sebkha Mhabeul, 
southeastern Tunisia
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CONCLUSION

One of the indicators of the setting of the Anthropocene epoch is the increase of erosion. This increase 
is related to climatic and environmental changes. A multidisciplinary approach was used to set the limit 
of the Anthropocene along the sedimentary filling of Mhabeul inland wetland. Based on the previous 
age model and analyses of the sedimentary, geochemical and geophysical parameters, the limit Anthro-
pocene-Holocene dates back to ca. 300 yr ago. In addition, the clustering technique of all parameters 
individualized samples of the Anthropocene strata with a distinguished population compared with the 
remaining part of the Late Holocene. At this age, the geo-accumulations indices increase, indicating 
the increased pollution. In terms of sedimentary dynamics, the setting of the Anthropocene in sebkha 
Mhabeul is marked by an increasing sedimentary flux recorded by the dominance of the fine fraction at 
the expense of the coarse sediment, related probably to an increasing erosion. Based on the age model, 
the Anthropocene in inland saline systems such as Mhabeul is marked by a decreasing sedimentation 
rate. From a sedimentary viewpoint, the upward fining during the Anthropocene coincides with high 
values of Mn and Fe amounts. This is due to the capacity of fine sediment to fix heavy metals related 
to pollution. Also, it may be connected to the enrichment of eolian dust by Mn and Fe. CE, K, Na, and 
CaCO3 values record dramatic collective upward increases related to the setting of the Anthropocene 
strata. Along the core, the magnetic signal of the Anthropocene is obvious. Due to the heating of sedi-
ment, the signal becomes more obvious due to heating and the subsequent geochemical and mineralogical 
transformation. Based on three different clustering techniques of all parameters, the individualization of 
the first seven samples (depth 7 cm i.e., 300 yr) is recorded in the Anthropocene strata.
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KEY TERMS AND DEFINITIONS

Anthropocene: The Anthropocene Epoch is an unofficial unit of geologic time, used to describe the 
most recent period in Earth’s history when human activity started to have a significant impact on the 
planet’s climate and ecosystems.

Clustering Techniques: Clustering is a Machine Learning technique that involves the grouping of 
data points.

Endorheic System: An endorheic basin, also called an internal drainage system, is a drainage basin, 
or watershed, that does not flow to one of the Earth’s major oceans.

Erodibility: Soil erodibility reflects the inherent susceptibility of soils to erosion processes and de-
pends therefore on various soil properties. Sedimentary flux: Also known as the deposition rate (DR) is 
the vertical flux of sediment to the depositional surface. It a good proxy to monitor the increasing erosion.

Heavy Metals: They are generally defined as metals with relatively high densities, atomic weights, 
or atomic numbers.

Magnetic Susceptibility: It is the degree to which a material can be magnetized in an external mag-
netic field. Magnetic susceptibility of soil is a fast, cheap, and non-destructive technique that could be 
used to quantify soil erosion or soil redistribution on a long-term scale.
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ABSTRACT

The Sidi El Hani Wetland is located in Eastern Tunisia. It represents the natural outlet of an endorheic 
system, Mechertate-Chrita-Sidi El Hani, and it collects all the eroded sediment from this watershed. 
In this chapter, the visual core description focused on three reference sandy bands and on the concept 
of grey scale variability in order to infer the clay pan response to the climatic variability and erosion 
during the last two millennia. First, in the uppermost part, the stage Warming Present (WP) stretches 
from (1954-80= 1874) to 1993, i.e. ≈120yrs; the establishment of modern conditions is characterized by 
stable conditions with high grey scale. Added to a small salt crust, this period is dominated by a clayey 
sedimentation. Second, the stage C4 is called the Late Little Ice Age (Late LIA); it stretches between the 
80yrBP and 400yrBP, i.e., 320yrs. It is characterized by intermediate GS values; the clayey sedimenta-
tion makes up the twofold and threefold laminates. Based on laser granulometer, the genetic approach 
shows the interplay of eolian and hydraulic erosion.

Sedimentary Dynamics 
Within the Sedimentary 
Filling of Sebkha Sidi El 
Hani, Eastern Tunisia:

Climatic Variability and Its 
Effect on Erosion

Elhoucine Essefi
University of Gabes, Tunisia

Soumaya Hajji
Faculty of Sciences of Sfax, Tunisia

Mohamed Ali Tagorti
Univeristy of Sousse, Tunisia

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



236

Sedimentary Dynamics Within the Sedimentary Filling of Sebkha Sidi El Hani, Eastern Tunisia
 

INTRODUCTION

Global change of climate would have dramatic repercussions on erosion (Ciampalini et al., 2020). On 
the one hand, extreme events accentuate hydric erosion (Borrelli, et al., 2020). On the other hand, dry 
conditions enhance win erosion (Guo et al., 2020). Since wetlands are the natural outlets of all sediment 
eroded from their drainage basins, they are good recorders of climatic variability and excellent monitors 
of hydric and eolian erosion (Sun et al., 2020; Sapkota and White, 2021). As it is anticipated by previous 
tectonic, hydrogeological, hydrological and geochemical studies of the hydrogeological and hydrologi-
cal basins on the one hand and the sedimentary and the hydric fillings of sebkha Sidi El Hani (as it is 
first defined englobing the sebkhas of Dkhila, Souassi, and Sidi El Hani sensu stricto) (Essefi, 2009, 
2013, 2021; Essefi et al., 2013a, b, c, d, e; Essefi et al., 2014a, b, c) it is rather difficult to find an obvi-
ous geochemical signal of the climatic change in the sedimentary filling. This is because Sidi El Hani 
discharge playa is more governed by its hydrogeological basin rather than its hydrological watershed. 
Nonetheless, the variation of climatic conditions influences the watershed’s erosion from the drainage 
basin and deposition within Sidi El Hani wetland. This chapter aims to overcome these handicaps and 
to guess the climatic variability and its effect on erosion during the last two millennia only on the basis 
of the visual description of cores. Accordingly, before doing any destructive analysis, non-destructive 
analysis, namely the Visual Cores Description (VCD), could give a lot of information about cores con-
tent, texture, and the organization of sedimentary bands. Furthermore, it would be an efficient tool for 
correlation between different cores from the same playa or different playas in order to compare them 
and to establish their stratigraphy.

STUDY AREA: VARIATION OF EROSION AND DEPOSITION

The sebkha of Sidi El Hani is part from the Mechertate-Chrita-Sidi El Hani. Previous geomorphologic 
studies (Ben Jmaa, 2008) investigated erosion along the drainage basin. But this study has neglected an 
important factor which is groundwater upwelling (Essefi, 2013). In doing so, it considers erosion and 
deposition related only to climatic and geomorphologic features of the region. Further, the deposition 
within depressions was considered homogenous, while field investigations advocate a heterogenous 
deposition even within the same depression such as Sidi El Hani (Figure 1). Obviously, erosion and 
deposition within Mechertate-Chrita-Sidi El Hani are controlled by several factors such as the topog-
raphy, the groundwater intervention, and the climate. Figure 1 shows zones of aeolian and hydraulic 
erosions; these zones are located in the periphery of the system, where an elevated topography and a 
weak groundwater intervention enhance the hydraulic and aeolian erosions, respectively. On the other 
hand, zones of accumulation are located within depressions and their vicinities, where a weak topography 
and groundwater intervention increase accommodation in these zones. Thus, the balance between ero-
sion and deposition, which is the basic concept of sequence stratigraphy, is controlled by groundwater 
intervention. In this sedimentologic investigation, facies identification allows the identification of the 
repartition of sediment types along zones of erosion (watershed high lands) and zones of accumulation 
(low lands of depressions). Subsequently, a profile may collect the interaction between both zones; it 
may also show the scenario of the evolution of this system due to tectonic subsidence and/or water table 
fluctuations. Actually, geomorphologists (e.g., Ben Jmaa, 2008) have once given the super voice to this 
factor in deciding the shape of system landscape; but in this work, we see that this factor competes with 
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the groundwater intervention to determine the sedimentary and geochemical content of Mechertate-
Chrita-Sidi El Hani system. It is quite evident that the salinization increases from the periphery toward 
the basal part of the system. Being the core of the system, Sidi El Hani vicinities are more controlled 
by the groundwater upwelling effect, which results in high percentages of gypsum. On the other hand, 
Mechertate and Chrita vicinities seem fed by gypsum through seepage and migration of tectonic faults. 
Thus, groundwater interferes with aeolian and hydraulic activity to set sediments with different chemical 
compositions and shapes (Tagorti, 1995; Gaied, 2002; Ben Jmaa, 2008; Essefi, 2009).

Wind proves vital in the morphological shaping of endorheic systems. In order to infer the aeolian 
paleo-activity, it is necessary to find out the link between current sedimentation and aeolian activity. 
Aeolian sediments are candidate to deposit in the Sahel area from different regions in Tunisia. During the 
year, winds are mainly oriented toward the Sahel area from the regions of Sfax, Kairouan and especially 
Gafsa (Figure 2). During autumn and summer, the wind coming from Sfax is strong. The wind coming 
from Kairouan is weak. During winter and spring, winds coming from Kairouan and Gafsa dominate 
the morphological shaping at the expense of wind coming from Sfax.

METHODS AND MATERIALS

The manual coring of eight cores (Figure 3; Table 1) in Sidi El Hani saline environment was done during 
three field missions (coordinate was taken during field missions by using a Global Positioning System 
GPS and localized on Google Earth satellite image). The first mission spanned for one day; it focused 
on the northwest side of Sidi El Hani saline environment (stricto sensu), in the zone of Oued Elmaktaa. 

Figure 1. Geomorphologic maps showing zones of weak, moderate, high and hard aeolian and hydraulic 
erosions and deposition within Mechertate-Chrita-Sidi El Hani system
Source: Ben Jmaa (2008); Modified Essefi (2013)
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The main purpose of this mission was to have an idea about the manual coring and the used materials. 
A 310cm core was done (core4). The second mission took place in the field of the margin of the Beta 

Figure 2. Wind data in Tunisia (1951-1970)
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Island OuledMoussa-Aalalcha. Two other cores with a length of 55cm (core5) and 72cm (core7) were 
done in the vicinity of the margin Beta Island-playa. Eventually, I did the third and most extended mis-
sion, it spanned for 30 days (mission of July 2008). After taking the key concepts of the manual coring, 
it was judged to do cores with our hands.

In this context, five cores were done in different zones of the saline environment; their lengths are 
310cm (core10), 210cm (core1), 193cm (core3), 155cm (core6) and 120cm (core9). It is worth noting 
that coring was stopped for each core because of serious technical problems resulting from the used 
materials and/or sediment types. Some cores were aborted at small depths. For an aborted core, another 
core was restarted approximately in the same location. For instance, core2 and core8 were aborted and 
replaced respectively by core3 and core9.

Some sophisticated programs have been in progress to program an automatic VCD. For example, 
the J-CORES-VCD is a program elaborated by J-DESC IODP Information System Working Group 
(J-DESC-ISWG) with Science Support Group, Center for Deep Earth Exploration (CDEX), in Japan 
(2006); it is a scientific data management system in order to store and distribute scientific data taken on 
the Japanese “Chikyu” shipboard. It consists of a relational database on the host computer and an ap-
plication program on client hosts. It can produce hand-drawn graphic representation anytime on digital 
images stored in the J-CORES during core-processing onboard (Figure 4).

The aim is not to use such a program, but its method appears quite interesting to follow the transition 
from photos to logs of cores. The use of a numeric photographer is sufficient to do the VCD. Many 
sedimentary structures should by rights appear in Sidi El Hani cores, but the focus will be only on the 
darkness (the greyscale variability) and the three reference sandy bands.

RESULTS

Visual Core Description of Sidi El Hani Clay Pan Cores

It is worth noting that the VCD of Sidi El Hani cores was not a purpose per se. Still, it was meant to select 
which cores were good to correlate with sebkha Mhabeul core according to the method of significant grey 
scale variability and the occurrence of the three reference sandy bands. Since the use of the major grey 
scale necessitates a noticeable variability, only cores with well-elaborated major grey scale variability 

Table 1. Geological coordinates of Sidi El Hani saline environment cores

Core Latitude Longitude

Core 1 35°29’37.90”N 10°34’42.89”E

Core 3 35°33’38.31”N 10°28’47.94”E

Core 4 35°36’47.47”N 10°27’45.04”E

Core 5 35°35’45.23”N 10°29’00.18”E

Core 6 35°29’45.36”N 10°29’07.48”E

Core 7 35°29’45.32”N 10°29’15.60”E

Core 9 35°27’52.97”N 10°31’44.12”E

Core 10 35°35’45.49”N 10°21’39.91”E
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were suitable to be studied by this demarche. Cores had to satisfy this special requirement in order to do 
correlations between Sidi El Hani cores and a core from sebkha Mhabeul (Marquer et al., 2008); such 

Figure 3. Locations of cores in Sidi El Hani clay pan on a satellite photograph (Google Earth, 2008): 
(a) Setting of Tunisia in North Africa; (b) Panoramic view of cores location; (c) Zoom on core5, core6 
and core7 locations
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Figure 4. J-CORES-VCD program: manipulation (a) and results (b)
Source: J-DESC-ISWG (2006)
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correlations were meant to find in the sedimentary record of Sidi El Hani clay pan the analogous of the 
climatic signals found in the sedimentary record of sebkha Mhabeul.

Visually, Sidi El Hani cores show different colours ranging from black to yellow and even white. Hence, 
a distinction could be established on the basis of the grey scale. At a wild guess, Sidi El Hani cores are 
divided into three different types according to their major grey scales and major grey scales variability. 
Some cores are with high major grey scale variability; others are with low major grey scale variability. 
The latter may be divided into cores with a high major grey scale and cores with a low major grey scale.

Cores With a High Major Grey Scales Variability

They are made up of bands of sediment that differ sharply in darkness. The alternation of clear and 
dark sediments gives the possibility to distinguish between them. Core10, core1 and core3, which are 
represented in (Figure 5), could be the subject of a visual correlation with the reference core of sebkha 
Mhabeul (Marquer et al., 2008) on the basis of the variability of the major grey scale. Furthermore, the 
three reference sandy bands are well recognized visually in these cores. In core10, the three reference 
sandy bands are detected respectively from 33cm to 39cm, from 70cm to 77cm and from 117cm to 
140cm. A fourth reference sandy band is visually detected from 190cm to 194cm. In core1, the three 
reference sandy bands are detected respectively from 7cm to 10cm, from 54cm to 69cm, and 109cm to 
114cm. A fourth reference sandy band is visually detected from 160cm to 180cm. In core3, the three 
reference sandy bands are detected respectively from 7cm to 10cm, from 76cm to 84cm and from 94cm 
to 104cm. A fourth reference sandy band is visually detected from 155cm to 160cm.

Cores With a Low Major Grey Scales Variability

Two cases are distinguished when the major grey scale variability is low (Figure 6 and Figure 7). First, 
cores with a high major scale along with the core; darkness is not interrupted by any detectable clear 
band. Second, cores with low major grey scale variability along with the core; the clarity is not inter-
rupted by any detectable dark band.

Cores With High Major Grey Scales

These cores are mainly made up of shale; they are characterised by high grey scale due to their confine-
ment and organic matter content. The core9 (Figure 6) represents a concrete example of this category. 
Image software is needed to detect even the major grey scale variability in this core; hence, it is impos-
sible to correlate it with other cores on the basis of this demarche. As for the three reference sandy bands 
are also not well distinguished in these cores; the clayey fraction dominates in such a way that no sandy 
band can appear.

Cores With Low Major Grey Scales

These cores (Figure 7) are clear, probably due to the deposition of sediments in O2-rich conditions that 
may destroy the organic matter. Similarly to core9, they do not represent any interest in this demarche; 
because the grey scale is not well elaborated. As for the three reference sandy bands are also not well 
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Figure 5. Cores with a high grey scale variability in Sidi El Hani clay pan: the distinction of three refer-
ence sandy bands

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



244

Sedimentary Dynamics Within the Sedimentary Filling of Sebkha Sidi El Hani, Eastern Tunisia
 

distinguished in these cores; these cores seem filled with a sandy fraction. Thus, even if the sandy bands 
do exist, they are more likely not to be detected easily.

Figure 6. Core with low major grey scale variability and high grey scales in Sidi El Hani clay pan
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Record of the Climatic Variability During the Last Two Millennia: Correlation 
Between Sebkha Mhabeul Core and Sidi El Hani Clay Pan Cores

The response of Sidi El Hani claypan to the climatic variability is materialized either by the confine-
ment periods, which are visually expressed by high major grey scales or by oxygenated periods, which 
are expressed by low major grey scales. Thus, on the basis of the major grey scale variability and the 
three reference sandy bands, the correlation was done between the core of sebkha Mhabeul (Southeast 
Tunisia) recently published by Marquer et al. (2008) and cores from Sidi El Hani clay pan with a high 
major grey scale variability (core1, core3 and core10) and with well-elaborated three reference sandy 
bands in order to guess the climatic variability during the last two millennia. Even though it is arbitrary, 
this method may give satisfactory results. But before doing any correlation, it is strongly recommended 

Figure 7. Cores with a low grey scales variability and low grey scales in Sidi El Hani claypan
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to guarantee that any depositional period represented by a band in sebkha Mhabeul has its equivalent 
band in Sidi El Hani clay pan. That is to say, to ensure that both saline environments behave as ever open 
depositional environments during the studied period.

Sidi El Hani Clay Pan and Sebkha Mhabeul as Ever 
Open Depositional Environments

During eustatic cycles of the fourth and fifth orders, the variation of the sea level is not so strong to 
reverse the sedimentation within continental zones from deposition to erosion. Thus, in addition to the 
regional sea level of the Mediterranean Sea, sedimentation processes in inland basins such as the Tunisian 
Sahel area should respond during this short period to local base levels (e.g., Shanley and McCabe, 1994) 
imposed by the local orography such as local playas levels of Kelbia and Sidi El Hani (Figure 8). The 
aeolian deflation from a discharge playa is restricted by the surface related to the level of the groundwater 
table; because the capillarity forbids wind erosion and attracts the dust deposed from the atmosphere. 
Thus, according to the sequence stratigraphy, these saline environments make the exception by being 
ever depositional environments. For instance, even though Sidi El Hani claypan is above the regional 
sea level of the Mediterranean Sea, it seems to be constantly under its local base level; erosion is less 
likely to occur. Furthermore, the near aquifer level, thanks to Kairouan and other aquifers, guarantees 
at least a sedimentation rate up to nil. In this study, according to the same line of thinking, it is adopted 
that sebkha Mhabeul represents a local base level, and it may be considered as an ever depositional en-
vironment; thus, for any deposition band in Sidi El Hani discharge playa may correspond an analogous 
band in sebkha Mhabeul. The difference may be in the thickness of bands, which is a function of the 
rate of sedimentation.

Chronology and Major Climatic Events Seen in Sebkha Mhabeul Core

Sebkha Mhabeul is an inland saline environment located in southeast Tunisia (Figure 9), it was used 
by Marquer et al. (2008) to infer the climatic variability during the last two millennia on the basis of 
studying a 65cm core (33°25.02′N, 10°50.52′E, 2m a.s.l.). Our subsequent studies deepened the study 
of this sebkha based on sedimentary, geochemical, and geophysical tools (Essefi et al., 2014d; Essefi et 
al., 2015; Gammoudi et al., 2019; Essefi, 2020).

Among other dating and sedimentary tools, Marquer et al. (2008) used the minor grey scale vari-
ability as a proxy to guess the climatic variability. Since the purpose is to find out this same climatic 
variability within Sidi El Hani cores, the minor grey scale of sebkha Mhabeul core, which is detected 
only by an images software, is transformed towards the major grey scale (Figure 10), which may be 
detected by the naked eye in sebkha Mhabeul core. The three reference bands are also represented along 
with the core (Figure 10). Thus, after elaborating the major grey scale variability, an apparent similarity 
seems to take place between core1, core3 and core10 (Figure 5) on the one hand and the core of sebkha 
Mhabeul (Figure 10) on the other hand. This core, then, is ready to be used as a tool for detecting the 
climatic stages already recognized in sebkha Mhabeul within the cores of the Sidi El Hani claypan. As 
for these climatic stages, according to the tephrochronology, the sebkha Mhabeul core (65cm) covers 
the last 1700 yr (Figure 10) (Marquer et al., 2008). This time interval encompasses from the top to the 
bottom six different climatic stages.
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First, in the uppermost part of the core (3cm), the stage Warming Present (WP) stretches from 
(1954-80= 1874) to 1993, i.e. ≈120yr; stable conditions with high grey scale characterise the establish-
ment of modern conditions. Added to a small salt crust, this period is dominated by clayey sedimentation. 
This period is marked by a worldwide increasing eolian erosion (Ma et al., 2021).

Second, stage C4 is located between 3cm and 12.5cm; it is called the Late Little Ice Age (Late 
LIA) (Wiles et al., 2008); it stretches between the 80yrBP and 400yrBP, i.e., 320yr. It is characterized 
by an intermediate GS value; the clayey sedimentation makes up the twofold and threefold laminates. 
This period is limited at the bottom by the first reference sandy band from 12.5cm to 15cm. This period 
is marked by a worldwide increasing hydraulic erosion (Li et al., 2021).

Third, from ca. 400yrBP to 600yrBP, during the 200yr of cycle C3, which is called Early Little Ice 
Age (ELIA), the GS signal reaches low values. As for the grain size distribution, the sandy sedimentation 
with a low grey scale value between 12.5cm and 15cm represents the first reference band to correlate 
with cores from Sidi El Hani clay pan; since such sandy bands are rare within such a clay pan. This 
stage ends at a depth of 23cm. During this period, eolian erosion returns to increase (Castro et al., 2020).

Fourth, the passage to stage C2, which is called the Medieval Climatic Anomaly (MCA), is marked 
by a sharp increase of the GS. The MCA spanned between ca. 600yrBP to 1000yrBP, i.e. ≈400yr. The 
initiation of this cycle C2 is marked by the sharp decrease in the GS values, revealing a return to an in-
tense flood activity. The end of this stage (37cm) is marked by two oscillations of high grey scale. This 
period is marked by a worldwide increasing hydraulic erosion (Jaramillo et al., 2021)

Fifth, during the stage (C1) of the Dark Age (DA), which stretches from 37cm to 54cm, a shift from 
light to dark sediments is recorded between ca. 1000yrBP and 1400yrBP, i.e. 400yr. As for the grain 
size distribution, the second reference sandy band is detected at the top of the DA. This cold period 
(Waltgenbach et al., 2021) is marked by decreasing eolian and hydraulic erosions.

Figure 8. Playas levels of Kelbia and Sidi El Hani as local base levels during cycles of fourth and fifth 
orders adapted to Sidi El Hani case after Press and Siever (1986)
Source: Modified Essefi (2009)
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Sixth, the 300yr Roman Warm Period (RWP) stretches between 1400yrBP and 1750yrBP. Dur-
ing the (RWP), high GS values associated with dark sediments suggest stable climatic conditions with 
small and/or scarce flood events; this period is recorded in the core of sebkha Mhabeul between 54cm 
and 65cm. The bottom of this recording is marked by a third sandy reference band between 63cm 
and 65cm. this period is marked by warm conditions leading to increasing eolian erosion (Luse, 2021).

Correlation of Sebkha Mhabeul Core with Core10 from Sidi El Hani Claypan

The correlation between core10 (310cm) from Sidi El Hani and the core from sebkha Mhabeul (65cm) 
(Figure 11) shows that the climatic variability recorded during the last two millennia in these 65cm seems 
to be recorded in core10 of Sidi El Hani discharge in the upper 140cm. The sedimentation rate during 
the last two millennia is higher in this location of Sidi El Hani than in sebkha Mhabeul. Furthermore, the 
sedimentation in sebkha Mhabeul that follows a linear evolution is marked by a stable rate of sedimenta-
tion; in Sidi El Hani discharge playa, it follows a chaotic evolution; sometimes the rate of sedimentation 
is high and sometimes is low; this phenomenon may be explained by the significant tectonic activity in 
the Sahel area in comparison with SE Tunisia. Following the major grey scale variability and the three 
reference bands along with both cores, the six climatic stages recognized in sebkha Mhabeul were found 

Figure 9. Relative position of Sidi El Hani clay pan and sebkha Mhabeul
Source: Marquer et al. (2008)
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out along core10. Firstly, the Warming Present (WP) stretches during ≈120yr along the uppermost 
5cm of core10; the establishment of modern conditions is characterised by stable conditions with high 
grey scale. This period is dominated in core10 by silty sedimentation and increasing sedimentary flux in 
coastal regions in Tunisia (Gharsalli et al., 2020). Climatologically, this stage may be classified as dry. 
Secondly, the Late Little Ice Age (Late LIA) is located between 5cm and 33cm in core10. Chronologi-
cally, it stretches between the 80yrBP and 400yrBP. It starts with an intermediate GS value; thus, it reaches 
high GS values. Climatologically, this period started quite dry; then, it became wetter. As in the sebkha 
Mhabeul core, this period is limited in the bottom by the first reference sandy band from 33cm to 37cm. 

Figure 10. Transformation of the minor grey scale variability of sebkha Mhabeul core toward the major 
grey scale variability and the representation of the three reference sandy bands
Source: Modified Marquer et al. (2008)
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Thirdly, the part between 33cm and 46cm represents the Early Little Ice Age (ELIA); chronologically, 
it stretches from ca. 400yrBP to 600yrBP. Climatologically, the intermediate values of GS indicate that 
this stage may be classified as moderate. Fourthly, the Medieval Climatic Anomaly (MCA) spanning 
from 46cm to 66cm in core10 is marked by a sharp increase of the GS. The (MCA) spanned between 
ca. 600yrBP to 1000yrBP. Climatologically, the sharp decrease in the GS values reveals a return to an 
intense flood activity; this stage, hence, may be classified as a wet period. Fifthly, Dark Age (DA) ap-
pears along 66cm to 90cm, a shift from light to dark sediments is recorded between ca. 1000yrBP and 
1400yrBP. As for the grain size distribution, the second reference sandy band is detected at the top of 
the DA. Sixthly, the 300yr Roman Warm Period (RWP) appears between 90cm and 140cm; chrono-
logically, it stretches between 1400yrBP and 1750yrBP. According to the major grey scale, this period 
may be divided into two sub-stages. The first (from 90cm to 109cm in core10) is marked by high GS 
values associated with dark sediments suggesting stable climatic conditions. The second is recorded in 
the bottom; it is marked by a third sandy reference band and low GS values as signs of wet climate.

The remaining part (170cm) of core10 is made of the alternation of humid (low major grey scale) 
and arid (high major grey scale) periods. From 140cm to 172cm, the high major grey scale signifies a 
stable climatic condition. From 172cm to 206cm, the major grey scale is more likely to have intermedi-
ate values indicating more moderate conditions. From 206cm to 261cm, the darkness takes the super 
voice. To the end of the core, the darkness decreases slightly to reach minimum values in the bottom of 
the core (310cm). It is worth noting that this core is located in the outlet of Wadi Elmaktaa where the 
occasional rains in the western part of the Sidi El Hani watershed could cause the coming of quantities 
of detritic sediments mixed with fresh water. Thus, the confinement is destroyed with the humid climate 
in this location.

Correlation of Sebkha Mhabeul Core with Core1 from Sidi El Hani Claypan

The correlation between core1 (210cm) from Sidi El Hani and a core from sebkha Mhabeul (65cm) 
(Figure 12) shows that the climatic variability recorded during the last two millennia in 65cm is recorded 
in core1 of Sidi El Hani discharge in 114cm. As it is proved in core10 location, the rate of sedimentation 
is higher in this location of Sidi El Hani than in sebkha Mhabeul. Similarly, the sedimentation in this 
location of Sidi El Hani clay pan follows a chaotic evolution. By following the major grey scale vari-
ability and the three reference bands along with both cores, the six climatic stages recognized in sebkha 
Mhabeul and core10 were found out also along core1. First, the Warming Present (WP) stretches 
along the uppermost 3cm of core1 with its high grey scale as a sign of a dry climate. Second, the Late 
Little Ice Age (Late LIA) is located between 3cm and 7cm in core1. During this stage, the too low rate 
of sedimentation in this location of Sidi El Hani clay pan forbids the distinction between intermediate 
GS values and high GS values. Nevertheless, this period may be classified climatologically dry. As in 
sebkha Mhabeul core and core10, this period is limited to the bottom by the first reference sandy band. 
Third, the Early Little Ice Age (ELIA) is located in core1 between 7cm and 28cm. Climatologically, the 
intermediate values of GS indicate that this stage may be classified as moderate. Fourth, the Medieval 
Climatic Anomaly (MCA) spanning from 28cm to 40cm in core1 is marked by a sharp increase of the 
GS revealing a wet period. Fifth, Dark Age (DA) appears along the part between 40cm and 79cm, a 
shift from light to dark sediments is recorded. As for the grain size distribution, the second reference 
sandy band is detected at the top of the DA. Sixth, the Roman Warm Period (RWP) appears between 
79cm and 114cm. According to the major grey scale, this period may be divided into sub-stages. The 
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Figure 11. Correlation between sebkha Mhabeul core and core10 from Sidi El Hani claypan
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first (from 79cm to 109cm in core1) is marked by high GS values associated with dark sediments sug-
gesting stable climatic conditions. The second (from 109cm to 114cm in core1) is recorded in the bottom 
is marked by a third sandy reference band and low GS values as signs of wet climate.

The remaining part (96cm) of core1 is made of the alternation of humid and arid periods. From 
114cm to 180cm, the high major grey scale indicates a stable climatic condition. To the end of the core, 
the darkness slightly decreases to reach minimum values in the bottom of the core (210cm). It is worth 
noting that this core is located in the outlet of Wadi Enmira, where the occasional rain in the eastern 
part of the Sidi El Hani watershed could cause the coming of quantities of detritic sediments mixed 
with fresh water.

Correlation of sebkha Mhabeul core with core3 from Sidi El Hani claypan

The correlation between core3 (193cm) from Sidi El Hani and a core from sebkha Mhabeul (65cm) 
(Figure 13) shows that the climatic variability recorded during the last two millennia in 65cm is recorded 
in core3 of Sidi El Hani discharge in 104cm. Similarly to core10 and core1, the rate of sedimentation, 
then, is higher in this location of Sidi El Hani than in sebkha Mhabeul. Following the major grey scale 
variability and the three reference bands along both cores, the six climatic stages recognized in sebkha 
Mhabeul and core10 were found out along core1. First, the Warming Present (WP) stretches along the 
uppermost first centimetre of core3 with its high grey scale as a sign of a dry climate. Second, the Late 
Little Ice Age (Late LIA) is located between 1cm and 6cm in core1. During this stage, the too low rate 
of sedimentation in this location of Sidi El Hani clay pan forbids the distinction between intermediate 
GS values and high GS values. Nevertheless, this period may be classified climatologically dry. As in 
sebkha Mhabeul core, core10 and core1, this period is limited the bottom by the first reference sandy 
band. Third, the Early Little Ice Age (ELIA) is located in core3 between 6cm and 40cm.Climatologi-
cally, the intermediate values of GS indicate that this stage may be classified as moderate. Fourth, the 
Medieval Climatic Anomaly (MCA) spanning from 40cm to 72cm in core3 is marked by an increase 
of the GS revealing a wet period. Fifth, Dark Age (DA) appears along in the band between 72cm and 
84cm, a shift from light to dark sediments is recorded. As for the grain size distribution, the second 
reference sandy band is detected at the top of the DA. Sixth, the Roman Warm Period (RWP) ap-
pears between 84cm and 104cm. According to the major grey scale, this period may be divided into 
sub-stages. The first (from 84cm to 94cm in core3) is marked by high GS values associated with dark 
sediments suggesting stable climatic conditions. The second (from 94cm to 104cm in core3) is recorded 
in the bottom is marked by a third sandy reference band and low GS values as signs of wet climate.

The remaining part (89cm) of core3 is made of the alternation of humid (low major grey scale) and 
arid (high major grey scale) periods. From 104cm to 114cm, the high major grey scale is a sign of a stable 
climatic condition. To the end of the core, the darkness decreases slightly to reach minimum values in 
the bottom of the core (193cm). It is worth noting that this core is located in the outlet of an unknown 
temporary Wadi where the occasional rain in the eastern part of the Sidi El Hani watershed could cause 
the coming of quantities of detritic sediments mixed with fresh water. Thus, the confinement is destroyed 
with the humid climate in this location. Compared with core10, core3 location seems less subsiding. 
Sidi El Hani (stricto sensu), then, is more subsiding than Souassi. It does not differ much from core1.

The grain size distribution of samples along a core from the sebkha of Sidi El Hani showed the su-
perposition of eolian and hydraulic sedimentation. The fractions centered around 6, 60, 160, 250, 315, 
500, 1000, 1600 µm belong to the aeolian component, and the fraction centered around 1 and 280 µm 

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



253

Sedimentary Dynamics Within the Sedimentary Filling of Sebkha Sidi El Hani, Eastern Tunisia
 

Figure 12. Correlation between sebkha Mhabeul core and core1 from Sidi El Hani claypan
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belong to the aqueous component. Sometimes, the fraction is centered around a value next to the primary 

Figure 13. Correlation between sebkha Mhabeul core and core3 from Sidi El Hani claypan
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modes, so we use the pre-modifier translated in order to show the slight modification. For instance, if a 
fraction is centered at a shoulder of 2 µm instead of 1.5 µm, it is called a translated shoulder.

FUTURE RESEARCH DIRECTIONS

Being a serious issue threatening the pedosphere, studying erosion along drainage basins of wetlands 
proves vital to carry out works of soils and water conservation. During the Anthropocene, erosion has 
worldwide increased to modify the rate of sedimentation in many watershed outlets. Future studies should 
give special care to factors increasing the erodibility along the Sidi El Hani basin. Further, remedial 
solutions to this issue should be proposed in order the maintain the soil budget.

CONCLUSION

The VCD was a useful tool for correlation between Sidi El Hani cores and a core from sebkha Mhabeul 
in order to guess the climatic variability during the last two millennia in this clay pan. Nevertheless, some 
cores could not be correlated due to their low major grey scale variability; the use of image software, 
then, is a must. This method has permitted the guessing of the climatic variability in the Sidi El Hani 
saline environment during the last two millennia. The six climatic stages recognized in sebkha Mhabeul 
core were identified in core10, core1 and core3 of Sidi El Hani clay pan. As for the three sandy refer-
ence bands, each band belongs to a climatic stage. In all cores, the first sandy reference band is detected 
in the Early Little Ice Age (ELIA); the second sandy reference band is detected in the Roman Warm 
Period (RWP); the third sandy reference band is detected in the Dark Age (DA). Furthermore, all Sidi 
El Hani claypan cores prove that Sidi El Hani is more subsiding than sebkha Mhabeul.

Figure 14. Superposition of the eolian and hydraulic sedimentations within the sedimentary filling of 
Sidi El Hani wetland
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KEY TERMS AND DEFINITIONS

Climate Variability: Climate variability includes all the variations in the climate that last longer 
than individual weather events.

Drainage Basin: A drainage basin is any area of land where precipitation collects and drains off into 
a common outlet, such as into a river, bay, or other body of water.

Eolian: Eolian Erosion. Wind erodes the Earth’s surface by deflation, the removal of loose, fine-
grained particles by the turbulent eddy action.

Erosion: Erosion is the geological process in which earthen materials are worn away and transported 
by natural forces such as wind or water.

Hydraulic: Hydraulic erosion is the process by which water transforms terrain over time. This is 
mostly caused by rainfall, but also by ocean waves hitting the shore and the flow of rivers.

Outlet: The point where a stream flows out of a lake or pond.
Sedimentary Record: The geologic record in stratigraphy, paleontology and other natural sciences 

refers to the entirety of the layers of rock strata.

 EBSCOhost - printed on 2/13/2023 5:32 AM via . All use subject to https://www.ebsco.com/terms-of-use



260

Copyright © 2022, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  13

DOI: 10.4018/978-1-7998-8459-0.ch013

ABSTRACT

Floods on large rivers and torrential floods are the most common natural disasters in the Republic of 
Serbia. Floods on rivers are natural phenomena that go far beyond the framework of water management 
and hydro-technical measures. Given the distribution of hilly and mountainous areas in the Republic 
of Serbia and the developed hydrographic network, torrential floods occur very often, almost every 
year. Torrential floods and soil erosion are inseparable natural phenomena that shaped the relief long 
before the appearance of living beings on Earth. Erosion processes are difficult to notice and slow and 
are most often noticed only when large areas are exposed, and then the problem of erosion becomes a 
difficult-to-solve or unsolvable problem. For the classification of erosion processes in the Republic of 
Serbia, the EPM method (erosion potential method) is used, which classifies erosion into five categories 
that have their own quantitative characteristics.

INTRODUCTION

The floods that occur, due to their unpredictability and speed of happening, as well as due to the great 
lack of time for the organized reaction of people, cause great damage, not only material but also those 
irreparable, expressed in lost human lives. Defense plans with exact data, computer models of potential 
events, and experiences from the past must be elaborated in detail and based on real requirements, but 
also on real possibilities, in order to be applicable in a given situation. In order to reduce the risk of loss 
of human lives and the occurrence of flood damage, the term must be precisely defined, and the question 
of what a flood is must be answered. The professional definition is as follows: A flood is a temporary 
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water coverage of land that is not usually covered with water. These include floods caused by rivers, 
mountain streams, torrent watercourses, as well as floods caused by the sea in coastal areas. The previous 
definition is given in the EU Floods Directive - directive on assessment and management of flood risks 
(hereinafter: DAR), and it is noticeable that floods caused by water spills from sewage systems, whether 
atmospheric, sanitary or industrial sewage systems, are not treated as floods. As the definition of flood 
given in the DAR roughly states, floods can be divided according to their origin into floods caused by:

• rivers,
• streams,
• torrents,
• coastal waters or sea (Directive 2007/60/EC, 2007).

There are many causes of floods in river valleys, and they can generally be divided into three basic 
groups:

• those that are a consequence of natural phenomena,
• those caused by anthropogenic influence and
• those that are the result of a combination of natural and anthropogenic influences.

BACKGROUND

The anthropogenic impact is mostly related to activities in the riverbed itself, but also in the basin. 
Deforestation, construction of buildings and roads, channels and other activities increase the flow 
rate and the amount of runoff water from the basin, and shorten the time of water concentration in the 
main riverbed, i.e. increase the coefficient of runoff from the basin area. Also, by regulating the bed of 
watercourses, “cutting off dead branches”, dead or still waters, and building facilities on the banks, or 
even in the watercourse bed itself, reduces the flow time through the riverbed, but also reduces the flow 
profile, which inevitably reflects on increasing water level in the riverbed. Due to certain anthropogenic 
influences, such as, for example, deforestation of slopes, floods caused by sliding slopes are not uncom-
mon, and even entire hills slide down, ending up in the waterbed as a kind of a dam. The anthropogenic 
impact is also expressed by partitioning or narrowing the riverbed (stops, dams, bridges), which causes 
the formation of a flood lake upstream of the dam, and uncontrolled construction of buildings in inunda-
tions reduces the flow capacity of high waters through waterbeds. According to the statistical data, the 
periods of floods during the year in the Republic of Serbia differ mainly due to the size and character 
of the basin, i.e. due to the main cause of floods. On large plain rivers, floods occur most often in the 
period of early spring and spring, depending on the temperature characteristics in the upper courses of 
the rivers, i.e. on the melting of the snow cover in the higher basin zones. On watercourses with smaller 
basin areas, floods occur in periods of long-lasting and intensive rains, mainly in spring and autumn, 
depending on the weather conditions in the basin area. A large number of studies dealing with natural 
disasters begin with devastating statistics which show that their intensity and frequency are increasing, 
and that the consequences are increasing both in terms of damage and the number of victims. The reason 
for this, on the one hand, lies in natural processes that have their own dynamics and trends of intensity 
and frequency. Although they argue about the causes that lead to changes in the timing of hydrometeo-
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rological processes and phenomena, the direction in which they take place and the significance of these 
changes, most scientists agree that changes at the global level are evident, especially in the atmosphere 
and hydrosphere (Gosling & Arnell, 2013). On the other hand, the spatial distribution and properties of 
the elements that are exposed to natural disasters (primarily the population and their material goods), 
as well as the natural processes, influence the natural process to acquire the characteristics of a disaster. 
Population growth and their migration to areas where natural conditions are less suitable for life and 
economic activities, lead to more frequent events that we call natural disasters, more precisely to events 
due to which those affected need the help of other communities. Also, the increased population density 
in certain locations and the concentration of economic activities with accompanying infrastructure has 
led to such areas (cities) becoming the most sensitive to various types of disasters caused by natural 
and other types of hazards (Gencer, 2013). In such an atmosphere and environment, world conferences 
(Yokohama, 1994; Kobe, 2005; Sendai, 2015) began on the topic of “fighting” natural disasters, resulting 
in a number of accompanying documents, frameworks, strategies, proposed measures, which over time 
have been turned into legal acts across the planet to a greater or lesser extent. In this sense, disaster risk 
management systems have been developed within which the preparation of risk assessment studies is 
one of the preventive measures in that management (Wisner et al, 2004) and is legally binding for many 
state and local communities (Directive 2007/60/EC, 2007). What has not yet been fully defined is the 
methodology for risk assessment. Everything is at the level of recommendations with the aim of standard-
izing both the methodology in the broadest sense and the collection of data for certain levels of detail.

Reducing the risk of disasters is the goal set at the already mentioned world conferences in Yoko-
hama, Kobe and Sendai. They are dedicated to disaster risk reduction, and the following documents 
have emerged from them: Hyogo Framework 2005-2015 and Sendai Framework 2015-2025 (UN, 2009). 
The set priorities, which are highlighted in the latter document, relate to understanding disaster risk; 
strengthening the organizational system for disaster risk management (prevention, mitigation, prepared-
ness, response, recovery, etc.) in the function of disaster risk management; investing in disaster risk 
reduction with the aim to increase/strengthen resilience; improving preparedness for effective disaster 
response and for “Build-Back-Better” in the disaster recovery, remediation and reconstruction phases. 
Tasks set in European documents such as the Water Framework Directive (Directive 2000/60/EC) and 
the Flood Risk Assessment and Management Directive (Directive 2007/60/EC), which are binding 
on the EU Member States, have also been incorporated into laws in the Republic of Serbia, and are 
contained in the Law on Waters (Official Gazette of RS 30/10, 93/12, 101/2016, 95/2018, 95/2018), as 
well as in the Law on Emergency Situations (Official Gazette of RS 111/09, 92/11, 93/12) stating that 
flood risk and threat assessments are part of water risk management and protection, i.e., that are part of 
preventive protection and rescue measures. Today, it is necessary to keep in mind that global and cli-
mate changes are some of the biggest challenges of today. Floods caused by heavy regional rainfall are 
becoming more frequent, more intense and can overcome the catastrophic floods recorded. At present, 
floods occur as a consequence of a combination of natural and anthropogenic factors, i.e. relations in the 
human-environment system. Anthropogenic impact has caused the phenomenon of climate change, which 
increases the probability of floods and other natural disasters. In this sense, climate change scenarios 
are extremely important as well as flood forecasting based on them. As a consequence of the change in 
the precipitation regime, there was a large imbalance between useful - small and medium waters and, 
on the other hand large, flooding and harmful waters, in favor of the latter (Brajković & Gavrilović, 
1989). Earlier it was thought that climate change would be a problem of the distant future, and even if 
it did happen, it would have no effect on the man or the world around us. However, over the past years, 
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extreme events such as large fires, floods, soil erosion, storms and tropical heat waves have made us 
all think and ask ourselves whether these phenomena are really normal or whether climate change is 
happening. According to the data of the Environmental Protection Agency of the Republic of Serbia, 
in the last 15 years, temperatures in our country have obviously been going up. It has also been proven 
that global warming does not happen by itself and that it is de facto a consequence of human influence. 
Climate change is affecting our lives in every way. No system is not affected by them. They affect the 
ecosystem, people, urban, economic, and social systems (Gavrilović & Brajković, 1989). With the draft 
Law on Climate Change, the Republic of Serbia should establish a system for monitoring, reporting 
and verification (MRV) of data and information relevant to climate change, as a key precondition for 
sustainable planning and reduction of greenhouse gas (GHG) emissions and adaptation to the changed 
climatic conditions (Stefanović et al., 2014).

FLOODS

Floods on large rivers and torrential floods are the most common natural disasters in the Republic of 
Serbia, conditioned by the position and relief of the Republic of Serbia. From the 19th century until today, 
the defense against these natural disasters has been institutionally organized. Through its specialized 
services and public enterprises, the State has organized flood defenses on major rivers and the protection 
of international and other major roads. Due to the increase of unprotected facilities, the existing protec-
tion system has weakened, along with a lack of funds for the construction of new and non-maintenance 
of existing protection systems. But despite that, the existing protection system for protection against 
floods and torrents withstood the catastrophic flood of the Danube during 2006. The question is where 
the limits of the protective ability of the existing system are. The examples of catastrophic floods and 
torrents that hit European countries in the period from 2000 to the present testify to the negative impact 
of deception on the protective ability of the existing system. The damage from these floods conditioned 
the revision of the existing protection system, as well as the change of criteria and the creation of a new 
concept of defense. In the Republic of Serbia, the Law on Waters and accompanying bylaws prescribe 
the obligation of local self-government in the field of flood defense. The implementation of this obliga-
tion has pointed to a number of problems due to the lack of legislation that has ruled out the existence 
of a torrential flood while transferring too many responsibilities to local communities. Due to that, the 
training for protection against floods and torrents has been reduced to a negligible level. The occurrence 
of torrential floods or short torrents requires full readiness and organization of this complex activity at 
the level of local self-government. It can be said that there is no local self-government in the Republic 
of Serbia, or individuals who have not faced floods or torrents because these types of natural disasters 
were very common in the past. The role of local self-government in flood defense is of paramount im-
portance, and a well-designed organization and clear division of responsibilities in the preparation and 
implementation of defense can significantly reduce the risk of catastrophic damage and human casualties 
(Stefanović et al., 2014). The Law on Emergency Situations of the Republic of Serbia (“Official Gazette 
of the RS”, No. 111/2009, 92/2011 and 93/2012), defined the role of all subjects of state administration 
in emergency situations more precisely. This Law clearly defines the role of local self-government in 
acting in emergency situations, among which floods are a regular occurrence.

Surface waters on the territory of the Republic of Serbia, according to their importance for water 
management and based on established criteria: position of watercourses in relation to the state border, 
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size and characteristics of basins, regimes and characteristics of watercourses from the aspect of water 
use, water protection and protection from harmful effects of the water are divided into:

• waters of the first order,
• waters of the second order.

The government determines the list of waters of the first order. Decision on determining the Census of 
waters of the first order (Official Gazette of RS 83/2010). Waters of the first order are interstate waters, 
other waters (natural and artificial watercourses). All surface waters that are not determined as waters 
of the first order are considered as waters of the second order. The first ones are large and medium riv-
ers, and they are taken care of by the Republic Water Directorate and the company Srbijavode (Water 
Management Basis of the Republic of Serbia, 2002). Others are smaller rivers, streams, or torrents and 
are under the jurisdiction of local governments. Waters of the second order are critical because of their 
nature. They react violently, they also withdraw the same way and make terrible damage. Thus, for 
example, a stream water level can rise up to several meters. There are between twelve and twelve and 
a half thousand torrent watercourses in our country, and even much more developed countries cannot 
cope with that. The forecasting of torrential floods is the most difficult type of hydrological forecasting. 
Meteorologist Sparavalo explains that local torrents are limited to short-term floods caused by heavy 
local showers and a large amount of precipitation in a short time in a relatively small area. He states 
that such torrents, as a rule, last for a short time, several hours or at most one day, and are characterized 
by a high speed at which the water moves. Unlike waters of the second order, Sparavalo states that the 
overflow of larger rivers can take days. “It is a consequence of longer and more abundant precipitation 
in a wide area of river basins, sometimes in combination with sudden melting of snow, depending on 
the season.” “These floods can be predicted in time and thus reduce the damage with timely protection,” 
(BBC News, 2021).

Floods on rivers are natural phenomena that go far beyond the framework of water management and 
hydrotechnical measures. It is known that rivers and floods had a significant impact on the development 
of human society through history. The outpouring of large waters from riverbeds and the flooding of 
river valleys are among the oldest human experiences, as is their antipode - drought. Floods on large 
rivers bring fertility to the land even now. Today, it is necessary to keep in mind that global and climate 
changes are among the biggest challenges. Floods caused by heavy regional rainfall are becoming more 
frequent, more intense and can overcome the catastrophic floods recorded. As a special type of flood 
on watercourses, torrential floods stand out. Their appearance is related to torrential watercourses, 
whose basic characteristic is a specific hydrological and psammological regime (sediment regime). As 
a result of soil erosion in the basin, sediment production occurs and it is moved from the watershed 
to the watercourse and is further transported by the hydrographic network. The main characteristic of 
torrents is a small amount of water during most of the year, but large flows after intense precipitation. 
According to research on experimental basins in the Republic of Serbia, about 80% of the total runoff 
water, as well as 90% of sediment transport from torrent basins, runs off during 3-4 flood waves, and 
during the rest of the year, we have very little flow or torrent flow dries up in the warm season (Land 
Degradation and Protection - Thematic collection, 2016). Torrential floods occur in basins with intensive 
erosion processes, due to intense precipitation or sudden melting of the snow cover and are character-
ized by the rapid formation of torrent waves. The river Vrbas and its tributaries, as a consequence of the 
natural characteristics of the basin and the most often inadequate action of the human factor in terms of 
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land management, cause frequent floods that are different in intensity, area and the damage they cause. 
Floods of larger areas are caused by the river Vrbas and the main tributary, while local floods caused 
by torrents are more frequent, with a very destructive effect. Flood defense in the Vrbas basin with such 
characteristics is a very complex problem and requires complex solutions. Although the risk of torrential 
floods also exists in those parts of the basin that are outside the flood zone, only those parts of the basin 
that are directly exposed to the risk, i.e., the areas where the torrential flood is realized, were selected 
for risk assessment (Kostadinov et al., 2019).

Three basins (Skrapež, Belica and Lužnica) were selected for the analysis at the macro level, while 
a more detailed analysis at the meso level was shown on the example of the river Skrapež. The results 
showed that the hazard indices are the highest in the areas with the largest area of the geomorphologi-
cal flood zone and the highest erosion, and that the Skrapež basin is the most endangered from the oc-
currence of torrents of the three selected basins. Exposure and vulnerability indices are the highest in 
urban settlements, and as the Belica basin is the most populated, these indices are the highest in it and 
the lowest in Lužnica. The risk index is highest in the Skrapež basin, followed by Belica, and lowest in 
the Lužnica basin.

Torrential flooding is a natural process of increased intensity, which is an outpouring of water with 
a high concentration of sediment from the riverbed. Unlike the so-called river floods, which are char-
acteristic of large plain rivers and which are realized in the lower parts of the basin, torrential floods 
are associated with smaller occasional, periodic and permanent watercourses whose basins are affected 
by erosion processes. Also, river floods appear suddenly after intense rains and the sudden melting of 
snow and last for a shorter time. Since they endanger all the elements of space (population, its activities, 
material goods and nature), they can have the characteristics of a natural disaster. For these reasons, their 
research and risk assessment require an interdisciplinary approach, i.e. they are based on the study of 
natural and social components of space (Smith & Petley, 2009).

Floods within Europe in the period 2000-2011 affected 3.4 million people, taking more than 1,000 
lives. It is estimated that due to climate change, the frequency and number of flood events in Europe 
will increase. Without the adoption of special adaptation strategies, the number of people who will be 
exposed to floods annually will increase from today’s 775,000 inhabitants to the value of 5 million 
inhabitants per year by 2085.

Pluvial floods - sudden rain floods that primarily cause great damage in urban areas, depending on 
local conditions and population density, as well as population structure (especially vulnerable elderly 
population, poor people, sick people and people who do not own a car) primarily in old urban cores 
along the coast where there is no space and possibility for drainage of heavy rains of large inflow, so the 
water level rises sharply, flooding the streets and the lowest buildings, causing great damage, including 
possible human casualties.

Urban floods can be of fluvial or pluvial origin. In the case of fluvial floods, they are most often 
the consequence of increased inflows from the wider basin area. Due to the increase in water levels and 
outflow of water out of the riverbed, they can cause very great damage to buildings, human property and 
potentially endanger human lives. Torrential floods in urban areas are especially dangerous, primarily due 
to the speed of formation and propagation of flood waves, frequent saturation of water with suspended 
sediments and mud, and high flow velocities (torrential floods in the Mediterranean and mountainous 
areas). In the case of fluvial floods, the causes should most often be sought in uncontrolled urbanization, 
which occupies the space of natural watercourses, narrows the inundation areas and increases flow rates 
by regulatory works (Prohaska, 2003).
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With the pluvial origin of urban floods, the main cause lies in extreme rainfall, when extremely large 
amounts of rain fall in a relatively short time. At such times no existing system of receiving these pre-
cipitations is able to accept the amounts of water that appear as an underground or aboveground flow. 
The streets of the cities are turning into torrents, and the local depressions are being filled with water. 
Problems of urban drainage of extreme rains occur all over the world. The first to face them were large 
cities (Tokyo, Sao Paulo, London....) where due to large urbanization, excessive concreting and large 
asphalt surfaces, large floods occurred which were impossible to prevent and stop (Blagojević, 2019).

Torrents are caused by heavy rains falling from clouds known as cumulonimbus clouds, which also 
cause hail. The hail affects a relatively narrow area of 100 m to 300 m, while the rain from these clouds 
covers an area of 10 km2 to 30 km2. The worrying fact is the appearance of cumulonimbus systems, 
which cover an area of more than 600 km2, with extremely high rainfall in a short time (1 - 5 hours), 
which is a characteristic of the tropical climate. In the shortest possible time, such rains turn relatively 
large rivers into destructive torrents, which, in addition to destroying everything in their way, also take 
human victims. Great floods in the past, which used to be recorded once in a hundred years, are now 
recurring more and more often. Mild winters with little snow but heavy rain falls for hours or heavy 
snow with extreme temperature oscillations increase the risk of flooding. On the other hand, people tried 
to limit the space that used to be occupied by rivers and streams. This has been done since the dawn 
of civilization by building embankments and deepening riverbeds. It is commonly understood that this 
was done in order to make the land for agriculture, which is partly true. Numerous methods and types 
of facilities have been developed for river regulation and torrent regulation, which have increased the 
efficiency of protection over time. However, that does not mean that the danger of torrents and floods 
has been removed, it has only been reduced because there is always the probability of some phenomenon 
that will exceed the defense capability of the built protection system (Prohaska, 2003).

Given the distribution of hilly and mountainous areas in the Republic of Serbia and the developed 
hydrographic network, torrential floods occur very often, almost every year. As it is known, the gen-
esis of large waters takes place in the upper part of the basin, while floods occur in river valleys, in 
the lower course. In this regard, it should be noted that the lower courses of most torrent watercourses 
in the Republic of Serbia, with developed river valleys, are of great social and economic importance. 
In these valleys. there is a large number of urban and rural settlements, as well as significant traffic 
infrastructure. Most river valleys have an agricultural purpose, while industrial zones are often next to 
the settlements. This means that floods threaten very valuable goods in the coastal area - settlements, 
roads, agriculture and industry. When we talk about torrential floods, we should keep in mind that this 
term is much broader than in the case of floods on larger rivers. That is why it is more correct to talk 
about “torrential processes” than about floods, because it is really a set of phenomena that take place in 
a torrential watercourse and the coastal area, when large waves of water occur. In addition to the clas-
sic manifestation of floods (due to the outpouring of large waters from the riverbed), the phenomena 
of torrential lava, landfalls and landslides also occur simultaneously. Torrential waves are associated 
with another phenomenon, which has a great impact on the scale of the phenomenon, which can only 
be conditionally called a flood. Namely, due to the sudden inflow of large waters, torrent waves have a 
very exposed steep forehead (“torrent fist”), which has great destructive power. The head of the wave 
destroys trees, undermines shores, creates landslides and landfalls. All that affected material mixed with 
water destroys everything in its way. Only well-designed and constructed torrent management facili-
ties can withstand it and perform a protective function against the flow of a mass called “torrent lava” 
because it really looks like that phenomenon. On the other hand, the duration of swollen waters is very 
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short, several hours. Hydrograms of torrent waves have a short time base, with a particularly short rise 
time (ascending branch) due to the rapid formation and sudden arrival of large waters. During the year, 
the flow duration curves of torrential watercourses also have a characteristic shape, with a very short 
duration of large waters (several days a year) and a long duration of small waters and medium waters. In 
the category of smaller watercourses, the torrential character of the hydrological regime is manifested, 
above all, by the specific genesis, fast concentration and short duration of large waters. Large water waves 
on smaller streams have the typical characteristics of torrent waves, with a sudden onset and a short time 
base. The two-phase character of the flow of large waters is especially visible due to the large mass of 
suspended and drawn sediment transmitted in waves, which prevents psammological types of observa-
tion and analysis, common on large rivers. Unlike classic torrents, the torrent character of large waters 
is not always equally visible in the category of smaller watercourses. Depending on the distribution and 
intensity of precipitation in the basin, the genesis of large waters can be different, in spatial and temporal 
terms. Hence, there are waves of large waters with a longer time base and a smaller maximum flow, but 
also typical torrent waves, with a characteristic shape of the hydrogram. Every torrential flood causes 
damage to the river bank. In the case of small outpourings of large waters of torrent watercourses, which 
occur more often, the damage is not so great. However, occasionally, massive torrential floods occur 
in torrential areas of Serbia, with human casualties and great material consequences (Prohaska, 2006).

FLOOD PRONE AREAS

Flood zones are areas of land that flood during floods. In relation to the character of the flood, flood 
zones are divided into the field and torrential. Field floodplains are on the shores of large watercourses 
and occupy relatively large areas. The fields are natural wetlands and field forests, but over the past 
millennia, they have been conquered and turned into arable land and settlements. In that way, the natural 
flood zone was significantly reduced. The danger of flooding the protected area has not disappeared, 
but it has been mitigated by effective defense measures. Recent floods on major rivers in Europe have 
shown that nature punishes any defense failure by flooding the former fields again. Field floods are 
characterized by a relatively slow rise, long duration and slow decline of the flood wave. Field floods 
leave behind damage on all flooded facilities that do not have the projected resistance to floods. Damaged 
crops and forests in accordance with the resistance of a particular species to flooding also suffer. Heavy 
floods cause the greatest damage to settlements and roads. It is not uncommon for less well-founded 
buildings to be demolished. When it comes to urban environments, great damage occurs to infrastructure 
facilities (water supply, sewerage, energy, telecommunications, etc.). Torrential flood zones are set in the 
coastal area of torrential watercourses: torrential floods are characteristic of smaller watercourses. The 
occurrence and duration of a torrential flood, even on a relatively large torrential flow, rarely exceeds a 
few hours from the beginning of a heavy downpour to the end of a torrential flood. Torrential floods are 
always devastating. Although field floods and torrential floods have completely different characteristics, 
similar principles are applied to determine flood zones, with field flood zones being larger and easier 
to describe in square kilometers, while torrential flood zones are described in hectares. The calculation 
of the flood zone depends on the accuracy of the data on the riverbed and the potential flood zone and 
the flow conditions. Such data are obtained by geodetic surveying, and the required accuracy is deter-
mined based on the needs of a specific task, in accordance with the regulations in the field of geodesy, 
surveying and land cadaster. Geodetic surveys with satisfactory accuracy can be performed with clas-
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sical surveying, which is the most expensive and slowest type when it comes to large areas. Classical 
surveying is only cost-effective in the case of small areas. For recording large areas, various methods of 
remote detection are used, recording from various aircraft and satellites. Imaging can be photographic, 
multispectral, radar, laser or combined.

Today, the best results of recording flood zones of torrents and small rivers have been achieved with 
the LIDAR system. It is a laser and photographic image system that provides data in several levels ap-
plicable for purposes other than those for determining flood zones.

In short, the LIDAR system provides the following data classes:

• terrain data - DTM (digital terrain model),
• data on vegetation and its height,
• data on constructed facilities,
• orthophoto of the terrain,
• infrared imaging of the terrain (used to detect nearby underground water).

Due to this set of data and high precision, which is about ten times higher than other remote detec-
tion methods and is close to the accuracy of classical recording, the LIDAR system is today the most 
common recording method in the EU and on other continents.

The investment in the LIDAR system has shown high profitability. In addition to precisely defining 
the flood zone and flood risk zone, this method of surveying is used to develop urban and infrastructure 
plans, as well as to create a complete geodetic base necessary for projecting, especially for working with 
numerous software design/project programs (Rosier et al., 2021).

EROSION, TORRENTS AND EROSION AREAS

Torrential floods and soil erosion are inseparable natural phenomena that shaped the relief long before 
the appearance of living beings on Earth. The significant effects of climatic and meteorological factors, 
such as torrential rains and storms, cause torrential floods, which are manifested by devastation, high 
speed of occurrence and short duration. On the other hand, there is an imperceptible effect of climatic 
factors manifested as soil erosion. Erosion is slow and less noticeable until it strikes entire provinces, 
states and parts of continents. Traces of civilizations that have disappeared due to the effects of erosion 
are present all over the world. Erosion processes are difficult to notice and slow. They are most often seen 
only when large areas are exposed, and then the problem of erosion becomes a difficult or unsolvable 
problem. Due to the change in the microclimatic characteristics of the area, a new precipitation regime 
is being established, and it is characterized by reduced total precipitation in the area, but also more fre-
quent high-intensity rains and long dry periods. Thus, deserts are gradually created. Eroding (crushing) 
of the soil is achieved first by thermal stress, because moisture, frost and heat gradually crush the soil 
and prepare it for rain and wind, which move the crushed material. Of course, not every rain or wind has 
enough energy to start the prepared material. The people gave each type of rain and wind a name that 
characterizes them. The pouring rain sprinkles the ground and sticks to the clothes, but it does not give 
any runoff. Mild rain is something that every farmer wants because almost every drop of rain ends up 
in the soil and there is hardly any surface runoff. A downpour is a type of heavy rain of high intensity, 
greater than 30 mm per hour. These rains have great impact energy. Raindrops of this type of rain have 
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a diameter of 1.5 mm to 7 mm and each drop is a projectile that falls to the ground at a speed of 3 to 6 
m/s. The average diameter of drops in such rains is about 3 mm in the conditions of our climate. During 
the downpour, 10 to 30 tons of such projectiles per km2 fall to the ground every second. As the surface 
of a typical rain cloud that delivers rainfall is usually around 10-30 km2, it is not difficult to calculate 
the total amount of water that fell to the ground. Showers also erode flat soil, and on the steep ground, 
almost all rain water flows away along with sediment, even on completely dry and permeable soil. Al-
though it seems illogical, it should be understood that regardless of the water permeability and dryness 
of the soil, everything that exceeds the power of absorption flows away. Thus, in our region, it is not 
uncommon for torrents to appear on sandy terrains that have the highest power and speed of absorption. 
Wind also has various names, from breeze to storm. Strong, stormy winds blow in our plains, there are 
even tornadoes. The strength of the winds in the plains is great, it often happens that they blow the seeds 
out of the soil, so for such winds, the removal of small soil particles is not a problem at all. Both forms 
of erosion are present in the Republic of Serbia, but when it comes to the transport of moving particles, 
the wind has a transit role because every wind-driven particle is captured by water at some point and 
taken to the watercourse (Climate Change Vulnerability Assessment, 2012).

From ancient times until today, people have been trying not to be in the way of a devastating torrential 
flood, if at all possible, and where that was not possible, more or less successful buildings were built for 
protection from torrents. Bare surfaces are ideal for unobstructed drainage during heavy rain. As there 
are no obstacles that would reduce the flow rate, the water erodes the soil easier, creates ravines and 
forms a torrential flood wave. In Vojvodina, oak forests have disappeared on all higher terrains and only 
those in the flood zone of large rivers have survived. Erosion did its job and took away the fertile layer 
of soil and sand reached the surface. That is how the Deliblatska, Ramsko-Golubačka, and Subotička 
sandstones were created in the today’s Republic of Serbia. Similar sandstones exist near Szeged (Hun-
gary) and Đurđevac (Republic of Croatia).

In summary, the intensity of erosion depends on four main factors. The three factors represent the 
natural characteristics of the area: geological-pedological background, relief and climate, while the way 
the land is used is a factor that is mostly under the control of people, which is why it is subject to dynamic 
and rapid changes. For the classification of erosion processes in the Republic of Serbia, the EPM method 
(erosion potential method) is used, classifying erosion into five categories with their own quantitative 
characteristics. This current situation can be easily changed by some planned or irresponsible change in 
the way the land is used (Prohaska, 2006).

Comparing the state of erosion, sediment production and planning the necessary works requires 
regionalization, some kind of division of the territory. As natural units in the Republic of Serbia, basins 
are the basis for review, analysis and comparison.

The production of erosion deposits means the initiated and removed volume of material created by 
climatic factors on the surface layer of the soil. The abstracted relation of erosion categories and sedi-
ment production is a double increase or decrease of sediment volume within one erosion category. The 
produced quantities of erosion deposits are usually expressed in specific and total annual values for 
defined basin units. Specific production is expressed in m3/km2 per year, i.e. the volume of eroded and 
removed soil that occurs on 1 square kilometer of surface during one year. The total production for the 
entire basin is expressed in m3/year, i.e. as the total eroded and removed soil from the basin during one 
year. The specific production of erosion deposits is a practical quantity because it indicates the intensity 
of erosion processes regardless of the size of the basin and is most often used to compare the situation 
before and after the works performed, as well as the expected results of the planned work. The initiated 
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sediment can be expressed in the form of the thickness of the layer of removed soil. When the intensity 
of erosion reaches 1000 m3/km2 per year, it corresponds to the reduction of one millimeter in the thick-
ness of the fertile soil layer. In our conditions, the intensity of erosion can vary from 100 m3/km2 to 4000 
m3/km2 per year (Gavrilović & Brajković, 1989).

Erosion areas and zones are most often equalized. I In fact, erosion zones are areas affected by dif-
ferent classes and categories of erosion classified according to appropriate methods of mapping erosion 
processes, while erosion areas are areas where a strong erosion process does not have to be developed 
but which can become foci of erosion if any of the factors important for the development of erosion 
changes. Simply put, it is a natural predisposition of a specific terrain for the development of erosion 
processes, and that characteristic is unchangeable and cannot be influenced by any works and measures. 
In the past, when entire basins were affected by strong erosion processes, all of them were declared 
an erosion area not because they were such as a whole, but in order to facilitate the implementation of 
extensive administrative measures against erosion land management. Another reason was that no meth-
ods for identifying erosion areas had been developed at the time. Although the provision on declaring 
erosion areas has been active for a long time, the terms erosion processes and erosion areas are often 
equated or confused. This creates difficulties for local governments, because they have to implement 
this obligation. Also, a problem for local governments is very expensive works on the sanation of land 
destroyed by erosion due to the complexity, difficult accessibility of the terrain on which the works are 
performed and the necessary high expertise in the design and execution of works. The development of 
erosion processes in erosion areas is mitigated by the application of non-investment anti-erosion measures 
prescribed to owners and users of land in the erosion area (Stefanović et al., 2014).

These measures are simple and consist of prohibitions and obligations, as follows:

I Prohibitions
 ◦ Prohibition of pruning branches (for animal food)
 ◦ Prohibition of growing root crops on steep fields
 ◦ Prohibition of plowing on the slope of the land
 ◦ Prohibition of clear cutting of forests on sloping terrains
 ◦ Prohibition of grazing on degraded pastures

II Obligations
 ◦ Obligation to plow following isohypsis (contour)
 ◦ Obligation to convert degraded fields into meadows
 ◦ Obligation to ameliorate degraded pastures
 ◦ Obligation to afforest bare slopes
 ◦ Obligation to convert annual crops into perennial crops on degraded areas
 ◦ Obligation of anti-erosion land management
 ◦ Obligation of anti-erosion forest management

These measures are prescribed for each individual parcel located in the erosion area and are entered 
in the part of the parcel data table. The measure that will best suit the anti-erosion method of land man-
agement is prescribed, without reducing the income of users from that area. Only in extreme cases can 
it be ordered to take some measure that drastically changes the conditions and culture of land use. These 
are only severely eroded arable lands that must be excluded from agricultural production for a longer 
period of time and protected by perennial forest vegetation. In places where erosion has reached large 
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proportions, administrative measures are useless until expensive technical, biotechnical and biologi-
cal works are performed. Let the detail from Stara Planina and Trgoviški Timok serve as an example, 
where erosion processes have reached extreme proportions. Wild forest exploitation on typical eroded 
soil influenced the formation of a range of deep ravines. This area is afforested with a combination of 
biotechnical works for ravine consolidation and afforestation.

The problem that characterizes the erosion areas is not the current intensity of erosion that is the 
result of the applied anti-erosion measures, but complying with the restrictions in land management in 
the erosion area. Namely, a significant volume of anti-erosion works is afforestation of erosion areas 
with the application of a set of technical and biotechnical works. The natural susceptibility of the ter-
rain to erosion is the basis for the determination of the erosion area. If this is not done and erosion areas 
are not declared, there is no possibility to impose the obligation to implement administrative measures, 
but that does not mean that the erosion area has ceased to exist. The biggest problems are in the field 
of forestry. Intensive logging on steep slopes in the erosion area deepens the ravines that were created 
during the period of excessive exploitation in the first half of the twentieth century.

In some places in the Republic of Serbia, the soil is such that a high leveling of the terrain is not needed 
for the development of erosion. Let us use the example from the vicinity of Veliko Gradište, where a 
torrent ravine cut the road, and the total denivelation from the top of the basin to the mouth is about 40 
m. Agriculture in the erosion area requires complying with anti-erosion land management. Plowing on 
the slope of such land destroys the field and quickly turns it into a deep ravine, although the land is not 
so steep (Land Degradation and Protection - Thematic collection, 2016).

Erosion areas are identified and displayed on maps. Detailed displays are on maps of scale 1:25000, 
while overview maps of small dimensions show the percentage of the occurrence of erosion areas. The 
map of erosion areas is an important document because it clearly identifies areas where a small change 
in the purpose of the surface changes the intensity of erosion processes. Such surfaces must be managed 
only in a way that mitigates the intensity of erosion, often with the additional application of protective 
anti-erosion works. Such a way of managing the purpose of the land is called “integral” and the law 
prescribes it in the area that has been declared erosive. The plain part is not so affected by erosion.

The Republic of Serbia is naturally destined for torrents and torrential floods. Relief, geological 
background subject to erosion, climate characterized by heavy rains and parts of the country where 
strong winds occur - re prerequisites for the appearance of torrents not only in mountainous areas but 
also in plains. Torrents were not classified as a problem as long as the endangered values were small. 
The railway and road network development conditioned the “conquest” of river valleys in which entire 
settlements were built. The torrents also conditioned the construction of facilities for protection against 
torrential floods, which was later extended to works for protection against erosion. People in the known 
torrent areas where the protection system was built were convinced that they were protected from tor-
rents. This was somewhat true, but only until the occurrence of floods that exceeded the level of the 
protection system, projected for the probability of a once-in-a-hundred-year flood (1%).

The torrents caused damage in parts of the Republic of Serbia that were covered by a smaller scope 
of protection systems. It is clear that torrential floods are more common in areas that are insufficiently 
covered by works for torrent management and erosion protection, but that there are also catastrophic 
torrential floods on watercourses that are relatively well covered by protective works. The current state 
of erosion is the result of work on anti-erosion and torrent management in the period of several decades, 
which has made great progress compared to the period of fifty years ago. The average intensity of ero-
sion has been reduced by one, and in some areas by two categories. As erosion is a phenomenon and a 
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process that always exists, maintaining the current condition requires maintaining the existing protection 
system, and improving the condition requires additional work. These works have been performed for 
decades and are necessary because significant areas are still under processes from excessive to medium 
erosion category. Simply put, works on torrent management (barriers, thresholds, regulations, etc.) serve 
as a “skeleton” of the system and prevent changes in torrent waterbeds, and biological and biotechnical 
works (afforestation, grassing, raising orchards and the application of administrative anti-erosion mea-
sures, etc.) represent “suit” of integral protection against torrents and erosion. After each major torrential 
flood that caused great damage, analyzes were done with the goal to determine the existence of some 
responsibility. The most common problem was that there were no precise data on rains, nothing was 
left but a rough estimate. A retrospective of torrential floods that have caused great damage during the 
last decades has been made. Countless minor torrential floods destroyed one or two houses, destroyed 
a less important bridge, destroyed several fields and, unfortunately, only the affected knew about them, 
who mostly did not have insurance, so there is no record of the damage.

TORRENTIAL FLOODS EXAMPLES

Torrential Floods in Europe

Torrential floods have been characterized as one of the most significant natural disasters in the world 
(Smith & Petley, 2009) and in Europe (Gencer, 2013), which pose serious risks to human lives, facili-
ties and infrastructure. Given that torrential floods often occur in smaller basins where water levels and 
flows are not measured, a project (Hydrate) of their recording (550 documented torrential floods) has 
been started in Europe and the spatial and temporal regularity of their occurrence has been analyzed. 
They have been found to have a greater magnitude in Mediterranean countries, as well as to have a clear 
seasonality in their occurrence in each region. Major torrential floods with significant casualties occurred 
in 1952 in the United Kingdom (34 victims), in 1962 in Spain (more than 400 victims), and in 1968 
in Italy (72 victims), in 1994 in Italy (69 victims), in 1999 in France (35 victims) (Gaume et al, 2009).

Torrential Floods in the Republic of Serbia

The Korbevačka river is right tributary of the river Južna Morava, joining it near Vranjski Priboj. The 
torrent wave on this river is formed on the slopes of Besna kobila and descends almost a thousand me-
ters to the mouth of the river Južna Morava. The basin area of this torrent is about 90 km2. This river 
has been a nightmare for decades for both the population and the economy, as well as those working in 
the anti-torrent profession. It often interrupted traffic on the Belgrade-Skopje railway. Torrential bar-
riers proved to be insufficient and were demolished several times along with the railway bridge. Two 
torrential floods on this river had severe consequences. On July 23, 1963, two of the three bridges over 
the Korbevačka river, which often changed direction, were destroyed. On that occasion, the only anti-
flood barrier was destroyed. More of them were planned; however, only one was built. The torrential 
wave cannot occur without heavy rain, but none of the pluviometer stations registered rain either that 
or the previous days because the pluviometers were at a great distance from the basin. The collapse of 
the bridge on the Korbevačka river happened on May 15, 1975, as a consequence of low throughput for 
such a torrent wave. The bridge was demolished just before the train reached it, which led to a record 
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number of human casualties caused by a torrential flood. The tragic balance of this accident was 13 
human casualties, with enormous material damage.

Another example is the railway accident caused by the torrential flood of the Korbevačka river in 
1975. The Korbevačka river belongs to the hydrologically unexplored basins where no observations and 
measurements were performed, which is still valid today, so in both cases, only assessments were made 
on the basis of recording the situation. The only change is that the torrent bed is regulated in the zone 
of the railway and the road and that afforestation of larger scope has been carried out in the basin, but 
the issue of determining and defining the authoritative phenomenon and the degree of system safety 
still remains unresolved.

The Sejanička river is a small torrent tributary of the Južna Morava, with a basin area of about 12 
km2. On July 2, 1983, it caused great damage to the urban part of the town of Grdelica with a torrential 
flood. The Textile factory was completely destroyed. According to meteorological observations, the total 
precipitation that preceded the torrential wave was about 90 mm. The rain lasted a relatively short time 
(about 3 hours) and was very strong. The analysis determined that the probability of the occurrence of 
such a rain was once in two hundred years (0.5%). Analyzes also confirmed that the rank of high waters 
was at the level of occurrence once in a hundred years, which is a direct consequence of the performed 
anti-erosion works, which were not sufficient.

The river Vlasina is a left tributary of the Južna Morava, with a basin area of   about 900 km2. The 
upper part of the basin, on the slopes of the mountain Čemernik, has a characteristic mountain relief. 
There are two municipal centers (Babušnica and Crna Trava) in the basin of the river Vlasina, and at the 
mouth is a third municipal center and the largest populated place - Vlasotince.

The torrential flood of the river Vlasina on June 26, 1988 is one of the largest torrential floods in 
the territory of Serbia recorded in history and water management annals. The causes and consequences 
of that flood are of extreme character, both in terms of the probability of their occurrence and in terms 
of catastrophic proportions. Precipitation in the Vlasina basin that caused the flood wave is one of the 
meteorological phenomena with an extremely rare probability of occurrence. On the other hand, the 
great waters of Vlasina caused torrential floods of enormous proportions, with catastrophic damage. The 
torrents were caused by extremely heavy rain from 150 mm to 220 mm, which fell in four hours. The 
probability of the occurrence of that torrential flood was once in 300 years (0.33%). The catastrophic 
scale of the flood of the river Vlasina can be illustrated by data on 4 human victims, several thousand 
destroyed houses and other facilities, 32 destroyed bridges, as well as tens of kilometers of damaged 
regional roads. The water intake plant “Ljuberađa”, which supplies water to Babušnica, Bela Palanka 
and a part of Niš, was severely damaged. In Vlasotince itself, the right side of the dam was broken, from 
where a torrent wave broke through the settlement and wiped out the shopping center and the bus station. 
That saved the settlement behind the left bank embankment, where the houses were flooded. Only a few 
bridges were damaged, and the rest were completely wiped out by the force of a torrent.

The torrential flood also occurred in November 2007, which, in addition to the Vlasina basin, also 
affected parts of the Nišava basin. Bridges, parts of roads, as well as the water supply plant “Ljuberađa” 
with a pipeline for the supply of Niš, Babušnica, Bela Palanka and other places were destroyed again. 
The interruption of traffic and water supply lasted for weeks. The official conclusion was that this phe-
nomenon was a consequence of the penetration of the heat wave from the southeastern and southern 
parts of Europe and the sudden melting of the snow, which was accompanied by moderate precipitation 
- rain. The damage from that flood has not yet been statistically processed. What can be stated is the 
fact that the scale of that flood is not comparable to the catastrophic flood from June 1988. However, 
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so many times, the fact has been confirmed that the damages from torrential floods, always and without 
exception, are proportional to the values of the goods that are hit by the torrential wave. The flood on 
the river Vlasina in 2007 indicates the need to improve the system of protection against torrents and 
erosion. The flood of November 2007 damaged the water supply system for the supply of water to Niš, 
which runs along the bed of the Koritnica river.

During July 1999, a large part of Central Europe and the Mediterranean was hit by above-average 
rainfall. Precipitation over the Republic of Serbia occurred in several isolated but relatively close in time 
waves. Under the influence of a strong altitude cyclone, the first rain wave appeared between July 8 and 
11. The strongest precipitation was in the valley of the river Velika Morava. After a short-term improve-
ment in the weather conditions, there was a worsening with showers and thunder. The precipitation was 
high in places on July 13 and 15 and was higher in the Zapadna Morava basin than in the Velika Morava 
basin itself. The third wave occurred in the second part of the last decade of July, and especially high 
precipitation was in the Zapadna Morava basin and in the Sava River basin. Unusually high successive 
precipitations led to the outpouring of a large number of smaller watercourses and characteristic torrents 
- immediate tributaries of the Velika Morava, Zapadna Morava and the immediate basin of the Sava river 
(the Kolubara, the Topčiderska river, etc.). Floods and torrents have caused enormous damage to settle-
ments, industrial plants, infrastructure and agriculture. The most intense flooding of the Velika Morava 
and the left tributaries of the Zapadna Morava, then the Kolubara basin and the immediate tributaries 
of the Sava river. Torrential floods in the immediate basin area of the Velika Morava occurred on the 
following rivers: Lugomir, Belica, Lepenica, Jasenica, Kubršnica, Ravanica, Crnica and Resava. In the 
Zapadna Morava basin, large water outflows and torrents have been registered on the following rivers: 
Skrapež, Bjelica, Ribnica, Gruža, Despotovica, Dičina and Rasina. The most severe consequences of 
the flood were in Smederevska Palanka. Due to the insufficient capacity of the riverbed and the burst 
of the embankment in several places, the rivers Jasenica and Kubršnica overflowed. The intensity of 
the floods and the amount of damage were very high in the area of Jagodina due to the overflow of the 
rivers Lugomir and Belica. In addition, the river Lepenica flooded Batočina and caused very great dam-
age. The floods on the right bank of the Morava river were of slightly lower intensity, but still caused a 
lot of damage. The river Resava in the area of Svilajnac overflowed, then the river Ravanica in Ćuprija, 
Crnica in Paraćin and the river Jovanovačka in the vicinity of Ćićevac.

In the immediate basin area of the Zapadna Morava, the largest floods occurred on its left tributaries: 
the Čemernica with tributaries the Dičina and the Despotovica and on the river Gruža. Floods of somewhat 
lower intensity occurred in the basins of Skrapež, Bjelica, Ribnica and Rasina. In some of the designated 
areas, extremely high waters have occurred several times over the recent years and devastating torrential 
floods have occurred (Jasenica, Kolubara, Topčiderska river, Jadar), which have been characterized as 
once-in-a-hundred-years phenomena, and even as phenomena of a longer return period. The flood on 
the river Vlasina from 1988 is said to have a much longer return period (over three hundred years).

The municipality of Topola suffered great damage from torrents during July 1999. Torrential floods 
were not concentrated only in the hilly and mountainous areas of the Republic of Serbia. They were also 
found in typical lowland areas. From Požarevac to Golubac, a series of torrential floods occurred on 
extremely small torrential watercourses. The regional road Veliko Gradište - Ram suffered special dam-
age, on which a torrent cut a canal through the asphalt in 1999. That road is important because there is a 
ferry from Ram to Banatska Palanka, and that is the fastest way to cross from Stig to Banat and Romania.

Intense precipitation during June 2001, which affected the central and western part of the Republic 
of Serbia, caused extremely high waters on several watercourses in the Sava and Drina basins, which 
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resulted in catastrophic floods and torrents accompanied by great damage. The biggest floods occurred 
in the basins of the Kolubara, Jadra and Ljubovidja rivers. Heavy rains fell in the entire area from June 
19 to 21, which caused a sudden rise in water levels and the appearance of extremely high water levels in 
all smaller watercourses. The floods were especially severe in six municipalities: Šabac, Loznica, Ljubo-
vija, Valjevo, Pecka (municipality of Osečina) and Osečina, and by their nature, they can be classified 
as torrential. Settlements, industrial facilities, roads and communal infrastructure, as well as agricultural 
land, were flooded at several locations. The outflow occurred not only on parts of unregulated streams 
but also on sections of regulated riverbeds with built defensive lines on the following watercourses:

• the Obnica, Jablanica, Kolubara, Ljig (upstream from Ljig), Lepenica and Ribnica rivers over-
flowed in the vicinity of Valjevo,

• the area of Loznica and Lešnica was flooded by the Jadar and Krivaja rivers, and large flows oc-
curred in other watercourses in the city area of Loznica (Žeravija and Štira), although there was 
no large-scale flooding on these watercourses,

• the area of Šabac, more precisely its southwestern part, was flooded due to the outpouring of water 
from the Cer circumferential canal on a stretch of about 32 km, i.e. from the confluence of the Cer 
circumferential canal and the Sava near Prnjavor,

• in the area of Osečina, the river Jadar and all its tributaries overflowed (Pecka, Ostružanka, 
Lovačka river); downstream from the settlement of Pecka, the river Pecka overflowed and caused 
great damage to the traffic infrastructure,

• in the town of Ljubovija, the river Ljuboviđa overflowed in the city area itself.

Based on meteorological data, it can be concluded that in the entire area, precipitation on June 20, 2001 
(recorded on June 21 at 07 AM) was very abundant and ranged from 35 mm to 40 mm in the lowlands 
(Šabac and Sremska Mitrovica) and from 80 mm to 100 mm in the upper parts of the considered basins 
(Petkovica, Osečina, Ljubovija, Donja Orovica, Poćute). The maximum daily precipitation, which was 
registered mainly on June 21, 2001, at some stations, had values close to the averages for June (Osečina, 
Donja Orovica and Poćute). If we observe the precipitation that caused the flood wave in June 2001, it 
can be noticed that the most abundant precipitation occurred in the following areas:

• the upper part of the basin of the Cer circumferential canal (Petkovica and Badovinci);
• the entire Jadra basin, and especially its upper part, where very intense precipitation was regis-

tered at the stations Dvorska, Krupanj, Osečina, Stave and Pecka;
• in the Ljuboviđa river basin (Ljubovija, Donja Orovica);
• in the basins of the watercourses that make up the Kolubara river, with high precipitation at the 

stations Bogatić, Donje Leskovice, Majinovići, Mratičići and Brežđe; maximum precipitation in 
the Kolubara basin occurred at some stations on June 20, and at others on June 21;

• in the Tamnava basin, precipitation was quite high, although they did not have significant extreme 
values.

The Jadar river and its tributaries had a series of torrential floods almost every other year and all 
were accompanied by great damage.

On May 15, 2010, Trgovište, a small municipality in the southern part of the Republic of Serbia, was 
hit by a catastrophic torrential flood. The torrent appeared really unexpectedly and destroyed several 
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bridges and damaged roads and several houses and business facilities. Meteorological data from stations 
in Serbia did not indicate the reason for the occurrence of torrents. The analysis of the radar image es-
tablished that 110 mm of rain fell on the basin in Macedonia in 26 minutes, which is an unprecedented 
intensity in our region. That torrential flood showed that the border could not stop it. Two people were 
killed and great material damage was caused.

2014 is characterized by a series of floods and torrents of catastrophic proportions. In the period from 
May 14 to 17, large amounts of precipitation fell on the entire territory of the Republic of Serbia. The 
highest precipitation was in the western parts of Serbia, which caused torrential floods of all tributar-
ies of the Drina and the Kolubara. Rains and torrents moved east towards the tributaries of the Velika 
Morava, the Mlava and the Pek, so the municipal centers of Krupanj, Loznica, Ljubovija, Mali Zvornik, 
Valjevo, Ub, and especially catastrophically Obrenovac, were destroyed. As soon as in September 2014, 
an unprecedented storm hit eastern Serbia and torrents destroyed Tekija, Podvrška, Velika Kamenica, 
Grabovica and Rečica, which are located in the basins of the eponymous tributaries of the Danube. Bor 
and Majdanpek were also damaged on that occasion. The analysis of all those floods and torrents has 
not been finished yet, so no one can come forward with a precise statement of what really happened. 
The fact is that during May 2014, large floods and torrents hit Croatia and Bosnia and Herzegovina and 
caused great damage to the whole area.

SOLUTIONS AND RECOMMENDATIONS

The basic feature of floods on torrential watercourses arises from the specific dynamics of torrential 
phenomena. The characteristic genesis and fast concentration of large waters in torrential basins prevent 
the application of classical hydrotechnical principles and methods of flood protection. The sudden arrival 
and short duration of high waters often do not leave enough time to declare flood defense (which can 
never be regular, but only emergency). Unfortunately, in most torrential floods, no active defense mea-
sures are taken in our country, but everything comes down to passive remediation of the consequences 
of the flood. Considering the character and dynamics of torrential processes, preventive protection 
measures are of the greatest importance. The main goal of preventive flood protection measures on 
torrent watercourses is, on the one hand, to reduce the probability of high water spills, and on the other 
hand, to reduce potential flood damage. Having in mind the fundamental feature of small watercourses 
- the inseparable connection of phenomena in the basin and the river course, preventive measures of 
flood protection on torrent watercourses must include the spatial whole of watercourses, coastal areas 
and basins. The approach to flood defense must be adapted to the presented characteristics of torrent 
processes, in order to rationally and effectively protect against water. This means that the dynamics of 
torrential phenomena and a very short time for the organization and implementation of flood protection 
measures must be taken into account. On the other hand, the greatest attention must be paid to preventive 
activities before the appearance of torrent waves. In other words, all potential flood protection measures 
must be prepared in advance and elaborated in detail so that in the event of a wave of high waters, the 
activation of all planned measures can be started immediately. Defense against torrential floods cannot 
be successful without adequate organization, adapted to the character of the phenomenon. This means 
that all flood defense activities must be coordinated and synchronized and all defense actors involved at 
the right time. In that sense, a clear and solid structure of the flood defense headquarters is necessary.
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FUTURE RESEARCH DIRECTIONS

Integral defense against the harmful effects of water implies undertaking certain activities, works and 
measures in parts of the municipality that are potentially endangered by the harmful effects of water, in 
conditions that are treated as natural disasters, such as torrential rains and torrential phenomena. Defense 
against these phenomena is treated as flood defense with special measures taken in potentially endan-
gered area by the influx of torrential sediments (torrential lava), landslides and landfalls. In addition to 
the mentioned torrential phenomena, the accompanying phenomena of the harmful effect of water also 
include erosion processes. These processes are the subject of special plans - erosion protection plans 
(which are a special obligation of municipalities). Municipal torrential flood defense plans must also 
address these phenomena, given that their consequences (deposition in drains, in the zone of bridges and 
culverts) can be a potential cause of floods (Plan for the proclamation of erosion areas on the territory of 
the municipality of Leskovac, 2007; Flood protection plan for the area of the municipality of Leskovac, 
2007). Erosion protection has the character of preventive activities in order to reduce the intensity of 
erosion processes. Control of erosion processes includes the following activities:

• identification of erosion hotspots locations,
• identification of areas that may be endangered by erosion processes,
• systematic implementation of remedial measures and works on these sites,
• preventive planning of the use of space in the endangered area.

These measures are the subject of erosion protection plans for the area, while the plans for flood pro-
tection envisage measures of timely provision of conditions for water runoff, by intervention in known 
critical places. The realization of these activities is under the jurisdiction of the Municipal Assembly, 
the Directorate for Construction, the competent utility company, i.e. the competent Section for Roads.

CONCLUSION

Contemporary European trends in the field of flood protection can be summarized in several fundamental 
principles:

• It is important to solve the problems of flood protection in accordance with the sustainable devel-
opment and preservation of natural resources and the environment as a whole,

• It is necessary to “give” more space to rivers. Floods of 1998 and 2002 showed a general lack of 
inundation spaces in Europe,

• All plants, which may be sources of water pollution, must be dislocated outside the flood zones. 
This is true for both existing and new facilities, the construction of which is planned.

Hydrometeorological services must play a much larger and more responsible role in forecasting 
catastrophic flood hazards. Flood risk maps are very important instruments in determining the degree 
of flood risk. In many European countries, mapping of floodplains is forthcoming, and GIS is recom-
mended for this purpose.
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Spatial planning is also an important instrument, which must be used in order to reduce flood dam-
age. Commercial and residential buildings are prohibited from building in flood zones. Flood protection 
financing can take the form of public-private partnerships. Informing and involving the public in all 
phases of flood protection is invaluable for successful flood defense.
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KEY TERMS AND DEFINITIONS

Capacity: The combination of all the strengths, attributes, and resources available within an orga-
nization, community or society to manage and reduce disaster risks and strengthen resilience. Capacity 
may include infrastructure, institutions, human knowledge and skills, and collective attributes such as 
social relationships, leadership, and management.

Contingency Plan: A plan developed to assist with managing a gap in capability to ensure services 
are maintained. This plan describes organized and coordinated courses of action with clearly identified 
institutional roles and resources, information processes and operational arrangements for specific actions 
at times of need. Contingency planning can be done as deliberate planning or immediate planning as it 
seeks to address gaps on an as needs basis.

Disaster: An event, either man-made or natural, sudden, or progressive, the impact of which is such 
that the affected community must respond through exceptional measures.

Disaster Management: There could not be a single organization solely responsible for all aspects of 
disaster management. The management task is to bring together, in an integrated organizational structure, 
the resources of many organizations that can take appropriate action in times of disasters.

Disaster Risk Reduction: Disaster risk reduction is aimed at preventing new and reducing existing 
disaster risk and managing residual risk, all of which contribute to strengthening resilience and therefore 
to the achievement of sustainable development.
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Hazard Analysis: Part of the overall planning process which identifies and describes hazards and 
their effects on the community.

Recovery: The taking of appropriate measures to recover from an event, including the action taken to 
support disaster-affected communities in the reconstruction of infrastructure, the restoration of emotional, 
social, economic, and physical wellbeing, and the restoration of the environment.

Resources: Any asset, physical, human, economic or environmental which can be used to assist in 
achieving the objectives of the plan (people, equipment, relief supplies, water, roads, warehouses, and 
money).
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