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Section 1

Ecology, Circular Economy, and Governance

Chapter 1
Re-Thinking the Sustainable Development Goals From the Point of View of Social Ecology and
Environmental AW ........cooiiiiiiiiiiceccceee ettt ettt et ettt 1
Edwin Vegas-Gallo, Universidad Peruana de Ciencias e Informatica, Peru
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Alex Pacheco-Pumaleque, Universidad Peruana de Ciencias e Informdtica, Peru

This research tries to understand the Sustainable Development Goals (SDG) from the perspective of
social ecology and environmental law, away from the Darwinian theory of man dominating nature and
more focused on rethinking the SDGs from the nature-society co-evaluation in the adaptive sense of
society to the new reality of its physical-natural support and to the new legal system of human rights.
Development with victims from biologically rich countries like Peru with paradoxical poverty is analyzed,
and likewise, the collapse of society in the face of imminent climate change due to human action is
analyzed, which requires climate justice for environmentally displaced people in the face of the violation
of their human rights, especially of children at risk. Finally, a Latin American academic contribution is
presented to rethink the SDGs, generating contributions to the later times of the social confinement of
COVID-19, in the so-called new normal.

Chapter 2

Ecosystem Services for Environmental Sustainability ..........ccccceeieviriiiiiinninninnieeeieceeieciceeeeees 12
Bhavya Kavitha Dwarapureddi, GITAM University (Deemed), India
Swathi Dash, GITAM University (Deemed), India
Saritha Vara, GITAM University (Deemed), India

Many of the most valuable contributions of ecosystems to human wellbeing are ecosystem services and
are generally underrepresented in assessments. Indirect and direct factors including biophysical dynamics
like soil properties, changing climatic conditions, plant functional structures, and anthropogenic activities
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like changes in land use and land degradation reduce ecosystem services. It is challenging and important
to identify these factors and also to estimate their relative contributions to the degradation of ecosystem
services. The chapter is an attempt to identify all these important factors and also suggest ways to
enhance ecosystem services. Furthermore, incorporation of local knowledge would enable quantifying
ecosystem services at a greater spatial resolution and also help in identifying chief factors influencing
ecosystem service delivery. Furthermore, a long-term program needs to be established for gathering data
towards streamlining ecosystem services wherein involvement of stakeholders is necessary for designing
payments for these programs.

Chapter 3
The Impact of Awareness Regarding Environmental Protection Laws on Ecological Degradation..... 31
Atul Bamrara, Government of Uttarakhand, India

Global environmental troubles are gaining significance because of the speedy and antagonistic speed
of urbanization. Environmental degradation restricts the flow of environmental services. Dumping of
pollutants in excess of its assimilative capacity into air, water, and soil results in deterioration of the
quality of these vital resources. The nature of environmental problem depends upon the level of economic
development and the geographical condition of the area under consideration. India being a developing
economy with a low per capita income, high population density, agriculture-dependent labour force, and
high percentage of rural areas, the problems here are different from those in developed countries. The
chapter highlights the impact of knowledge regarding environmental protection issues on environmental
degradation.

Chapter 4
Variations in the Landscape Along the High-Speed Rail Route............coccooiieiiiiiiiiiniiniiiceeeee, 44
José Cabezas, University of Extremadura, Spain
José Manuel Naranjo, University of Extremadura, Spain
Francisco Jesiis Moral, University of Extremadura, Spain
Patricia Bratos, University of Extremadura, Spain

The development carried out in the last decades is degrading the ecosystems, damaging the existing
biodiversity. One of the elements that is having the most impact on the deterioration of natural areas is the
construction of transport infrastructures, among which are high-speed routes. These linear infrastructures
are contributing to the deterioration of biodiversity enclaves, which contribute to providing highly relevant
ecosystem services. Among these deteriorations are the processes of fragmentation and alteration of the
landscape. This chapter analyses a situation that occurs in Spanish territory related to high-speed railways.
This transport system began in Spain on the occasion of the Universal Exhibition of Seville 1992. By
this transport activity, the changes suffered in the landscape are calculated and analysed through Corine
land cover data since its inception until the last report of 2018.

Chapter 5
Ecological, Political, and Social Impacts of Climate Change in the Large Water Basins of Central

Ahmet Altin, Zonguldak Biilent Ecevit University, Turkey
Siireyya Altin, Zonguldak Biilent Ecevit University, Turkey

Central Asia is a term that defines a very large region including Turkmenistan, Uzbekistan, Tajikistan,
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Kyrgyzstan, Kazakhstan, North-West China, and Mongolia, known as the Land of Turks. The water
needs of the population within the borders of Central Asia are met by more than 6000 lakes of various
sizes and rivers pouring into these lakes. Climate change, which has been heavily felt in the region in the
last 50 years, negatively affects water resources and human life in large lake basins. In this study, how
the water resources in the large lake basins in Central Asia, especially in the Aral and Balkhash basins,
are affected by climate change and how the climate change scenarios will develop were investigated. In
addition, conflicts caused by the use and sharing of water between the countries have been identified,
and the effects of these conflicts on social life, especially migration, have been discussed.

Chapter 6
Economic-Ecological Principles and the Question of Mineral Waters in Brazil: A Propositional
AANALYSIS .ttt ettt e a e e a et e h bt et e et et e e et e eat e eateea b e e ate e et eateeateeateeateentas 76
Pedro dos Santos Portugal Junior, University of South Minas, Brazil
Fabricio Pelloso Piurcosky, University of South Minas, Brazil
Rodrigo Franklin Frogeri, Centro Universitdrio do Sul de Minas, Brazil
Luiz Carlos Vieira Guedes, University of South Minas, Brazil
Sema Yimaz Yilmaz Geng, Kocaeli University, Turkey

The present study addresses the issue of mineral waters in Brazil, its institutional problem, and the
consequences and conflicts arising from its irrational exploitation. As a solution to these problems and
conflicts, it is proposed to integrate these mineral waters and their different types in the management of
water resources and the application of guiding economic and ecological principles as in the case of the
conception of post-normal science and the precautionary principle. To meet the objective, the authors
opted for an exploratory and bibliographical research regarding the adopted procedure. It is concluded
that the implementation of an institutional change will allow a participative and polycentric management,
mainly at the level of the hydrographic basin committees, which will contribute to the application of
the two mentioned principles and a sustainable management of this resource. However, there is a need
for improvements in the national water resources policy to more effectively cover groundwater in which
mineral waters are embedded.

Chapter 7

Water Resources in Chile: Current and Future Projections and Their Relationships With Biomes..... 90
Javier Lozano Parra, Universidad Autonoma de Madrid, Spain
Jacinto Garrido Velarde, University of Extremadura, Spain
Ignacio Aguirre, Centre for Hydrology, University of Saskatchewan, Canada

This study quantifies the current and future soil water balance in a spatially distributed way for the whole
of Chile and establishes what biomes will be the most affected by variations in water resources. The study
of water resources reveals that 90% of surface Chile will reduce its soil water resources in the future if
greenhouse gas concentration in the atmosphere does not stop. The most disadvantaged biomes are the
forests, where soil water availability could decrease an average of 100 mm/year. Desert biomes could
not perceive the hydrological imbalances; however, it is expected its surface increases.
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Chapter 8

Environmental Sanitation in Heredia: A Relevant Challenge in Costa Rica........cccceccvveevvverieenneennee. 101
Roxana Yasmin Durdn Sosa, Universidad Nacional, Costa Rica
lliana Araya Ramirez, Universidad Nacional, Costa Rica
Rui Alexandre Castanho, WSB University, Portugal

Costa Rica is recognized for its efforts in sustainable development. This study analyzes the challenges of
environmental sanitation to articulate environmental management in the Canton of Heredia. Currently,
the country faces significant challenges regarding access to water and environmental sanitation. This
research contributes to the analysis of the challenges of the environmental sanitation system in this
territory. The testing techniques and photographic registration in the impact area, along with the interviews
with employees and professionals on the subject, and extensive bibliographic consultation support
this methodology. The study’s conclusions regarding the challenges of environmental sanitation are 1)
legal and institutional framework faced by the environmental sanitation project of the Publics Services
Company of Heredia (ESPH for its initials in Spanish), 2) strategy for the treatment of sanitary waters
in the canton, and 3) improvement in the quality of life of the Heredia’s citizens.

Chapter 9

Strategic Communication for Sustainable Environmental Development in the Northern Nigerian

Arid Zone: Toward Mitigating the Impact of Climate Change..........ccccceeeeerriieniieeniiieniieeee e 115
Adamkolo Mohammed Ibrahim, University of Maiduguri, Nigeria
Nassir Mohammed Abba-Aji, University of Maiduguri, Nigeria
Phuong Thi Vi, TNU - Thai Nguyen University of Science, Vietnam

Nigeria is one of the world’s most vulnerable countries to extreme weather conditions and natural
disasters linked to climate change, the impacts of which are exacerbated by rapid population growth, a
fragile economy, high dependence on rain-fed agribusiness, and the country’s weak adaptive capacity.
The lack of or poor application of environmental communication in a strategic approach is critical to
all of these. Using a thematic conceptual review of existing literature, this chapter shows that strategic
environmental communication can be applied more easily to mitigate the impacts of climate change and
environmental degradation through the use of well-established communication strategies and instruments
to save the environment for socio-economic development.

Chapter 10

Towards a Sustainable Circular Economy: A Systematic Literature Review of Its Implementation

IN BUSINIESS ...ttt e e et e e e e e ettt e e e e e eeeetaaeeeeeeeeettaseaeeeeeserssaeeeeeeennaareaeeeeeanns 138
Soraya M. Ruiz-Pesialver, Universidad de Granada, Spain
José M. Rodriguez-Anton, Universidad Autonoma de Madrid, Spain

The circular economy (CE) is a new paradigm that helps create convergence into a more sustainable
society. This chapter shows the main findings of a systematic literature review examining the state of the
art of the business concept of sustainability and CE and how scholars have focused on the implementation
of circular and sustainable principles in sectors and firms. The main findings show a lack of consensus
on definitions related to CE, creating confusion among firms. Final findings also show the challenges
that businesses face and the main obstacles that explain why some organisations fail in the transition.
Additionally, this review helps to highlight the main research gaps on the topic to encourage sustainability
and circularity among firms. Whilst there are an increasing number of papers related to circularity and
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supply chains, few papers concern with dematerialising products and services. Another gap is the lack
of quantitative studies measuring the impact of transitioning to sustainable and circular economies.

Chapter 11

Fostering Circular Economy in Urban AT€as.........cccuevieriiiiiiiiiieiienie sttt sttt 165
K. Orkun Aktag, Kirikkale University, Turkey
Can B. Aktas, TED University, Turkey

The 21st century is an urban world. Strategies that aim to tackle the urban material challenge and promote
circular economy are necessary to achieve sustainable development. Having established the importance
of circular economy towards sustainable development, this study presents applicable strategies to reduce
consumption and promote circularity specifically in urban centers. Main strategies may be categorized
into three areas: reducing material use through better design, efficient manufacturing and processing, and
more intensive recycling. For materials use reduction, dematerialization, appropriate design based on
product service lifetime, design for X principles and extended producer responsibility are identified as
prominent design approaches or policies. For effective manufacturing and processing, the implementation
of best available technologies and additive manufacturing were identified to have potential significant
impact. For end-of-life phase management, differences between upcycling, recycling, and downcycling
require targeted industry-specific policies.

Chapter 12
European Manufacturers Towards the Circular Economy: Barriers That Hinder the Effective
IMPIEMENTALION ..ottt ettt ettt et et e sr st b e sae e et e sbeeaeesne bt eaeennenees 179
Alessia Pisoni, University of Insubria, Italy
Fabio Sirigu, University of Insubria, Italy

The chapter aims atinvestigating the barriers that overall hinder the implementation of the circular economy
(CE) principles within the European manufacturing sector. Based on an in-depth literature review carried
out with a systematic approach, the chapter aims at identifying and in-depth describing the external and
internal barriers that affect the implementation of CE principles. In the end, a comprehensive map of
such barriers and possible ways to overcome these are reported as the main contributions of the study.

Chapter 13

The Asymmetric Impact of Economic Growth, Energy Consumption, Population, and R&D on

Carbon Emission in Turkey: Evidence From ARDL and Non-Linear ARDL..........c.cccocccoviniinnnne. 200
Nurcan Kilinc-Ata, National Research University Higher School of Economics, Russia

The presented study analyzes the asymmetry effect of research and development (R&D) expenditures,
population growth, energy consumption, and economic growth on carbon emissions in the sample of
Turkey for the period 1990-2020. Nonlinear ARDL is used to control the asymmetry of the variables.
Linear ARDL is used to control the long-term and short-term relationships between the variables. The
findings show that there is asymmetrical or linear relationship between the variables of R&D expenditures,
population growth, energy consumption, economic growth, and carbon emissions. The findings display
that economic growth and R&D are effective in reducing carbon emissions, while energy consumption
seems to increase carbon emissions. Interestingly, the population was found to be effective in reducing
carbon emissions in the study. In order for Turkey to reach its 2050 target, it is necessary to give priority
to environmental regulations and policies.
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Chapter 14

Redefining Smart Cities, Urban Energy, and Green Technologies for Sustainable Development...... 216
Ayfer Gedikli, Duzce University, Turkey
Cihan Yavuz Tag, Bahcesehir University, Turkey
Nur Billur Tag, Bilkent University, Turkey

Increasing greenhouse effects and global warming have been threatening the environment. Cities have
directed their development strategies towards smart policies aiming to improve the quality of life of their
inhabitants through sustainable environment and energy resources. Therefore, it became a very critical
strategy to redefine urban energy sources and apply green technologies in all means of city lives for
sustainable cities and reaching Sustainable Development Goals. In this chapter, background information
for the role of cities in climate change and environmental pollution globally will be explained. Then a
theoretical framework for smart cities and their important features focusing on technology innovation,
smart governance, energy efficiency, waste management, as well as green buildings, smart grid-smart
lighting, and smart mobility will be analyzed. Finally, sustainable development policy suggestions for
sustainable plans and programs at the urban level within the current legislative framework will be put forth.

Chapter 15

Sustainable Resilience in Urban Land USE.............cooooviviiiiiiiiiiiiiieee e eeee e e e 233
José G. Vargas-Herndndez, Tecnologico Mario Maolina, Zapopan, Mexico
Elsa Patricia Orozco-Quijano, Laurentian University, Canada

Humanity is facing a series of important challenges, global warming being one the most important.
Consequently, sustainability and resilience have become key elements in providing a better response to
the crisis and in maintaining an equilibrium between ecology, economics, and various social domains.
The design and use of urban land should consider the inclusion of a multi-functional green infrastructure
to obtain different benefits, from ecosystem services to value creation. Additionally, the urban land-use
planning system contributes to economic growth, social development, and environmental sustainability,
while biodiversity is able to provide renewal and reorganization capacities for changes in social-ecosystems.
All these elements bring forth a different paradigm for the future decisions of communities.

Chapter 16
Local Perspectives of Sustainable Urbanism: The Spanish Legislative Model............ccccccecueernennne. 257
Maria Jesiis Garcia Garceia, University of Valencia, Spain

The protective actions of rehabilitation, especially when they affect urban spaces formally declared as
areas of rehabilitation, must have an urban reflection and be projected and reflected in the corresponding
planning and management techniques. Planning legislation provides the instruments (plans) and the
proper techniques to make urban planning adjusted to the parameters of the rehabilitation performing
actions that seek to promote the rational use of the natural and cultural resources, in particular the
territory, the soil, and the urban and architectural heritage that are the support, the object, and the scene
of the quality of life.

Chapter 17

The Role of Municipalities in Achieving Water Security: The Case of Turkey ........c.cccoccerveeriennnne 268
Seda H. Bostanci, Tekirdag Namik Kemal University, Turkey
Seda Yildirim, Tekirdag Namik Kemal University, Turkey
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The world has realized the fact that the limited resources can’t be sustainable for a long time. Sustainable
transformation is a key issue to save the current resources and natural environment for the next generation.
2030 Sustainable Development Goals (SDGs) can help governments to focus on main issues to achieve a
balance between social, environmental, and economic development. At this point, Goal 6 points out the
importance of saving clean and safe freshwater resources. This chapter aims to present the link between
municipalities and water security in Turkey. Turkey case was selected according to its risky position in the
level of water stress. This study used recent reports and statistical data on environmental indicators related
with freshwater resources and the implications of municipalities in Turkey. Environmental Indicators
2020 Report guided the authors to determine water indicators in Turkey. In addition, the available open
access data from TURKSTAT is used to determine water supply services of municipalities.

Section 2
The COVID-19 Pandemic, Tourism, and New Technologies

Chapter 18
A Review of Alternative Economic Approaches to Achieve Sustainable Development: The Rising
Digitalization and Degrowth Post COVID-19 ...cc..cooiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 288
Seda Yildirim, Tekirdag Namik Kemal University, Turkey
Isil Demirtas, Giresun University, Turkey
Durmus Cagri Yildirim, Tekirdag Namik Kemal University, Turkey

The COVID-19 pandemic has changed the progress in 2030 Sustainable Development Goals, and
policymakers have been challenged with the implications of conventional economic system in the market.
At this point, it can be said that the adoption of the best alternative economic and business model for the
marketplace is the new phenomenon during the COVID-19 pandemic. Accordingly, alternative economic
and business models can reduce the carbon emission, environmental pollution, and global warming, but
there is a still dark point in solving social issues globally. This study aims to give a brief framework for
alternative economic and business models in the context of sustainability. This study presents the links
between 2030 Sustainable Development Goals, digital economy, and de-growth. In other words, this
chapter focuses on digital economy (digitalization) and degrowth model (degrowing). Accordingly, it is
thought to give an up-to-date work for achieving sustainable development after the COVID-19 pandemic
in the long term.

Chapter 19

The Role of the Government in Environmental Sustainability During the COVID-19 Pandemic..... 308
Ayfer Gedikli, Duzce University, Turkey
Abdullah Kutalmig Yalcin, Duzce University, Turkey

The COVID-19 outbreak and its global spread through human-to-human contact have made it even
more important to analyze the environmental effects. The higher the population, the higher the energy
usage, the higher amount of carbon emissions, and the faster the environmental degradation. Having
a high-quality environment is important for people to protect themselves from infection. During the
lockdowns, city residents could benefit from the environment. Shutdowns contributed not only to break
the chain of infections but also to the development of the environment and ecosystems. Due to the great
cuts in transportation and industrial sectors, air and water pollution levels have come down, and nature
has started to reassert itself. In this process, governments have a great role to fight the pandemic and
protect the environment. In this chapter, environmental sustainability and the role of governments during
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the pandemic will be analyzed. Also, the viable solutions for environmental sustainability that can be
provided by the governments will be put forth.

Chapter 20
The Sustainable Development Goals From a Social Work Perspective in the COVID-19 Pandemic
PEITOM ...ttt h e b e s bt e s bt e s bt e s bt e s bt e sh e e e bt e s atesbeesbe e sheeeheenaeeas 326
Hatice Oztiirk, Aksaray University, Turkey
Bilge Abukan, Ondokuz Mayis University, Turkey
Filiz Yildirim, Ankara University, Turkey

The COVID-19 pandemic is an ecosocial and global crisis caused by human actions. With the pandemic,
poverty and inequalities have gradually deepened; in particular, the acceleration of digitalization in the
pandemic period has revealed digital inequalities. In addition, problems such as poverty, climate change,
global warming, and social and environmental sustainability concerns constitute obstacles to achieving
sustainable development goals. Social workers play an active role in the achievement of sustainable
development goals; as such, they should also be able to critically evaluate the associated processes
and results. In such an evaluation, it is important that social workers adopt an ecosocial approach that
centers on people and nature. Based on this, in this study, sustainable development and related goals are
evaluated from a critical point of view, discussing them in light of the COVID-19 pandemic. As a result
of this analysis, the degrowth approach is recommended as an alternative to sustainable development.

Chapter 21
Tourism, Entrepreneurship, and Sustainability: Critical QUEStiONS.........ccevuerrierriirnieriieieeieeieeeen 342
Mariana Noébrega, University of Aveiro, Portugal
Mariana Sousa, University of Aveiro, Portugal
Jodo do Vale Ribeiro, University of Aveiro, Portugal
Nina Szczygiel, University of Aveiro, Portugal

The new global economy and its branches need to be both sustainable and entrepreneurial. In the world
where finitude of resources can be eye-witnessed, decisions that lay upon the principles of people, profit,
and planet have the ability to preserve the quality of life of present and future generations. Tourism is
one of those sectors which have largely expanded over the past decades and whose development affects
countries, economies, and natural resources. Sustainable tourism appears to be a natural fit for entrepreneurs
wishing to establish new ventures and pursue business opportunities in today’s dynamic yet complex
business climate. This chapter examines the nexus between entrepreneurship and sustainable tourism.
On the basis of theoretical framework and the review of relevant global environmental and tourism-
specific tendencies, an online empirical study was conducted to understand how young adults perceive
entrepreneurship and sustainability in tourism and the contribution of the two to sustainable development.

Chapter 22
Sustainable Socio-Intercultural DEVEIOPMENL ..........ceeeeuiiiriiiiiieriierree e eiee e ere e e sreesreessee e 356
José G. Vargas-Herndndez, Posgraduate and Research Department, Tecnologico Mario
Molina, Unidad Zapopan, Mexico

This chapter has the objective to explain and analyze the issues, problems, concerns, and tendencies
related to the sustainable socio-intercultural development. The analysis departs from the assumption
that the nature of a sustainable socio-intercultural development system should be based on the common
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socio-cultural values and public understanding to strengthen the sustaining practices of governance. The
method employed is the reflective approach based on an analytical review of the theoretical literature
and empirically derived current practices in communities, governments, and organizations. The analysis
concludes that the implementation of a sustainable socio-intercultural socioeconomic and environmental
development needs to be supported by a well-designed institutional governance. To achieve this, a
commitment on the practice of effective community economic growth and socio-environmental sustainable
development is required.

Chapter 23

UNESCO, Idanha-a-Nova, and the UNESCO Creative Cities Network: A Multilevel Approach to

the Local Implementation of the SDIGS .......c.cociiiiiiiiiiiieeee et e 374
Julijana Nicha Andrade, Federal University of Minas Gerais, Brazil

The chapter’s main objective is to study the city’s rising role as a driver for implementing the 2030 SDGs
and UNESCO Creative Cities Network’s part as UNESCO’s mechanism to support cities in the effort.
The results show that there is a changing nature of authority in the policy cycle on a more holistic level,
where alongside the nation-state, international organizations and cities play a vital role in the problem
definition, decision-making, agenda-setting, transfer, and implementation of policies. The increasing
importance of cities internationally stretches the municipal policy cycle from the local to regional,
national, and international levels. Orchestration complemented with an inter-organizational relations
framework is used to study the case of Idanha-a-Nova UNESCO Creative City of Music. The case study
shows that Idanha-a-Nova drove the implementation of the SDGs locally with the Portuguese state’s
support. However, because it lacked expertise and mechanisms of implementing the goals, it reached
out to private consultancy and individual experts.

Chapter 24
The Digital Brand Marketing in the Azores Archipelago: New Paths for the Enhancement of
Sustainable Regional DevelopmMENt ..........couiiiiiiiiiiiiiiiie e 395
Gaulter Couto, Universidade dos Acores, Portugal & CEEApIA, Portugal
Pedro Pimentel, Universidade dos Acores, Portugal & CEEApIA, Portugal
Sérgio Antonio Neves Lousada, Universidade da Madeira, Portugal
Rui Alexandre Castanho, WSB University, Poland

The ultra-peripheral Portuguese region of Azores is considered one of the EU outermost regions.
This insular region is widely recognized as a sustainable nature-based destination. Its remoteness
and breathtaking landscape attributed the region a label of adventure tourism by global references as
Bloomberg, Departures, BBC, Forbes, GeekyExplorer, Lonely Planet, among others. In this regard, this
type of tourism incorporated with the digital marketing generated around it is seen as a vital channel for
inspiring sustainable regional development. Consequently, itis possible to verify that the digital marketing
created around this new typology of tourism along with the Azores’ singularity as a destination could
significantly influence the local socio-economy base to the sustained development growth of the region.
Furthermore, it was identified that the most reasonable opportunities for slow and nature-based tourism
were located in rural tourism.
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Chapter 25
SmartDest: Converting the Azores Into a Smart Tourist Destination............ccceeevvverieerieersieescneeeennnn 409
Gualter Couto, Universidade dos Acores, Portugal & CEEApIA, Portugal
Pedro Pimentel, Universidade dos Acores, Portugal & CEEApIA, Portugal
André Oliveira, Universidade dos Acores, Portugal & Fundo de Maneio, Portugal
Jodo Crispim Ponte, Fundo de Maneio, Portugal
Carlos Santos, Universidade dos Acores, Portugal & OTA, Portugal
Deborah Estima, FRCT, Portugal & DRCTD, Portugal
Rui Castanho, WSB University, Poland

The Azores are an increasingly attractive tourist destination. The excellence of endogenous resources
has allowed it to consolidate its position as nature and adventure destination. Consequently, the regional
strategy seeks to base this sector’s growth on the principles of sustainable development. The potential
granted by the new technologies is combined in an excellent opportunity to pursue this objective and
convert the Azores into a smart tourist destination. Thus, according to this vision, a conversion plan was
elaborated that can guide the performance of the destination management bodies and other stakeholders.
In methodological terms, different techniques were applied, including the identification of good local
practices and case studies for benchmarking, a self-diagnosis, interviews with stakeholders, and a
SWOT analysis. The plan was concluded with the definition of measures, actions, and pilot projects to
be implemented in the region following a structure based on the smart destinations development axes
proposed in 2015 by Segittur.

Chapter 26
The Douro Demarcated Region: The Relevance of Tourism in the Internationalization Strategies
OF COMPAIIES ...ueveeeueieeeieeeiieesiteeeteeeteeetteeetteestaeessteeasseeenseesnseessseeeseeensseesnsaesnseesnsaesnsaesssesssseesnseennses 433
Sérgio Antonio Neves Lousada, FCEE, DECG, University of Madeira, Portugal &
VALORIZA, Portugal & ARAM, University of Extremadura, Spain & Institute of
Research on Territorial Governance and Inter-Organizational Cooperation, Poland &
CITUR, Madeira, Portugal
Cdtia Tabau, University of Trds-os-Montes e Alto Douro (UTAD), Portugal
Eduardo Leite, School of Technology and Management, University of Madeira (UMa),
Funchal, Portugal & Centre for Tourism Research, Development and Innovation,
Madeira, Portugal
Andreia Carvalho, Higher Institute of Administration and Languages, CIISAL - ISAL
Research Center, Madeira, Portugal

This chapter seeks to understand the motivations that lead companies to internationalize and how they
do it since this has been a constant challenge for business research. For this purpose, a descriptive
research was conducted with a qualitative strategy applied on different companies in the wine sector.
International trade is a Portuguese tradition that started and reached its peak in the 16th century with
the Portuguese and Spanish discoveries, which justifies this study. The wine industry, particularly in the
Douro Region, has also always been closely linked to foreign trade and has even benefited from a historic
trade agreement with the United Kingdom. The empirical results show that companies are practically
born international. The size of the domestic market was the main justification for the demand for external
markets. The constant evolution of markets and industries generates opportunities and potential threats
to which companies must be able to respond.
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Chapter 27
The Role of the Geospatial Information System (GIS) in Achieving the Sustainable Development
Goals (SDGs): A Spatial Framework for Sustainable Planning Processes...........cccoeevverevieecveeneveennen. 451
Arian Behradfar, University of Extremadura, Spain
José Cabezas, University of Extremadura, Spain

The Sustainable Development Goals (SDGs) represent an innovative strategy to transform the socio-
economic and environmental aspects of communities. Sustainable development provides the communities
with a set of substantial challenges that are totally geospatial in concept and practice. Most of these
challenges can be identified, examined, and visualized within a spatial framework. Despite of noteworthy
progress in geospatial information system and science, the lack of comprehensive impressions in planning
necessitates the integrative role of geospatial information. This study aims to investigate this role in
contributing to SDGs by describing each single goal and following objectives. Furthermore, spatial
and non-spatial issues regarding every specific SDG will be accurately discussed to determine the
spatial aspects in practice. In this way, the communities will be empowered by unique opportunities to
integrate and represent geospatial information into the global agenda in a specific manner, specifically
in contributing data resources toward measuring and monitoring the 17 SDGs.

Chapter 28
Radar as a Key to Global Aeroecology: Essentials of Technology and Development Milestones..... 482
Alexey Noskov, Philipps University of Marburg, Germany

Open, systematic, and global approaches are needed to address the challenges of aeroconservation and pest
management. Recent technical progress enables deeper investigation and understanding of aeroecology.
Radar plays a central role in flying species monitoring in the global scope. The technology provides
various ways of target detection and tracking, working for multiple ranges and different visibility. The
existing technology allows deploying global monitoring of avian and insect species. This work discusses
the essentials of the technology and the history of its application for bird and insect detection. The author
describes the development of the topic according to the main groups of radar approaches: pulsed sets,
vertical-looking solutions, harmonic systems, and efficient frequency modulated continuous wave radar.
Advances in big data processing, robotics, computation, and communications enable practitioners to
combine the discussed radar solutions aiming at global avian and insect biodiversity monitoring and
negative human impact systematic estimation.

Chapter 29

Toolkit for Conservation of Urban Biodiversity: A Web or Mobile App-Based Tool for

Conserving Biodiversity in Urban AT@aS .........cccueeruiiiriiiriiieiiie ettt ettt st e sttt e s e 506
Himanshhu Panwar, School of Planning and Architecture, New Delhi, India
Meenakshi Dhote, School of Planning and Architecture, New Delhi, India

Cities present multiple opportunities to create a more sustainable future by way of enhancing resource-
efficiency and fostering innovation and political and social responsibility. The imperative for biodiversity
in cities therefore goes beyond simple conservation to considerations of internalizing provisions of
ecosystem services, which would otherwise be sought from outside the city. By presenting a practical
approach to biodiversity planning and management, this toolkit seeks to help local governments harness
available resources and opportunities to address global biodiversity loss by providing them a baseline of
biodiversity, which would further help them to prepare local biodiversity strategy and action plan under
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the mandate of Biological Diversity Act 2002 providing the scope to municipal corporations to perform
all activities relevant to overall biodiversity management. The study proposes a complete framework for
formulating LBSAP using the existing tools for biodiversity assessment and how it can be incorporated
into the city development plan for effective implementation.

Chapter 30

Battery Efficiency in Outdoor Sports Environments for Mobile Pervasive Augmented Reality

SYSLEITIS ...eeiutieetie ettt ettt ettt ettt ettt ettt esabeesubeesabeeeabeeeabeeeabteesbbeesabeesabeesabeesabeeenbeeebbeenbbeeeabeesabeesnbeean 520
Rui Miguel Pascoal, Instituto Superior de Tecnologias Avangadas, Portugal

This work analyses energy expenditure in outdoor sport environments with augmented reality technology.
Battery efficiency is becoming a relevant topic in the context of the varied outdoor end-user services,
among other realms. It is a key to the acceptance and use of mobile technology. In outdoor environments,
battery efficiency can be low, especially when information based on close-to-real-time requires internet
access and the use of sensors. Such requirement is today evident with the growth of internet dependence
and multiple sensors, which perform both actively and passively via fitness gadgets, smartphones,
pervasive systems, and other personal mobile gadgets. In this context, it is relevant to understand how
energy is spent with the accelerometer, global position system, and internet access (Wi-Fi or mobile
data) providing smart data for outdoor sports activities. Through a prototype, an analysis is made based
on the current battery autonomy, and an algorithm model for better battery efficiency is proposed.

Chapter 31
The Link Between Climate Change and Digitization of Archives in South Africa.......ccccocceeneennnne 537
Nkholedzeni Sidney Netshakhuma, University of South Africa, South Africa

This chapter assesses the link between climate change and digitisation of archives in South Africa. The
study found linkage between flooding, fire, and digitization of archives in the sense that records required
long-term preservation to be accessible. The chapter focuses on converting paper-based records into digital
platforms as a strategic role to prevent records from damage. Heritage institution such as the National
Archives of South Africa is in the forefront of the preservation of archives in South Africa. It is their
national mandate to preserve archival materials and make them accessible to various stakeholders. The
success of digitization is dependent on the organisation strategy. This means that partnership, privacy,
copyright need to be considered. The research found that most of the heritage institutions in South Africa
lack digitization strategy, which led to loss of institutional memory.

Chapter 32
Teleworking and Information Security Management in Commercial Sector Companies .................. 553
Liz Pacheco-Pumaleque, Universidad Nacional Mayor de San Marcos, Peru
Alex Pacheco-Pumaleque, Universidad Peruana de Ciencias e Informdtica, Peru
Edwin A. Vegas-Gallo, Universidad Peruana de Ciencias e Informdtica, Peru
Rosario Pariona-Luque, Universidad Nacional Autonoma de Huanta, Peru

Currently, working conditions have been evolving continuously, which makes it necessary to incorporate
teleworking as a means of support to fulfill the tasks entrusted. However, this type of employment brings
with it vulnerabilities within companies that are not prepared for such a situation. For this reason, a
teleworking model is proposed to improve the management of information security in organizations in
the commercial sector. This research is of a basic type with a non-experimental design and correlational
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level, with a quantitative approach, the survey technique, and a questionnaire was used as an instrument
that was applied to 70 workers in the commerce sector. The results show that 54.29% consider the
organizational change in companies as deficient, 62.86% indicate the use of technologies as deficient,
and 84.29% consider that the level of confidentiality of the information is regular. These results reflect
that information security management must be implemented to provide greater reliability, integrity,
productivity, control, and protection to teleworking processes.

Chapter 33
Mapping Plastic Greenhouses With LANDSAT 8 Imagery in Valparaiso, Chile: Development of a
New Methodology Through a Data Cloud Platform.............cceceeiiiiiniiniiniiiieceeeee e 563
Ignacio Aguirre, Centre for Hydrology, University of Saskatchewan, Canada
Jacinto Garrido Velarde, University of Extremadura, Spain
Javier Lozano Parra, Universidad Autonoma de Madrid, Spain

In the last decades there has been a strong increase around the world in the use of plastic greenhouses
(PGs). The Valparaiso region, in the central valley of Chile, has not been the exception, and the area
covered by greenhouses has also experienced an increase over the years, reaching 1180 ha in 2007.
Taking into account that agriculture in this region employs more than 60,000 people and accounts for
4% of the regional GDP, this information should be available to be included in territorial planning and
incorporated into hydrological, economic, and food security models. To do this, the authors propose
a new method for identifying the surface covered by PGs based on the intersection of the normalized
difference indices and the areas excluded by the masks. The results showed that this methodology was
able to identify with a general precision of 86.25% which allowed to classify 1409.85 ha. This area
is consistent with the agricultural census carried out in 2007 and with the increase of more than 900
subsidies granted by the government for the installation of new structures.

Compilation of RefErences ..............coocoiviiiiiiiiiiiiicitee ettt sre e e beesbeesaeeens 578
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XXVii

Foreword

Humanity is living at a crossroads in its history. On other occasions, the decisions we make together
today will be decisive for our future and the next generations. It is in our hands that, when the latter study
and judge our choices and behaviors, as far as the conservation of the biosphere is concerned, they must
state that we were senseless and short-sighted or wise and long-minded. Compared with other critical
moments that humanity faced, today we have a crucial advantage: human beings never had a capacity
to access information like the current one. If we receive a conviction, we cannot appeal to ignorance as
a mitigating circumstance if we choose the wrong path. A reliable proof is this publication that collects
fundamental aspects and analyzes the most current trends of the concept of sustainable development
from different perspectives. Together with elements of a theoretical nature, it compiles experiences of a
practical nature, and as the conjunction of both inevitably leads both to changes of an economic nature
and to the generation of legal bodies aimed at achieving those objectives that are simultaneously related
to sustainable development. Therefore, the reader can enjoy a wide range of chapters that delve into
such exciting issues as our patterns of use of resources and energy, strategies to strengthen the circular
economy, the assessment of environmental impacts as a tool to minimize the degradation of natural
resources. Ecosystems and preserve ecosystem services, or the organization of cities as the source and
possible solution of environmental problems. It also includes studying the consequences of a hot topic:
the effects of the SARS-CoV-2 epidemic that causes COVID-19. In fact, the virus, which has led to the
emergence of new scenarios with large-scale social, economic, and environmental effects. The volume
that the reader has in his hands will help “the wolf not eat the sheep” since the alarm is real.

José Martin Gallardo
University of Extremadura, Spain
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Preface

In the last few years, the world was changing considerably. Within the many obstacles, barriers, and
opportunities, three significant challenges should be considered for the future planning of our territories
and cities are: (i) seeking to achieve the Sustainable Development Goals (SDGs); (i1) facing the Climate
Changes; and (iii) performing a shift towards the Digitalization.

If we look back, the concept of ‘sustainable development’ was firstly introduced in the global policy
debate by the World Strategy for Nature. In fact, it was instituted as a new world standard after ‘Our
Common Future,” - the final report of the Brundtland Commission (Spangenberg, 1995, 2000; Loures,
Santos and Panagopoulos, 2007; Castanho, 2017; Castanho et al., 2017). Nowadays, this development
is often interpreted as the process of meeting the requirements of today without jeopardizing the needs
of future generations and, at the same time, do no limits their possibilities to design the territory in their
own way (Castanho Couto, and Santos, 2021; Ulucak, Yiicel and Kocak, 2019; Castanho, Couto, and
Pimentel, 2020). However, by the present moment the sustainable development is no longer a choice,
but a necessity of us all. In fact, if we look to prosper as a society, and probably as a specie, there is no
alternative instead of opting for a typology based on a sustainable development and growth. Here lays
the relevance of the studied topics of the present monography.

Based on several failures over the last few decades, since the utopic concept of sustainability and
sustainable planning emerged, the global community finally understood the urgency of this type of de-
velopment. So, it was necessary to establish the so-called Sustainable Development Goals (SDGs). In
fact, several global issues were pivotal to this, being the climate crisis probably one of the most relevant.

Moreover, the pursuit of understanding deeper many fields of science and create more sustainable
cities, as is the case of the smart cities, the digital tools become critical for helping us in the pursuit of
such goals. Thereby, digital and digitization tools are often seen as solutions to these challenges, and
this is the case today and more than ever (the SARS-COV-2 pandemic), as cities and residents look to
digital solutions as a way to maintain their lives daily in the context of the sanitary crisis and beyond
(ICLEI, 2020). The Digital transaction is inevitable!

Contextually, specific fields within these three main subjects (Sustainable Development Goals, Climate
Change, and Digitalization) were studied through this monography. Nevertheless, many other thematic
fields within these three major topics should continue to be investigated and analyzed in more detail, such
as the Common and Regional Planning and Management, the Migration Fluxes, Public Health Strategies,
Land Use Policies, and Spatial Socio-Economic Analysis, among several others. Consequently, it will
enable us to identify and define the critical factors for territorial success in the upcoming decades (to
be considered) by the Main-Actors, Decision and Policy Makers, Technicians, and Public in General.
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Therefore, this publication expects to be a powerful scientific contribution to help us plan our com-
mon future.

ORGANIZATION OF THE BOOK

This book is organized into 33 chapters. A brief description of each of the sections and chapters follows:
Section1: Ecology, Circular Economy, and Governance

Chapter 1 provides a distinctive viewpoint for the Sustainable Development Goals concept from the
perspective of the Environmental Laws inherent to the thematic fields of Social Ecology.

Chapter 2 intends to identify all these critical factors related to Ecosystem Services for Environmental
Sustainability. Besides, the authors present suggestions of how to enhance ecosystem services through
a long-term program model.

Chapter 3 analyzes the growing problem and awareness of the impacts of Environment Protection
Laws on Ecological Degradation. The author explores the case of India. Throughout this chapter, it is
possible to learn new insights about this thematic issue.

Chapter 4 addresses the problems related to variations in the landscape caused by transportation
infrastructures creation. In this specific case, the authors highlight a Spanish territory situation related
to high-speed railways through Geographic Information Systems — GIS tools.

Chapter 5 addresses the hot topic of climate change focusing on Ecological, Political, and Social
Impacts. This study shows the climate scenarios for the Large Water Basins of Central Asia.

Chapter 6 approaches the issue of mineral waters in Brazil. Throughout this chapter, an institutional
problem and the consequences and conflicts arising from its irrational exploitation are explored. In this
regard, the authors propose integrating these mineral waters and their different types in the management
of water resources.

Chapter 7 follows the same line of the previous contribution, yet, in this case, the author addresses
the issue of Water resources in Chile. This chapter makes it possible to understand the current and future
projections and their relationships with biomes.

Chapter 8 investigates the effects of environmental sanitation in a specific region of Costa Rica. The
study’s conclusions allow us to consider some legal and institutional frameworks faced by the environmental
sanitation project of the Publics Services Company of Heredia or strategies for treating sanitary waters.

Chapter 9 centers on the thematic of strategic communication for sustainable environmental develop-
ment. Contextually, the authors provide us an interesting review of this topic and, in particular, about
the situation in the Northern Nigerian Region.

Chapter 10 reviews the thematic field of the sustainable circular economy. Therefore, this review helps
to highlight the main research gaps on the topic to encourage sustainability and circularity among firms.

Chapter 11 follows the same issue of the previous contribution. Here, the authors emphasize practical
strategies to reduce consumption and promote circularity, specifically in urban centers.

Chapter 12 investigates the barriers that overall hinder the implementation of the Circular Economy
(CE) principles within the European manufacturing sector. Based on an in-depth literature review carried
out with a systematic approach, this study identifies and describes the external and internal barriers that
affect the implementation of CE principles.

XXiX
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Chapter 13 measures the asymmetry effect of research and development (R&D) investments, popula-
tion growth, energy consumption, and economic growth on carbon emissions in the sample of Turkey
for the period 1990-2020. Some of the findings point that economic growth and R&D are efficient in
reducing carbon emissions, while energy consumption increases carbon emissions.

Chapter 14 provides an appealing discussion of the redefinition of smart cities, urban energy, and
green technologies for sustainable development. In this chapter, framework information for the position
of cities in climate change and environmental pollution globally is debated.

Chapter 15 approaches the topic of land use and sustainable resilience. This work highlights the
design and use of urban land should consider including a multi-functional green infrastructure to obtain
different benefits, from ecosystem services to value creation. Furthermore, it is possible to learn that the
urban land use planning system contributes to economic growth, social development, and environmental
sustainability.

Chapter 16 deals with problems related to the local perspectives of sustainable urbanism. This study
reflects the particular situation occurring in the Spanish legislative model.

Chapter 17 aims to display the connection between municipalities and water security in Turkey. This
research used reports and statistical data on environmental indicators related to freshwater resources and
the implications of municipalities in Turkey.

Section 2: The COVID-19 Pandemic, Tourism, and New Technologies

Chapter 18 exposes a review of a different economic approach to reach the so-desired sustainable de-
velopment. Therefore, the actual scenario of the pandemic crisis of SARS-COV-2 and the links between
2030 sustainable development goals, digital economy, and de-growth are discussed.

Chapter 19 analyzes environmental sustainability and the role of governments during the pandemic
of Covid-19. Moreover, this work displays possible solutions for environmental sustainability that gov-
ernments can provide.

Chapter 20 evaluates the sustainable development goals from a social work viewpoint in the Covid-19
period. Thereby, this chapter discloses the growing problem and awareness of the impacts of environ-
mental protection laws on ecological degradation.

Chapter 21 review on the topics related to tourism, entrepreneurship, and sustainability. So, based on
the theoretical framework and the review of relevant global environmental and tourism-specific tenden-
cies, this chapter enables us to understand how young adults perceive entrepreneurship and sustainability
in tourism and the contribution of those two for the so-desired sustainable development.

Chapter 22 addresses the problems and tendencies related to sustainable socio-intercultural develop-
ment. This study assumes that the implementation of a sustainable socio-intercultural socioeconomic
and environmental development needs to be established by well-designed institutional governance.

Chapter 23 intends to study cities’ rising role as drivers for implementing the 2030 sustainable de-
velopment goals and UNESCO Creative Cities Networks. This study was used as a case study of the
Portuguese city of Idanha-a-Nova.

Chapter 24 centers on digital brand marketing in ultra-peripheral territories. With this chapter, it is
possible to verify that the digital marketing created around this new typology of tourism and the Azores’
singularity as a destination could significantly influence the local socio-economy base to the sustained
development growth of the region.

XXX
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Chapter 25 follows a similar line of research. Nonetheless, in this case, how to convert a region into
a smart tourism destination.

Chapter 26 intends to understand the motivations that lead companies to internationalize a product.
In this case, the authors used the Douro Demarcated Region as a case study. Therefore, it is possible to
evidence the continuous evolution of markets and industries creates opportunities and potential threats
to which companies must be able to react.

Chapter 27 focuses on the pivotal role of the Geographic Information Systems (GIS) in advancing
science and, consequently, reaching the desired sustainable development goals.

Chapter 28 discusses the essentials of the technology and the history of its application for bird and
insect detection. Besides, the author explains the evolution of the topic according to the main groups
of radar approaches.

Chapter 29 presents a practical approach to biodiversity planning and management. Thus, it is pre-
sented a toolkit for the conservation of urban biodiversity. Also, the study allows us to learn a complete
framework for formulating LBSAP using the existing tools for biodiversity assessment and how it can
be incorporated into the city development plan for effective implementation.

Chapter 30 analyses energy expenditure in outdoor sport environments with augmented reality tech-
nology. In this regard, the author presents an analysis of the current battery autonomy and an algorithm
model for better battery efficiency through a prototype.

Chapter 31 assesses the link between climate change and the digitization of archives in South Africa.
Furthermore, the study found that most of the heritage institutions in South Africa lack a digitization
strategy which led to a loss of institutional memory.

Chapter 32 studies the changes in the Peruvian Inbound Tour Operators by analyzing Teleworking
and Worker Productivity.

Chapter 33 addresses the plastic greenhouses in Valparaiso, Chile. The study shows the relevance of
the GIS tools and consequently proposes a new methodology through Landsat 8 and Data Cloud Platform.

Rui Alexandre Castanho
WSB University, Poland
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Chapter 1

Re-Thinking the Sustainable
Development Goals From the
Point of View of Social Ecology
and Environmental Law
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ABSTRACT

This research tries to understand the Sustainable Development Goals (SDG) from the perspective of
social ecology and environmental law, away from the Darwinian theory of man dominating nature and
more focused on rethinking the SDGs from the nature-society co-evaluation in the adaptive sense of
society to the new reality of its physical-natural support and to the new legal system of human rights.
Development with victims from biologically rich countries like Peru with paradoxical poverty is ana-
lyzed, and likewise, the collapse of society in the face of imminent climate change due to human action is
analyzed, which requires climate justice for environmentally displaced people in the face of the violation
of their human rights, especially of children at risk. Finally, a Latin American academic contribution is
presented to rethink the SDGs, generating contributions to the later times of the social confinement of
COVID-19, in the so-called new normal.

INTRODUCTION

The global health crisis that humanity faces, makes us rethink the Sustainable Development Goals (SDG),
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in the construction of the new paradigm of social ecology, avoiding the tragedy of the common good in
its two essential characteristics: that there is no rivalry for them and there are no exclusions of people;
so that we can all enjoy those. The SDG action plan made up of 17 goals and 169 targets that the 193
member states of the United Nations system adopted in the 2030 Agenda for Sustainable Development,
seek to end poverty, fight inequality and tackle climate change by 2030. To understand these SDGs with
the new paradigm of Social Ecology, we must go to the political implications of Darwin’s Theory, based
on competition and the survival of the fittest and with this “scientific justification” the expansion of the
British Empire over the rest of the world. The Darwinian displaced the study of biological interactions,
which are collaborative ways of sharing resources in the strict sense of the laws of nature. Darwin was
used to impose the idea “the dominating man of nature”, in the thought of “the supremacy of the strongest
over the weak”. Darwin’s Theory is the evolutionary biology of the species with reproductive isolation
as a real entity, while Ecology emphasizes community relations, including the human one, especially in
adaptation. This approach responds to the interactions between human flora and fauna species as one
of the engines of evolution.

Like biological interactions that lead to modifications in ecosystems; in human interactions with
ecosystems, the same thing happens, they are degraded if they are managed beyond their capacity for
recovery and self-purification, with which toxic substances generate risks to human health as a result of
human activity itself; above all, in a relationship marked in the linear sequence: ecosystem-merchandise-
profit, which leads to an individual and unsupportive linear worldview, producing a Global Unsustain-
ability Crisis (Vegas-Gallo, 2003).

With social ecology and environmental law, we intend to rethink the SDGs based on the coevolution
between nature and society, in view of the fact that human societies transform their natural environment
by producing changes in social structures, to adapt to the new realities of their natural physical support,
with an environmental justice system. We see this positive relationship between society and nature in the
first empire of pre-Columbian South America, of the Wari culture, which with an elliptical worldview
settled in the heights of the current Moquegua Region, managing the water resource in the rainy and
dry seasons to develop agriculture and allow geographic expansion. This means that the relationship is
not individual but social community. The link between man and nature should obey a shared and ethi-
cal worldview for sustainability, considering that “globalization has fallen into an ethical vacuum.” It is
evident that it is necessary to promote it politically to move towards a sustainable society.

DEVELOPMENT WITH VICTIMS: PARADOXAL POVERTY
OF BIOLOGICALLY MEGADIVERSE COUNTRIES

Within this list of “mega diverse countries” there are 6 Latin American countries (Mexico, Colombia,
Ecuador, Peru, Brazil, Venezuela), which from the beginning of the 21st century to the present show a
severe picture of “paradoxical poverty” (Kliksberg, 2004). Peru, with a territory dominated by the Andean
mountain, presents a particular biogeography with life zones that go from the coastal desert-marine edge
to the Andean ecosystems and the humid mountain ecosystems run along the eastern mountain range.
This geography favors the biological richness of species, ecosystems and landscapes; cultural and ethnic.
Within its territorial limits a high specific richness of mammals, birds, reptiles, amphibians, marine fish
and continental waters has been recorded. In its floristic diversity it registers almost 25 thousand species,
being one of the twelve original centers of agricultural cultivars on the planet. Peru with these figures
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can aspire to a country with high human development, in a modern futuristic vision and taking advantage
of its comparative advantages; unfortunately, it is an exporter of natural resources without added value.

These biological figures are paradoxical with their medium to low human development, with 51.3%
of Peruvians in poverty and 23.1% in extreme poverty (figures before the COVID-19 pandemic). It ranks
123rd out of 196 countries in literacy rate and 88th in infant mortality (18.4 deaths / 1000 normal births);
while life expectancy (79.74 years) is in 36th place globally and third regionally. For (Kliksberg, 2004),
the answer goes through the ethical challenge in Latin America mainly in the fight against state corrup-
tion (Case of the Transnational Odebrecht of Brazil), drug trafficking, uncontrolled migration, lack of
education and health, it also goes through protect infants at risk, families burdened by poverty, provide
opportunities for young people and reduce crime. In short, social justice is required.

In the exporting primary development model, dependent on Natural Resources NR, “Western con-
sumerist naturalism” predominates, which considers nature external to humans, without being subject
to law; consuming 1% of the world’s population 80% of the world’s natural resources deepening the
ecological footprint (urbanized land, carbon dioxide, farmland, fishing grounds, forest products, grazing
lands), in which Western naturalism it demands more from nature than it can produce. In the past 55
years the demand for natural resources in the world has exceeded available biological capacity, leading
most countries to live with ecological deficits and the collapse of their societies.

COLLAPSE OF CURRENT SOCIETY

In his research, (Herrington, 2021), warns that the collapse of society would take place in 2040: “without
a drastic change, industrial society is heading for collapse”, corroborating a study by the Massachusetts
Institute of Technology (MIT) (Meadows et al., 1972), the conclusion of which indicated “the search of
humanity by economic growth without taking into account environmental and social costs would lead
to the collapse of society in the middle of the 21st century”. Herrington using the World3 computing
model, concludes “the consumer entrepreneurial mindset puts emphasis on business above all else, will
lead to a decline in economic growth in the next decade (2021-2030), followed by total social collapse by
2040. “This terrifying forecast” does not mean that humanity will cease to exist”, but rather that “indus-
trial and economic growth will stop and then decline, damaging food production and living standards.”
Regarding the results of the MIT 1972 model, Jerry Foster, team leader pointed out “around 2020, the
condition of the planet becomes very critical... if we don’t do about it the quality of life is reduced to
zero... pollution becomes so serious that it will begin to kill people, which in turn will cause the popu-
lation to decline, to a much lower figure than in 1900 ... at this stage, around 2040-2050, civilized life
as we know it on this planet will cease to exist”. It is remarkable the coincidence of the 2020 turning
point indicated by Foster, with the beginning of the year of the C19 pandemic. Although the simulated
scenario of MIT 1972 suggests a society doomed to failure, in Herrington’s study (2021) it transcends
that, with science and technology for sustainability, as well as greater investment in public services (es-
pecially in health, education and sustainable infrastructure) could lead us away from collapse. She adds
“humanity will have to make a great effort in this decade to change this bleak future. Not all hopes are
lost implies a deliberate and global change of trajectory towards other sustainable development goals
that is not exclusively excessive economic growth to avoid the worst case scenario”.
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ECOLOGICAL RESTORATION FOR DURABLE DEVELOPMENT

The formation of Planet Earth occurred 4.55 billion years ago and the beginning of life 3.55 billion years
ago. Homo sapiens sapiens has required 99.99% of the evolutionary process of Life, with Humanity just
being born 10 thousand years ago. In the last 70 years, ENVIRONMENTAL DAMAGE has occurred,
which causes terrestrial architecture to collapse, destroying the ecological basis of life in the various
biomes and terrestrial and marine ecosystems. This global crisis is the crisis of conventional development
models. It is a development with victims. For the World Meteorological Organization (WMO) there is a
40% probability that Planet Earth will be closer to warming by 1.5 ° C in the next five years (2021-2025),
a figure that would be close to the inflection point of 2 ° C forecast for 2050 (World Meteorological
Organization, 2021). The Global Bulletin on Climate Change indicates that there is a 90% probability
that the period 2021-2025 will be the warmest year in history. So far the warmest year has been 2016.
In that sense, (Vegas-Gallo, 2018); points out “to conserve biodiversity, the factors that threaten it must
first be recognized and clearly defined”. Among them he cites the loss and fragmentation of habitat,
overexploitation, pollution and global climate change.

The Rio 1992 Conference was the starting point that forced countries to turn their attention to the
environmental issue. The governments of the south do not fully understand that by destroying the eco-
logical basis of life there will be no social development or economic development in the future. There
are no magic recipes for solving the degradation of ecosystems. Basically, it involves modifying our
economic system and consumption habits in such a way that the natural foundations of life are preserved.
Faced with the possibility that humanity collapse, as Robert Heilbroner called it “ecological Armaged-
don” (Heilbroner, 1970), the United Nations calls on countries to urgently make peace with nature by
promoting the restoration of ecosystems. For this, it has established from 2021 to 2030, the Decade for
the recovery of terrestrial ecosystems; in an urgent call to wage a world war for the health of the planet.
Likewise, for the strengthening of SDG 14 SUBMARINE LIFE, the United Nations Organization itself
recommends that a joint effort be carried out between the States, the business community, fishermen’s
unions and the university academy (with ocean science and technology), to allow the Oceans to recover
their health and provide proteins for human nutrition. In the Peruvian case, fishing and fisheries are
managed by four business groups, burning proteins for flour and oil destined for animal feed, regardless
of the sustainability of the fishery, only with a mercantile vision with the complicity of the government
entities of control, supervision and investigation. marine importing little that many fish that Peruvians
commonly consume could disappear as ocean warming increases the pressure on their survival, hamper-
ing their ability to survive.

Scientific research is crucial above all so that developing countries in the race against the clock for
smarter development must race and prioritize their transition towards digital and ecological societies,
designing new political tools to facilitate the transfer of technology with their own research to the indus-
try, avoiding being recipients of foreign scientific knowledge and technology (Schneegans et al., 2021).
With the current COVID-19 pandemic and the evolution of the geopolitical panorama, it is necessary
to debate on how to safeguard strategic interests in health, education, trade and technology; starting by
recognizing the unitary concept of health (human, animal and ecosystem health); understanding that
public policies on health must consider both social and environmental determinants.

Given this, it is necessary to recognize that the current pandemic and others to come, prevention
measures not only involve confinement or health education, such as hand washing, but also ensure that
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ecosystems are healthy as natural containment and containment barriers. that we also have an environ-
mental policy with low impact.

CLIMATE CHANGE, CLIMATE JUSTICE AND HUMAN RIGHTS

In a recent report, the Intergovernmental Panel on Climate Change (IPCC) points out “it is unequivo-
cal that human influence is responsible for the warming of the atmosphere, the ocean and the earth”
(IPCC, 2014). Although the results of the IPCC Report are not encouraging in concluding that humans
are responsible for the current climate crisis and that we will exacerbate it in the near future; It is also
true that the solution to that is in our hands with public policies to adopt reforestation measures and the
elimination of the use of fossil fuels to slow down its anticipated progress, overcoming global warming
in the 21st century of 1.5 °C and even exceeding 2 ° C.

(Vicedo-Cabrera et al., 2021), using empirical data (1991-2018) from 43 countries, estimated the
mortality burden associated with exposure to heat produced by climate change. In all study countries
they found that on average 37% of deaths are related to extreme heat. The study considered data from
more than 29 million deaths. For Latin America the situation is more worrying. In Ecuador 76.6% of
deaths are linked to high temperatures, Colombia 76% and Peru 73.5%.

CLIMATE DISPLACED

With climate displaced persons or environmental refugees, both nationally and internationally, a true
transgression of all human rights occurs, starting with the scarcity of resources for the displaced, the
human right to education as seen in the indigenous and rural community, in Africa or even exchange of
fish for sex in some African regions; the right to freedom of movement that due to climate change cannot
return to the country of origin and even the right to decent housing (Ibarra-Sarlat, 2019).

It is necessary that the Courts of Justice begin to deal with these issues and for which there is a po-
litical and legal basis for the administration of environmental justice, referred to in Principle 10 of the
Rio Declaration.

(ECLAC, 2020a), based on this Principle, has implemented the Escazi Agreement for Latin America
and the Caribbean; whereby citizens can request information from governments regarding environmental
conservation and also the duty of those for the protection of environmental defenders. Peru, due to po-
litical and business pressure, did not ratify the Escazii Agreement. However, there is the Madre de Dios
Pact for Environmental Justice, with 10 commitments; taking into account the Amazon deforestation
as a result of illegal gold mining and drug trafficking; that lead to the assassinations of environmental
defenders (a dozen in the pandemic confinement) and environmental displaced people to Lima Capital.

Worldwide, there are nearly 30 million climate displaced people who left their homes due to disas-
trous floods attributable to climate change and whose human rights are precarious. In Piura, Peru, the
year 2017; There was a Coastal Child with catastrophic floods, as a sign of global warming, leaving
the infrastructure of the Region collapsed materially and without economic growth and with more than
30,000 people displaced to shelters, lacking water, drainage and electricity; with children who, before
the pandemic, used to walk for miles among the dunes of the Sechura Desert to reach their Educational
Center. Persistent and recurring situation since the sixties of the last century, in evident lack of concerted
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planning between the different levels of government for a dignified life with well-being. This Peruvian,
Latin American and global reality with asymmetry and social inequity, leads us to the issue of violated
human rights that collapse as a society. David Boyd High Commissioner of the United Nations (2021)
points out “to conserve and protect nature, human rights must be placed as the central axis if we want
to guarantee the future of life on our planet” and also expresses “leave human rights on the margins of
the process cannot be an option, because conservation centered on them is the most effective, efficient
and equitable way to protect the planet”.

In the Report (UNICEF, 2021) called “The climate crisis is a crisis of the rights of the child,” the
Children’s Climate Risk Index, IRC, is presented, concluding that 1 billion children (almost half of the
total of 2.2 billion that exist in the world) are severely exposed to the effects of the climate crisis, the
most vulnerable being children in the Central African Republic, Chad and Nigeria. These children face
the lethal combination of being exposed to multiple climatic and environmental shocks and being highly
vulnerable due to the precariousness of the essential services they receive, such as water, sanitation,
medical care, education and poor nutrition. An emblematic case of climate justice that deserves to be
pointed out is the Schell Case, in the Court of Justice of The Hague (Friends of the Earth International,
2021), which obliges the oil company to reduce greenhouse gases by 45%, as it had in 2019. Although It
is true this ruling is only applicable in the Netherlands, it will undoubtedly have worldwide repercussions.
The positive of the sentence is that the Dutch justice includes the principles of precaution, prevention,
environmental damage and non-regression in environmental matters.

FINAL COMMENT

Last 2020 the Peruvian University of Sciences and Informatics UPCI, the Autonomous University of
Guerrero UAGro, Mexico; the World League of Environmental Lawyers LMAA, Mexico and the Cen-
ter for Research and Development of Education, Culture, Science and Technology CIDECCYT; held
a panel in eight sessions rethinking the SDGs, for the Post Covid 19 time, generating contributions to
the later times of social confinement to what is called “new normal”, in the vision of Social Ecology
and Environmental Law; understanding that the fatal, social and economic consequences of C19 are as
dramatic and threatening as are its structural causes (ZIZEK, 2020), (WHO, 2020); transmitted through
the YOUTUBE channel of CIDECCYT.

The joint work that is proposed is in accordance with the consideration of the “2030 Agenda that in
the post-Covid-19 world requires more cooperation and regional integration, greater multilateralism and
productive integration”; consistent with the Report (ECLAC, 2020b): The social challenge in times of
COVID-19, where an economic, social and welfare proposal is proposed. The Report points out “there
is a fragility of the welfare state in the people of Latin America and the Caribbean, because access to
health is fragmented by income levels, a problem that is exacerbated by the existence of vulnerable
groups that do not have an affiliation to get a retirement pension”.

The pandemic caused by Covid-19 has made visible the structural problems of the economic model and
the shortcomings of social protection systems and welfare regimes. Therefore, a new normal is not the
way, we must rethink the development model and consolidate the economic, social and environmental
dimensions of sustainable development, leaving no one behind, said Alicia Barcena (ECLAC, 2021).
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Figure 1. Online Latin American panels
Source: (UAGro, 2020)
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In the area of employment, more than 50% of workers are in the informal sector without social se-
curity support. These structural difficulties exacerbated by the pandemic cause poverty to increase by
28.7 million people more than in 2019, this means that there will be approximately 2 147 million poor
people. In relation to extreme poverty, it will increase by 15.9 million people more than in 2019, which
will generate 83.4 million people in extreme poverty in the region.

We start from the consideration that it is important to take the learning that this pandemic offers us
to improve social aspects, human rights, education, science, culture, environment, among others, which
allows the elaboration and implementation of an action program to gradually transform the consequences
of this coronavirus and its chaos. In such a way, that we obtain responses to future pandemics and other
global challenges, of which the most urgent is climate change, which requires a stronger focus on carbon
neutrality by 2050 and on caring for biodiversity (Guterres, 2020). These transformations must be added
to the end of the climate wars, the wars for natural resources (for example, the war for oil), the water
wars (as in the case of the conflict in Darfur, in western Sudan) and the environmental wars. in armed
conflicts. Also, it is necessary to ensure that countries do not abandon their environmental responsibili-
ties with the justification of the coronavirus pandemic (Sharma, 2020).

While it is important to respond to the pandemic in the short term, it is inescapable to place the Co-
vid-19 pandemic in the historical context to avoid repetition of past mistakes, think about the unthink-
able, plan what to do after the Covid-19 disaster, and give answers to questions such as: what world do
we want to live in when all this ends? What education do we need? How will science and technology
focus on the poorest and most vulnerable be strengthened? field, male and female peasants? How will
public health systems be strengthened?

To offer answers to these and other questions that allow us to be better human beings, it is important
to think in the long term in the midst of the Covid-19 crisis, since now is the time to imagine the world to
come. to rethink our priorities and needs, becoming the opportune moment to build the future we want.

There are different institutional and academic voices that are in accordance with our proposal to think
about the world after the pandemic. Some of these voices are the UN’s approaches to human rights.
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(In the report: COVID-19 and Human Rights we are all in this together (Guterres, 2020). Likewise, the
ECLAC Report, “Latin America and the Caribbean: Measuring the effects of COVID-19 to think about
reactivation, is relevant.” (ECLAC, 2020a); and furthermore, we find a strong argumentative closeness
in the manifesto signed by 170 Dutch intellectuals and scientists entitled: Five proposals for the post-
coronavirus: we can make the Netherlands radically more sustainable and fairer (Arsel, 2020).

The inter-institutional alliance between UAGro, UPCI, LIMAA and CIDECCYT; It allows us to
tackle the priority task of rethinking how to achieve the proposals of the framework of action of the
SDGs, under the gaze of Social Ecology and Environmental Law.

One of the cross-cutting tasks of the international community, in the midst of this health crisis, is to
strengthen efforts to guarantee health and well-being in accordance with SDG 3. More work is needed
in education, equity, the environment and peace with the achievements of SDGs 4, 10, 13 and 16. Edu-
cation (SDG 4) is one of the debated topics where the answers to the problems referred to and raised
in the report of the Organization of Ibero-American States for Education, Science are deepened and
Culture (OEI) (Sanz et al., 2020). In this regard, the following questions were raised: what measures are
necessary to reduce the educational and social impacts on education due to the actions taken in the face
of the Covid-19 pandemic? What effects are there and what solutions can be carried out by the closures
of educational institutions where the alternative of online education had an impact on the digital divide
for students and teachers? How are educational indicators (enrollment, dropout, approval, failure and
terminal efficiency) impacted? of education in highly marginalized areas and groups such as: rural areas,
groups of indigenous peoples and Afro-descendants or disabled people? What should be the actions for
the reopening of educational education institutions at all levels? role can popular, alternative, emancipa-
tory pedagogies play? How to implement alternation pedagogy in rural schools? And for what and how
to strengthen the training of rural teachers?

Regarding SDG 13 in the environmental case, David Boyd considers that it is necessary to: “accelerate
efforts to achieve the 2030 Sustainable Development Goals”, since achieving “a healthy environment is
an effective way to prevent pandemics and protect human rights” (Sharma, 2020).

For the environmental issue Adhanom Ghebreyesus points out:

“More than six million deaths annually are due to combined air pollution in homes and in the environ-
ment. Air pollution is one of the leading causes of the noncommunicable disease epidemic, accounting
for between a quarter and a third of the burden of disease from stroke, coronary heart attack, lung
cancer, and chronic obstructive pulmonary disease, as well as more than half of deaths from childhood
pneumonia” (World Health Assembly, 2018).

Regarding economy and society, Michelle Bachelet; According to (Barral, 2020), she points out: “we
have to redouble our efforts to build more inclusive and sustainable economies and shape societies that
are more resistant and resilient to crises, and for this the SDGs are still our most powerful instrument.”

Consequently, the inter-institutional and interdisciplinary articulated work of the UAGro, the UPCI,
the LIMMA and the CIDECCYT collectively seeks to contribute in different interpretations of the
SARS-CoV-2 pandemic and the times after it, which contribute to forging another vision of the world,
different from the one we live in at the moment (Chomsky, 2020); through debates with a high level of
rigor and depth, to answer the question of how to achieve the transformation of the SDGs that contrib-
utes to changing the economic model that generated this disaster (Klein, 2020) that is hitting the right
to health hard and exceeding the other human rights.
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We recognize that this is a miniscule world crisis in the face of the great challenges of this civilization
in reference to climate change, the approach of a nuclear war, the increase in poverty and famine (there
may be more than 135 million people facing level three of insecurity at the end of 2020, there could be
130 million people who are in phase 2), inequities and inequalities and, above all, the arduous task of
achieving a culture of peace.

To achieve alternatives on the results of this pandemic, we rigorously address debates about the new
role of SDGs 1to 8, 10, 11, 13, 16 and 17 related to human rights, science, technology, social, the eco-
nomic, the political, indigenous and Afro-Mexican peoples, young people, women and children, migrants
and refugees, the ecological, educational, health, cultural, violence, peace, among other dimensions of
analysis that allows recognizing the incidences of inequity and social inequality in different populations
and areas affected by the pandemic, such as ours, Table 1, where ECLAC proposes socioeconomic ef-
fects due to the exacerbation generated by Covid-19.

Table 1. Populations affected by the impacts of Covid-19

The different socioeconomic impacts reflect the social inequality matrix

Populations most affected by the socioeconomic impacts

of COVID-19
‘ *Inequalities, which
Population Area affected by the pandemic i
: scted by the paid #| accumulate, enhance and
Women interact, cause discrimination
Low- and lower-middle that implies differences in
income strata i i
Physical and mental health the exercise of rights.
Informal workers L
) . Nutrition
Female paid domestic Education *In a context of confinement,
workers LahoUr incorme unpaid domestic work and
Children and adolescents Child labotr violence against women,

Young people
Older persons
Rural population
Indigenous peoples

girls and adolescents
increases.

Access to basic services
(water, sanitation, electricity,
gas, digital technologies)

Unpaid care work *The poorest children and

Afrodescetldan‘ts e Intrafamily violence adolescents: increase in child
Persons with disabilities labor
Migrants

Homeless persons

Source: (ECLAC, 2020a)

Another issue addressed in the panels has been the structural problem of food security, where cur-
rently 821 million people go to bed hungry, this figure being able to double with loss of food security
sovereignty. In relation to this reality, it is important to guarantee food security and promote the resil-
ience of the agri-food sector so that SDGs 1 and 2 are achieved, in relation to achieving zero hunger, a
commitment that is now seen much further than before. Agriculture is analyzed based on its negative
environmental impacts, such as the “avocado” in Mexico or viticulture in Piura, Peru.
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ABSTRACT

Many of the most valuable contributions of ecosystems to human wellbeing are ecosystem services and
are generally underrepresented in assessments. Indirect and direct factors including biophysical dynam-
ics like soil properties, changing climatic conditions, plant functional structures, and anthropogenic
activities like changes in land use and land degradation reduce ecosystem services. It is challenging and
important to identify these factors and also to estimate their relative contributions to the degradation
of ecosystem services. The chapter is an attempt to identify all these important factors and also sug-
gest ways to enhance ecosystem services. Furthermore, incorporation of local knowledge would enable
quantifying ecosystem services at a greater spatial resolution and also help in identifying chief factors
influencing ecosystem service delivery. Furthermore, a long-term program needs to be established for
gathering data towards streamlining ecosystem services wherein involvement of stakeholders is neces-
sary for designing payments for these programs.

INTRODUCTION
The concept of ecosystem service enables to take into account at a greater level significant ecological
services provided by nature towards decision making process along with ensuring sustainable land use

for reducing overconsumption and degradation of natural life conditions. Attention towards the concept
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of ecological service is attributed to its interdisciplinary, integrative and transdisciplinary character in-
cluding its relation to several socio-economic and environmental factors (Miiller and Burkhard 2007).
However, the concept of ecological service is not an entirely new concept, movement for ecology dates
back with its foundations in history (Westman 1977). The fact that ecosystems deliver free services to
mankind has long been recognized (Graf 1984). For defining an integrative notion of ecosystem services,
itis vital to create a concept which is equally accepted and understood by ecology, economics, sociology,
scientists, policymakers and practitioners.

The framework of ecosystem services has been internationally used for assessing and governing
socio-economic values of different biomes and ecosystems, analysing both at local and global scales
(TEEB, 2011). The concept of ecosystem services and its applications have endured and progressed after
self-reflection methods mostly with reference to utilitarian mounting (Droste et al. 2018), precisely with
widespread dialogue over technical and theoretical limitations of indicators and assessment methods for
ecosystem services (Cord et al. 2017).

Typically, ecosystem services are mentally visualized as a series of units playing role in association
among human wellbeing and nature. Functions and properties of ecosystem are understood to be a web
of ecological communications influencing the ecosystems’ structure and flow of matter, information
and energy. The capacity of ecosystem service is the capability of an ecosystem towards providing
services, which is derivative of a set of ecological functions and properties. Value of benefits from
ecosystem services differ among various groups of society governed by societal traditions, norms along
with preferences, principles and needs of individuals. Interests are articulated leading to mobilization
of resources for its management and appropriation when a service is found to have a value, which can
trigger both public and private decisions having influence on land use either indirectly or directly via
policy tools like regulations and economic tools. All these tools tend to have impact on various kinds
of land use and its change.

It is to be noted that provision of ecosystem services is usually resolved by various methods of
capital (Spangenberg et al., 2014). Flow of an ecosystem service is the consequence of aggregate of
social, institutional and biophysical factors that govern the crusade of ecosystem service capabilities
through measures of land management. Additional anthropogenic inputs would be required to use other
services like use of knowledge, machines, managing timber and agricultural production through use
of fertilizers and towards accommodating recreational visits. Ecosystem services generating benefits
are apparent depending on sort of value-articulating establishment. In order to sustainably accomplish
ecosystem service delivery, it is important to comprehend preferences of societies to enhance awareness
in scenarios wherever services are presently taken for granted leading to non-visibility of trade-offs and
synergies. Science of ecosystem services is related to essential societal queries and decision-making
procedures on how to conserve, manage, use and re-establish ecosystems towards sustaining delivery
of ecosystem services (Diaz et al., 2015). Most of the investigation on ecosystem services focused on
designing procedures and standards for assessing and mapping services (Jacobs et al., 2016; Ricketts et
al., 2016; Maron et al., 2017; Schroter et al., 2019).

CLASSIFICATION OF ECOSYSTEM SERVICES

Owing to the complexity and diversity of ecosystems and their services, it is hard to develop classifi-
cation of ecosystem services that are widely accepted and clear, meeting broad requirements. In this
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Figure 1. Representation of Ecosystem Services
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context, in classification of ecosystem and landscape functions, services and potentials, there exists
several proposals, partially divergent opinions and classification systems. All of them exhibit weak-
nesses and strengths depending on goals of assessment, context of decision making and spatial scales.
Niemann, 1977 was first to distinguish four sets of purposes: landscape shaping, production, aesthetic
and human-ecological. Later, Van der Maarela dn Dauvellier, 1978 stated that carrier, production, regu-
lation, information and reservoir functions to be societal functions of physical landscape. Later during
1999, Bastian and Schreiber divided landscape functions into three clusters: ecological functions, also
known as regulation functions; economic functions, known as production functions and sociocultural
functions, also known as habitat functions. Taking into account definition provided by Costanza et al.,
1997, MEA i.e Millennium Ecosystem Assessment, 2005 furnished simple typology of amenities which
have been widely adopted in international policy and research literature:

Provisioning Services which include water for consumption, food and timber.

Regulating Services which include control against air pollution and flood protection

Cultural Services which include recreation services

Supporting Services which include processes ensuring essential prerequisites for presence of eco-
systems like nutrient cycle.

Bastian et al., 2012 has presented that classifying ecosystem services into regulating (ecological),
productive (economic) and societal services will provide an advantage of linking them to categories
of both social development and basic concepts of sustainability and risk. Grunewald et al., 2015 has
adjusted the supporting services contingent to respective situation to either regulatory or ecological
processes. In the end, classification is usually dependent on individual researcher. In general, three to
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four groups having 15 to 30 services are distinguished, which are specified for useful results. Further,
suitable indicators information which describes these ecosystem services is necessary.

An outline of ecosystem services furnished by aquatic and terrestrial ecosystems was given by
Grunewald et al., 2015. They have classified 30 ecosystem services under three key categories: regula-
tion, provisioning and sociocultural services, and also provided brief description, definition along with
examples.

e  Regulation Services

Ecosystems and biosphere are chief preconditions for sustenance of human life. Phenomenon and
processes such as solar radiation transformation to biomass, mineral material, energy (food chains),
mineralisation of organic matter (in soils), bio-geochemical cycles and guideline of climate are vital
for life on earth. These processes are affected and facilitated through interactions among abiotic factors
and living organisms. It is important to ensure the presence and operative of semi-natural and natural
ecosystems towards enabling benefits from these process in future as well. Owing to the sheer ancillary
profits of regulation services, these are usually overlooked, without been given sufficient consideration
leading to their loss even though they are foundation for life of mankind (De Groot et al., 2002).

e  Provisioning Services

Among several services and goods provided by ecosystems, oxygen, water, food, energy, medicines,
genetic resources and resources for shelter and clothing are renewable biotic resources. It is tough to
differentiate among human and natural contributions of material, labour and energy to a service, specifi-
cally in ecosystems strongly modified by humans.

° Sociocultural Services

Semi-natural and natural ecosystems offer diverse prospects for stimulation, aesthetic delight, knowl-
edge enhancement and recreation. These psychological-social services are equally important along with
provisioning and regulation services. Usually these can deliver benefits only via interactions with other
services and goods as recreation values consist of both natural conditions and technical tools to explore
a specific service (Loft and Lux, 2010). Matzdorf et al., 2010 suggested term environmental services in
cases when there is necessity for both ecosystem processes and human impacts are required for provid-
ing benefits for humans (Grunewald et al., 2015).

e  Ecosystem Services and the Concept of Sustainability

The idea of ecosystem services usually relates to robust vision of sustainability, wherein economic
and social activities are basically reliant on biophysical arrangement (Folke et al., 2016). Association
among human and natural systems is illustrated as closed loop. Ecological processes that are valuable
to mankind are defied as ecosystem services which confer to varied human well-being dimensions
comprising of basic earthly needs, psychological and physical health, security and social consistency
(Pires et al., 2021).

15

printed on 2/8/2023 1:43 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Ecosystem Services for Environmental Sustainability

Ecosystem services are dependent on geographical, historical and socio-economic aspects of entities
or communities of recipients (Oteros-Rozas et al. 2014) and are hence accomplished rendering to fun-
damental values of a particular tends to seek. The implied selections abaft different sorts of ecosystem
management certainly yield collaborations among multiple ecosystem services and sustainability dimen-
sions (Smith et al., 2017). Thus, implementing a tactical management of ecosystem might affect either
positively or negatively different groups or individuals of stakeholders, which may be remote spatially
and temporally (Schroter et al., 2018). Thus, dynamics of public-private are vital to these tensions where
profits from environment are often privatized and prices are civic (Bartkowski et al., 2018). A part of
research on ecosystem services, emphases on emerging and refining socio-economic and biophysical
valuation methods and pointers towards measuring complex dynamics (Costanza et al. 2017). It is to be
noted that drivers of trade-offs and synergies for ecosystem services are taken into account only rarely
by scholars for analysis (Dade et al. 2019). The drivers include management of natural resource, land-
use and connected policy changes (Vainio et al. 2019). The potential of ecosystem services to connect
biodiversity with human well-being, inform and produce sustainable development has been recognized
by practitioners, researchers and policy makers. However, ecosystem reservices being young concept
invokes several debates leading to crucial concerns impacting efficient application and implementation
(D’Amato et al., 2020).

e  Ecosystem Services and Biodiversity

Thorough knowledge of ecological principles is essential towards completely understanding concept
of ecosystem services which is characterized by interactions among organisms and their environment.
These levels of interactions vary from microbe to landscape and global; from milliseconds to millions
of years which is further intricated by material fluxes and multiscale energy, resulting in an enormously
intricate biological interacting system filling agenda of several researchers across the world, towards
search for understanding, determining and characterizing the entanglement of biological processes,
organisms and their environment along with the most essential aspect being the importance of natural
ecosystems for human survival and well-being.

There exists an apparent link among the concepts of ecosystem services and biodiversity. Owing to
complexity of both terms’ discussions are generally narrowed to precise components infuriating sev-
eral debates (Mace et al., 2012). In several theoretical and experimental graphs, magnitude of function
levels off with increase of species diversity. Further increase in this aspect can result in making system
more resilient without increasing the magnitude. In fact, in a linear relation, individual species matters
equally, with increasing functioning with every individual species. Dominant as well as rare species both
contribute to ecological functions. More unpredictable relationships are described in reality, with gradi-
ent among low and high level of biodiversity in relation to functional magnitude is not well presented.
Nevertheless, all relations usually point towards enhanced functioning with higher biodiversity, which can
also be found on landscape scale having site patches as biodiversity units. In case of greatly fragmented
landscape having low connectivity, loss of small patches results in steady decline of related ecosystem
function, presenting linear relationship. While in highly connected networks losses at local level usually
are repaired by inputs from linked patches, till a critical level is achieved (Scheffer et al., 2013).

In general ecosystem functions are diversified and stabilized by higher biodiversity (Cardinale et
al., 2006). Understanding the inherent dependence on biodiversity is essential to use ecosystem service
perspective as tool for management of natural resources. Empirical links among functions of ecosystems
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and several aspects of biodiversity like resource, trophic and genetic diversity has been presented by
several recent studies. Functional structure of communities like diversity and composition of functional
traits seem to be good predictor of ecological processes (Bartkowski, 2017). Current challenge is includ-
ing various facets of biodiversity simultaneously that strongly enhance complexity of studies. Attention
towards relationships among traits, genes, biotic and abiotic factors and phylogeny, greater insights into
mechanisms underpinning functioning of ecosystems can be studied (Mouillot et al., 2011). Previous
studies have presented evidence that biological diversity might boost functioning of ecosystems and
thus their capability to deliver society with services and goods required to prosper (Naeem et al., 2012;
Cardinale et al., 2012).

Ecosystems in fact deliver manifold services that are delivered by large number of activities which in
turn rest on different species, physical conditions and ecological likings. Recent studies suggested that
the importance of biodiversity enhances when considering multiple functions, as different species tend
to govern different functions and studies that focus on individual processes existing in isolation tend to
underestimate various levels of biodiversity required towards maintaining multifunctional ecosystems
(Ziter, 2016). A larger suite of structures, processes and species tend to display differential retorts to-
wards a given environmental trepidation and hence, when examined together they generate a steadying
purpose that conserves the integrity of a service (Wall et al., 2015). Thus, in order to ensure stable sup-
ply of ecosystem services and functions in dynamically changing world, conservation and restoration of
biodiversity through determination of biodiversity value is essential (Jacobs et al., 2013; Knapp, 2019).

e  Risk and Uncertainty in Ecosystem Service

Uncertainty in services and goods provided by ecosystems in future has multiple facets, making spe-
cific properties of ecosystems valuable. Bartkowski, 2017 have differentiated among two main types of
uncertainty in ecosystem services in future, they are: ecological ambiguity leading to supply ambiguity
and socio-economic ambiguity resulting in demand uncertainty. These two uncertainties precisely cor-
respond with two concepts of economic value which are option value and insurance value, both of which
are attributed to ecosystem biodiversity. Positive influence of biodiversity is exhibited in terms of eco-
systems stability and resilience, even though its impact on provisioning ecosystem services is necessarily
not optimistic (Maes et al., 2012). Significant mechanism in this situation is the functional redundancy.

Upon combining this notion with the concept of human risk-aversion and supply uncertainty, concept
of economic assurance value of biodiversity is achieved (Pascual et al., 2015). Economical value of
biodiversity is attributed as it serves as protection against ambiguity adjacent capability of ecosystems
towards reliably providing services and goods in future, responding to supply uncertainty. Biodiversity
works against both sources of uncertainty i.e, it has a resilience enhancing and stabilizing consequence
on ecosystem functioning that eases supply ambiguity and it is a consortium of choices, that can be drawn
upon towards accommodating upcoming preferences and needs (Bartkowski, 2017). In order to estimate
the ambiguity related values of biodiversity, it is essential to acclimatize common total economic value
(TEV) framework towards better reflecting the fact that we live in an uncertain world (Pascual et al.,
2015). And it is also necessary to valuate those suitable methods are used for identifying these values.
Thus, these recognized values can then be filled into political decision-making processes towards trade-
off benefits of enhancing biodiversity levels against costs of necessary land-use changes (Bartkowski
and Hansjiirgens, 2019).
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e Land Use Change and Ecosystem Services

Changes in land use is one among chief factors driving changes in natural environment and human
activity and hence, must be quantified accurately towards understanding such changes. Changes in land
use comprise of changes in land cover as the term encompasses changes that does not include succeeding
human use of property (Ellis, 2013). In terms of sustainable development, changes in land use affects
worldwide climate change and subsequent responses of ecosystem (Abd El-Kawy et al., 2011). Studies
show that several of world’s emerging countries are undergoing rapid changes in land use that is driven
by population expansion and changes in lifestyles as a result of growth in income (Yu et al, 2013). It is
to be noted that landscapes vary both temporally and spatially (Scholte et al., 2015). As per the report
of Millennium Ecosystem Assessment (MEA), fifteen out of 24 ecosystem services have been deterio-
rated across the world, out of which 60% degradation in the provisioning ecosystem services is due to
changes in land use by human interaction (Jew et al., 2019; Yang et al., 2019). Vaezi et al., 2017 have
highlighted that degraded ecosystem services can generate numerous problems like desertification,
salinization, soil erosion and so on.

As population increases, changes in land use in terms of urbanization would demand more natural
resources, food and fibre (Rimal et al., 2019; Balatsky et al., 2015; Tilman et al., 2011) across the world.
In view of these scenarios ecosystems is constantly experiencing changes, degradation and conver-
sion, effecting provisioning of ecosystem services (Fu et al., 2017; Tolessa et al., 2016; Buytaert et al.,
2014). Several studies have claimed that changes in land use for urbanization hamper sustainability of
environment, deteriorate biodiversity and also ecosystem services (Keeler et al., 2019; Rijal et al., 2018;
Keshtkar et al., 2017; Tao et al., 2015).

e  Changes in Land Use and its Influence on Lithological and Hydrological Properties

An essential constituent of a nation’s ecological environment is agricultural land as it contributes
to one of the principal provisioning services and hence, it must be accomplished sustainably towards
protecting environment and also to provide food for humans (Yan et al., 2009). Nearly 40 percent of
the land surface is covered with agricultural ecosystems, making it one of the greatest significant land
management systems in the world. Nevertheless, these ecosystems face multitude of problems due to
human induced changes in land use along with global warming leading to degradation in the overall
quantity and quality of agricultural land (Jaradat and Boddy, 2011). This has resulted in reduced food
provisioning services that are catered by agricultural ecosystems. Changes in land use resulted in fights
among land uses for distribution of water resources. Land use change has reduced both ecosystems’
services of regulatory and provisioning including food production, carbon sequestration and water flows.

Furthermore, grasslands and forests face grave pressure due to land use and climate change like reduced
water yield that have been influenced by land use changes on evaporation and precipitation patterns. A
study conducted by Pudyal et al., 2019 on ecosystems services of Nepal’s Phewa watershed impacted by
land use change has presented that dense forest area has enhanced by eighty eight percent while areas
like sparse forest, cultivated land and grassland has reduced. Enhanced resource consumption, destruc-
tion of habitat and biodiversity loss was reported by Lawler et al., 2014 due to land use change in terms
of extensive urbanization. Several studies have reported loss of wildlife habitat, poor soil productivity
owing to degraded soil chemical, physical and biological properties and direct effect on sustainability
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due to built up area, effects of fragmented land on functions and services of ecological services (Kindu
et al., 2016; Larson et al., 2016; Tolessa et al., 2017).

Negative effects on ecosystem services, agriculture and watershed were reported by Arunyawat and
Shrestha, 2016 from Thailand due to increase in built-up land and rubber plantation during 1989 —2013.
In a similar study carried out in northern China during 1980 — 2015 Yang et al., 2019 found that huge
number of grasslands were converted to built-up and cultivated areas resulting in loss of ecosystem
services of that area. It is reported that changes bought in land use like alteration of natural systems to
agricultural lands or settlements hamper sustainable ecosystem expansion and also will interfere with
provision of ecosystem services (Fagerholm et al., 2016; Turner et al.,2016). Studies on relation among
ecosystem services and soil properties were rarely taken up (Adhikari and Hartemink, 2016), yet have
provided useful insights. As changes in land use enhance, this led to reduced soil nutrients, organic mat-
ter leading to degradation and erosion of soil and also reduced storage of soil organic carbon (Gamboa
and Galicia, 2011; Poeplau and Don, 2013).

Various hydrological ecosystem services include cultural services like aesthetic and spiritual values;
regulating services like erosion control and water purification; supporting services like water for plant
growth and aquatic organisms and provisioning services like water supply and irrigation (Brauman et
al., 2007; Jin et al., 2015). Reduction in the area of surface water to nearly 35 percent was reported by
Hasan et al., 2017 in Bangladesh during 2000 — 2010 owing to extreme population growth coupled
with changes in land use which has led to reduced annual average rainfall and enhanced temperatures.
Impact of land use change and climate change on ecosystem services of water in Kentucky, USA was
assessed by Bai et al., 2019 and presented that land use changes in terms of forest land conversion to
agricultural, built-up and pasture lands have condensed provision of water-related ecosystem services.
While a study conducted by Rimal et al., 2019 presented an increase in soil loss, export of phosphorus
and nitrogen due to changes in land use, a decline in carbon storage and food production was observed
(Hasan et al., 2020).

e  Future Value of Ecosystem Services

Evaluating ecosystem services value is key which allows to shape integrated, complete measures for
sustainable happiness that can drive development. Kubiszewski et al., 2020 created three current groups
of situations towards developing and evaluating upcoming value of worldwide ecosystem services fall-
ing under four different land-use administration scenario based on the Great Transition Initiative (GTI)
archetypes created by Raskin et al., 2002 (Hunt et al., 2012). These provide a range of reasonable features
which integrate various world views, policies and their effects on a variety of concerns comprising of
economics, climate change, land and water use management and overall wellbeing. They have estimated
consequences of these scenarios along with their land use and management expectations for value of
ecosystem services to 2050. These scenarios in brief are:

1. Fortress world, an archetype wherein countries and world become more inequitable, fragmented,
heading towards permanent or temporary social collapse;

2. Market Forces, describing population and economic growth archetype which is based on neoliberal
free assumptions of market.

3. GreatTransition archetype based on assumption regarding limitations to conservative GDP progress,
focussing more on social and environmental wellbeing and sustainability.
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4.  Policy improvement, enduring economic growth archetype with limitation based on expectations
regarding necessity for government interference and actual policy.

Over the past several eras, services and properties provided by ecosystems have suggestively tar-
nished (Sutton et al., 2016). Attention towards ecosystem services at levels of both policy and research
is rapidly growing (Braat and de Groot, 2012; Pittock et al., 2012; Balvanera et al., 2012; Costanza and
Kubiszewski, 2012). Clear valuation enables the components of all rudiments to be expressed in similar
common denominator to enable direct assessment of trade-offs. Usually, this can be most simply and
helpfully done using monetary units and other units like land area, energy or time and also likely an
integrated, pluralistic approach is preferred for valuation (Pascual et al., 2017; Jacobs et al., 2016).

Estimates made by Kubiszewski et al., 2020 are intended towards helping inform choices through
making relation clearer among human wellbeing in future and wellbeing of remaining nature in measur-
able terms which highlight the trade-offs and decision that are made now. The great transition scenario
can also be viewed as exemplifying several of goals that are approved by nations in the UN SDG process
(United Nations, 2015). This scenario assumes reduced hunger, inequality, better land and sea ecosystems
management, sustainable consumption and production, combating climate change along with several
other features that are listed in 17 SDGs. Further, these scenarios can help dealing with uncertainty,
design policies for enhancing chances of better futures (Costanza et al., 2015; Schmidt et al., 2016).
Further, future work can be carried out in direction of using landscape measure computer simulation
representations that can help in creating and evaluating integrated scenarios for ecosystem restoration
towards correlation with business as usual (Turner et al., 2016).

CONCLUSION

There exists an accepted understanding that ecosystems are crucial for human existence yet due to
absence of market for most of the services and goods from ecosystems these are not characteristically
priced. Several researchers round the world have appreciated the significance of quantification and valu-
ation of ecosystem services. Problems related to quantification and valuation of ecosystem services are
exacerbated owing to lack of information. Though several models have been proposed for estimating
values of ecosystem services, the appraisal presented above states that an integrated approach would be
significant in addressing the issue. Owing to the larger area covered by various ecosystems and huge
amount of spatial data generated, using geographic information systems will largely benefit especially
when using remote sensing data for large areas. Further, it has been understood that growth of population,
expansion economically and infrastructure wise (changes in land use) are the main reasons for reduced
ecosystem services. These changes resulted in reduction in food security, soil degradation, biodiversity
loss and also climatic changes. As presented above changes have been bought in all four types of eco-
system services and have been hampered due to reasons quoted above and are influenced by several
factors. Assessment of all these factors is precisely hampered due to lack of reliable data. Further, other
factors like social and policy related are yet to be recognized in order to explain the magnitude of their
influence. Two significant issues that are to be addressed in future are, first, it is observed that there is
no common approach adopted by researchers across the world towards evaluating ecosystem services
and hence, there is a need to develop a framework so that researchers can evaluate with a common ap-
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Table 1. Contemporary research across the world on Ecosystem Services

S. No Author Place Objective Results
1 Bennett et al., Canada Assessed interactions of recent changes on agro-ecosystem Suggested crucial research directions towards harmonizing production
) 2021 features leading to resilience loss. and ecosystem function.
Suggested that future research should target associations among local,
2. Kaiser et al., 2021 | Berlin Showcased variety of existing payments for ecosystem services. | regional and global scales for development of payment for ecosystem
services.
o . N L Presented diverse and different set of ecosystem services provided by
Identified major shallow lake ecosystem services in association . . B . . .
. . . stable states in shallow lakes with plentiful relations to majority of SDGs
Janssen et al., with Sustainable Development Goals (SDGs) and also associated . X .
3. Netherland . P L and concluded that reinstating and preserving and ecosystem states
2021 service provisioning between 4 ecosystem conditions and s B N .
N . " N would credit for possible trade-offs among preserving natural values of
discussed their possible trade-offs. .
shallow lakes and ecosystem services.
. . . Their results can be utilized in supporting urban policies aiming at
Al tal., T tematically identif; ES, UC, and NBS X X X
4. menar et 4 Luxembourg 0 systematically 1Centily nexuses among £o.  an mainstreaming NBS and also as basis to better understand ES-UC-NBS
2021 along with describing reasonable causal relationship. . .
relationships.
Investigated motives fc lication chall through steeri . . S
nvestigatec motives for application chatienge (hrough steering Their findings demonstrated imperative need for enhanced communiqué
a trans-disciplinary survey towards identifying variances among X L . .
. o : . . . platforms and collaboration among scientists and important agricultural
5. Maas et al., 2021 | Austria insights of ninety-eight scientists in environmental research . . .
! . . shareholders towards establishing open discourses among practice,
from Germany and Austria and 208 farmers in understanding . .
. s . policy and agricultural research.
ecosystem services, biodiversity.
Expl hnical li Sys services and huma . . . .
P orgd technical 1terlature on ecosystem Services and tuman Presented that an integrated research on biophysical and socio-cultural
. well-being at a worldwide scale towards investigating scientific . - . . K -
6. | Wangetal., 2021 | China ! . dimensions is needed towards enhancing support in policymaking in
collaboration, temporal development and emergent trends during future
last twenty-seven years using CiteSpace. )
Their results indicated that trade-off among ecological edifice and
Analysed trade-offs among ecological edifice and development | development within reasonable range does not imply that ecosystem
7. |Dengetal, 2021 [China via changes in land-use and also assessed its impact on services will unavoidably decline. Nevertheless, ecosystem services
ecosystem services. are to be taken into account for land-use planning and policy making
towards preserving natural ecosystems.
. . Lo . P ted that the burden of declined 1 ices is primaril
Gourevitch et al., Evaluated equity and distribution of ecosystem service changes resented that the burden of dectined €cosystem SCrvices Is primartly on
8. Us . . . . N lower-income, non-white, urban populations, which is greatly driven by
2021 and its benefits across socioeconomic and demographic groups.
wetlands and forests converted to urban and croplands.
To identify conservation priorities through balancing ecosystem . . .
. . . . . Presented significant results towards environmental protection and
9. Ma et al., 2021 China services trade-offs along with analysis of spatiotemporal changes . . . . .
. . regional ecological along with enhancing ecosystem services.
in ecosystem services.
hesi aluations of pres sition al ith . .
Cavanagh et al., Synthesized recenl'va ua}uons ol P resent posmf)n along wit Developed formal representation with reference to network of
10. UK expected forthcoming climate-driven changes in Southern Ocean | . 8 . . . . .
2021 interactions among suite of services and suite of potential drivers.
ecosystems.
1. | Aziz. 2021 Pakistan Valued transfer method for valuating ecosystem services in Presented that per capita values for services like water and climate show
) ’ Pakistan during years 1950, 2000, 2015 and 2050. a reduction for years 2000, 2015 and 2050 in comparison to 1950.
. P ted he 1 ices’ fl d ch: in land
Distinguish influences of changing demand and water supply resented how ecosystem services 1ows and changes In fand use can
. . . o . . L be integrated at regional and local levels towards management of land
12. |Linetal., 2021 China in Aojiang River watershed, China, which is significant water A . .
- use, reallocation of water and ecological recompense encouraging
reserve nearly seven million people. o
sustainability of freshwater ecosystems.
Drawn literature towards providing a brief snapshot of Presented perspective that tackling these issues is possible with rise of
13| Ermgassen et contemporary field of ecosystem service valuation from big data, a growing understanding, expansion of valuation techniques,
© | al, 2021 salt marsh and also to focus on significance of stakeholder and application of environmental justice practices, which play serious
involvement to mitigate them. role in decision-making round salt marshes.
. . va uated 3 |mpprtant ecos}fstem SCIVICes, Fountmg waterl Presented the necessity for strengthening ecological fortification in the
14. | Lietal, 2021 China yield, carbon seizure and soil preservation in Zhanyge during L .
Qilian Mountain area.
1990-2015.
Castellar ot al Consolidated data from four European plans towards setting Presented that important criterion for practitioners towards identifying
15. 2021 v Spain track for common considerate of NBS and facilitating their particular solution is the ‘green factor’ along with duplication of non-
mainstreaming. intensive exercises happening in nature.
16. | Alemu et al., 2021 | Singapore To propose and test Sl.lltéblllly ofa mulll-fu_ncuonal landscape Their study 111uslraled{ a clear helerogenel?y in capability of mangroves
approach towards assessing ecosystem services. towards supply of various ecosystem services.
Tamburini et al., Assessed impact of various diversification practices in Illueratejd. that adopting w1(!e51>.read d1vers1flcau'on practices prove to
17. Sweden 3 be promising towards contribution to food security and conservation of
2020 agricultural systems both below and above ground. S .
biodiversity.
. . . Presented quantification and valuation of impacts of changes in land use
Reviewed effect of changes in land use on various types of X A~
18. | Hasan et al., 2020 | Bangladesh . H . on ecosystem services management, and proposed directions for future
ecosystem services, and its outcomes on human well-being.
research.
Laneemeyer ot al Aimed at expansion of analytical foundation for fairness in urban | Outlined hypothetical entry points and provided real-world examples
19. 2025 4 " | Spain ecosystem provision valuations through model which associates | for intertwining notions of fairness into urban ecosystem service
co-production of urban ecosystem services. investigation and practice.
To report restoration of an unparalleled large-scale seagrass Their study serves as a blueprint towards maintaining and restoring
20. |Orthetal., 2020 |USA along the mid-western Atlantic that has been maintained healthy ecosystems to safeguard numerous benefits, comprising of co-
annually for over 20 years. benefits which may emerge as management primacies over time.
T sent ¢ t of sustainable devel t fi specti . . L . .
. © present concept of sustainable development trom perspef: e | Outlined eight main principles illustrating general framework towards
21. | Zhaoetal.,, 2020 | China of ecosystem services and to analyze few current problems in
. the study of landsenseology.
assessment of ecosystem service.
. . . Presented that population urbanization and economy should be
To quantify four ecosystem services along with total ecosystem . . Lo .
. p AR . reinforced through retarding land urbanization in order to achieve
22. |Pengetal., 2017 | China services, followed by identifying numerous benefits of ecosystem PSS . .
L . . sustainability in urban ecology along with less degradation of ecosystem
services in the peri-urban area of Beijing City. X
services.
continued on following page
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Table 1. Continued

S. No Author Place Objective Results
Suggested necessity to focus on changes in ecosystem service rather
To review briefly problems associated with quantifying and than service delivery, along with identifying common boundaries

23. | Smalletal, 2017 | UK defining cultural ecosystem services. pertinent for ecosystems and people would help in addressing few of the

challenges.

Concluded that with existing uncertainty around impending nature of
coral reefs in Anthropocene, investigation discovering how profits to
people can be of countless significance.

Woodhead et al., UK Question regarding meaning of Anthropocene towards delivery

24. . . h
2019 of ecosystem services obtained from coral reefs.

Presented that defining strategic objectives, range of urban ecosystem
services, and identifying demand and recipients could enhance
awareness of the values at stake, ensuring commitment in long-term
at implementation phase while also strengthening planning arguments
against conflicting interests.

Cortinovis et al.,
2018

To investigate on what extent ecosystem services are presently

2. included in urban plans.

Italy

proach. Second, need to incorporate values of ecosystem services in planning of ecosystems towards
maximizing benefits for human wellbeing.
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Chapter 3

The Impact of Awareness
Regarding Environmental
Protection Laws on
Ecological Degradation

Atul Bamrara
Government of Uttarakhand, India

ABSTRACT

Global environmental troubles are gaining significance because of the speedy and antagonistic speed
of urbanization. Environmental degradation restricts the flow of environmental services. Dumping of
pollutants in excess of its assimilative capacity into air, water, and soil results in deterioration of the
quality of these vital resources. The nature of environmental problem depends upon the level of economic
development and the geographical condition of the area under consideration. India being a developing
economy with a low per capita income, high population density, agriculture-dependent labour force,
and high percentage of rural areas, the problems here are different from those in developed countries.
The chapter highlights the impact of knowledge regarding environmental protection issues on environ-
mental degradation.

INTRODUCTION

During the last few decades, there has been an increasing consciousness and concern that the environment
in which we live has deteriorated very fast. The air we breathe and the water we drink is getting polluted,
rains are becoming erratic, forests are getting depleted, large number of plant and animal species are
becoming extinct. The top soil is being eroded and even the ozone layer is getting damaged. There is also
a danger of global warming (Baumol and Oates, 1971). This environmental degradation threatens the
very existence of human beings. The tragedy is that these problems are being created by human beings
themselves. We receive all the life supporting materials from our environment but in return, we do little
for the environment. Basically, what is needed is that we should manage our environment properly. Our
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interference with environment should be minimal and we should ensure that it does not deteriorate and
cause a challenge to our existence (Drummond and Barros-Platiau, 2006).

In India, legislations directly aimed at environmental protection were implemented for the first time
in 1974 in the form of the Water (Prevention and Control of Pollution) Act (Agarwal, 2005). Prior to
that, however, there were certain legislations enacted which have a bearing on environment indirectly
(e.g., Motor Vehicles Act, Factories Act and Insecticides Act). After the Water Act, two notable laws
have been introduced-

First one is the 42" Amendment of the Constitution in 1977 which has two sub divisions: (i) Entry
48A mentions that the state will protect and improve the environment and safeguard forests and wild-
life; and (i1) Entry 51A suggests that it is also the duty of the citizens to protect and improve the natural
environment including wildlife. The forty-second amendment was followed by the Forest Conservation
Act, 1980; and subsequently the Air (Prevention and Control of Pollution) Act, 1981. A comprehensive
legislation on environment covering all aspects was enacted in 1986 in the form of the Environment
Protection Act, 1986. Two international conferences on environment and development - one at Stock-
holm in 1972 and the other at Rio de Janeiro in 1992 - have influenced environmental policies in most
countries, including India. Many countries and international agencies have accepted the ‘polluter pays
principle’, the ‘precautionary principle and the concept of ‘intergenerational equity’ as guidelines for
designing environmental policies (Agarwal, 2005; Jha and Sen, 1991).

BACKGROUND

It is a matter of surprise that even at the International level attention to environment was not being
given till the sixties. Very few people attached any importance to the Stockholm Conference which was
held in 1972. However, some activities started in the field of environmental sciences, when Stockolm
Conference brought the problems of deteriorating environment to the notice of the world leaders. Ear-
lier to this the environmental problems were generally considered to be local problems. The developed
and industrialized countries have been facing tremendous environmental problems on account of their
unplanned industrialisation and growth in developmental activities (Akella and Cannon; Abessa et al.,
2019). Consequently, they started turning their attention to environmental management much earlier:
They also had enough resources to support these activities. The developing countries which on the other
hand, had just started industrialisation and developmental activities did not face such problem so acutely.
The environmental problems of the developing countries were generally related to under development,
poverty and lack of resources (Dembach and Mintz, 2011). For them, demands such as drinking water,
food, shelter, clothing and health were much more important, and for this reason they could not pay
proper attention towards environmental management. Last two decades have witnessed dramatic rise
in environmental concerns. Governments in various countries have enacted legislations to prevent pol-
lution of natural resources such as air and water and to conserve and ensure sustainable use of forest
resources. In India various Acts have been put in place to protect environmental resources. The United
States, for example, preferred ‘tradable emission permits’ presumably because of its reliance on the al-
locative efficiency of markets while many countries in Europe seem to prefer fiscal approach to solve
the pollution problem because of their commitment to the concept of welfare state (Linden et al., 1979).

Environmental degradation restricts the flow of environmental services. Dumping of pollutants in
excess of its assimilative capacity into air, water and soil results in deterioration of the quality of these
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vital resources. The nature of environmental problem depends upon the level of economic development
and the geographical condition of the area under consideration. India being a developing economy with
a low per capita income, high population density, agriculture-dependent labor force, and high percent-
age of rural areas, the problems here are different from those in developed countries (Korhonen and
Lappalainen, 2004). The tropical climate with scanty rainfall in many areas also brings in a specific set
of environmental problems. While acknowledging the fact that it is difficult to describe all the problems
and analyze the underlying factors, some important problems are presented below. Poverty, illiteracy
and lack of awareness have aggravated environmental problems in many cases. Poverty in rural areas,
largely due to unavailability of gainful employment, compels people to go to the nearby forests to col-
lect fuel-wood and minor forest products to supplement their household income (Zaelke et al., 1993).

Agriculture being the backbone of the country and draught animal being the major source of power,
animals are reared in large numbers and sent to forests for grazing. Cooking by using fuel-wood not
only aggravates destruction of forest but also releases harmful gases into the air (Wemer, 1993). Lack
of proper sanitation both in rural areas and urban slums vitiates the local environment. High popula-
tion density in urban areas without adequate infrastructure such as water and electricity supply, public
transport and waste disposal has brought in many environmental problems. For example, lack of public
transport and rise in per capita income have led urban households to go for private vehicles which has
increased fuel consumption, traffic congestion, and increased emission from vehicles. Tightening of
emission standards and use of cleaner fuel has not been able to offset the pollution load. Technological
progress has also contributed to environmental problems in India.

OBJECTIVE AND HYPOTHESIS

To measure the correlation between knowledge and awareness about environment protection laws on
environmental degradation. The following hypothesis will be tested -

H,: The level of knowledge and awareness about environment protection laws is not associated with
environmental degradation

RESEARCH METHODOLOGY

The present study has adopted the survey method to collect the relevant data. The primary data was
collected on the basis of questionnaires administered to various respondents in the Western India (i.e.,
Uttarakhand, Uttar Pradesh, Himanchal Pradesh, Delhi/NCR, Haryana, Punjab, Rajsthan etc.). The
individuals associated to industry, judiciary/ legal departments, non government organizations, social
workers, agencies involved in policy formation and academic organizations have been selected for con-
ducting the survey. The secondary data was collected from various published reports available nation-
ally or internationally. It also includes portals of various environmental regulatory bodies. Necessary
statistical tools shave been applied to explore the correlation coefficients as well as chi square values.
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DATA ANALYSIS

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 38% indi-
viduals have aware of Water Prevention and Control of Pollution Act 1974, while rest 62% people have
no awareness of same. Out of 16% females, 25% have aware of Water Prevention and Control of Pollu-
tion Act 1974, while 75% females have no awareness of Water Prevention and Control of Pollution Act.

Table 1.
You are aware of Water Prevention and Control of Pollution
Act 1974 Total
Yes No
Count 64 104 168
Male
% 38.1% 61.9% 84.0%
Gender
Count 8 24 32
Female
% 25.0% 75.0% 16.0%
Count 72 128 200
Total
% 36.0% 64.0% 100.0%
Chi Square Value = 5.001 Pearson R = 0.1

The value of Karl Pearson coefficient of correlation is 0.1 which conclude that there is a positive
correlation between gender and awareness of Water Prevention and Control of Pollution Act 1974. Cal-
culated value of y* for 1 degree of freedom at 5% level of significance is 5.001 and tabulated value of x>
is 3.841. Since calculated value of chi-square is greater than tabulated value therefore null hypothesis is
rejected or it can be concluded that awareness of Water Prevention and Control of Pollution Act 1974
differs significantly.

WATER PREVENTION AND CONTROL OF POLLUTION CESS ACT 1977

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 19% indi-
viduals are aware of Water Prevention and Control of Pollution Cess Act 1977, while rest 81% people
have no awareness of same. Out of 16% females, no one is aware of Water Prevention and Control of
Pollution Act.

The value of Karl Pearson coefficient of correlation is 0.19 which conclude that there is a positive
correlation between gender and awareness of Water Prevention and Control of Pollution Cess Act 1977.
Calculated value of y* for 1 degree of freedom at 5% level of significance is 7.26 and tabulated value of
x*1is 3.841. Since calculated value of chi-square is greater than tabulated value therefore null hypothesis
is rejected or it can be concluded that awareness of Water Prevention and Control of Pollution Cess Act
1977 differs significantly.
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Table 2.
You are aware of Water Prevention and Control of Pollution
Cess Act 1977 Total
Yes No
Count 80 340 420
Male
% 19.0% 81.0% 84.0%
Gender
Count 0 80 80
Female
% 0.0% 100.0% 16.0%
Count 80 420 500
Total
% 16.0% 84.0% 100.0%
Chi Square Value = 7.26 Pearson R = 0.19

AIR PREVENTION AND CONTROL OF POLLUTION ACT 1981

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 31% indi-

viduals are aware of Air Prevention and Control of Pollution Act 1981, while rest 69% people have no

awareness of same. Out of 16% females, 25% are aware of Air Prevention and Control of Pollution Act,
while 75% females have no awareness of same.

Table 3.
You are aware of Air Prevention and Control of Pollution Act 1981
Total
Yes No
Count 130 290 420
Male
% 31.0% 69.0% 84.0%
Gender
Count 20 60 80
Female
% 25.0% 75.0% 16.0%
Count 150 350 500
Total
% 30.0% 70.0% 100.0%
Chi Square Value = 6.454 Pearson R = 0.048

The value of Karl Pearson coefficient of correlation is 0.048 which conclude that there is a positive
correlation between gender and awareness of Air Prevention and Control of Pollution Act 1981. Calcu-
lated value of x? for 1 degree of freedom at 5% level of significance is 6.454 and tabulated value of x>
is 3.841. Since calculated value of chi-square is greater than tabulated value therefore null hypothesis

is rejected or it can be concluded that awareness of Air Prevention and Control of Pollution Act 1981

differs significantly.
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AIR PREVENTION AND CONTROL OF POLLUTION RULES 1982

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 21% indi-
viduals are aware of Air Prevention and Control of Pollution Rules 1982, while rest 79% people have
no awareness of same. Out of 16% females, 25% are aware of Air Prevention and Control of Pollution
Rules 1982, while 75% females have no awareness of same.

Table 4.
You are aware of Air Prevention and Control of Pollution
Rules 1982 Total
Yes No
Count 90 330 420
Male
% 21.4% 78.6% 84.0%
Gender
Count 20 60 80
Female
% 25.0% 75.0% 16.0%
Count 110 390 500
Total
% 22.0% 78.0% 100.0%
Chi Square Value = 0.5 Pearson R = -0.032

The value of Karl Pearson coefficient of correlation is -0.032 which conclude that there is a nega-
tive correlation between gender and awareness of Air Prevention and Control of Pollution Rules 1982.
Calculated value of y* for 1 degree of freedom at 5% level of significance is 0.5 and tabulated value of
y2is 3.841. Since calculated value of chi-square is greater than tabulated value therefore null hypothesis
is rejected or it can be concluded that awareness of Air Prevention and Control of Pollution Rules 1982
differs significantly.

WILDLIFE PROTECTION ACT 1972

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 19% indi-
viduals are aware of Wildlife Protection Act 1972, while rest 81% people have no awareness of same.
Out of 16% females, 13% are aware of Wildlife Protection Act 1972, while 87% females have no aware-
ness of same.

The value of Karl Pearson coefficient of correlation is 0.062 which conclude that there is a positive
correlation between gender and awareness of Wildlife Protection Act 1972. Calculated value of y* for 1
degree of freedom at 5% level of significance is 8.781 and tabulated value of y* is 3.841. Since calcu-
lated value of chi-square is greater than tabulated value therefore null hypothesis is rejected or it can be
concluded that awareness of Wildlife Protection Act 1972 differs significantly.
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Table 5.
You are aware of the Wildlife Protection Act 1972
Total
Yes No
Count 30 340 420
Male
% 19.0% 81.0% 84.0%
Gender
Count 10 70 80
Female
% 12.5% 87.5% 16.0%
Count 90 410 500
Total
% 18.0% 82.0% 100.0%
Chi Square Value = 8.781 Pearson R = 0.062

FOREST CONSERVATION ACT 1980

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 17% indi-
viduals are aware of Forest Conservation Act 1980, while rest 83% people have no awareness of same.
Out of 16% females, nobody is aware of Forest Conservation Act 1980.

Table 6.
You are aware of the Forest Conservation Act 1980
Total
Yes No
Count 70 350 420
Male
% 16.7% 83.3% 84.0%
Gender
Count 0 80 80
Female
% 0.0% 100.0% 16.0%
Count 70 430 500
Total
% 14.0% 86.0% 100.0%
Chi Square Value = 6.202 Pearson R = 0.204

The value of Karl Pearson coefficient of correlation is 0.204 which conclude that there is a positive
correlation between gender and awareness of Forest Conservation Act 1980. Calculated value of y? for
1 degree of freedom at 5% level of significance is 6.202 and tabulated value of ¥2 is 3.841. Since calcu-
lated value of chi-square is greater than tabulated value therefore null hypothesis is rejected or it can be
concluded that awareness of Forest Conservation Act 1980 differs significantly.
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ENVIRONMENT PROTECTION ACT 1986

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 21% in-
dividuals are aware of Environment Protection Act 1986, while rest 79% people have no awareness of
same. Out of 16% females, no one is aware of Environment Protection Act 1986.

Table 7.
You are aware of the Environment Protection Act 1986
Total
Yes No
Count 90 330 420
Gender Male
% 21.4% 78.6% 84.0%
Count 0 80 80
Female
% 0.0% 100.0% 16.0%
Count 90 410 500
Total
% 18.0% 82.0% 100.0%
Chi Square Value = 8.362 Pearson R = 0.204

The value of Karl Pearson coefficient of correlation is 0.204 which conclude that there is a positive
correlation between gender and awareness of Environment Protection Act 1986. Calculated value of x>
for 1 degree of freedom at 5% level of significance is 8.362 and tabulated value of y* is 3.841. Since
calculated value of chi-square is greater than tabulated value therefore null hypothesis is rejected or it
can be concluded that awareness of Environment Protection Act 1986 differs significantly.

Table 8.
You are aware of the Power of Central Government to take
measures to protect and improve environment Total
Yes No
Count 20 400 420
Male
% 4.8% 95.2% 84.0%
Gender
Count 0 80 80
Female
% 0.0% 100.0% 16.0%
Count 20 480 500
Total
% 4.0% 96.0% 100.0%
Chi Square Value = 1.589 Pearson R = 0.089
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POWER OF CENTRAL GOVERNMENT

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 5% individuals
are aware of Power of Central Government to take measures to protect and improve environment, while
rest 95% people have no awareness of same. Out of 16% females, no one is aware of Power of Central
Government to take measures to protect and improve environment.

The value of Karl Pearson coefficient of correlation is 0.089 which conclude that there is a positive
correlation between gender and awareness of Power of Central Government to take measures to protect
and improve environment. Calculated value of y* for 1 degree of freedom at 5% level of significance is
1.589 and tabulated value of y?is 3.841. Since calculated value of chi-square is less than tabulated value
therefore null hypothesis is accepted or it can be concluded that awareness of Power of Central Govern-
ment to take measures to protect and improve environment does not differ significantly.

NATIONAL ENVIRONMENT APPELLATE AUTHORITY ACT 1997

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 2% individu-
als are aware of National Environment Appellate Authority Act 1997, while rest 98% people have no
awareness of same. Out of 16% females, no one is aware of National Environment Appellate Authority
Act 1997.

Table 9.
You are aware of the National Environment Appellate Authority
Act 1997 Total
Yes No
Count 10 410 420
Male
% 2.4% 97.6% 84.0%
Gender
Count 0 80 80
Female
% 0.0% 100.0% 16.0%
Count 10 490 500
Total
% 2.0% 98.0% 100.0%
Chi Square Value = 0.777 Pearson R = 0.062

The value of Karl Pearson coefficient of correlation is 0.062 which conclude that there is a positive
correlation between gender and awareness of National Environment Appellate Authority Act 1997.
Calculated value of y? for 1 degree of freedom at 5% level of significance is 0.777 and tabulated value
of y?is 3.841. Since calculated value of chi-square is less than tabulated value therefore null hypothesis
is accepted or it can be concluded that awareness of National Environment Appellate Authority Act
1997 does not differ significantly.
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FACTORIES ACT 1948

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 5% indi-
viduals are aware of Factories Act 1948, while rest 95% people have no awareness of same. Out of 16%
females, 25% are aware of Factories Act 1948, while 75% females have no awareness of same.

Table 10.
You are aware of the Factories Act 1948
Total
Yes No
Count 20 400 420
Male
% 4.8% 95.2% 84.0%
Gender
Count 20 60 80
Female
% 25.0% 75.0% 16.0%
Count 40 460 500
Total
% 8.0% 92.0% 100.0%
Chi Square Value = 14.95 Pearson R = -0.273

The value of Karl Pearson coefficient of correlation is -0.273 which conclude that there is a negative
correlation between gender and awareness of Factories Act 1948. Calculated value of y? for 1 degree of
freedom at 5% level of significance is 14.95 and tabulated value of y* is 3.841. Since calculated value
of chi-square is greater than tabulated value therefore null hypothesis is rejected or it can be concluded
that awareness of Factories Act 1948 differs significantly.

Table 11.
You are aware of Public Liability Insurance Act 1991
Total
Yes No
Count 8 412 420
Male
% 2.4% 97.6% 84.0%
Gender
Count 0 80 80
Female
% 0.0% 100.0% 16.0%
Count 10 490 500
Total
% 2.0% 98.0% 100.0%
Chi Square Value = 0.777 Pearson R = 0.062
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PUBLIC LIABILITY INSURANCE ACT 1991

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 2% indi-
viduals are aware of Public Liability Insurance Act 1991, while rest 98% people have no awareness of
same. Out of 16% females, no one is aware of Public Liability Insurance Act 1991.

The value of Karl Pearson coefficient of correlation is 0.062 which conclude that there is a positive
correlation between gender and awareness of Public Liability Insurance Act 1991. Calculated value of
x> for 1 degree of freedom at 5% level of significance is 0.777 and tabulated value of ¥? is 3.841. Since
calculated value of chi-square is less than tabulated value therefore null hypothesis is accepted or it can
be concluded that awareness of Public Liability Insurance Act 1991 does not differ significantly.

NATIONAL ENVIRONMENT TRIBUNAL ACT 1995

Out of the total respondents 84% are males while rest 16% were females. Out of 84% males, 12% indi-
viduals are aware of National Environment Tribunal Act 1995, while rest 88% people have no awareness
of same. Out of 16% females, 13% are aware of National Environment Tribunal Act 1995, while 87%
females have no awareness of same.

Table 12.
You are aware of National Environment Tribunal Act 1995
Total
Yes No
Count 50 370 420
Male
% 11.9% 88.1% 84.0%
Gender
Count 10 70 80
Female
% 12.5% 87.5% 16.0%
Count 60 440 500
Total
% 12.0% 88.0% 100.0%
Chi Square Value = 6.009 Pearson R = -0.007

The value of Karl Pearson coefficient of correlation is -0.007 which conclude that there is a nega-
tive correlation between gender and awareness of National Environment Tribunal Act 1995. Calculated
value of y?* for 1 degree of freedom at 5% level of significance is 6.009 and tabulated value of x> is 3.841.
Since calculated value of chi-square is greater than tabulated value therefore null hypothesis is rejected
or it can be concluded that awareness of National Environment Tribunal Act 1995 differs significantly.

41

printed on 2/8/2023 1:43 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



The Impact of Awareness Regarding Environmental Protection Laws on Ecological Degradation

CONCLUSION

The nine variables “Awareness of Water Prevention and Control of Pollution Act 1974, “Awareness of
Water Prevention and Control of Pollution Cess Act 19777, “Awareness of Air Prevention and Control
of Pollution Act 19817, “Awareness of Wildlife Protection Act 19727,

Table 13.
Proposed Relationship Results
1 Gender - Awareness of Water Prevention and Control of Pollution Act 1974 +ve, Rejected
2 Gender - Awareness of Water Prevention and Control of Pollution Cess Act 1977 +ve, Rejected
3 Gender - Awareness of Air Prevention and Control of Pollution Act 1981 +ve, Rejected
4 Gender - Awareness of Air Prevention and Control of Pollution Rules 1982 -ve, Rejected
5 Gender - Awareness of Wildlife Protection Act 1972 +ve, Rejected
6 Gender - Awareness of Forest Conservation Act 1980 +ve, Rejected
7 Gender - Awareness of Environment Protection Act 1986 +ve, Rejected
3 Geerer - Awareness of Power of Central Government to take measures to protect and improve +ve, Accepted
environment
9 Gender - Awareness of National Environment Appellate Authority Act 1997 +ve, Accepted
10 Gender - Awareness of Factories Act 1948 -ve, Rejected
11 Gender - Awareness of Public Liability Insurance Act 1991 +ve, Accepted
12 Gender - Awareness of National Environment Tribunal Act 1995 -ve, Rejected

“Awareness of Forest Conservation Act 19807, “Awareness of Environment Protection Act 19867,
“Awareness of Power of Central Government to take measures to protect and improve environment”,
“Awareness of National Environment Appellate Authority Act 1997” & “Awareness of Public Liabil-
ity Insurance Act 1991” & “Industry Type” are positively correlated with gender of the respondents.
Whereas, the variables “Awareness of Air Prevention and Control of Pollution Rules 19827, “Awareness
of Factories Act 1948 & “Awareness of National Environment Tribunal Act 1995” are negatively cor-
related with gender of the respondents. On the basis of Chi square results, it can be concluded that in
spite of enough limitations, degradation is a continuous process due to lack of knowledge and awareness.
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ABSTRACT

The development carried out in the last decades is degrading the ecosystems, damaging the existing
biodiversity. One of the elements that is having the most impact on the deterioration of natural areas is
the construction of transport infrastructures, among which are high-speed routes. These linear infra-
structures are contributing to the deterioration of biodiversity enclaves, which contribute to providing
highly relevant ecosystem services. Among these deteriorations are the processes of fragmentation and
alteration of the landscape. This chapter analyses a situation that occurs in Spanish territory related to
high-speed railways. This transport system began in Spain on the occasion of the Universal Exhibition
of Seville 1992. By this transport activity, the changes suffered in the landscape are calculated and
analysed through Corine land cover data since its inception until the last report of 2018.

INTRODUCTION

The Seville-Madrid high-speed rail line began to be built in 1989, with the intention of being able to
DOI: 10.4018/978-1-7998-8482-8.ch004
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open in 1992, coinciding with the Universal Exhibition of Seville that same year. On April 14, 1992, the
line was inaugurated and on April 21, 1992, the service was opened to the public (Garcia, 2006), thus
becoming the first high-speed line of international width in Spain.

There is a debate on the socio-economic benefits of high-speed lines in Spain, given that their eco-
nomic and social impact is very complex to measure, as it affects many sectors and there is little scientific
literature on long-term studies, focusing the majority on the first years of opening (Pinos Navarrete, &
Minguez Garcia, (2017). However, Preciado, Arilla, Uribeondo, and Yanci (2006) highlights the suc-
cess of this line with respect to air travel and social benefits, especially in the cities closest to Madrid.

Independently of the Spanish case, linear infrastructures consisting of roads and railways, and to a
lesser extent canal, form artificial corridors, which have direct economic benefits (Bruinsma et al., 2008;
Banister, 2011; Hickman, Bonilla, Givoni & Banister, 2015; Vickerman, 2015). But as a counterpart
contributes to the environmental deterioration of the territory causing polluting effects (Borrego Tchepel,
Barros & Miranda, 2000; Galera Sudnik-Wdjcikowska, Wierzbicka & Witkomirski, 2011); acting as
barriers to the mobility and spread of species (Forman & Alexander, 1998; Tikka, Hogmander & Koski,
2001); or increase fragmentation and edge generation (Bohemenhd, 1998; Daniel & Dennis, 2001).

The development of communication infrastructures is marked by the urban centres being connected.
These centres create a web of communications that suffocate the natural environment, so in Europe,
more than 50% of its territory is less than 1500 meters from a communication route, in the USA that
distance is reduced to less than 400 m and finally in the case of Spain is below 900 m (Riitters & Wick-
ham, 2003; Torres, Jaeger & Alonso, 2016). These will suffer the positive or negative impacts that these
communication paths entail and that affects in particular the natural environment located between the
populations that it connects (Torres, Jaeger & Alonso, 2016; Miao, Yang & Song, 2021).

Rail impacts are linked to multiple factors ranging from the technical characteristics of vehicles (shape,
length, weight, number of passengers), type and energy levels used, together with others related to op-
erational factors such as acceleration, braking capacity, maximum speed and distance between stations
(Van Wee, Van Den Brink & Nijland, 2003). This last characteristic acquires remarkable importance
when analysing the environmental conditions and the level of conservation along the route of the road.
Some of these impacts are measurable monetarily, but the effects on natural habitats and the landscape
cannot be measured economically, due to the difficulty of assessing them (Heinzerling & Ackerman,
2002; Sen, 2000; Niemeyer & Spash, 2001; Eijgenraam & Ossokina, 2008). But despite this, it should
not be forgotten that it also has positive environmental impacts reducing global pollution (Barbosa, 1019;
Yang, Lin, Li & He, 2019) and contributing to the reduction of problematic global warming (Dalkic,
Balaban, Tuydes-Yaman & Celikkol-Kocak, 2017; Chang et al., 2019).

There is no doubt that among the greatest impacts caused by communication infrastructures are
the occupation of the territory and consequently its effects related to alterations of the landscape and
natural habitats (Forman, 2003). Although this type of research, as mentioned above, has focused more
on roads (Jaeger, 2015; Mahmoud et al., 2017; Valerio et al., 2019) than on the problems generated by
the railway (Popp & Boyle, 2017; Barrientos et al., 2019; Clair et al., 2020). This lower attention may
be determined by the smaller size of the rail network compared to the road network (Santos, Carvalho
& Mira, 2017; Dasoler et al., 2020), but within 30 years it is estimated that roads will increase by only
36% compared to 45% of railways (Dulac, 2013).

Among the problems suffered by the landscapes, fragmentation, which also occurs naturally, is the
alteration most frequently related to the increase in transport activity (Borda-de-Agua, Barrientos, Beja
& Pereira, 2017; Miao, Yang & Song, 2021). This pressure on the landscapes leads to losses in the func-
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tionality of the different landscape units caused by the decrease in the size of the patch, disconnection
between patches, attention to horizontal flows and consequently effects on the behaviour of the animals
that settle in those landscapes (Van der Ree, Smith, Grilo & van der Ree, 2015; Barrientos et al., 2019;
Dasoler et al., 2020). One of the methodologies used by this type of study is the use of buffers along
the path of the infrastructure, to determine the effects caused along the path in successive years (Zhang,
Liu & Zhou, 2018; Mehdipour, Fakheran, Soffianian, & Pourmanafi, 2019; Miao, Yang & Song, 2021).

In 1990, the European Commission launched the CORINE Land Cover programme as a way of
monitoring changes in the European landscape (CLC, 2018). It has information covering the European
landscape, with a minimum resolution of 25 hectares and inventories corresponding to five periods from
1990 to 2018. For all these reasons, it is a database of information widely used in landscape studies
(Shen, Silva & Martinez, 2014; Sallustio et al. 2016; Castanho, Naranjo-Gémez, Vulevic & Gouto, 2021)

This research analyses a situation that is presented in Spanish territory related to high-speed railways,
specifically the Madrid-Seville line inaugurated in 1992 and whose construction works coincided with
the first CLC of 1990.

METODOLGY

For the analysis of the studied territory, the first layers of information used are composed of the data ob-
tained from the Corine Land Cover project (CLC), within the framework of the CORINE Environmental
Information Coordination program. The territorial information is presented in the form of detailed geo-
databases of land use data. Likewise, the graphical representation of these is done by polygons (https://
land.copernicus.eu/pan-european/corine-land-cover).

As for the spatial component, the reference scale 1:100,000 has been used, the geodesic reference system
is the European Terrestrial Reference System 1989 (ETRS89). The minimum width recorded for linear
phenomena 100 m. In polygonal phenomena, the minimum cartographic unit (MCU) is 25 hectares in
squares of 5 x 5 mm or in circles of 2.8 mm (https://land.copernicus.eu/pan-european/corine-land-cover).

On the other hand, the thematic component has three hierarchical levels of information. Also, all
data is vector formatted and uses polygons to represent land uses/covers. In line with the European
Environmental Agency, these uses are organized into three hierarchical levels by 44 classes (Table 1).

Based on the land uses obtained for the years 1990 and 2018, those coverages that are 1 and 5 km
from the Madrid-Seville high-speed railway line will be analysed (Figure 1).

In this regard, the study area encompasses several regions belonging to Spain. For this reason, the
layer regarding the location of the railway line was obtained from the Download Center of the National
Geographic Information Center, belonging to the Ministry of Transport, Mobility and Urban Agenda of
the Government of Spain (https://centrodedescargas.cnig.es/CentroDescargas/index.jsp). Specifically,
it was acquired at a scale of 1:100,000 of the National Topographic Base.

Later, from the railway line, two buffers were obtained at 1 and 5 km. Thus, four layers of infor-
mation were available, that is, land uses in 1990 and 2018, and buffer 1 km and buffer 5 km from the
high-speed railway line.

Subsequently, the layers were then laid out in the ArcGIS 10.5 software. In this way, the polygons
representative of the land uses were obtained both in 1990 and in 2018 that were within the two afore-
mentioned buffers.
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Table 1. Corine Land Cover nomenclature. (Source: https://land.copernicus.eu/pan-european/corine-

land-cover)

Level 1

Level 2

Level 3

1. Artificial surfaces

1.1. Urban fabric

1.1.1. Continuous urban fabric

1.1.2. Discontinuous urban fabric

1.2. Industrial, commercial and transport

1.2.1.Industrial or commercial units

1.2.2.Road and rail networks and associated land

1.2.3.Port areas

1.2.4. Airports

1.3. Mine, dump and construction sites

1.3.1.Mineral extraction sites

1.3.2.Dump sites

1.3.3.Construction sites

1.4. Artificial, non-agricultural vegetated areas

1.4.1.Green urban areas

1.4.2.Sport and leisure facilities

2. Agricultural areas

2.1. Arable land

2.1.1. Non-irrigated arable land

2.1.2. Permanently irrigated land

2.1.3. Rice fields

2.2. Permanent crops

2.2.1.Vineyards

2.2.2.Fruit trees and berry plantations

2.2.3.0live groves

2.3. Pastures

2.3.1.Pastures

2.4. Heterogeneous agricultural areas

2.4.1.Annual crops associated with permanent crops

2.4.2.Complex cultivation

2.4.3.Land occupied by agriculture

3. Forests and semi-natural
areas

3.1. Forests

3.1.1. Broad-leaved forest

3.1.2.Coniferous forest

3.1.3.Mixed forest

3.2.Shrub and/or herbaceous vegetation
association

3.2.1. Natural grassland

3.2.2.Moors and heathland

3.2.3.Scierophyllous vegetation

3.2.4.Transitional woodland shrub

3.3. Open spaces with little or no vegetation

3.3.1.Beaches, dunes, and plains

3.3.2.Bare rock

3.3.3.Sparsely vegetated areas

3.3.4.Burnt areas

3.3.5.Glaciers and perpetual snow

4. Wetlands

4.1. Inland wetlands

4.1.1.Inland marshes

4.1.2.Peatbogs

4.2. Coastal wetlands

4.2.1.Salt marshes

4.2.2.Salines

4.2.3.Intertidal flats

5. Water bodies

5.1. Inland waters

5.1.1.Water courses

5.1.2.Water bodies

5.2. Marine waters

5.2.1.Coastal lagoons

5.2.2.Estuaries

5.2.3.Sea and ocean

Based on the information obtained, the area in hectares occupied by each of the polygons was mea-
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Figure 1. Location of the Madrid-Seville high-speed train line and the stations
Source: authors.
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sured. Subsequently, the land uses according to the CLC nomenclature in Microsoft Access were grouped
to obtain the number of hectares and the proportion in percentage that each of the lands uses occupied
cumulatively for levels 1 and 3 of the CLC nomenclature. In this respect, the percentage of occupancy
of each use was determined for the buffer at 1 km and 5 km in the years 1990 and 2018.

At a later stage, landscape fragmentation metrics were obtained from polygons defined for level 3 of
the CLC nomenclature. Initially, the layers obtained from the land use in ArcGIS 10.5. were transformed
into four TIFF raster files (.tif) with 30 m of cell size. These files were then exported to four ERDAS
Imagine grid (.img) files. Then a text file with the descriptors of the land uses was generated. After
the previous steps the FRAGSTATS 4.2. the software was used to perform landscape metrics and class
metrics using the eight-cell neighbourhood rule.

As for land metrics, calculations apply to the landscape as a whole to report the degree of heterogene-
ity or homogeneity of the whole area that has been quantified. In this research, two diversity measures
were carried out. Firstly, the Shannon’s Diversity Index (SHDI) values landscape diversity, based on
fragment diversity. It is useful for comparing different landscapes or the same landscape at different
times of time (Castanho, Naranjo-Gémez, Vulevic & Gouto, 2021)

m

SHDI = - (PInP,)

i=1

Where P = proportion of the landscape occupied by patch type (class) i.
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SHDI equals minus the sum, across all patch types, of the proportional abundance of each patch
type multiplied by that proportion. Note, P, is based on total landscape area (A) excluding any internal
background present.

Secondly, the Shannon’s Evenness Index (SHEI) was calculated which is a reverse index of the pre-
vious one, both at the calculation and interpretation level, based on landscape homogeneity (Castanho,
Naranjo-G6émez, Vulevic & Gouto, 2021).

_ m P P
SHEI:—Z"ZI( in ’)
Inm

Where:

P, = proportion of the landscape occupied by patch type (class) i.
m= number of patch types (classes) present in the landscape, excluding the landscape border if present.

Regarding class metrics, the calculations apply to each set of fragments of the same class, that is,
those that have the same value or represent the same type of land use, in our case. It is the appropriate
level for calculating which area occupies a certain soil cover, such as forests, or what is the average extent
occupied by forest fragments (Castanho, Naranjo-Gémez, Vulevic & Gouto, 2021).

In this case, shape metrics were performed as the arithmetic mean of the shape index (SHAPE_?)
equals patch perimeter (given in the number of cell surfaces) divided by the minimum perimeter (given
in the number of cell surfaces) possible for a maximally compact patch (in a square raster format) of the
corresponding patch area (Castanho, Naranjo-Gémez, Vulevic & Gouto, 2021).

D
min p,

SHAPE =

Where:
p; = perimeter of patch ij in terms of a number of cell surfaces.

min p; = minimum perimeter of patch jj in terms of number of cell surfaces.

If aij is the area of patch ij (in terms of number of cells) and n is the side of a largest integer square
smaller than a, and m = a - n’, then the minimum perimeter of patch ij, min-p. will take one of the
three forms (Milne 1991, Bogaert et al. 2000).

min— p,; =4n whenm =0, or

min— p, =4n+2 when n’ < a; < n(1+n), or

min—p, =4n+4 when a; 2 n(l+n),

In addition, the calculation of the arithmetic mean of the fractal dimension index (FRAC_?) was

executed that calculates the degree of complexity of each fragment from the relationship between area
and perimeter (Castanho, Naranjo-Gémez, Vulevic & Gouto, 2021).
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Figure 2. Percentage of land-uses within 1 km of the high-speed rail line, according to level 1 of CLC
nomenclature
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21n(25p,)
FRAC =————"1
In a
Where:

p;;= perimeter (m) of patch ij.

a, = area (m?) of patch ij.

The shape of fragments is of paramount importance and is sometimes even considered more relevant
than dimension. The form is conditioned by human activity and natural conditions such as topography.
Thus, the mastery of natural conditions favours curvilinear and irregular forms. On the contrary, the
mastery of human activity promotes the diversification of forms. Intense human activity implies a sim-
plification of variability (Vila, Linde, Pascual & Palom, 2006).

Finally, the number of patches were calculated, that is, the number of total fragments and the number
of fragments of each class since the number of tiles is the simplest metric that can give an idea of the
extent to which land use is divided or fragmented.

RESULTS AND DISCUSSIONS

From the quantification in hectares of each of the land uses/coverages classified according to CLC for
level 1, it is possible to establish the percentage of occupancy of each of them in the different years
analysed, as well as for the two buffers at 1 and 5 km from the high-speed railway line, and also the
difference between the occupation of a certain kind of ground (Figures 2 and 3).
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Figure 3. Percentage of land-uses within 5 km of the high-speed rail line, according to level 1 of CLC
nomenclature
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Figure 2 shows, for land uses within 1 km of the railway line, that the largest amount of land cor-
responds to agricultural areas. It could therefore be said that agricultural uses are the most immediate
to the railway line. In contrast, there is hardly any proportion of lands classified as wetlands and water
bodies. Also, the difference recorded for each of the lands uses when comparing the two years analysed
is not very high. However, it highlights that the greatest difference occurs in artificial surfaces with an
increase that seems to come from the decrease of agricultural areas between 1990 and 2018.

Land uses 5 km from the high-speed railway line were also quantified (Figure 3), showing a behaviour
very similar to those recorded at 1 km (Figure 2). As a result, despite the greater amount of territory
analysed by increasing the distance to 5 km, the occupation has a behaviour very similar to the situation
found in areas less than 1 km.

In the same way, as previously for obtaining the percentage of occupancy of land uses classified ac-
cording to CLC for level 1, the percentages for level 3 were calculated, obtaining more disaggregated
information (Table 2).

In Table 2 it can be established that there has been a variation in land uses, it is observed that the
minimum values recorded do not always correspond to the same land use. In fact, for the buffer of 1 km
in 1990 is 142 (sport and leisure facilities), and in 2018 is 333 (sparsely vegetated areas); and for the
buffer of 5 km in 1990 is 332 (bare rock), and 334 (burnt areas) in 2018. Then, there is an alternation of
different land uses, along with the non-existence of some of them in certain years. On the contrary, the
highest value is always the same in the two years and buffers analysed, corresponding to land use 211
(non-irrigated arable land). In this case, it could be established that there is a prevalence of the land that
occupies more area 211 (non-irrigated arable land) being the most predominant and characteristic of
the coverage up to 5 km of the high-speed railway line. If we add the above to the fact that the second
most abundant is 212 (permanently irrigated land), it reinforces the eminently agricultural character of
the territory, which every year occupies more than half of the area.
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Table 2. Percentage of land-uses according to level 3 of CLC nomenclature

CODE 1990 (1 km) 2‘:(1“81)(1 2018-1990 (1 km) 1990 (S km) | 2018 (Skm) | 2018-1990 (5 km)
111 3.27% 2.67% -0.60% 2.63% 2.00% -0.63%
112 0.99% 3.57% 2.58% 1.39% 3.20% 1.81%
121 1.13% 2.64% 1.50% 0.82% 2.00% 1.18%
122 0.34% 1.39% 1.04% 0.12% 0.63% 0.51%
123 0.00% 0.00% 0.00% 0.03% 0.02% -0.01%
124 0.00% 0.13% 0.13% 0.12% 0.26% 0.14%
131 0.15% 0.83% 0.68% 0.20% 0.68% 0.48%
132 0.00% 0.22% 0.22% 0.08% 0.15% 0.07%
133 0.28% 0.36% 0.08% 0.18% 0.25% 0.07%
141 0.05% 0.38% 0.33% 0.23% 0.72% 0.49%
142 0.03% 0.36% 0.32% 0.06% 0.26% 0.20%
211 25.15% 25.01% -0.14% 24.36% 23.03% -1.33%
212 24.70% 14.71% -9.98% 17.62% 13.20% -4.41%
221 1.04% 0.88% -0.15% 1.45% 1.13% -0.32%
222 2.72% 7.18% 4.46% 2.31% 6.78% 4.46%
223 6.66% 8.40% 1.74% 7.13% 9.55% 2.42%
231 0.00% 1.97% 1.97% 0.00% 1.32% 1.32%
241 0.16% 0.00% -0.16% 0.10% 0.00% -0.10%
242 7.03% 4.04% -2.99% 7.98% 3.07% -4.92%
243 0.25% 1.99% 1.74% 0.90% 1.65% 0.75%
244 10.95% 8.29% -2.66% 10.90% 8.77% -2.13%
311 1.65% 3.01% 1.37% 3.14% 4.48% 1.34%
312 1.51% 1.59% 0.08% 1.93% 1.70% -0.22%
313 0.27% 0.41% 0.14% 0.19% 0.57% 0.38%
321 3.60% 3.68% 0.07% 4.17% 5.53% 1.37%
323 2.72% 2.68% -0.04% 4.86% 4.13% -0.73%
324 4.55% 2.39% -2.16% 5.97% 3.18% -2.79%
332 0.04% 0.12% 0.08% 0.01% 0.15% 0.15%
333 0.00% 0.03% 0.03% 0.03% 0.05% 0.02%
334 0.00% 0.08% 0.08% 0.00% 0.02% 0.02%
411 0.00% 0.07% 0.07% 0.02% 0.07% 0.05%
511 0.48% 0.57% 0.10% 0.82% 0.85% 0.03%
512 0.29% 0.35% 0.05% 0.27% 0.60% 0.33%

As for the differences registered, increase or decrease, between 2018 and 1990 for each of the buf-
fers, in all types of CLC there are variations, not remaining constant none. In the 1 km buffer, it can be
observed that the greatest difference -9.98% happens due to the loss of land use surface 212 (permanently
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irrigated land). Nevertheless, in the 5 km buffer, the biggest difference -4.92% occurs due to the loss of
type 242 (complex cultivation). Although it is true that in the buffer of the 5 km that loss could be offset
with an increase in uses 223 (pastures) and 321 (natural grassland), it can be established that there has
been practically alternation of these land uses to 5 km of the railway high-speed rail. The same does not
happen in the land closer to 1 km from the railway line, since the increase of land 222 (fruit trees and
Berry plantations) is -2.99% approximately half -9.98% of the loss of land 212 (permanently irrigated
land). Therefore, land 5 kilometres away loses hegemony in one land in favour of another. However, in
lands closer to 1 km and that most directly interact with the terrestrial infrastructure, a land loses hege-
mony at the expense of a greater presence of other types of use, being able to interpret that the closer to
the high-speed rail line there is greater variability in the area occupied by the different land uses.
Subsequently, the results of the landscape fragmentation metrics were obtained.

Table 3. Landscape metrics for 1-kilometre buffer

1990 2018 Difference 2018-1990
SHDI SHEI SHDI SHEI SHDI SHEI
0.2055 0.0624 0.2159 0.0623 0.0104 -0.0001

Table 3 shows the values obtained for SHDI and SHEI, referring to the diversity of the landscape in
1990 and 2018, which in the case of SHDI are slightly higher than 0, and for SHEI are relatively close
to 0. As a consequence, there is little diversity in land use within 1 kilometre of the high-speed railway
line, both in 1990 and in 2018.

In addition, the difference in values for these indices between the years analysed (Table 3), increases
slightly for the SHDI and decreases the SHEI. Therefore, the number of different polygons grows and
the distribution in the analysed buffer becomes less equitable.

Table 4. Landscape metrics for 5-kilometre buffer

1990 2018 Difference 2018-1990
SHDI SHEI SHDI SHEI SHDI SHEI
0.7333 0.2097 0.5920 0.1693 -0.1413 -0.0404

As would be expected, the results obtained for the buffer 5 kilometres from the high-speed railway
line (Table 4), show an increase in the SHDI and SHEI indices, both in 1990 and in 2018, as the study
area increased. Therefore, the diversity of land uses is greater than previously for the 1-kilometre buffer
(Table 3). But, the value of the indices between the years analysed is reduced, reducing as a consequence
the diversity in the uses of the land over the years. In addition, in those 28 years, although the territory
has become more fragmented, it tends to concentrate more on some types of classes.

The class metrics were then obtained in 1990 and 2018, again for 1 and 5 km buffers around the
high-speed rail line (Tables 5 and 6).
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Table 5. Class metrics for 1-kilometre buffer

1990 2018
TYPE NP SHAPE_MN FRAC_MN TYPE NP SHAPE_MN FRAC_MN
111 28 1.7841 1.0867 111 38 1.7084 1.0746
112 26 1.7463 1.0809 112 74 19119 1.0981
121 21 1.5874 1.0700 121 58 1.7843 1.0892
122 3 2.5048 1.1327 122 25 2.4415 1.1278
124 1 1.4737 1.0568
131 5 1.4455 1.0629 131 22 1.6583 1.0828
132 3 1.7062 1.0944
133 7 1.9079 1.1085 133 16 1.6534 1.0871
141 1 1.2979 1.0404 141 13 1.6575 1.0874
142 1 1.3077 1.0452 142 7 1.9397 1.1065
211 114 1.8092 1.0830 211 144 1.8781 1.0849
212 81 1.8979 1.0864 212 124 1.8175 1.0815
221 16 1.6341 1.0748 221 29 1.9091 1.0961
222 35 1.8534 1.0939 222 79 1.7976 1.0844
223 63 1.7350 1.0825 223 119 1.9556 1.0991
231 49 1.8304 1.0949
241 1 1.6463 1.0713
242 44 1.7587 1.0848 242 97 1.7659 1.0868
243 11 1.6870 1.0833 243 39 1.9422 1.1044
244 41 1.7631 1.0884 244 54 1.9270 1.0941
311 42 1.6605 1.0791 311 80 1.9782 1.1040
312 11 1.8224 1.0895 312 20 1.7402 1.0769
313 3 1.4641 1.0559 313 6 1.9382 1.0983
321 40 1.7800 1.0860 321 72 1.8237 1.0912
323 53 1.6999 1.0840 323 78 1.8847 1.1019
324 53 1.6500 1.0796 324 60 1.8749 1.0955
332 1 1.7073 1.0842 332 3 1.7956 1.0938
333 2 2.5304 1.1586
334 1 1.5345 1.0635
411 1 1.2593 1.0367
511 13 3.0201 1.1664 511 13 3.0083 1.1712
512 3 1.4337 1.0500 512 6 1.8198 1.0860

Each of the lands uses was previously classified according to the CLC nomenclature for level 3 by
quantifying in class metrics (Table 5). For the form index SHAPE, the arithmetic means SHAPE_MN
was determined. The range of values in this index can be greater than 1 and without limit. Furthermore,
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if the value is equal to 1, then the polygon is completely compact, tending to the circle, and increases
without limit as the shape of the polygon becomes more unpredictable.

In addition, the dimension of the fractal index FRAC reflects the complexity of the form; in this
case, the arithmetic means FRAC_MN was also determined. This index can yield values between 1 and
2. Thus, when the value obtained approaches 1, it indicates that polygons have very simple perimeters.
However, if the value is close to 2, then the shapes are highly complex.

In addition, the number of polygons for each of the CLC land uses for the two years studied was
determined.

In the case of the 1 km buffer (Table 5), the number of classes changes in the two years analysed. In
fact, class lands (TYPE) 124 (airport), 132 (dump sites), 231 (pastures), 333 (sparsely vegetated areas),
334 (burnt areas), and 411 (inland marshes) do not appear in 1990, as the values recorded are zero. Simi-
larly, in 2018 there is no land (TYPE) 241 (annual crops associated with permanent crops). Therefore,
there has been an increase in the types of use classes from 26 to 31 in 2018. Likewise, SHAPE_MN
values in 1990 are between 1.2979 as the most compact form, corresponding to land use 141 (green
urban areas) and 3.0201 correspondings to 511 (water courses) as the least compact form. Similarly in
2018, the values range from 1.2593 for 411 (inland marshes), to the more complex with a value of 3.0083
also, as in 1990, for type 511 (water courses).

In addition, the 1990 values for FRAC_MN fluctuate between 1.0404 for 141 (green urban areas) as
a form with a very simple perimeter, and 1.1664 for type 511 (water courses) as a form with a slightly
more complex perimeter. Similarly, in 2018 for FRAC_MN they range between 1.0367 and 1.1586 for
land uses 411 (inland marshes) and 333 (sparsely vegetated areas), producing a change in more and less
compact forms. Nevertheless, it can be said that these are shapes with relatively simple perimeters by
staying away from value 2.

As regards the number of polygons, in 1990 the minimum values correspond to 1 for land uses 141
(green urban areas), 142 (sport and leisure facilities), 241 (annual crops associated with permanent crops)
and 332 (bare rock). These land uses are therefore exclusive to very specific locations less than 1 km
from the high-speed rail line. In contrast, the maximum value is 114 polygons for land 211 (non-irrigated
arable land), being the most frequently used in different polygons and locations along the high-speed
railway line. Besides, in 2018 the minimum value is 1 patch or polygon for land uses 124 (airports), 334
(burnt areas) and 411 (inland marshes), these land uses being exclusive to certain places 1 kilometre away
from the high-speed line. The maximum value is 144 patches or polygons for land 211 (non-irrigated
arable land), which would be more extended along the 1-kilometre buffer.

In addition, in Table 5 we can see a high variation in the number of patches for certain land uses,
highlighting the most significant increase for 223 lands (olive groves), 242 (complex cultivation) and 231
(pastures), the latter of new appearance. Also, considering that the total of patches or polygons in 1990
was 717, in 2018 almost doubled with 1333 patches, so it can be said that the territory has fragmented
enormously between those 28 years.

As before (Table 5) land uses are classified according to the CLC nomenclature at level 3 and the
same landscape fragmentation indices are used, but for the buffer of 5 kilometres (Table 6). As for the
number of classes, it does not change between the two years analysed, since all of them register the
same values (32 types) both in 1990 and 28 years later. Therefore, land use variability has remained
constant. Likewise, SHAPE_MN values in 1990 are between 1 as the most compact form (circular trend),
corresponding to land use 334 (burnt areas) and 6.6620 correspondings to 511 (water courses) as the
hugely branched form. Similarly in 2018, the lowest value of SHAPE_MN, is equal to 1.5172 for land
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Table 6. Class metrics for 5-kilometre buffer

1990 2018
TYPE NP SHAPE_MN FRAC_MN TYPE NP SHAPE_MN FRAC_MN
111 76 1.6571 1.0745 111 82 1.9646 1.0970
112 65 1.7282 1.0774 112 164 2.0710 1.1044
121 47 1.5600 1.0655 121 132 1.9503 1.0982
122 6 3.0008 1.1548 122 40 3.1593 1.1526
123 2 2.1836 1.1171 123 2 2.1010 1.1117
124 4 1.7911 1.0848 124 4 1.6899 1.0699
131 14 1.6500 1.0731 131 48 1.8840 1.0891
132 7 1.7979 1.0883 132 16 1.6218 1.0743
133 15 1.7576 1.0820 133 25 1.8346 1.0879
141 11 1.5594 1.0627 141 47 2.1418 1.1079
142 5 1.3639 1.0477 142 25 1.8103 1.0885
211 232 2.0869 1.0962 211 364 2.0058 1.0889
212 129 2.1081 1.0938 212 199 2.1338 1.0933
221 40 1.7521 1.0790 221 88 2.1130 1.1080
222 95 1.9541 1.0931 222 182 2.0538 1.0962
223 162 1.9084 1.0881 223 319 2.0877 1.1002
241 3 1.6787 1.0738 231 103 1.8612 1.0910
242 80 2.0959 1.0964 242 190 2.1959 1.1110
243 42 1.8801 1.0918 243 143 2.1243 1.1098
244 117 1.9848 1.0948 244 230 2.0336 1.0923
311 105 2.1918 1.1097 311 282 2.2719 1.1115
312 29 2.0024 1.0933 312 76 2.0961 1.0969
313 11 1.8335 1.0968 313 34 2.1941 1.1151
321 144 1.9495 1.0942 321 226 22512 1.1123
323 193 1.9889 1.0973 323 272 2.1973 1.1112
324 165 2.0302 1.0968 324 213 2.1860 1.1104
332 1 1.7317 1.0858 332 12 2.3435 1.1234
333 3 1.8119 1.0824 333 6 2.5356 1.1510
334 1 1.0000 1.0287 334 1 1.5172 1.0619
411 3 1.5887 1.0715 411 7 1.8009 1.0789
511 9 6.6620 1.2134 511 14 5.2360 1.1693
512 12 1.8860 1.0827 512 30 2.0099 1.0883

334 (burnt areas), possessing a very compact shape. In contrast, the maximum value is 5.2360 for 511
(water courses), being a very compact form.

With respect to the 1990 values for FRAC_MN they fluctuate between 1.0287 for land 334 (burnt
areas) and 1.2134 for land 511 (water courses), suggesting landscape units with a tendency to simple
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perimeters, as it remains a value close to 1. Likewise, in 2018 for FRAC_MN the values range between
1.0619 and 1.1693 for land uses 334 (burnt areas) and 511 (water courses) respectively, so it can be said
that it continues to tend towards simple forms of perimeters.

As for the number of polygons or patches, in 1990 land uses 332 (bare rock) and 334 (burnt areas) are
the least representative, with 1 polygon each. In contrast, the maximum value is 232 polygons for land
211 (non-irrigated arable land), being the most frequently used in different polygons and locations along
the high-speed line, and 5 kilometres from it. In 2018 the minimum value is 1 patch or polygon for land
use 334 (burnt areas). The maximum value is reached with 364 patches or polygons for land 211 (non-
irrigated arable land), which would be the most common and extended along the buffer of 5 kilometres.

The number of patches or polygons (Table 6) for certain land uses shows a high variation, highlighting
the highest increase for lands 211 (non-irrigated arable land), 223 (olive groves) and 311 (broad-leaved
forest). Also, considering that the total number of patches or polygons in 1990 was 1828, in 2018 it
increased considerably to 3576, it can be said that land uses have largely fragmented between 1990 and
2018 in the 5-kilometre buffer territory.

The results show that the changes produced by the construction of the railroad are attributable mainly
in the buffer of 1 km there is a greater growth of the infrastructures (smaller in that of 5 km), as was to
be expected by contributing to the greater economic development of the territory. This lost land comes
mainly from agricultural areas, since forests and semi-natural areas hardly change, both at 1 km and 5
km. Despite the low percentages of the CLC types involved, there is a marked dynamism between them
(Sallustio et al., 2016), confirming the results of the influence of infrastructures in the areas near the
route (L.owicki, 2008).

Although it is explained by the increase in the areas of infrastructure use of the territory, it is not en-
tirely attributable to this type of coverage fragmentation, which occurs with more intensity in agricultural
areas and forests-semi-natural, while in other territories it does have a strong involvement, especially
urban expansion (Sallustio et al., 2016).

When analysing the landscape metrics, with fragmentation that after 28 years tends to be greater in
the vicinity of the railway than in the more remote areas as can be observed by the numbers of frag-
ments, it can be indicated the influence that it has had in this process (Miao, Yang & Song, 2021). This
is also confirmed by the changes in that interval of years, by values of SHEI and SHDI, and by those
of SHAPE_MN and FRAC_MN, indicating greater complexity and less stability of shape of the stains
along the rail and as it gets closer to it (Miao, Yang & Song, 2021).

CONCLUSION

After analysing the CLC data from 1990 and 2018, the authors have found a greater alteration of the
landscape in the areas near the railway line. These changes involve further infrastructure development
in the vicinity of the railway and further fragmentation caused by an increase in economic activity. This
increase in space occupied by infrastructure has been at the expense of agricultural territories and not
of natural land.

The applied landscape metrics show that in that interval of time the diversity and equity of the land-
scape have shifted to territories with smaller fragments and where there is less equitable distribution. In
short, they confirm the fragmentation of the territory as there has been a tendency towards more equally
distributed fragments. In addition, seeing its shape index and fractal dimension, the territory in 2018 has
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evolved towards less stable spots with greater complexity at their edges. All these conditions contribute
to less stable landscapes with more problems in their dynamics and flows.

The limitations of the study are marked by the 25 hectares of CLC resolution level which leaves the
residual landscape units out of the study. These represent that in areas close to infrastructures they con-
stitute a number and important characteristics, with implications in the environmental impact studies.
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ABSTRACT

Central Asia is a term that defines a very large region including Turkmenistan, Uzbekistan, Tajikistan,
Kyrgyzstan, Kazakhstan, North-West China, and Mongolia, known as the Land of Turks. The water needs
of the population within the borders of Central Asia are met by more than 6000 lakes of various sizes
and rivers pouring into these lakes. Climate change, which has been heavily felt in the region in the last
50 years, negatively affects water resources and human life in large lake basins. In this study, how the
water resources in the large lake basins in Central Asia, especially in the Aral and Balkhash basins,
are affected by climate change and how the climate change scenarios will develop were investigated. In
addition, conflicts caused by the use and sharing of water between the countries have been identified,
and the effects of these conflicts on social life, especially migration, have been discussed.

INTRODUCTION

Middle Asia is a term that defines a very large region including Turkmenistan, Uzbekistan, Tajikistan,
Kyrgyzstan, Kazakhstan, North-West China, and Mongolia (Cowan, 2007; Lioubimtseva and Henebry,
2009) and is known as the Land of Turks. The water needs of the population within the borders of Cen-
tral Asia are met by more than 6000 lakes of various sizes and rivers pouring into these lakes. Almost
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all of these lakes are closed basin lakes, and they are highly affected by the flows of the rivers feeding
them. The largest lake basins in Central Asia are the Aral Sea and Lake Balkhash. The main rivers that
carry water to these lakes are Amu Darya, Syr Darya and Ili Rivers, and these rivers are transboundary
waters. (Figure 1).

Lake ecosystems, one of the most important components of the hydrological cycle, are highly sensi-
tive ecologically. The ecological balance of lakes can easily be disturbed due to the effects of climate
change, differentiation of the environment in the lake basin and human activities (Mason et al. 1994).
The rivers in the lake basins are mostly fed by the snow and glaciers of high mountains and their flow
rates are affected by climate change and human activities (Friedrich and Oberhinsli, 2004).

Before the rivers in Central Asia are poured into lakes, they are mostly used in energy production or
in agricultural activities through dams. Expansion of agricultural lands brought more water consump-
tion and caused less water inflow into lake ecosystems. Many Central Asian lakes (such as Aral Sea,
Issyk-Kul, Ebinur Lake, Lake Urmia and Bosten) have shrunk and begun to dry since the 1960s, or some
(such as Lop Nur and Manas) have dried up (Bai et al., 2011).

Figure 1. Map showing surface water resources in Central Asia (Sehring and Giese 2011)
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There are social, economic, and ecological influences of climatic extremes on the world (Luo et
al., 2020). In Central Asia, climate change and accompanying drought, population increase, and the
increasing water need, and unsuccessful water policies brought together ecological, political, and social
problems. For example, water supply in Central Asia is mostly provided by the rivers Syr Darya, Amu
Darya and Irtysh, which are the main rivers of the region. Because these rivers are transboundary, they
have become the biggest political conflict between the states of the region since the collapse of the So-
viet Union (Berndtsson and Tussupova, 2020). To take another example, glaciers in Central Asia play
an important climatic role in holding water, controlling flows, and regulating the climate. Temperature
increases in the region sharply increase the intensity and frequency of floods and mudflows, and sub-
sequently, heavy household migration occurs in the region (Murakami, 2020).
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In this study, the effects of climate change on the ecological structure of the major water basins in
Central Asia are presented. In addition, the political problems created by the changes in the region on
the plane of transboundary water resources were evaluated and their effects on social life, especially the
population movements, were discussed in the cause-effect relationship.

LARGE WATER BASINS IN CENTRAL ASIA AND CLIMATE CHANGE

The lakes in Central Asia are generally evaluated under 3 types. These can be classified as closed, open
and alpine lakes. The large lakes in the region and their general characteristics are given in Table 1. Most
of the lakes in Central Asia are closed types and are located within the Aral Sea basin, Irtysh and 1li
River basins (Bai et al., 2011). Alpine lakes are located on Tian Shan and Altai Mountains. The feeding
of closed lakes is mostly through the melting of high mountain glaciers and snow, as well as rivers fed
by precipitation or groundwater. Therefore, the existence of Central Asian lakes is highly affected by
the climate change and drought.

The most obvious effect of climate change is seen in the change of precipitation regimes and the in-
crease of temperature. Average temperature increased by 1-2 °C during the 20th century in Central Asia
(Lioubimtseva and Henebry, 2009). Especially, since 1998, this increase is 1°C greater than the average
temperature between 1960 and 1998 (Chen et al., 2018). However, climate forecasts show that global
warming in Central Asia will be above the world average. For example, the temperature increases in the
summer months between 2071-2099 is estimated to be between 2,5-6 °C compared to between 1951-
1980 (Reyer et al., 2017). It is thought that annual average temperatures will increase more especially in
regions outside the mountainous areas of Central Asia and this increase will be more evident especially
in the summer months. However, for mountainous regions (especially in regions with large mountain
glaciers such as Tian Shan) feeding all the water resources of Central Asia, all climate scientists agree
that the temperatures will increase significantly in the winter months (Reyer et al., 2017). For example,
extreme precipitation and temperatures were observed in the mountainous regions of Central Asia from
1982 to 2015, due to large changes in extreme climate indices (Luo et al., 2020). Considering that the
increase in temperature in the summer will cause evaporation and the melting of mountain glaciers much
faster, and that the temperature increase in the winter will negatively affect the amount of mountain
glaciers and snow cover, it is inevitable that the water resources in the region will be negatively affected
by climate change.

The average annual precipitation for Central Asia is about 273 mm. Considering the change of average
precipitation on country basis, itis seen thatitis approximately 160 mm in Turkmenistan, 690mm annually
in Tajikistan, 250 mm in Kazakhstan, 265 mm in Uzbekistan and 530 mm in Kyrgyzstan (Bekturganov
et al., 2016). The annual precipitation in the desert regions is around 100 mm/year, around 400 mm/
year near the Aral Sea and around 1000 mm/year in the mountainous regions (Bai et al. 2011). Potential
evaporation in the region can exceed 2250 mm per year in the driest region, while it is less than 500 mm
per year in mountainous areas (Bekturganov et al., 2016). Accordingly, it can be said that water sources
especially in arid regions are under serious threat due to the increasing evaporation in parallel with the
temperature increase. For example, in the 1970s, precipitation has decreased significantly in the Aral,
Balkhash and Ebinur basins. Annual evaporation in the region has been in the range of 900-1500 mm/
year in the summer months. For this reason, lake surface areas have decreased rapidly in arid basins
such as Aral and Balkhash, while lake surface areas in mountainous regions have changed relatively less.
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Table 1. Great lakes in Central Asia and their general characteristics.

Lake Country ’I{[; i:f Elevation (m) " Depth(m)
ax. Average
Aral Kazakhstan and Uzbekistan Open 53 42 8,7
Balkhash Kazakhstan Closed 342 25,6 5,8
Alakul Kazakhstan Closed 348 - 22,1
Sasikul Kazakhstan Open 347 - 3,32
Zaysan Kazakhstan Open 386 - 7
Ebinur Xinjiang Uyghur Closed 189 - 1,4
Ulungur Xinjiang Uyghur Closed 478 12,8 8
Sayram Xinjiang Uyghur Alpine 2073 - 46,1
Bosten Xinjiang Uyghur Open 1048 - 8,15
Issyk Kyrgyzstan Alpine 1608 668 278
Sarygamiysh Turkmenistan and Uzbekistan Closed 5 40 8
Karakul Tajikistan Alpine 3600 230 -
Urmia Iran Closed 1278 16 -

The reduction of water levels in the lakes is the first step in the transition of the lakes to dry and van-
ish. In this sense, many lakes in Central Asia can be considered as directed towards drying. Especially
lakes with low water levels (such as Aral, Ebinur, Urmia) are at risk. Lop Nur Lake, located in the eastern
part of the Tarim Basin (Xinjiang Uyghur Autonomous Region) and dried in 1971, stands before us
as an example of the seriousness of the situation. Excessive evaporation in the lakes also increases the
salinity of the water and the living life in the lake and its immediate surroundings is negatively affected.

CLIMATE CHANGE IN ARAL AND BALKHASH LAKE BASIN

The Aral Sea, which was previously regarded as the fourth largest fresh water source in the world, is
known as the place where the biggest ecological disaster caused by humanity took place (Badescu and
Schuiling, 2010). The lake basin where this disaster is observed covers a wide geography encompassing
Uzbekistan, Tajikistan, almost all of Turkmenistan, and the southern regions of Kazakhstan and northern
Afghanistan. Since they directly affect many activities of related countries, especially agriculture and
energy, changes in the Aral Sea basin are shown as the main cause of political and sociological problems
in the region.

The Aral Sea basin has been known as an area where agricultural activities have been carried out
for centuries. The lake has come near drought as a result of agricultural activities in the Aral basin that
started in the 3rd century BC and continue increasingly especially since the beginning of the 20th century
(Figure 2). For example, since the 1960s, the lake surface area has shrunk by 79% and the water volume
has decreased by 90% (Gaybullaev et al., 2012). Similarly, in 1986, the lake was divided into two in the
north and south, and its depth has decreased by about 10 m in the north and 25 m in the south in the last
50 years (Singh et al. 2012). After a decrease in the water level in the lake and excessive evaporation,

66

printed on 2/8/2023 1:43 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Ecological, Political, and Social Impacts of Climate Change in the Large Water Basins of Central Asia

the amount of salt increased from 1957 10 g/L to 120 g/L in 2009, and it is estimated to reach 200 g/L
in 2021 (Gaybullaev et al., 2012). However, in 2005, a new dam called Kok-Aral Dam (Figure 1) was
built that separates the north and south of the lake. This dam in Berg Strait was financed by the World
Bank using the funds of the GEF (Global Environmental Facility) and the Kazakhstan government to
improve the brackish water environment of the Small (North) Aral Sea. Local people call this dam “the
dam of life”. Thanks to the Kok-Aral Dam, the lake level in the north rose up to 42 m (Cretaux et al.,
2013) and the salinity decreased to 10 g/L. In addition, the fishery in the region has been revived and
the lake ecology has improved considerably. Since August 2005, when the accumulation of water in
North Aral has increased, the discharge structures in Kok-Aral Dam opens for a period of time, which
also provides water entry into the south Aral (Micklin, 2014).

Figure 2. Changes between 1957-2015 in the surface area of Aral Sea (Luxner, 2015)
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The main reason for this change, which occurred after the 1960s, was previously considered to be
just climate change. This assessment makes sense to a certain extent. Especially in the 1960s, the annual
precipitation in the basin declined from 9.4 km? to 3.2 km? in 2009 is the most basic indicator of drought
in the region. Considering that the water entering the lake in 2009 with the Amu Darya and Syr Darya
rivers is 5.2 km? and the annual evaporation is 8.3 km? (Gaybullaev et al., 2012), it can be seen that the
lake water balance is negative. It shows that the possible temperature changes in the Aral Lake basin in
2050 are higher than the values predicted for Central Asia (1-2 °C). According to this, it is thought that
the average summer temperature in the region will increase by 3.24-7.36 degrees in the region until 2050
and 1.50-4.95 °C in the winter months (Lioubimtseva, 2014). According to another study conducted by
Didovets et al. (2021) about potential climate change impacts on eight river catchments of Central Asia
with diverse natural conditions, the climate projections show that the mean annual temperature will
increase in all catchments between 3.3 °C and 6.4 °C at the end of the century.

However, the main problem with the drying of the Aral Sea is climate change, as well as long-term
overuse of Amu Darya and Syr Darya waters for agricultural purposes. Policies aimed at expanding
irrigable areas in these basins, especially after the Russian Empire passed over to Central Asian ter-
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ritories, started to be implemented in 1860s and cotton production was encouraged. For this purpose,
projects for the construction of a large number of water channels in the basin lands conducted and some
of these projects (for example, in 1895, the 80 km long Tsar Nicholas channel was completed and some
of the Sry Darya waters were directed to agricultural use) were completed. The policy was continued
uninterruptedly in the period of the Soviet Union and numerous dam and channel constructions were
completed and the amount of irrigated areas was increased. With that, the “Davydov Plan (1949)”,
which includes the collection of Siberian river waters (Ob and Yenisei rivers) through a mega dam and
moving to the Aral basin through a canal reaching 930 km was executed in order to increase the use of
Uzbekistan and Turkmenistan steppes for agricultural purposes and to generate energy. (Micklin, 2014).
This approach, which was considered as a crazy project, has been cancelled with the concern that it will
irreversibly change the ecological structure in the region (Badescu & Schuiling, 2010). These practices
were continued by the Turkish states, which declared their independence after the separation of the
Soviet Union. Cotton and rice production were started in the dry steppes of Turkmenistan, Kazakhstan,
Kyrgyzstan and Tajikistan, especially Uzbekistan through the water structures built on the Amu Darya
and Syr Darya rivers. So much so that the region has met 10% of the world cotton production. However,
while the agricultural areas in the region increased, the amount of water entering Aral Lake decreased
significantly. For example, the irrigation area in Amu Darya basin increased from 227.5 x 10* ha in 1960
to 481.3 x 10* ha in 2010. With the rapid expansion of the irrigated land, the water entering the Aral
Sea has decreased significantly. As a result, while the water volume of the Aral Sea was around 1.093
km? in 1960, it decreased to 401 km? in 1988 and then approached 22.3 km?® in 2014 (Chen et al., 2018).

What happened in the Balkhash lake basin developed a little differently from the Aral Sea. Balkhash
lake basin is one of the Central Asian sub-basins and plays an important role in ensuring the water
balance of the region and even of Central Asia and balancing the climate (Guo and Xia, 2014). The Ili
River is the main water source that extends from Xinjiang-Uyghur region to Kazakhstan and feeds the
Balkhash. Karatal, Aksu, Lepsy and Ayaguz are also known as other important water resources in the
basin. The north of Balkhash Lake is surrounded by semi-arid Kazakh plateaus, the south by desert and
then high mountains (Tian Shan). While the average precipitation in the mountains to the south of the
basin is around 633.5mm/year, it decreases to 124.5 mm/year in the city of Balkhash on the lake shore
(Guo and Xia, 2014). These values show that there are very different precipitation regimes in the re-
gion. All rivers feeding the Lake Baikal are fed both by precipitation and from the snow/glacier melting
waters of the Tian Shan. Temperature increases in the region will cause snow/glacier melting and more
water to reach the lake through rivers. Increases in precipitation will also bring increase in river flows.

In a study conducted by Guo and Xia (2014), it is observed that the temperature to the annual environ-
ment increases by 1-2 °C both on the lake and near the Tian Shan, and the precipitation is in an increasing
trend. Although this result is considered positive at first sight, the level of Lake Balkhash decreased by
2-3 meters from the 1960s to 1989, with the effect of the Kapchagay Dam built on the upstream of Ili
River. This decrease should be considered as a serious problem considering that the minimum water level
of the lake is 6m. However, the amount of water entering the lake was increased and the lake level raised
by around 1-1.5 m due to the end of the filling of the Kapchagay Dam in the 1990s and the increase of
precipitation until the 2005s (Propastin, 2012).

While the agricultural area irrigated from the rivers feeding the Balkhash lake was 3648 km? in 1965,
itincreased to 5596 km? in 1984 (Kezer and Matsuyama, 2006). Accordingly, the use of Kapchagay Dam
for irrigation activities in the region prevents the entire water generated by precipitation and snow/glacier
melts from reaching the Balkhash lake. Another negative situation is that the glaciers in Tien Shan con-
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tinue melting each passing day. In a study conducted by Sorg et al. (2012), it was found that the glaciers
feeding Balkhash basin in Tien Shan decreased by 20% between 2002 and 2012. In addition, it is thought
that the contribution of these glaciers to the total flow of Balkhash basin can be between 40% and 50%
(Sorg et al., 2012). Accordingly, the disappearance of mountain glaciers shows that it will negatively
affect the water regime in the Balkhash basin in the following years. In addition, pressures such as the
transition to irrigated agriculture in the Xinjiang-Uyghur region of China, population movements from
other regions of China to this region cause less water to be dropped from the provincial river that feeds
Balkhash Lake to the regions of Kazakhstan downstream. Assuming that the population growth rate in the
Balkhash lake basin will not change and agricultural activities and economic conditions will continue in
the same way, it is thought that the amount of water entering Balkhash lake will decrease from 14.2 km?
t0 9.95 km? annually, and therefore the lake boundaries are given in Figure 3 in 2030 (Spitsyna, 2007).

ECOLOGICAL, SOCIOLOGICAL AND POLITICAL EFFECTS
OF CLIMATE CHANGE ON CENTRAL ASIA

In ecosystems where climate change is experienced, it is known that it has long-term economic, sociologi-
cal, and political effects as well as physical effects (such as temperature increase, decrease or imbalance
of precipitation, salinity in water and soil). It can be an example of sociological, economic, and political
problems such as unemployment and poverty due to climate change, changes in agricultural product
patterns, migrations, and international water disputes. Climate change makes it difficult to reach healthy
water in most regions, and since it increases costs, it also creates significant negative effects on public
health. For example, according to the World Health Organization (WHO), 39 new infectious disease
types have been identified due to climate change (Yayar et al., 2014).

With the use of rivers feeding the Aral Sea in energy production and agriculture, providing less water
to the lake, using excessive water and pesticide in agriculture, decreasing precipitation, and increasing
drought, there has been salt accumulation in the lakebed (especially the southern Aral Sea). Similar salt-
ing problem was experienced in Amu Darya and Syr Darya basins with excessive watering during cotton
and rice production. In addition, excessive fertilizer and pesticide use caused pesticide and heavy metal
pollution in basin soils, lake waters and drying lakebed. Between 1980 and 1990, it was determined that
72 kg of pesticides (this value is about 54 kg in Uzbekistan, 4 kg in the USSR and 1.6 kg in the USA)
were used per hectare per year in Karakalpakstan, located to the south of the Aral Sea (Kuzmits, 2006).
These salt and pesticide residues have been moved to the living areas by winds in the dry climate and
created health problems in the region. As a result, kidney, and respiratory diseases in Karakalpakstan
have increased, death rates have exceeded national and international averages (McLeman, 2011). More-
over, the incidence of asthma, liver/pancreatic diseases and different types of cancer in the region has
increased considerably (Lioubimtseva, 2015).

According to United Nations population data, it is estimated that the population will increase by
20 million (30%) in the next 40 years in the Aral basin, in which Uzbekistan is estimated to be 50%
and Tajikistan will be 30% effective (Siegfried et al. 2012). The increase in the demand for water will
naturally increase the water needs of the countries at least the same rate. That the demand for water will
increase further, the drought problem and new water structures (such as dams, irrigation channels) that
are planned to be built on the rivers feeding Aral make political conflicts inevitable. 80% of the Amu
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Figure 3. Possible Balkhash lake borders by 2030 (Spitsyna, 2007)
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Darya and Syr Darya rivers come out of the territory of Kyrgyzstan and Tajikistan, but 86% of its water
is used by Kazakhstan, Uzbekistan, and Turkmenistan (Allouche, 2007).

During the Soviet Union period there was a win-win relationship between upstream (Kyrgyzstan
and Tajikistan) and downstream (Kazakhstan, Uzbekistan, and Turkmenistan) countries. Accordingly,
the upstream countries have left enough water for the water needs of the downstream countries in the
summer months, and the energy needs in the winter months of the upstream countries were provided
by the downstream countries. Thus, by storage of more water upstream countries in the winter months,
damages in agricultural lands reduced, and productivity of agricultural lands increased the in downstream
countries (Loodin, 2020). Particularly, the countries located on the upstream side of the Amu Darya and
Syr Darya rivers want to develop their economies with low water percentages and use them to generate
energy. In addition, they do not hesitate to tell the wealthier downstream countries that they can use
water resources as a political threat (Akiner, 2000).

Another basin of Central Asia is Balkhash lake basin. The largest of the transboundary waters in the
Balkhash basin is the Ili river and is the most important water source that feeds the lake. However, since
the dams built on the Ili river (especially Kapchagay dam) are used for agriculture and energy produc-
tion, they reduce the amount of water entering the lake. Xinjiang-Uyghur region is located upstream of
the Ili river. There is an intense water demand in this region, as China’s government policy promotes
cotton production (40% of the arable land is used for cotton production). Currently, 27% of the Ili river
waters are used in the Xinjiang-Uyghur region. The policies put forward by China for the economic de-
velopment of the Xinjiang-Uyghur region (such as increasing cotton production and energy production)
show that water demand will increase further (Spitsyna, 2007). It seems inevitable that this situation
will cause political tensions between Kazakhstan and China in the following years. On the Kazakhstan
side, agricultural products such as rice, melon and onion are grown. In addition, in the Kazakhstan re-
gion (especially in the cities of Almaty and Balkhash) there are approximately 1200 industrial facilities
where mineral processing and refinery facilities are concentrated, and the lake ecosystem is constantly
polluted through these facilities. For example, significant metal and sulphate pollution is experienced
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from the copper processing facility in Balkhash city (Spitsyna, 2007). Especially the waters left from the
Kapchagay dam after excessive rains have become an important problem. These waters cause erosion
in the delta of the province in the south of Balkhash, giving rise to fish deaths and damage to fishing.
The loss of soil in agricultural lands due to erosion reduces agricultural productivity. The main reason
for excessive precipitation and floods in the region is climate change. Especially the reason of the rapid
melting of glaciers in the Tien Shan is due to excessive water flow to Kapchagay dam in spring, excess
water is left in the riverbed and floods are experienced.

Over the past century, extreme changes in global warming and precipitation regimes have led to
increased evaporation and drought severity in Central Asia. These droughts threaten the livelihoods of
societies dependent on climate-sensitive sectors and they adversely affect agricultural production and
water utilization (Liu et al., 2020). Therefore, it can be said that there is a positive relationship between
climate change and migration. Migration with climate change can generally occur due to environmental
changes such as prolonged drought, permanent effects such as the impact on agricultural areas by sud-
den environmental events such as overflows, floods, landslides, and rising or withdrawing water levels
(Otto et al., 2017). These migrations can be either short-term displacements or irreversible migrations.
The formation of migration and the return of a migration movement that is already formed, depends on
many socio-economic parameters. Here, many measures such as restoring environmental degradation,
adapting the society to new climatic conditions, current well-being of the residents in the region and
being economically hopeful for the future, strengthening their bonds to the past and culture of my so-
ciety are among the tools that can be used to reduce, stop or reverse the migration. However, migration
observed in Central Asia is thought to have occurred mainly because the population exposed to climate
change was forced to move either by its own decision to survive or by the state authority (Blondin, 2019).
Therefore, it seems to be quite difficult to be reversible.

The population living in the Aral Sea basin is 57 million as of 2010 and it is estimated that the popula-
tion will reach 75 million by 2035. The majority of this population lives within the borders of Uzbekistan
(27 million as of 2010) (iyikan, 2013). Especially the Karakalpakstan Autonomous Region of Uzbekistan
is the region most affected by the Aral Sea problem. While Moynak city of Karakalpakstan used to be
known for its coastal tourism, fishing fleet and port, it has become known for cargo ships abandoned on
the sand today. From the 1960s to the 1990s, with the disappearance of fisheries and related industries
in the Moynak region, 100 thousand people have migrated from the region (the population migrating in
Karakalpakstan region is thought to be more than 300 thousand) and still 3-4 thousand people continue
to migrate from the region annually (McLeman, 2011). In another study, this number has doubled and
reached 6 thousand people a year. The direction of migration was mostly towards the east of Uzbekistan
and Kazakhstan (Lioubimtseva, 2014). The fishing profession/culture that the people living in the region
have taken from their ancestors and brought to the present day has vanished, people have either migrated
or have turned to agriculture activities to which they are not familiar. This population movement, which
used to be a migrant activity as a seasonal agricultural worker, caused many infectious diseases to be
moved to Karakalpakstan. In addition, as the national income per capita decreased and combined with the
deficiencies of malnutrition, insufficient health care and infrastructure facilities, it significantly increased
the incidence of diseases such as tuberculosis and malaria. For example, malaria, which disappeared in the
1950s, reappeared in the Aral Sea basin (Reyer et al., 2017). In addition, divided families have increased,
and significant increases have occurred in the region in cases of alcoholism, prostitution, and suicide.

A similar situation is valid for the Fergana Valley in the Aral Sea basin. This region is one of the most
populated residential areas of Central Asia. An estimated 10.5 million inhabitants live in the region and
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agriculture is the most important source of income for this region. Migration from the regions where
the drought is experienced to this area is increasing day by day. In particular, there is a population and
refugee movement from the south of Uzbekistan to the northern regions of Kyrgyzstan due to environ-
mental problems. In addition, population growth in the region is quite high. By 2050, it is thought that
the population of the region will increase by 77.2% with internal and external migrations (Reyer et al.,
2017). However, the valley is located within the borders of 3 countries (Uzbekistan, Kyrgyzstan, and
Tajikistan) and here is an ethnically mixed region. This situation carries cross-country based, especially
the sharing of water, food and agriculture areas in the region, and/or ethnic-based tensions.

Environmental migration has also become an important problem in the Balkhash basin. The increas-
ing use of Ili river waters in the Xinjiang-Uyghur region for irrigated agriculture, and the development
of industrial production, has led to significant migration in the region. It is known that the Chinese
government particularly promotes these migrations in order to change the ethnic structure in the region.
For example, while the population of the region was around 3.6 million in 1945, the population reached
23.1 million in 2008. However, while the Uighur population in the region constituted 82.7% and the Han
population 6.2% of the total population in 1945, this rate was 46.2% and 39.1% in 2008, respectively
(Howell and Fan 2011). This rapid population growth and internal migration in the Xinjiang-Uyghur
region naturally means that more water is drawn from China by the Ili and Irtysh rivers. This situation
makes the conflict of interest arising from water issues between Kazakhstan and China inevitable. That
more and more water is drawn from China by the Ili river and that the glaciers in the Tien Shan feed-
ing Ili and Irtysh are destroyed by climate change may cause environmental disaster and environmental
migrations in the Aral basin and in the Balkhash basin (especially in the territory of the basin located
in Kazakhstan).

CONCLUSION

In this study, the negativities caused by climate change in Central Asia, which is known as the Land of
Turks, are discussed and the direction, sociological and political effects of climate change in the future
are discussed specifically for the Aral and Balkhash basins.

Climate change in Central Asia will manifest itself in the form of rising temperatures and irregular
precipitation and/or decreasing in many regions, glacial disappearance in Tien Shan, Altai and Pamir,
degradation or destruction of important lake ecosystems such as Aral, Balkhash, Ebinur, and Issyk. Par-
ticularly, countries in the Aral basin will be much more affected by climate change. Therefore, societies
living in these basins will face sociological problems such as public health problems, migration, poverty,
famine, and cultural degeneration. In addition, the sharing of already scarce water resources will bring
political tensions among the countries of the region.

The way in which the negativities brought about by climate change can be reduced and the people
living in the region can adapt to the new climate is possible through the caring about the problem and
implementing common policies of states. In the event that cooperation between countries cannot be
achieved and common policies cannot be developed, it is not possible for the well-intentioned programs
to be prepared and implemented by countries individually to achieve success in Central Asia. However,
the political problems and disagreements between the countries currently in the region, and the regional
conflicts and economic problems that the countries are experiencing within themselves prevent this union.
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ABSTRACT

The present study addresses the issue of mineral waters in Brazil, its institutional problem, and the
consequences and conflicts arising from its irrational exploitation. As a solution to these problems and
conflicts, it is proposed to integrate these mineral waters and their different types in the management of
water resources and the application of guiding economic and ecological principles as in the case of the
conception of post-normal science and the precautionary principle. To meet the objective, the authors
opted for an exploratory and bibliographical research regarding the adopted procedure. It is concluded
that the implementation of an institutional change will allow a participative and polycentric manage-
ment, mainly at the level of the hydrographic basin committees, which will contribute to the application
of the two mentioned principles and a sustainable management of this resource. However, there is a
need for improvements in the national water resources policy to more effectively cover groundwater in
which mineral waters are embedded.
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INTRODUCTION

At the scope of the discussions on the impacts generated by the anthropic action on nature, it is important
to highlight the degradation of water resources and their use in an unsustainable manner.

Therefore, this paper aims to analyze in details the issue of mineral waters in Brazil and the importance
of incorporating economic-ecological principles into its management and institutions. This study justifies
itself by taking into account the fact that mineral waters in Brazil are considered to be a mineral, which
results in a series of conflicts and indiscriminate usage of this resource. Moreover, Romeiro’s (2003)
view indicates that the decisions with regard to the use of water resources undergo a public choice, where
society should take a decision based on a number of moral and ethical questions, which is something
that does not occur in the case of mineral waters due to above-mentioned institutional problem.

The impact of the exploration above the renewal capacity of the resource (via hydrogeological cycle)
is more and more evident, and it is expected that such exploration will increase even more due to the
recent increase in the consumption of bottled underground waters. Gesicki and Sindico (2013) stated
that the production of bottled waters consists of the industrial segment in the non-alcoholic beverages
line that has the greatest expansion worldwide, since its consumption overcomes that of similar products
like soft drinks, teas and milk. Such fact, in addition to retrogressive institutions, contributes in a direct
manner for serious consequences and conflicts related to the use of mineral waters in Brazil.

Specifically, this study seeks to propose that the precautionary principle and the post-normal science
are applied in an effective manner in a new institutional arrangements of mineral waters that would
consider them as water resource, managed with broad participation of the involved social actors.

In order to reach such intention, the study uses an exploratory and bibliographic research in order to
provide grounds for this discussion and proposition of ideas.

This paper is divided into five parts, including this introduction. The second part approaches two
contents: the problem of mineral waters in Brazil, emphasizing its outdated institutions, and certain
principles that the Ecological Economy holds dear, which can be applied to the object of this research
such as the precautionary principle and the post-normal science. Next, we explain the methodology
used in this research. The fourth part analyzes the process of application of these principles in the case
of mineral waters, emphasizing the need for an institutional change. Eventually, the final considerations
are presented.

THEORETICAL REFERENCES

This item seeks to the climate changes, the institutional problems related to mineral waters in Brazil and
the emergence of conflicts in this field. Next, we explain some economic-ecological principles, which
we believe that can be applied to the case under study.

The Context of Water in the Context of Climate Change
Before addressing the issue of mineral water and its institutional problems in Brazil, it is necessary to
address climate change and its interface with the issue of water in general.

It is of great importance to deal with climate change, considering that its impacts are felt by society
in general, but more deeply by the poorest populations (Bruna & Pisani, 2010).
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Although this problem is to some extent well known, actions to minimize the impacts are still very
disconnected even in municipal spheres, with reactive decisions as the main scope to the detriment of
proactive ones (Giulio et al., 2019). Added to this is the fact that empirical research on climate change
in Brazil is still scarce due to the absence of long-term, reliable, and low-fault climatological series
(Sanches; Fialho & Quina, 2017).

Water, as a natural resource of primary necessity for human and animal consumption and for use in
production processes, is not immune to the impacts of climate change.Although Brazil has a large avail-
ability of water, its distribution among regions is very uneven (Marengo, Tomasella & Nobre, 2017), and
can be considered a resource of random occurrence due to the incipient knowledge about the phenomena
that make up the hydrological cycle (Alves Junior, 2009).

Also for Marengo, Tomasella, and Nobre (2017) water resources management must consider climate
change projections and uncertainties in the implementation of water policies and regulations. Kundzewicz
(2018) reports that uncertainty plays a prominent role in global climate change research with emphasis
on hydrology and water resources research.

To break through water issues and minimize uncertainty in this context of climate change, Tundisi
(2008) states that a broad governance scheme with integrated and comprehensive management, properly
decentralized and with participation of actors such as users, public and private sector is needed. However,
a scheme like this in Brazil does not allow the inclusion of mineral waters, in view of the institutional
arrangement that such a resource fits into, as is discussed in the following item.

It is also worth highlighting the role of water and its management within the scope of the UN Sus-
tainable Development Goals. According to Silva (2018), this UN document has 17 objectives, among
which objective 6 stands out, which aims to ensure the availability and sustainable management of water,
and basic sanitation for the entire population (urban and rural). It should also be noted that to achieve
this objective, it is necessary to apply principles such as social participation, shared management, insti-
tutional strengthening, efficient use of water, regional and environmental development, as well as the
responsibility of the State (Silva, 2018).

The Problem of Mineral Waters in Brazil

The analysis of the mineral waters issue in Brazil requires an approach on the institutional arrangements
that prevails in this segment, and how it influences the involved actors and contributes for the onset
of conflicts. These facts justify a proposition for the use of economic-ecological principles in order to
promote the sustainable use of this resource.

Queiroz (2011), Souza (2011), Esteves (2012) and Portugal Jinior (2016) mention some cases of
conflict in the segment of mineral waters in Brazil that illustrate the problems involved in this matter,
such as:

- the Nestlé case in Sdo Lourengo - Minas Gerais, perhaps the most emblematic of all, where the
exploration above the replenishment capacity of the aquifer at the Water Park resulted in a reduction of
water flow in some fountains, decline in the level of mineralization of certain waters, subsidence! of the
terrain close to one of the fountains and its collapse;

- the Danone case in Jacutinga, Minas Gerais, where mineral water was explored in water sources
without permits and licensing from the authorities, plus infrastructure problems at the city due to the
increase in the traffic of trucks derived from the expansion in the production;
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- in Caldas Novas, Goias, the indiscriminate use of thermal waters that caused an impact in their
quality and availability;

- in Paran4, there has been the case of a company that obtained two different permits for a single
water source, one as water resource (under the responsibility and authorization of the state department),
and other as mineral water (granted by the National Department of Mineral Production, DNPM, by its
acronym in Portuguese?);

- the occurrence of lawsuits initiated by the Department of Public Prosecution of some states, with
the charge that companies are making ‘misleading advertising’ by having their labels stating as mineral
water a resource that does not have the minimum requirements for being considered as such.

The reason that permeates most of these conflicts is on the existing regressive institutional arrange-
ments in Brazil that considers mineral, thermal, carbonated and potable table waters to be a mineral,
and not as water resource. This is something that triggers a series of controversies, culminating in the
improper use and irrational exploration of these waters, which may result in their depletion.

Suchinstitutional arrangements results in the existence of two legal prerogatives on asingle groundwater
resource. Therefore, according to Portugal Junior (2016), the water, due to its intrinsic characteristics,
may receive a differentiated legal treatment based on its source and usage.

Obata, Cabral Janior and Sintoni (2005) go further in this discussion by explaining the existing con-
troversy. When it is considered as a mineral resource, water is a product under the control of the Federal
Government, and its usage is ruled by the Mineral Waters Code, originated from the Decree-Law 7.841
08-08-1945 in conjunction with the Mining Code, established in the Decree-Law 227, 02-27-1967° and
corresponding legislation. In this case, the application, regulation and inspection are under the responsi-
bility of the National Agency of Mining (ANM). On the other hand, when water is considered as water
resource, it becomes a public product of the Federal Government or the States, and its granting and
inspection are based on the National Plan of Water Resources, which is based on the Law 9.433/1997 of
the Department of Water Resources and Urban Environment of the Ministry of the Environment, whose
management is performed by the National System of Water Resources Management.

Specifically, with regard to mineral waters, Martins et. al. (2006) explain that these legal guidelines
took place in Brazil in a moment in which the development, mainly the institutional, was incipient and
the public power had a nationalist bias, in addition to the fact that the social participation was limited
or even inexistent. Therefore, the effective protection of mineral wealth had a prominent position, and
mineral water became a component of this set of assets, since it was a resource originated in the subsoil.

Due to these questions, it is clear in Brazil that mineral water is not a mineral in conceptual terms
according to mineralogy studies, but is considered to be a mineral only from the legal point of view
(Gesicki & Sindico, 2013).

Table 1 presents a comparative summary of the institutionalities on mineral waters applied in Brazil
and some other countries. In this context, it is addressed how the resource is fundamentally considered
(ore, water and / or food), what are the main legal bases that regulate its use and the main competent
body in granting its use.

It is possible to verify that most of the related countries consider mineral waters under the institu-
tionality of an environmental water resource, and their use and exploitation are granted under the aegis
of the same bodies that regulate all other water resources. We also emphasize its consideration as food,
which is totally understandable, in view of being a resource for general consumption of the population
(Serra 2009; Martins et. Al. 2006; Esteves, 2012).
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Table 1. Comparison of institutionalism between selected countries

RESOURCE FUNDAMENTAL
COUNTRY CONSIDERATION MAIN LEGAL BASIS HOME GRANT AUTHORITY
. . . Water Code (1945) and Mining National Department of Mineral
Brazil Mineral Resource and Food Mineral Code (1967) Production DNPM.
Food and Drug Administration
United States Food and Water Resources Federal Code of Regulations. Federal(FDA) and any state
agencies.
Ministry of Health, with
the opinion of the Regional
Directorate for Industry,
Decree 89-369 of 1989 and the | Lesearch and the Environment;
France Food and Water Resources . Departmental Directorate for
Public Health Code . . .
Sanitary and Social Relations and
the Departmental Council for the
Environment and Sanitary and
Technological Risks.
Mineral and Table Regulation; . .
Germany Water Resource Federal Water Management Law. Regional Councils.
Lei de Minas (1973); General Organ of the Autonomous
. D Community with the opinion
. . Regulation of the Mineiro . .
Spain Mineral Resource . of the Geological and Mining
Regime (1978); Royal Decree . .
(2002) Institute of Spain and the General
’ Directorate of Health.
Ministry of Economy and
) ) Innovation, on the proposal of the
Portugal Mineral Resource and Food Decree-Law 86/1990; 90/1990; General Directorate of Geology
and 156/1998. -
and Energy and opinion of the
General Directorate of Health.
Argentine Food and Water Resources Code (CAA) (GDegei;al Irrigation Department
National Code of Renewable Reeional Envi tal
Colombia Water Resource Natural Resources and Protection cglona’ Lnvironmenta
. Authorities.
of the Environment.

Source: Serra (2009); Martins et. al. (2006); Esteves (2012); adapted by the authors.
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It is noteworthy the fact that only Brazil, Portugal and Spain consider mineral water as an ore, and
its granting and inspection processes are in charge of bodies other than those that regulate other types
of water. However, it should be noted that in Brazil and Spain there is an intense debate around this
institutionality, with researchers, environmental agencies and a number of other institutions categori-
cally defending the institutional change of this resource, starting to be considered as a water resource,
passing its grant and inspection to the responsibility of the same bodies that regulate the other water
resources (Portugal Jtnior, 2016).

According to Portugal Jinior (2016) and Gesicki and Sindico (2013) plans and proposals for an
integration of mineral waters into water resources in Brazil have been at the core of discussions and
debates since the end of the 1990’s, and beginning of this century, involving bodies and institutions such
as ABINAM (Brazilian Association of Mineral Water Industry), CNI (National Confederation of Indus-
try), DNPM (ANM), CNRH (National Council of Water Resources), National Agency of Waters, State
Departments of Water Resources, Hydrographic Basin Committees, and even NGO’s and associations
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of residents of cities with parks and spa towns of mineral waters; however, without a definitive solution
and mutual agreement. Thus, it was not possible to reach a consensus on the resolution of this dispute
due to the resistance by representatives of the DNPM (ANM), ABINAM and CNI, which consider this
integration an ‘invasion’ to the federal competence.

At the scope of this institutional framework described herein, it emerges the risk of exploration
of mineral waters above their renewal capacity, since the lack of knowledge on the dynamics of the
hydrogeological cycle of the aquifers, and the absence of integration with the management of further
groundwaters and surface waters, very often integrated to the mineral water itself.

However, it is important to highlight that, based on Alves Jinior (2009) statement PNRH itself fails,
because it mainly covers surface waters to the detriment of groundwaters. This fact can be explained
by the difficulty to determine hydrogeological parameters, and to apply management instruments for
these waters. In this author’s opinion, it is necessary to understand that it is not possible to separate the
hydrographic basin from the hydrogeological basin because the hydrological cycle does not allow a
dissociation of one from the other.

That said, the management of mineral waters requires an institutional change in order to integrate it
into the scope of water resources management and, at the same time, the PNRH should be reconsidered
by adopting key principles of the Ecological Economy that will be presented below.

Applicable Economic-Ecological Principles
Two principles are approached in this item: the post-normal science and the precautionary principle.
Post-Normal Science

As demonstrated in the work of Funtowicz and Ravetz (1997) part of the notion that the problems re-
lated to our environment present specific characteristics such as: i) the facts are uncertain; ii) the values
involved are controversial; iii) the stakes are high; e iv) the decisions involve a matter of urgency. Due
to these characteristics, the solutions for these problems are far beyond the capacity of the science and
its methodology as it is currently known and applied. That said, the need for application of the post-
normal science emerges.

The post-normal expression means the passage from a scientific system of simple resolutions to a
broader approach of methodological, social and ethical nature, leaving aside the Cartesian and impersonal
rationalism, and going towards a ‘value judgment’ (Funtowicz & Ravetz, 1997).

Figure 1 illustrates the dynamics of application of the post-normal science approach. When the
uncertainties are low and the impact of the decisions at stake are also low, the resolution involves the
science applied in a Kuhnian approach. On the other hand, when these questions are at a medium level
the solution involves the professional advisory of experts. However, when the problem involves a high
impact of decisions and uncertainties are also high, the solutions include the post-normal science. These
solutions occur through the participation of the several involved agents, using the most diverse knowledge
(including popular), and not only the traditional applied science.

Even when the uncertainties of the system are low, the decisions present a wide range of impact, or
vice-versa, the decision should be submitted to the post-normal science scrutiny. Yet, it is possible to
state that this approach is more than interdisplinarity, but a multidisciplinarity, being complimentary to
the applied science and professional advisory (Funtowicz & Ravetz, 1997).
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Figure 1. Diagram of the Post-Normal Science
Source: adapted of Palma and Mattos (2001).
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Still for the same authors, the post-normal science is recommended in order to escape from the ruling
reductionism in the “restricted communities of peers” by taking the decision making to the scope of the
“extended communities of peers”, through the broad debate with the actors involved in the problems to
be analyzed.

By collaborating with this discussion, Mota (2006) emphasizes that there isn’t that ‘something’
that is considered as absolute scientific certainty, but only paradigms, provisional scientific responses
originated from a certain historic age. Therefore, the scientific knowledge is not given, but dynamic.

For Abramovay (2007), the Lautorian relativism emphasizes the fact that the scientific results are not
objective expressions that clairvoyance allowed to reach, and not even are great solutions already inserted
in the natural world. In fact, these results should be understood as legitimate human products such as
literary and artistic production. Thus, the purely scientific solution cannot be given as an unchangeable
law, mainly when it involves environmental matters.

Precautionary Principle

Concomitant to the post-normal science analysis it becomes necessary to include the precautionary
principle for a broader economic-ecological approach.
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This principle came up at the scope of the German Law at the beginning of the decade of 1970, with
its effective implementation from the Air Pollution Act of 1974, starting to be widely used, later, in
politics and world programs of preservation of the environment (César & Abrantes, 2003).

However, according to the same authors, it was after the principle 15 of the 1992 Rio Declaration —
at the United Nations Conference on the Environment and Development — that it was established the
most representative formulation of the Precautionary Principle in international law.

For Common and Stagl (2005), the precautionary principle is extremely necessary when problems
arise, such as: i) the environmental cost of the economic activity is strongly uncertain and ambiguous;
ii) the activity poses a high catastrophic potential; iii) there is a possibility of irreversibility; and iv) the
future generations can be widely harmed.

In general terms, the application of this principle occurs when there are impacts over human health
and in the environment, and the relationships of cause and effect are not scientifically established. Its
application involves a cooperative approach between the involved social actors in order to solve com-
mon problems through integrated political measures that would boost the environment, competition and
employment. In this case, it is necessary to have a methodological approach of the post-normal science.

Abramovay (2007) corroborates with this view by stating that the precautionary principle puts un-
certainty at the center of the decision-making, public and private processes. It is important to highlight
that such principle does not have the intention to freeze innovation and the technological progress but
seeks to present ways to deal with them.

The need for the precautionary principle comes up after the paradigm of security, in which occurs
the inversion in the belief of science’s capacity for solving all problems (Ewald, 1996).

However, it is important to highlight that, according to Common and Stagl (2005) and Foster (2003)
the possibility of improper usage of the precautionary principle as a way of only political tool and of
application of a higher protectionism. Moreover, critics state that this principle should be considered
as an environmental extremism, since its calculations only consider risks, but despise the possibility of
new technologies to make life safer. In order to break up with this bias, it is necessary to avoid its usage
in an arbitrary manner, by privileging an approach that would be as politically transparent as possible.

METHODS AND MATERIAL

In order to meet the goals that were established for this study, we opted for using the exploratory research
that, in accordance with Gil (2008), aims to provide greater familiarity with the problem, in order to
make it more explicit or to build hypothesis. This type of research has the major goal to enhance ideas
or discover insights. With a more flexible planning, it is possible to take into consideration the most
varied aspects in relation to the studied fact.

As a technique of research, we opted for the bibliographic. This research is developed based on a
material already prepared, mainly constituted of books and scientific articles. Though in almost all studies
some kind of work of this nature is required, there are studies exclusively developed from bibliographic
sources. Studies on ideologies — as well as those that propose the analysis of the several positions on a
problem — also use to be developed nearly exclusively by means of bibliographic sources (Gil, 2008).

Therefore, this study seeks to propose the inclusion of principles of the Ecological Economy in the
resolution of the problems related to the management of mineral waters in Brazil, in a scope of integra-
tion of these waters with the management of water resources.
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PROPOSITIONS AND ANALYSIS

The problems related to mineral waters may be approached in the context of market failures that, according
to Opschoor (1992), can be defined as the incapacity of the market in performing the economic process
for the social optimum. Therefore, it is evident the incapacity of the market, in an isolated manner, to
internalize the externalities in the costs and prices, mainly in sectors that explore water.

Based on the view of Abramovay (2007), that the precautionary principle recognizes the incapacity
of the science to emit in a peremptory manner the judgment that is able to conduct the controversial situ-
ations, the exploration of the mineral waters should follow this principle, considering the uncertainties
that permeate the knowledge of the hydrogeological cycle, and the dynamics of the aquifers, deepened
in the current environment of climatic changes.

By getting back to the notions proposed by Foster (2003), Mota (2006) e Kundzewicz (2018) the
application of the precautionary principle — in the case of mineral waters — should be performed in
the most transparent possible manner in political and legal terms. And, companies and regulation bodies
should act in a moderate way by means of a provisional course of action, and reviewing it as soon as new
facts come to light that would minimize the uncertainties. Thus, the grounds proposed here are that the
precautionary principle is not of permanent applicability, but only while uncertainties last.

Therefore, it is important to propose, by considering the bases of action suggested by Daly and Farley
(2004), the following stages:

1°) to establish a sustainable scale of use of mineral waters in Brazil, based on the knowledges that already
exist on the dynamics of the hydrogeological cycle and the aquifers, by applying the precautionary
principle and involving the social actors in the context of a post-normal science;

2°) to promote a fair distribution of this sustainable scale, not only among companies, but considering
the different uses and purposes of this resource: bottling, production inputs, “in natura” consump-
tion in the water sources, parks and spas, crenotherapy, living in the natural space, environmental
education among others, according to the tradition of the locations and regions where such mineral
waters are found;

3°) efficient allocation of the productive exploration via market, though regulated by bodies of water
resources management, mainly with regard to the determination of limit of ownership of the mineral
waters sources by bottling companies, and of usage as production input, avoiding thus an ‘oligopoly’
and the dominance of this market by a small number of business groups.

Figure 2 below shows a flow diagram for this more sustainable use of mineral waters.

In order to have such stages applied effectively, there is a clear need for changing institutional arrange-
ments of the mineral waters in Brazil, starting to treat them as water resources in a context of integrated
and polycentric management in the sense of Elinor Ostrom.

Ostrom (2010) informs that the application of empirical studies allowed the verification of the impor-
tance of institutional rules that would be more suitable for each specific social and ecological environment.
The idea that a single general and centralized policy (as it is the case of the Mining Code and the Mineral
Waters Code) would be enough to be a solution for all environmental cases became ineffective when
applied in complex economic systems as it is the case of surface and groundwater waters management.
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Figure 2. Scheme for sustainable use of mineral waters
Source: the authors.

E stablishment of 3 Fair distribution of Allocation of this scale
sustainable scale for the > this sustainable scale through the market but
use of mineral waters considening its properly regulated and
according to their diverse uses and local considering a property limit

hydrogeological capacity. traditions. on the appeal.

For Ostrom (2002; 2010), the success in the governance of common access resources rely on the
adaptation of the management system to the specific realities of each region and the active participation
of local users.

In the case of water resources (and mineral waters included), this polycentric management would
be possible at the scope of the state environment and water resources departments and mainly of the
Hydrographic Basins Committees, which is a deliberative and participative environment that aggregates
all social actors involved in the various usages of water.

Figure 3. New institutional arrangement of mineral waters
Source: Portugal Jiinior (2016).
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Also, according to Portugal Jtnior (2016) the double direction arrows used in the scope of consid-
eration as a water resource allow to illustrate a systemic and polycentric management model where the
organs are interrelated in the management of this resource of common use so that its multiple uses obey
a logic of sustainability, mainly regarding the social (public access to the resource) and environmental
(preservation) issue, reducing the impacts of climate change on this resource. This would also allow
for a more effective relationship for the fulfillment of objective 6 that composes the UN Sustainable
Development Goals (SDG’s) since it refers to water and basic sanitation.

Regarding ANVISA, when considering food, sanitary inspection and regulation of procedures for the
practices of production, packaging and distribution of bottled water would be under its responsibility,
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as it is already done today. It is worth highlighting the importance of assistance from the municipal and
state health departments and local health surveillance bodies with regard to inspection support.

In addition to that, there is the possibility of constituting the Basin Committees as spaces of action of
the post-normal science, considering the possibility of participation of these actors, as well as the pos-
sibility of political and social articulation so that the precautionary principle is applied. It collaborates
with this fact the claim of Nunes, Almeida and Targa (2019) that the Hydrographic Basin Committees
are fundamental elements in the decentralized structure of water management in Brazil.

Still in this field, it is important to highlight a new understanding that begins to arise in studies on
the right “to water” and “of water”, which is: “in dubio, pro aqua”*. This understanding is based on the
precautionary principle itself; however, with a quite effective orientation to the case under study. In other
words, in case of uncertainties on the use of water resources, it is better to be cautious with regard to
deeper impacts of its improper use, by strongly reducing and regulating its exploration until information
that would more reliable is found, which would reduce the uncertainties on the dynamics of this resource.

CONCLUSION

In this study, we sought to approach the question of the mineral waters in Brazil, its outdated institutional
arrangements and the problems derived from this situation. Using this problem as a starting point, we
presented and discussed some fundamental principles of the Ecological Economy that could be applied
to mineral waters from its necessary integration with water resources management.

The study sought to contribute for this discussion in the Brazilian context of the institutional treat-
ment of this important resource, which had a direct participation in the emergence and in the historical,
anthropological, social and economic structuring of important regions of the country.

Thus, we would like to stress the need for an institutional change of mineral waters in Brazil and the
application of precautionary and post-normal science principles for a sustainable usage of this resource,
mainly through a greater reinforcement in the protagonism of Hydrographic Basins Committees.

However, it is important to highlight the need for restructuring and adequacy of the National Policy
of Water Resources, in order to approach in a more systemic and integrated manner the groundwaters.

As a limitation to this study, we highlight the fact of working with only those two afore-mentioned
principles, as well as the bases of action of Daly and Farley. Therefore, for future studies we recom-
mend a deeper investigation on the required steps for the application of these principles, as well as the
integration of other principles such as the dynamic of systems and assessment of multiple criteria for
the case of mineral waters in Brazil.
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ENDNOTES

! In geologic terms, subsidence consists of lowering of the terrain in relation to its previous level,
caused by exploration above the replenishment capacity of an aquifer.

2 With the effectiveness of the Law 13.575/2017, the DNPM ceased to exist, and was replaced by
the National Agency of Mining (ANM, by its acronym in Portuguese).

3 The current mining code, Law 9.406/2018 did not bring any changes in the approach on mineral
waters.

4 In the same sense of the “in dubio pro reo” from civil law, according to Seichas (2018) and Dalla
Corte (2018).
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ABSTRACT

This study quantifies the current and future soil water balance in a spatially distributed way for the
whole of Chile and establishes what biomes will be the most affected by variations in water resources.
The study of water resources reveals that 90% of surface Chile will reduce its soil water resources in
the future if greenhouse gas concentration in the atmosphere does not stop. The most disadvantaged
biomes are the forests, where soil water availability could decrease an average of 100 mm/year. Desert
biomes could not perceive the hydrological imbalances, however, it is expected its surface increases.

Introduction

Chile is one of the countries with greater water resources per person in the world and with greater bi-
omes surface and biodiversity (World Bank, 2011). However, due to the increasing pressure on water
resources, it is necessary to face water-related issues from approaches that allow solving problems and
efficiently managing resources. One of these approaches is one that addresses hydrological and ecological
processes from a combined perspective (ecohydrological approach) or, in other words, one that addresses
the interactions between water and vegetation. A primary task for ecohydrology is to understand the
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responses that arise in different ecosystems in the face of a changing environment, since this will improve
the management of spaces and predict their dynamics (Porporato et al., 2002, Rodriguez-Iturbe, 2000).

Ecohydrology is established as an independent scientific discipline from the beginning of XXI century
(Rodriguez-Iturbe, 2000) when it focuses on the study of water-plant relationships, i.e., to understand the
interactions between water and plants at different spatiotemporal scales. Despite this, scientific studies
developed under this approach are still very scarce in Chile, so that Chilean ecohydrology of the present
century faces important challenges, such as increased pressure on water, decreased resources or climate
change, aspects that have been highlighted by researchers such as Bloschl et al. (2019). Ecohydrologi-
cal studies have shown that the presence of vegetation is the cause and consequence of the presence of
water, and vice versa. For example, the spatial distribution of the vegetation has a strong control over
the spatio-temporal variability of soil water content and on soil hydrological processes, such as infiltra-
tion or redistribution of water (Lozano-Parra and Schnabel, 2015, Lozano-Parra et al., 2016), while the
availability of water in the soil determines the growth and development of vegetation and its productivity
(Lozano-Parra et al., 2018a, Lozano-Parra et al., 2018c¢).

Ecohydrological processes are becoming better understood due to the use of advanced methods and
tools, such as models or specialized sensors. However, feedback processes at different spatio-temporal
scales are still not well understood because the multiscale relationships originated between ecohydrologi-
cal processes are non-linear (Goodwell et al., 2018, Yaseef et al., 2010). This leads to the existence of a
non-unidirectional behavior for the same variable, that is to say, that said variable can present different
stable states whose behaviors can be based on exceeding certain thresholds (Scheffer et al., 2001). This
would mean that, for example, areas that have been humid and that are currently experiencing significant
variations in their hydric conditions could modify their environmental characteristics towards drier states
in which they would persist for a long time in a stable manner.

The study of ecohydrological processes at different scales is therefore necessary to understand the
dynamics of ecosystems and the variations that natural resources may have (Zemp et al., 2017). Analysis
over large areas can help to identify the mechanisms that induce spatial heterogeneity, which are par-
ticularly important in ecosystems where water stress limits plant growth, such as those found in central
and northern Chile (Goodwell et al., 2018). These areas, being the most populated, are very sensitive to
the variation of water resources (Hirschi et al., 2011, Wu et al., 2013).

Due to the importance of water resources for the maintenance and development of vegetation, this
work aims to define the amount of water resources that Chile has at present and that it will have in the
future, and establish which biomes could be most affected by the variation of said resources. Thus, the
objectives of this study are the following: 1) determine the current water balance in a distributed manner
for the entire territory of Chile; IT) define the future water balance for Chile based on different climatic
scenarios and III) determine what biomes in Chile will be the most affected by future variations in soil
water resources.

Study area
Chile’s surface is greater than 755000 km? and, from north to south, reaches a greater length than 4200

km (Fig. 1). It has a population close to 18 million inhabitants, mainly concentrated in the central area
of the country, between the Valparaiso and the Metropolitan regions.
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The Chilean geology is especially conditioned by its location next to the western edge of the South
American tectonic plate, which has allowed it to interact with the subducting plates located to the west,
resulting in very heterogeneous and tangled geological features. Thus, its geomorphology can be con-
sidered extraordinarily varied and complex. The current reliefs have their origin in the erosion processes
of material in higher areas and its subsequent accumulation and sedimentation in valley bottom and
depressions. Likewise, the glacier, volcanic or fluvial processes have finally outlined the current reliefs
throughout the country. The predominant reliefs are the Andes Mountain, the Coastal Mountain, the
Intermediate Depression, and the Transverse Valleys.

The climate is conditioned by latitudinal and altitudinal gradients, and by the maritime influence of
the Pacific Ocean. Thus, the most important climatic variations are produced by the influence of latitude
and elevation, ranging almost all climatic types except for a few, such as the tropical rainy (Fig. 1).

The soil types are very varied due to their different factors which influence on their formation, such
as geomorphology, latitude, vegetation and climate variations. The main types of soils are Cambisols,
Andosols, Regosols, and Leptosols.

The Chilean vegetation is also conditioned by latitudinal and altitudinal gradients. Consequently, it
presents a great diversity of biomes characterized by strong endemism (it is estimated that there are ap-
proximately more than 6,300 endemic species). Despite this, the plant diversity is less than those found
in neighboring countries such as Brazil.

MATERIAL AND METHODS
Obtaining Current and Future Climate Data

The spatially-distributed climate data were obtained from Fick and Hijmans (2017). For this, observed
data of monthly precipitation, monthly mean temperature and minimum and maximum temperatures
were used. Later, these data were interpolated in order to generate a spatially continuous grid on a world
scale with a resolution of 1 km?2. The interpolation method is based on smoothed splines that operate
considering the analysis of covariance and spatial distributions of the standard error. This method can
be seen as a generalization of the standard multivariate regression, in which the parametric model is
replaced by a smoothed non-parametric function (Wahba, 1990). This interpolation algorithm uses cli-
matic variables, latitude, longitude, and elevation as independent input components. This last variable
was obtained from NASA’s Shuttle Radar Topography Mission (SRTM). The observed climate data
were obtained from meteorological stations distributed on a global scale and belonging to the Global
Historical Climatology Network (GHCN). In order to increase the climate observations, improve the
databases and lengthened them, meteorological stations from other sources were also used, such as the
Food and Agriculture Organization (FAO), the World Meteorological Organization (WMO), the Inter-
national Center for Tropical Agriculture (CIAT) or the R-HydroNET.

In order to determine the current water balance and to estimate the impact of future climate variations
on water resources and biomes at Chile scale, two time periods were used. The first one refers to the
lapse 1970-2000 (base period); while the second one refers to a representative scenario of greenhouse
gas concentration for the year 2050, which corresponds with RCP8.5 and assumes a situation with a very
high level of emissions and gas concentration. The projections used were generated by BCCCSM11,
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Figure 1. Chile in the South America region and its main climates according to the Koppen climate
classification (based on Rubel and Kottek (2010))
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one of the global climate models (GCMs) that are part of the fifth phase of the coupled model inter-
comparison project (CMIP5).

Determining the Soil Water Balance

The spatially-distributed water resources were obtained by determining the soil water reserve for the
whole Chile. For this, the water balance was calculated at the pixel scale by the following expression:

p=P-E

where, f is the soil water reserve or availability of water resources (mm) at annual timescale, P is the
water input by precipitation (mm) and E is the water output by evapotranspiration (mm).

Evapotranspiration was calculated using the Turc (1961) method, which allows obtaining annually
the actual evapotranspiration from the following expression:
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where, E is the actual evapotranspiration at annual scale (mm year-1), P is the annual precipitation
(mm year-1) and C is a constant value. Finally, L is a coeffient which depends of annual mean tempera-
ture (T, in °C) and it is obtained as follows:

L =300+25T +0.057°

Obtaining the Biomes of Chile

The spatial distribution of the main biomes of Chile was obtained from Pliscoff and Luebert (2006).
These authors presented a classification for vegetation that proposes the existence of macro-bioclimates
(Fig. 2) throughout the country and 125 basic units called vegetation floors. Each floor constitutes a
spatial unit characterized by a set of plant communities with uniform structure and physiognomy, lo-
cated under homogeneous meso-climates conditions that occupy a specific position along an altitudinal
gradient and on a specific spatial-time scale. Subsequently, a vegetation floor can be characterized by
its floristic composition, its dynamics and its internal heterogeneity (Pliscoff and Luebert, 2006). The
macro-bioclimate regions used in this study were forests, scrubs, deserts, grasslands, and peat bogs (Fig.
2), which in turn, are constituted by other minor biomes.

RESULTS AND DISCUSSION
Current and Future Soil Water Resources

The annual precipitation in Chile ranged approximately between 0 - 7000 mm for the base period, its
annual average was close to 1000 mm and its standard deviation also ranged similarly between +1000
mm year-1. The actual evapotranspiration ranged between 0 — 677 mm year-1, it was averaged on 312.3
mm year-1 and its standard deviation was of + 212 mm/year. This given rise to average soil water
resources of 684.5 mm year-1. However and despite this water abundance, the spatial distribution of
water resources was not homogeneous in Chile and soil water availability varied throughout the country.
Southern regions showed greater water resources than northern or central regions. This last one, where
the population density is higher and economic activities have greater density, water resources are not as
high as in the humid areas of southern regions.

Despite their abundance, the water resources of Chile could be decreasing due to the variations in
the hydrometeorological processes caused by climate change, according to the IPCC (2018) forecasts.
The projections carried out by BCCCSM11 for the year 2050 with the RCP8.5 scenario, showed that
precipitation will reach an average of 949 mm year-1 (Fig. 3. A), which represents a reduction of 6.7%
in the rainfall regarding the base period and could suppose a decreasing of more than 43 km3 of water.
Similarly, actual evapotranspiration will reach values 6.7% greater than the ones of the base period, i.e.,
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Figure 2. Main biomes of Chile and their surface expressed in %, according to Pliscoff and Luebert (2006)
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its value will be 333 mm year-1 as an average for the whole of Chile (Fig. 3. B), which could suppose
an increasing of 8 km3 of water that will be returned to the atmosphere. Finally, the soil water resources
generated by the Chilean territory will reach an average of 619 mm year-1 (Fig. 3. C), which means they
could be reduced by 9.5% regarding the base period, and represents an annual decrease in soil water
resources of approximately 49 km3

Despite the possible effects of climate change, demand for water is increasing. For example, the
Direccidn General de Aguas of Chile is granting new water rights for aquifers exploitation in northern
regions, although water extraction is close to exceeding the natural recharge thresholds of the aquifers
(Hearne and Donoso, 2014). Also in northern regions, the water demand by mining companies is related
to an increase in copper prices (Rivera et al., 2016). Strategic sectors such as energy are also intensify-
ing the pressure on water resources, for example, hydroelectric companies sustain a growing demand
to supply industrial expansion (Larrain and Poo, 2010). Water demand by agriculture is growing, on
one hand, due to the population is also increasing and, on the other hand, because agricultural products
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Figure 3. Precipitation (A), Evapotranspiration (B), and soil water resources (C) in Chile, projected by
the BCCCSM11 global climate model for the year 2050 with the scenario RCP 8.5
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must compete in global markets (Rodell et al., 2018). Thus, both scarcity and competition for water
resources are increasing throughout the country and the spatial disparity in water resources distribution
is reflected in the increase of water conflicts (Larrain and Poo, 2010). The concentration of disputes is
located in the central and northern areas of Chile, where water resources are more variable and demand
is more intense (Rivera et al., 2016).

Variations of Soil Water Resources and Availability for the Biomes of Chile

The forecasts carried out by BCCCSM11 GCM for the year 2050 with the RCP8.5 scenario show that,
when these projections were compared with the base period, precipitations tend to decrease in central
Chile and in the southern regions, while they tend to be positive in the central-south and in high areas
of central Andes (Fig. 4 A). Oppositely, evapotranspiration processes tend to increase in central Chile
and in the south areas (Fig. 4 B). Consequently, the impact of climate change on Chile’s water resources
could be more negative in the south-central zone (Fig. 4 C), since the decrease of water resources was
greater in this zone. Only zones of southern Chile and very specific locations of the central Andes of
high-altitude would experience increases in their water reserves. The greatest decrease in water resources
will occur in territories in the central-south, where the decrease in soil water reserve could be greater
than 200 mm year.

According to projections, all biomes of Chile will tend to reduce their soil water resources except
desert biomes (Table 1), which means that 90% of the Chile surface will have to cope with much drier
environments than those existing currently. The greatest decline will be experienced by forests biomes,
since they will register an average decrease in precipitation around 56 mm year-1, an increase in evapo-
transpiration close to 40 mm year-1, so the soil water resources will reduce around 100 mm year-1.
Grasslands and steppes biomes will also reduce their soil water resources (Table 1) in a significant way,
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Figure 4. Changes in hydrological processes of Chile. calculated as the difference between the RCP8.5
scenario for the year 2050 and the base period (1970-2000). Map A shows differences in precipitation,
B in evapotranspiration, and C in soil water resources.
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with the consequent impact on biomass productivity and economic activities depending on livestock.
On the opposite side, deserts biomes will tend to be in a similar situation to the current one from the
hydrological standpoint, although it is expected its surface increases (Reynolds et al., 2007).

Table 1. Changes in hydrological processes of Chile. calculated as the difference between the RCP8.5
scenario for the year 2050 and the base period (1970-2000). The unit values are mm/year. Avg. = Aver-
age; SD = Standard deviation.

Precipitation Evapotranspiration Soil water reserve
Avg. SD Avg. SD Avg. SD
Desert 0.5 32 0.6 34 0.0 0.0
Forest -56.4 107.8 39.8 22.3 -96.2 110.7
Scrubs 2.0 40.1 7.1 22.0 -4.9 354
Grasslands -11.7 53.2 8.3 28.7 -19.9 38.1
Peatbogs 30.6 188.6 39.5 13.8 -8.9 187.7

The decrease of water resources in central Chile has the particularity of occurring between the most
populated urban areas, Santiago and Valparaiso. This implies a significant reduction in water resources
where there is a higher concentration of population and where the Mediterranean climate, characterized
by its unpredictable variability, is predominant. Studies such as those carried out by Lozano-Parra et al.
(2018c), assert that water is the main factor controlling biomass growth in water-limited environments
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and when water conditions become dry, biomass production could reduce up to 50%, compromising the
environmental and economic functions of ecosystems. Likewise, when long and intense soil moisture
deficits occur, sensible heat fluxes dominate over latent heat fluxes, which can lead to a warmer atmo-
sphere that inhibits convection cloud formation, creating a positive feedback loop (Lozano-Parra et al.,
2018b, Scheffer and Carpenter, 2003). This fact could directly affect extreme heat episodes on a local
scale, as already described by Fischer et al. (2007) in Europe. Therefore, it is necessary to continue
analyzing the ecohydrological processes in order to evaluate the possible impact of water deficits on
ecosystems (Seneviratne et al., 2010).

CONCLUSION

Chile is a very water-rich country with very high biodiversity, although its water resources are unequally
distributed in space and time. So far, Chile’s biomes have had water availability to its maintenance;
however, future variations give rise to a very unbalanced availability. The study of water resources
reveals that 90% of surface Chile will reduce its soil water resources in the future if gases greenhouses
concentration in the atmosphere does not stop. The most disadvantaged biomes are the forests, where
soil water availability could decrease an average of 100 mm/year. Desert biomes could not perceive the
hydrological imbalances, however, it is expected its surface increases. Deciphering the ecohydrological
mechanisms and processes that control ecosystems and determining their sensitivity to environmental
disturbances constitutes one of the most important challenges of ecohydrology, in order to understand
spaces and manage their resources.
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ABSTRACT

Costa Rica is recognized for its efforts in sustainable development. This study analyzes the challenges of
environmental sanitation to articulate environmental management in the Canton of Heredia. Currently,
the country faces significant challenges regarding access to water and environmental sanitation. This
research contributes to the analysis of the challenges of the environmental sanitation system in this terri-
tory. The testing techniques and photographic registration in the impact area, along with the interviews
with employees and professionals on the subject, and extensive bibliographic consultation support this
methodology. The study’s conclusions regarding the challenges of environmental sanitation are 1) le-
gal and institutional framework faced by the environmental sanitation project of the Publics Services
Company of Heredia (ESPH for its initials in Spanish), 2) strategy for the treatment of sanitary waters
in the canton, and 3) improvement in the quality of life of the Heredia’s citizens.

INTRODUCTION

The Sustainable Development Goals report mentions that the “proportion of the world’s population using
safely managed drinking water services increased from 61% in 2000 to 71% in 2017 (United Nations,
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2020, p. 36). However, 4.2 billion people report not having water, despite the increase in the number of
people who use the drinking water service was 17% in the same period (United Nations, 2020).

Regarding renewable internal freshwater resources, Costa Rica registers a decrease in 2017 of 56,008
cubic meters per capita in a period of 55 years, which represents 1,018 m* per person per year (World
Bank, 2021). For its part, the distribution of the annual extraction of freshwater for industrial use has
increased by 3.83% from 2012 to 2017. Regarding domestic use, it decreases 4.37% in the same period,
and for agricultural use, it barely grew 0.55% in that period—quinquennium (World Bank, 2021).

Since the last decades of the 20™ century, starting with the decline in coffee activity in the 1980s, the
Metropolitan Area of Heredia’s urban expansion, where the canton of Heredia is located, in Costa Rica,
has shown a substantial transformation in land use. In particular, the change from coffee use to residential
and commercial use linked to the production processes that have boosted the Greater Metropolitan Area’s
economy. The accelerated conurbation process experienced exceeds the territory’s capacity to absorb
environmental repercussions sustainably. Hence, this urbanization generates negative externalities, such
as insufficient planning of environmental sanitation.

Durén (2020) affirms that: from the declaration of Pandemic in the country, the right to drinking
water stipulated in article 50 of the Political Constitution of the Republic is ratified, which contributes
to the health of citizens. On the contrary, the economic instrument of collection for the discharges has
not reached the goal of reducing and supervising the amounts collected:

“from those who use the environmental service of the bodies of water, well of public domain, for trans-
portation, and elimination of liquid waste originated in punctual dumping, which can generate harmful
effects on the water resource, related ecosystems, human health and activities productive” (Astorga,

s.f.p. 7).

This makes it clear that the lack of planning and the “who polluter pays” approach opens up spaces
to increase discharge to the detriment of water resources.

In CostaRica, like other Latin American countries, real estate capital has exacerbated real estate specu-
lation and the construction of residential and commercial complexes without anticipating infrastructure
and service needs (Janoschka, 2002). More specifically, sanitation infrastructure is not integrated into
cities’ territorial organization, hence the deficiencies in environmental sanitation planning. Until 2012,
the country lacked a regulatory framework for land use planning, and currently, the canton of Heredia
does not have a regulatory plan. However, some progress has been made regarding the hydrogeologi-
cal map’s approval, the land use map, and the environmental variable is 80% advanced (Soto, Personal
communication, 2020). These efforts affect the environmental policy that began in 2019.

In 2011 Heredia had a total population of 123 616, whose percentage of urban population is 99.70,
with a density of 437.4 / km?2 and 7.4% over 65 years (INEC, 2011) incremental trend to 2025 for a total
of 149 930 people. Regarding the population over 65 years of age, a rise is observed, with an average of
11.06% by 2025 (INEC, 2011-2050) (Figure 1).
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Figure 1. CostaRica, Canton of Heredia - Projection of the total population aged 65 and over (2022-2025)
Source: Developed based on the national projections of the INEC 2011-2050.

over (2022-2025)

Regarding the human development index, the canton of Heredia is in the very high category, in po-
sition ten, with 0.88 preceding the canton of Belén (0.90), with place four at the national level in 2018
(PNUD, 2000). The Human Development index trajectory oscillates between 0.86 and 0.88 at the most
in the period from 2010 to 2018 (figure 2)

Figure 2. Costa Rica, Canton of Heredia - Human Development Index (2010-2018)
Source: Cantonal Human Development Atlas (PNUD, 2000).
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This study aims to analyze environmental sanitation challenges to articulate environmental manage-
ment in the canton of Heredia. Hence the question is: What is environmental sanitation? According to
Morel, Schertenleib, and Zurbruegg (2003), conventional approaches to environmental sanitation have
failed to improve problems in sanitation services in developing countries, understood as access, distri-
bution, and drainage of water for human consumption, residual and pluvial. From this perspective, the
groups with the greatest social exclusion are disadvantaged since equity and access are not guaranteed.

Therefore, in the traditional conception of environmental sanitation, the people who inhabit human
settlements are users of the services of the different operators or providers of the water service managed
by public administrators mediated by market conditions. Although such suppliers are responsible for
the supply, health and environmental aspects intervene in the distribution that generates conflicts over
water (Chamizo, 2011, 2006). These objectives do not necessarily meet the expectations and needs of
sustainable local development and probably end up leaving the needs of the inhabitants unsatisfied.

Thus, the notion of environmental sanitation refers us to populations’ ability to give back to nature
the precious liquid through the water sanitation system used by people, companies, and institutions
established in a specific territory. The management of environmental sanitation occurs and involves
elements of material, ideological, and subjective order established following the social actors’ norms.

On and other hand, the possibility of controlling river pollution lies in the political, economic, and
social capacity established in the territory. These capacities must enhance the well-being of the inhabit-
ants. Chamizo (2010, 2011) proposes a conceptual change on environmental sanitation committed to
sustainable development and human needs satisfaction. Likewise, it points out that it is not enough to
conceptualize environmental sanitation from the sewage cleaning service perception. On the contrary, it
argues that satisfying the basic needs of the population should be incorporated, where living conditions
are considered that ensure the right of people to integrated and sustainable development management
nurtured by the principles of equity, sustainability, and efficiency.

The lack of an environmental sanitation plan induces untreated water dumping practices, which causes
health problems for people (Murillo, 2017). For this reason, it is worthwhile to develop and carry out a
sanitation system, both in urban and rural areas. To this definition Chamizo (2010) adds the importance
of a local sanitation strategy integrated by institutions, companies, residents, community organizations,
and local governments. All this to conceive a model of public management articulated to the develop-
ment style of the countries.

Since the end of the 20th century, economic, social, environmental, cultural, and technological trans-
formations have compromised Latin American countries’ development styles. In this direction, Costa
Rica has adopted the National Climate Change Strategy through the joint action of the different sectors
and actors, whose goal is to achieve carbon neutrality by 2021, the Central American bicentennial year.
Although in the current conditions, the goal will not be reached, the canton of Heredia published its
public policy on climate change in 2019, which constitutes “(...) a pioneering action at the national
level and seeks to address and reduce the causes of climate damage that are generated in the canton”
(CINPE, 2019, p. 2). This policy has some technical tools that allow it to be carried out, such as the
National Standard for the Declaration of Carbon-Neutrality, Institutional Environmental Management
Plans, and Ecological Blue Flag Programs.

According to the International Center for Economic Policy for Sustainable Development CINPE
(2019), the strategic pillars of this policy are: 1) management for the management and conservation
of ecosystems and environmental services, 2) growth management and habitat improvement urban, 3)
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management of growth and improvement of rural habitat and 4) management and promotion of low-
carbon infrastructure.

The first pillar includes five subtopics. Namely, 1) Water, made up of coverage and efficiency in the
water supply service and availability of water resources; 2) Sanitation and drainage, covers the issue of
sanitation, wastewater treatment and effectiveness of drainage; 3) Solid waste management, includes
the coverage of solid waste collection, disposal and adequate treatment in solid waste management and
incentives and fines; 4) Air quality, includes regulations on air quality and pollution control that reviews
and controls potential sources of emissions and 5) Ecosystems, considers the conservation and sustain-
able use of ecosystems and coordination for the development of urban arboriculture as subtopics. This
document will focus on the subtopics of water and sanitation, and drainage.

MATERIALS AND METHODS

The methodology is based on testing techniques and photographic registration in the impact zone, inter-
views with officials and experts on the subject, and, finally, an extensive bibliographic consultation. The
systematization and analysis of the information are carried out based on the strategic pillar of the climate
change policy: 1) management for the management and conservation of ecosystems and environmental
services (CINPE, 2019), including the issue of sanitation and drainage. The analysis method starts from
the description and comparison of core aspects: a) Infrastructure: public sewerage and wastewater treat-
ment; b) Economic activity and building conditions c) Quality of life of the population.

The relational analysis shows that the sanitation and drainage of wastewater form a cycle of the per-
manent impact that intervenes in economic activity areas, infrastructure, building conditions, and the
quality of life. Each of these spheres has its characteristics and values focused on the content of public
policies and reflected in the competent institutions’ work and the different community actors’ actions. For
example, the quality of life is conditioned by the families’ level of income and the territorial conditions
of where they reside. Regarding the economic activity and state of the infrastructure, the determined
geographical area is taken up and the size and productive activity to which the business conglomerates
are engaged in the canton of Heredia. Regarding infrastructure, it refers to the public health system and
its relationship with the inhabitants and construction companies. The type of situations that generate
damages to the public service and the forms of approach exercised by the institutions present are identi-
fied in the zone.

In order to carry out the photographic portfolios and record evidence, tours were carried out in
different areas of the canton and its villages during April and May 2020. These tours were conducted
at different times of the day and night, during weekends and weekdays. Some sites were visited more
than twice to make comparisons in the residences, in the pipes, the facades of the residences, and the
observation of flows on days with and without rain. The recording of the videos and photographs are
ordered in the fieldwork reports. After that, they are used in the professional team’s analysis sessions,
resulting in an objective vision of the environmental sanitation problem in the study area. The criteria
and findings obtained in the field trips contrast with the criteria of the municipal staff, thus subtracting
the subjectivity in the analyses.
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RESULTS

The definition of the term environmental sanitation is crucial to determine the technical and social scope
contained in all the actions carried out by the ESPH and the Municipality of Heredia (MH). In this regard,
the MH conceives environmental sanitation as an action that seeks to contribute to the improvement of
the Human Development Index (HDI) of the residents of the canton (R. Araya, personal communication,
October 20, 2020), which suggests that the possibility of optimizing environmental sanitation lies in a
political, economic and social capacity.

In short, environmental sanitation must be established in a way that ranges from the areas with the
greatest social exclusion to those that generate the most wealth. The treatment of wastewater must express
socio-territorial equity for reasons of sanitary security. Also, through the sanitation system, the strategic
lines of any cantonal and regional development plan should be established, contributing to the coopera-
tion intentions for the conservation of hydrographic basins and omitting the political-administrative
limits of the cantons and districts.

On the other hand, the treatment of wastewater establishes the highest standards of operational and
functional efficiency of the people in charge of the design and operation works, in order to accurately
measure the impacts of urban growth and especially of the that produce a greater amount of waste, both
liquid and solid. All this supposes the prevention of the problems linked to the saturation of the current
system. In this sense, it is necessary for wastewater engineering to play a central role in planning urban
areas in the metropolitan area of Heredia. In addition to acting as a facilitator of the opening processes for
the regional design of any development plan and cantonal regulator, considering as a priority the vision
of the hydrographic basin. This is how all municipal efforts, in terms of development, also incorporate
social principles and values.

Legal Framework and Institutional Competence

ESPH and MH are partners in the leadership in environmental sanitation in the canton. The former is in
charge of public projects’ entire technical and operational area, such as wastewater treatment plants. The
second institution is in charge of arranging the land to construct treatment plants and public sewerage for
rainwater. In Costa Rica, the Costa Rican Institute of Aqueducts and Sewerage (ICAA) is the governing
body of the system for the collection and evacuation of sewage and liquid industrial waste, the storm
sewer system in urban areas, the modification or construction of sewerage works, and promoting the
conservation of hydrographic basins through ecological protection and pollution control for the entire
national territory stipulated in Articles 1 and 2 of Law No. 5915 (Asamblea Legislativa, 1976).

In practice, the sustainability of the national wastewater treatment system is made up of autonomous
institutions, companies, and municipalities in charge of construction projects for aqueduct and sewer
works (Table 1) - which must assume the commitment of conservation of the hydrographic basins, di-
rected by the ICAA mentioned in article 2 of Law No. 5915 (Asamblea Legislativa, 1976).

The treatment of wastewater is part of the national Carbon-Neutrality 2021 policy, which began in
2007 with former President Oscar Arias Sénchez. In 2004, Executive Decree No. 32133-S was issued
declaring the collection, treatment, and final disposal of ordinary wastewater generated in urban centers
of “public interest and social need” (CIECO, 2015).
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Table 1. Qualified entities in environmental sanitation in the Central Canton, Heredia - Costa Rica

Entities Function

The governing body at the national level. Every project must
be endorsed by it, in charge of the national water treatment and
sanitation system. Manages the national wastewater and excreta
system.

Instituto Costarricense de Acueductos y Alcantarillado (ICAA)

In charge of drinking water treatment projects. It supplies 73,000
Empresa de Servicios Piiblicos de Heredia (ESPH) subscribers, of which 32% have sanitary sewer service, and only
7% have wastewater treatment (ESPH, 2020, p.1).

Responsible for the design, construction, and operation of
Private companies in free zones, commercial, industrial, wastewater treatment plants in private areas. The citizen has civil
residential, condominiums, among others. liability for any damage and pressure caused to the public service
network, including the impact on the roads.

L . In charge of the construction and maintenance of the storm sewer
Municipality of Heredia (MH) &

network in the canton.

Source: Prepared based on: Asamblea Legislativa, 1976; ESPH, 2020, p.1; Interviews with neighbors and professionals.

The canton of Heredia is located in the Virilla River basin, one of the main tributaries of the Tar-
coles River. According to the Environmental Analysis Laboratory of the National University in 2010,
this river presented moderate to severe pollution levels in 60% of the waters (Semanario Universidad,
2017). The discontent on the part of the residents of the cantons where the Tércoles River empties led
to the filing of an appeal for protection, known as Voto Garabito. Thus “resolution No. 2007-05894 of
the Constitutional Chamber orders the heads of MINAE, A and A, CCSS, Ministry of Health, Minister
of the Presidency and the 34 municipalities of the Central Valley, to adopt the necessary actions to
eliminate in a way integrates the sources of contamination that exist along the Grande de Tarcoles river
basin, and the necessary measures are taken for which they must carry out the coordination that the case
warrants "(MINAE, 2020, p. 19).

This action led to the Comprehensive Management Commission of the Rio Grande de Tarcoles Basin
through Decree No. 38071-MINAE, “to generate a managing body in coordination, planning, protection,
and rehabilitation. Through the collaborative design and construction of viable technical solutions that
promote sustainable development, the quality of life of the population, the protection of natural resources,
and the biodiversity of the territories included in the said basin” (Gaceta, 2014, p.4).

Strategy for Sanitary Treatment
Critical Aspects

The strategy arises from the need to address communication problems between the competent entities
and the lack of a broad healthcare network that meets the demands of residential real estate growth,
shopping centers, and industrial conglomerates, all with defined growth characteristics. The construction
system’s aggravating factor lies in the type of housing construction, characterized mainly by the type of
horizontal construction with a septic tank. Few residential areas have a water treatment plant, such as
the La Aurora residential complex case.

On the other hand, those of fuel service stations are a very mild case since. However, their opera-
tion depends on fulfilling the requirements of institutions such as the Fire Department, the National
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Technical Secretariat for the Environment (SETENA), the College of Engineers, among others. Some
incidents have occurred due to fuel spills, such as the Servicentro Total station (Angulo, 2007). This type
of risk increases in urbanizations with high population density, given the probability of occurrence and
associated with the lack of training (Hernindez, 2016). Besides, the frequency with which institutional
controls are carried out for monitoring, as found in interviews with officials and residents of the affected
communities in the Central Canton of Heredia.

Parallel to this, the construction of homes in high areas has increased, putting pressure on the capacity
of the sewerage system of the Central canton of Heredia. Such is the case of the districts of San Josecito
in the canton of San Rafael, where it is common to observe the discharges of sewage run through the
cords of the pipe and evacuate to the Central canton of Heredia. This shows the constant challenge of
coordination between the neighboring municipalities since each municipality’s priorities limit the com-
prehensive care of the water treatment system and the lack of controls in the supervision of the activities
carried out by each resident. In the canton tours, it is observed that the absence of environmental and
social commitment puts pressure on the affectation of public infrastructure.

Frequently houses with more than 30 years of building that still drain the rainwater in the cord of the
pipe or its effect on the sewage system are observed. In the first case, people break the sidewalks and
pipes to ensure that the rainwater from their homes reaches the municipal sewer system. In some cases,
it was observed that the waters for washing clothes and food are connected to the rainwater system.

The lack of adequate infrastructure means that the discharges of soapy water and food waste, along
with rainwater, are deposited directly into water bodies. In the second case, the sidewalks and sewers
are damaged to connect the pluvial and soapy water pipes to the sewer system located on the highway.
They often break the asphalt to build the pipes; damage to public property is assumed mainly by the
municipality. These damages shorten the roads’ useful life in such a way that budgets and maintenance
plans for public roads are altered. The forecasts of road damage, for this reason, are almost unpredict-
able since they depend not only on the construction time of the house but also on the material used and
the maintenance given to it.

The observation in the field coincides with the information generated in the Executive Summary of
the Heredia Environmental Sanitation Project (ESPH, 2020), where it points out the problems of antig-
uity and poor condition of the sanitary network, as well as the absence of pipes, wear, deformation and
blockages coupled with illicit connections to the sanitary network. Thus, for example, the Wastewater
Treatment Plants (WWTP) of the City of Heredia was built in 1943 and is currently out of operation
(CIECO, 2015, p.14).

On the contrary, in residential and recent commercial and industrial buildings, this type of damage to
public service facilities does not occur, according to what is extracted from the field reports, except the
fuel service stations that have already presented problems in terms of accident risks as a result of the op-
eration. It is worth highlighting the planning and land use planning efforts carried out in the municipality.

The cornerstone of the Heredia Environmental Sanitation Project corresponds to ESPH as part of
its social and environmental responsibility policies that include “studies, design, financing, execution,
operation, and maintenance of the works required for the collection, treatment and disposal end of
ordinary wastewater generated in some of the urban centers of the province of Heredia” (ESPH, 2020,
p-2). Likewise, through Executive Decree DM-FP-4385-2015, a Project of Public and National Interest
is declared.
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In summary, the damages caused in a canton irremediably impact the neighboring cantons, since water
pollution takes the course that the basin marks, in other words, the treated waters or are not discharged
return to the river basin Tércoles.

Local Government Policy

The canton has five districts irrigated by the Virilla river that are part of the Grande de Tarcoles river
basin, contributing most of the water discharge to this (37%), concerning the rest of the cantons of the
province (El Gaucho Periddico, 2017). According to ESPH (2020), 70% of homes use a septic tank with
inadequate construction and maintenance, which causes pollution and wastewater problems (p.1). This
makes it necessary to design a comprehensive environmental sanitation policy. For this, it requires the
participation of the different social sectors, both public and private, whose participation is defined both
by laws, regulations, policies; as well as for the “infrastructure, people and goods related to the provision
of drinking water and sanitation services” (ICAA, 2002, p. 86).

Three entities related to environmental sanitation were found in the Canton: ICAA, ESPH, and the
Municipality defined as the Environmental Sanitation Sector (SSA), which deals with wastewater man-
agement. In the Canton, the ICAA is in charge of sewage and the MH of rainwater. For its part, ESPH
directs the environmental sanitation project with the construction of a wastewater treatment plant as
part of its Corporate Social Responsibility (CSR) policy and in compliance with Executive Decree (DE)
No. 32133 (ESPH, Sanitation Project, 2020). 85% sanitary sewer coverage is expected, covering the
cantons of Heredia, San Rafael, San Isidro, and in the Canton of Barva, the district of Santa Lucia, thus
expanding the six water treatment systems in Heredia (ESPH, 2020).

Life Quality Standard’s

Costa Rica presents a very high Human Development Index (HDI), for 2019, it is located in position 62
of 0.810 and concerning the rest of the planet’s countries (Eustat, 2020). The behavior of the HDI has
been increasing since 1990 (0.656) (Expansion, 2020). For its part, Heredia presents an HDI in 2018 of
0.878, and the lowest was in 2016 with 0.857 (PNUD, 2020) (Figure 3).

According to the Cantonal Human Development Atlas of Costa Rica, in 2018, the life expectancy
index (IEV) is 0.939, the material well-being index (IBM) is 0.900, the knowledge index (CI) is 0.801,
which positions the canton in 10" place in the HDI at the national level, as mentioned above.

Another essential aspect to consider is the Gender Development Index (GDI), which corresponds to
1,021, located in the high category (Figure 4), which indicates that work has been done to achieve these
levels of development.

Economic Dynamics

Heredia is part of the provinces where employment is generated in small and medium-sized companies.
“In total terms for the year 2017 the provinces where the greatest employment is generated are: San
José (49.4%), Alajuela (14.3%) and Heredia (13.5%), which concentrate 77.2% of the country’s labor
force” (Arce, 2019, p. 6).

The presence of small and medium-sized companies (SMEs) from Heredia has had a behavior with a
slight growth trend; however, for the period from 2013 to 2015, it stagnated (Figure 5) (Arce, 2019, p. 20).

109

printed on 2/8/2023 1:43 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



Environmental Sanitation in Heredia

Figure 3. Trend of the Human Development Index (HDI) in the Canton of Heredia (2010-2018)
Source: Costa Rica Cantonal Human Development Atlas (PNUD, 2020).

Figure 4. Trend of the Gender Development Index (GDI) in the Canton of Heredia (2010-2018)
Source: Costa Rica Cantonal Human Development Atlas (PNUD, 2020).
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Figure 5. Percentage growth of small and medium enterprises, Heredia (2012-2017)
Source: Adapted from Arce Brenes (2019, p. 20).

2012 2013 2014 2015 2016 2017

DISCUSSION

The methodology for the analysis of the environmental sanitation issue promoted by CINPE (2019) men-
tions that the concatenation between infrastructure, economic activity, and the conditions of buildings,
as well as the quality of life of the population, are crucial for the proper management of the System of
Environmental Sanitation (SES).

The SES’s challenge lies in the buildings that use excreta and sewage treatment systems through
septic tanks, given the abrupt increase in residential, commercial, and industrial areas. Water sanitation
is complicated since the discharges from the residences drain into the bodies of water. The lack of infra-
structure for the sanitation of wastewater significantly damages the rivers that run through the canton.

The EPSH and MH environmental sanitation projects have demonstrated the capacity for joint coor-
dination and planning to address the issue. However, it is essential to think of a comprehensive plan that
involves a hydrographic basin concept - it is essential that there is political and social will to achieve it.
It requires a change in the design of cantonal policies focused on the environment, in which the basin
becomes the crucial element in the planning and management of water resources.

Public participation is the key so that the efforts made in environmental sanitation have a definitive
impact on the hydrographic basins. The impact generated by the private company established in the
territory cannot be ignored. Both actors intervene in the management of hydrographic basins and can
build a protection system. However, it has been detected that companies (despite promoting corporate
responsibility activities) require monitoring and control to comply with the Ministry of Health’s sanita-
tion laws and the Municipality. This monitoring must also occur through the control exercised by the
various social sectors that inhabit the territory. The above is part of the chain of monitoring networks in
the management of hydrographic basins.

Watersheds are impacted by deficient sanitation services, the absence of an environmental sanitation
system, and the economic limitations of facing the problem. These elements cause the Téarcoles River
basin to have high levels of pollutants, and these waters reach the Gulf of Nicoya, whose environmental,
social, and economic impact is essential. In the evidence collected, solid waste banks are detected on
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the beach in Costa de P4jaros. Another challenge is the coordination between the municipalities and
institutions of the basin.

CONCLUSION

The research highlights three significant challenges for establishing the environmental sanitation system
in the Canton of Heredia. The legal and institutional framework faced by the Environmental Sanitation
Project of the ESPH represents a significant challenge; since the governing body is the ICAA, it lacks
resources to face the needs of the construction of the water treatment plant that promotes the municipal-
ity and ESPH.

This limitation directly affects the inhabitants’ quality of life and the deterioration of the basin and
its ecosystems. Likewise, the little interference on the municipality’s part to control the proper function-
ing of private treatment plants located in residential areas, condominiums, and business parks feeds the
risk of contamination of water bodies in the canton - in addition to the lack of regulatory and cantonal
development plans.

The most significant challenge to solve sanitary water treatment is the coordination between the dif-
ferent social sectors. One of the pending tasks is the synchronization of the various national institutions’
activities with influence in the territory. Regarding the problems in the programming and coordination of
activities, the institutional control gap to reduce pollution in rivers stands out. According to the interviews
results, the ESPH project, although it is of public and national interest, faces difficulties in coordinating
with municipalities and other institutions. Some municipalities have even presented obstacles to progress.
Although the National Wastewater Sanitation Policy, published in 2017, does not include the Heredia
Environmental Sanitation Project developed by ESPH (Personal communication, October 2020).

Also, the lack of a hydrographic basin vision hinders the decontamination of water bodies by institu-
tions and local governments and, even more, the deterioration or lack of infrastructure to treat sanitary
waters. Parallel to this, the disrespect for health regulations by the inhabitants of the neighboring cantons.

Companies’ existence in the territory has undoubtedly contributed to the increase in the development
index, as has an investment in urban infrastructure; not so, the Canton’s environmental sanitation system.
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ABSTRACT

Nigeria is one of the world’s most vulnerable countries to extreme weather conditions and natural di-
sasters linked to climate change, the impacts of which are exacerbated by rapid population growth, a
fragile economy, high dependence on rain-fed agribusiness, and the country’s weak adaptive capacity.
The lack of or poor application of environmental communication in a strategic approach is critical to
all of these. Using a thematic conceptual review of existing literature, this chapter shows that strategic
environmental communication can be applied more easily to mitigate the impacts of climate change and
environmental degradation throughthe use of well-established communication strategies and instruments
to save the environment for socio-economic development.
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INTRODUCTION

The Centre for Democracy and Development (CDD) reported that the Intergovernmental Panel on
Climate in October 2018 warned policymakers of the global need for change to reduce greenhouse gas
emissions by 45% before 2030 to limit global warming to 1.5°C. Although an increase above 1.5°C is
the point at which the effects of global warming are expected to become more severe and more difficult
and costly to mitigate, catastrophic natural disasters such as record high temperatures, severe wildfires,
melting glaciers, floods and droughts are already being experienced in the world (CDD, 2020 September
30 cited in Abdullah, 2020 October 3).

Despite Nigeria’s low contribution to greenhouse gas emissions and global warming, it is one of the
world’s most vulnerable countries to extreme weather and climate-change-related natural disasters. The
effects of rapid population growth, a fragile economy, a high level of dependence on rain-fed agricultural
businesses and a weak adaptive capacity of the country are exacerbated. Socio-economic pressures are
linked to non-seasonal and high temperatures, precipitation, severe floods, and desertification to further
degrade the agribusiness environment which consequently affects livelihoods, economic opportunities
and increase competition for natural and environmental resources; these, in turn, amplify social tension
and a vicious cycle of conflict in different parts of the country (Abdullah, 2020 October 3; Fontaine,
Roucou, Gaetani, & Marteau, 2020).

Northern Nigerian rural livestock business has a tradition of migration through fertile grasslands and
savannahs by mostly Fulani cattle herders. However, with increasingly violent conflicts between pastoral-
ists and farming communities, this movement of people and livestock business has taken a deadly turn in
the past decade. Much has been written about the violence inflicted on the Central Belt, Middle Belt or
North-Central farming communities and herders, but not much has been written about the North-West
situation (Aude, 2013; Nwankwo, Arduino, Ali & Made, 2020).

The International Crisis Group (ICG) says that “conflict between Hausa farmers and Fulani herders
in the region has killed at least 8,000 people since 2011 and displaced more than 200,000 to the neigh-
boring Republic of Niger.” The Federal Ministry of Environment was reported to have said that deserti-
fication, exacerbated by the dual impact of climate change and unsustainable human activities such as
overgrazing and logging for fuel and agriculture, threatens 35% of the country’s business environment
in 11 states that are on the front line of desertification or (see Figure 1), namely Bauchi, Borno, Gombe,
Jigawa Kano, Kebbi, Kaduna, Sokoto, Yobe, Adamawa and Zamfara (CDD, 2020 September 30; ICG,
2020 May 18; World Bank, 2019).

Poor governance and an overburdened justice system also led to violence with the contributing ef-
fects of migration and conflict on dwindling resources. The region is littered with small, undocumented
weapons that are used not only by criminals, but also by various militias and vigilante groups operating
in an environment where law enforcement is weak or non-existent. There are regular crimes such as
kidnappings, looting, rape and arson; and so, do revenge killings. For example, on 6 June 2020, farmers
cultivating their farmland were allegedly attacked by a group of allied nomadic herders on motorbikes
in Yar Gamji Village, Batsari Local Government Area, Katsina State. The accident killed at least 30
people. The efforts for peace have been undermined by these violent crimes. However, due to a lack of
“alternative livelihood opportunities for young herders and farmers due to educational deficits and the
increasing impact of climate change,” violent clashes also persist (CDD, 2020 September 30, p. 13). In
the Lake Chad region, climate change, poverty and conflict are intertwined (Abdullah, October 3, 2020).
Although Borno State, the epicentre of the decade-long Boko Haram insurgency, has been excluded
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Figure 1. Map of Nigeria showing the climatic zones, with the desertification frontline zone, in brown

colours, lying in the Northern half of the map bordering Abuja
Source: Shiru, Shahid, Chung and Alias (2018, p. 3)
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from the 2019 poverty and living standards report of the National Bureau of Statistics due to security
concerns that have rendered data collection useless, Adamawa and Yobe states are ranked in the report
among the poorest states. The region also bears the brunt of high temperatures that affect agriculture
and erratic rainfall.

The local economy has also been negatively influenced by desertification and the historical decline
of Lake Chad and the wetlands. Although the lake itself has grown to 1,400 square kilometres over the
past two decades and is still relatively stable in the southern pool, when it shrank from 25,000 square
kilometres to a mere 2,000, it is still recovering from a severe drought in the 1970s and 1980s. Enhance-
ment of economic vulnerability. These communities will make young people more likely to be recruited
from the Islamic State in West Africa into Boko Haram and its splinter group (Oepen & Hamacher, 2000;
Pham-Duc, Sylvestre, Papa, Frappart, Bouchez & Crétaux, 2020).

Providing sustainable development has proven difficult. After the Rio Summit in 1992, the early days
of environmental communication and education were a series of ambitious expectations, misconcep-
tions, and ineffectiveness. Neither conservationists, resource managers, nor sustainable development
planners have been well versed in issues of a social, cultural, or political nature that are not technical.
As GTZ puts it (2006). Reactive “fire-brigade” operations were often the rule, not pro-active process
orientation up-front once problems emerged. Instead of relying on two-way communication to “shared
meaning” and “win-win” situations, conflicts of interest were fought by “stakeholders”, not negotiated
by “shareholders”, leading to one-way dissemination of information disregarding understanding (p. 18).
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In addition, many decision-makers have not understood how to incorporate communication strategy into
their policies or project life cycles, so they are not willing to invest in it. The result was, therefore that the
lack of strategic communication resulted in a significant loss of efficiency, sustainability, and financial
resources. Unfortunately, conventional, poorly defined approaches to communication in sustainable de-
velopment (see Table 1) are alive and well but are being gradually replaced by more efficient strategic
approaches to communication (Oepen & Hamacher, 2000, also, cited in GTZ, 2006, p. 19).

Table 1. Communication approach in sustainable development

Traditional Communication Approach Strategic Communication Approach
@ Managers focus on media and messages, and come up with @ Managers analyse the wider system and plan desired outcomes
exciting ideas that capture the imagination strategically
@ Focus on convincing people individually while their social @ Interventions focus on goals, audiences and messages determine
sphere is not analysed media

@ Communication is an end-of-pipe activity,

. . Communication is fully integrated in a project from the start
isolated from the rest of a project g v niee Pro)

@ Content and message are secondary and cannot answer “why” | @ Target audiences are involved in planning, interventions are based

or “what” questions on their values, i.e. their “why” or “what”

Strategic communication means that a manager can see a problem in a broader context than for
example, a tree planting campaign or the conservation of nature. For example, this approach often re-
quires a paradigm shift in one’s perception and analysis, shifting from the enforcement of conservation
regulations to a more people-oriented perspective, such as relationship management. In other cases,
an innovation such as crisis management, customer orientation and so on can be a paradigm shift.
External consultants can play a role in capacity improvement through advice, coaching and training if
maintenance managers lack the knowledge and skills needed for strategic communication. Their sup-
port is often essential for success and sustainability in the long term. Communicating with stakeholders
and opinion leaders who may act as change agents by interacting with their audiences is also helpful.
Agents of change are individuals within a social group who have an extensive network. They are often
already engaged in the kind of sustainable practise that would like to be launched on a larger scale by
communication intervention. Others value the views of agents of change so that they act as knowledge
and power mediators (Oepen & Hamacher, 2000).

BACKGROUND

The Nigerian Federal Government has announced plans to build a climate-friendly future and has
committed Nigeria to fulfilling its nationally determined contributions to reducing national emissions
under the Paris Agreement. President Muhammadu Buhari made the public aware of this in September
2019. The plan further indicates that the development of a green wall protection belt, the introduction
of climate-smart agribusinesses and a commitment to the ecological restoration of Lake Chad are key
aspects of the resilient future plan of the country (Pham-Duc et al., 2020; Vivekananda, Wall, Nagarajan,
Sylvestre & Brown, 2019 May 15). The so-called green wall, 1500 km from Arewa Dandy LGA, Kebbi
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State to Abadam LGA, Borno State, is intended to restore degraded agribusiness lands, improve the
availability of business environmental resources, and contribute to and store the carbon of the country.
Conditions that enhance opportunities for agribusiness and livelihoods can go a long way in addressing
the continuing violence between nomadic pastoralists and farming communities. This was also part of
the concept behind the unveiling, in June 2019, of plans to create rural grazing areas (RUGA) by the
Federal Ministry of Agriculture and Rural Development (CDD, 2020 September 30, p. 13; Abdullah,
2020 October 3) to boost agribusiness.

The Miyetti Allah Cattle Breeders Association of Nigeria, which is the most organized and influ-
ential herder advocacy group in the country, has endorsed a plan to settle pastoralists and their flocks
in an organized environment with appropriate basic amenities in an effort to do away with the negative
impacts of climate change on the environment. In the long run, the settlements are expected to provide
schools, veterinary clinics, small ruminant feed factories, water points, grazing lands, and production
entities that will process and add value to by-products. Despite the suspension of the RUGA plan by
the Federal Government in July 2019, two states (Niger and Zamfara) have pioneered their own plans
for RUGA after resistance from many states and a public backlash over fears that its real motive was a
land grab by influential politicians in favor of the Fulani ethnic group (ICG, 2020 May 18). The Niger
State Government has allocated approximately 30 thousand hectares of land in the Bobi Grazing Re-
serve to this effect, while the State Government in Zamfara State has chosen Maradun LGA to invest
in the settlement of RUGA as part of its soft approach to ending violence. However, it is too early to
determine whether there is any noticeable impact of this approach (CDD, 2020 September 30, p. 13;
Abdullah, 2020 October 3).

For farmers, access to timely weather information will improve crop production under the pressure of
unforeseen weather conditions and is part of the government’s efforts to introduce climate-smart farming
practises. Diversification of crops, including the use of more drought-resistant crops and the redesign of
agricultural land in order to increase productivity and protect soils in the face of increasingly frequent
and severe droughts, is also supported. In North-East Nigeria, in partnership with the Federal Govern-
ment, the United Nations Food and Agriculture Organization (UNFAO) is promoting the adoption of
climate-smart farming techniques in the conflict-affected states of Adamawa, Borno and Yobe to make
the livelihoods of farmers more sustainable in the face of climate change. In order to improve access to
modern agricultural innovations, however, greater investments from the private sector and government
are required (Allen, 2016; Heide, von Platen, Simons son & Alzheimer, 2018).

Meanwhile, it is expected that an ambitious inter-basin water transfer proposal to direct water from
the Ubangi river in the Democratic Republic of Congo to the Chari river system feeding Lake Chad, i.e.,
the Lake Chad Replenishment Project, will protect against some climate change impacts. This in turn, is
expected to keep local industries thriving and address some of the regional conflict’s wider social and
economic factors. However, contrary to recent hydrological findings that indicated that the lake is not
actually shrinking, the replenishment project has been shown to run (Pham-Duc et al., 2020, n.p.). It
also fails to concentrate sufficiently on addressing decades of problems of mismanagement and access
to resources around the source of water (Not Haft, 2016).

Overall, the negative impacts of climate change, environmental degradation, weak governance, and
poor communication are likely to continue to increase the risk of conflicts while exacerbating the cur-
rent conflicts. An important means to solve this problem of climate change and ensuing resource-based
conflicts is that strategic communication techniques if effectively harnessed can be employed to achieve
“more sustainable and climate-sensitive environmental development and management” as well as the
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preservation of the limited natural resources, which are the drivers of the various conflicts and most
of the conflicts effectively managed (Abdullah, 3 October 2020, n.p.). This forms the objective of this
review of literature. This chapter will argue that the use of strategic communication techniques to achieve
more sustainable and climate-sensitive environmental development and management will provide fertile
ground for building peace and security in society.

REVIEW OF LITERATURE
The Theory of Communication

The term communication theory was defined by scholars such as Littlejohn (1983) and Glare (1968),
cited in Ruler (2018), as the body of theories that constitute our understanding of the communication
process. Theories represent different ways in which observers see their environment, and every theory is
partial, as Littlejohn claims (1983, p. 12), because theories are abstractions (Ruler, 2018). Each theory
delineates a way of looking and therefore only in terms of how well it is constructed can its true value
be measured. This is the reason why there is a great deal of disagreement about what constitutes an
appropriate communication theory. To paraphrase Laswell (1948), the search for who does what in a
communication process and with what consequences is the fundamental question of every communica-
tion theory, although it could be studied from different angles or by looking at different facets.

Glare (1968) notes that what “communication” or “to communicate” means has never been agreed
on. In Greek, Communicare meant “to share with”, “to share out”, “to make generally accessible”, or “to
discuss together” even in classical Latin (p. 369). Rosengren (2000) suggests that the process of mean-
ing creation is mainly concerned with communication: questions about how people generate meaning
psychologically, socially, and culturally; how messages are intellectually understood; and how ambiguity
arises and is resolved. For Littlejohn, “communication does not occur without meaning, and in interpret-
ing events, people create and use meaning” (Littlejohn, 1992, p. 378; Ruler, 2018).

The key question therefore concerns our understanding of “meaning” and how the process of creating
meaning works (see Littlejohn, 1983, pp. 95-113). In communication theory, according to Ruler (2018),
there are at least three distinct lenses with which to view how this process works: 1) communication as
a one-way construction of meaning process in which the sender attempts to construct or reconstruct the
meaning developed by the receiver; 2) communication as a two-way construction of meaning process in
which two or more people construct new meanings; and 3) communication as aomnidirectional diachronic
process of meaning construction, in which the focus is on the continuous development of meaning itself.

The Process of Two-Way Communication

As a vital factor, the two-way communication perspective has interaction. However, in this context,
there are distinct interpretations of what “interaction” means. The term comes from Latin and means not
only “direct reciprocal dialogue”, but also “acting on each other and influencing each other” (Neumann,
2008, p. 2307). The term can therefore refer to feedback processes as well as direct interaction between
individuals, but it can also refer to a more abstract concept of interaction concerning how individuals
relate in developing their own meanings to other meanings (Ruler, 2018).
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Interaction is usually seen from the perspective of interpersonal communication theory from the angle
of person-to-person interaction or group interaction, as in the analysis of Bales’ interaction process or
Fishers’ interaction analysis (see Littlejohn, 1983, pp. 227-240), in which individuals respond to each
other. This concept can also be found in the theory of relational communication as constructed by Bate-
son, who concluded that every interpersonal exchange bears a message containing the communication’s
substance or content, as well as a statement about the relationship itself (Ruler, 2018).

Watzlawick, Beavin and Jackson (1967, pp. 48-51) termed this latter part of the message “metacom-
munication”. They also claimed that relationships emerge from people’s interaction, with many kinds
of rules of interaction that govern their communicative behaviours being set. The participants sanction
the defined relationship by obeying the rules. Interaction in these models focuses on how individuals
engage in conversations with each other and converge literally to create meaning. Thus, the focus is
on interpersonal conversations whether mediated or not from this perspective of interaction. In some
instances, in this respect, the notion of dialogue is used to mean: to concentrate on the acts of turning to
each other and to listen to each other in terms of differences to improve the quality of communication
(Broome, 2009, p. 305; Ruler, 2018).

The Communicative Constitution of Organizations (CCO) approach is becoming increasingly impor-
tant in the context of the theory of strategic communication as a lens through which communication can
be examined. CCO thinking begins with the premise, according to Ashcraft, Kuhn and Cooren (2009),
that communication is not only a peripheral epiphenomenon of human actions, but the primary model of
social reality explanation (also see Schoeneyzn & Blaschke, 2014, p. 302). This interpretation is based
on the Chicago School of Urban Sociology (see Rogers, 1997, pp. 137-202) and was popularized in their
explanation of reality by Berger and Luckmann (1966) not as “something out there”, but as something
that human beings are constructing themselves. The idea that this construction is achieved through
interactive conversations between individuals is typical of CCO and related approaches (Ruler, 2018).

Taylor and Van Every (2000) constructed the Montreal CCO model based on speech theory and looked
at communication from a co-orientation perspective. They concentrated on daily interpersonal human
exchanges, by which, they argue, organization arises “endlessly renegotiated through the laminated
sense-making activities of members” (Taylor & Van Every, 2000, p. 33). They suggest that individuals
are oriented towards each other, leading to moments of consensus, but this consensus is renegotiated
endlessly (Ruler, 2018). For Taylor and Every, the co-orientation of these interactions is an ongoing,
emerging process.

As explained in a written conversation on various approaches to CCO, Seidl describes his own ap-
proach based on Luhmann’s theory of social systems (Schoeneborn & Blaschke, 2014), arguing that

what matters is not how a specific person understands a communication, but how a subsequent com-
munication interprets the previous communication to which it is linked; only the specific way in which
the immediately preceding communicative event is understood can be determined by a communicative
event. (In Schoeneborn & Blaschke, 2014, Seidl cited, p. 290)

Co-orientation is also considered as an ongoing, emerging process in this context. Examining the
CCO approach as a whole it is clear that emergence is an important concept: the people within and
around an organizational order communicate and build the organization by negotiating their meanings
repeatedly. Interaction is not so much a matter of how meanings converge, but how meanings are created
and developed continuously in this way in this ongoing conversation process (Ruler, 2018). The ques-
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tion to be asked is whether this two-way communication lens depends on the question of what actually
strategic communication is.

Understanding the Strategic Communication Concept

The idea of “strategic communication” suggests that it is not possible to see all communication as stra-
tegic. According to Hallahan, Holtzhausen, van Ruler, Ver¢ic, and Sriramesh (2007), communication is
strategic when it is fully compatible with the mission, vision, values of the organization and when it is
able to improve the strategic positioning and competitiveness among its competitors. In this case, when
it has a certain quality, communication is only strategic. According to Ruler (2018), this is problematic
when attempting to define a field.

Ruler (2018) pointed out that most known strategic communication authors quote the seminal article
by Hallahan et al.” That is, Halahan et al. (2007), who argued that the essence of strategic communi-
cation is intended to advance the mission of an organization through communication (Hallahan et al.,
2007, p. 3). We can talk about strategic communication if communication helps to move the mission
of the organization forward in a purposeful manner. For these scholars, it is not the quality that makes
communication strategic, but its purpose of enhancing the mission of the organization (Ruler, 2018).
Therefore, only communication that has the intention of advancing the mission of an organization can
be defined as strategic. This definition is echoed by many other authors.

The next question to ask is which elements of all organizational communication originating in and
transmitted by organizations belong to strategic communication. Hallahan (2004) wrote about the various
fields of communication in organizations, such as communication management, marketing communica-
tion, public relations, technical communication, political communication, and campaigns for information/
social marketing, sometimes covered by the umbrella term “integrated communications.” He suggested
that “strategic communication” could be all these forms. Hallahan et al., however, states that: “Strategic
communication examines organizational communication from an integrated, multidisciplinary perspective
by expanding ideas and problems based on different traditional disciplines of communication” (Hallahan
et al., 2007, p. 4; Ruler, 2018). Even though this suggests that strategic communication from a specific
perspective is about organizational communication, the authors add that,

The focus is on the strategic application of communication and how an organization functions to advance
its mission as a social actor. While the various processes involved in how people interact in complex
organizations are widely examined by academic research on organizational communication, strategic
communication focuses on how the organization itself presents and promotes itself through the intentional
activities of its leaders, staff, and communication practitioners. (Hallahan et al.,2007, p. 7)

The authors therefore concentrate on how an organization functions as a social actor, which suggests
that only the integration of external communication fields is a matter of strategic communication. In
explaining this often-used definition, we can learn that as Ruler (2018) noted, what distinguishes strategic
communication is the fact that it concerns the intended communication that presents and promotes the
organization in all its expressions to the outside world. Furthermore, Thorson (2013) provides another
rationale, “The strength of the approach [of strategic communication] is its emphasis on strategy rather
than specific tactics, as well as its holistically understood focus on communications.” Furthermore, John-
son and Scholes (1999, p. 17) referred to this as the difference between “strategic”’ and “operational”.
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Likewise, Thorson states that the growing complexity of a global digital society has challenged orga-
nizations’ ability to engage in long-term strategic planning. She claims that therefore, as part of strategy
formulation, organizations need strategic communication and its practitioners. This would indicate that
not only is strategic communication a matter of presenting and promoting organizational strategy, but
also of creating it. Within the field, this idea has already resonated. Argenti, Howel and Beck (2005)
interviewed CEOs, SFOs, and CCOs and showed that strategic communication is actually seen by the
respondents as making a difference to a company and thus driving the development of strategy. The
conclusion of Argenti et al. (2005) is that although the issue of whether communication professionals
are part of the formulation of strategy may remain open, it is apparent that strategic communication is
part of the formulation of strategies (Ruler, 2018).

This chapter concisely argues that strategic communication is seen as strategic when as explained
in Ruler (2018), it integrates all those communications that are associated with organizational goals
and strategies. However, for some, strategic communication focuses on the presentation and promotion
of goals and strategies; for others it focuses on driving its growth as well. In other words, strategy for
some precedes strategic communication; strategic communication for others also constitutes strategy.
Surprisingly, these differences are not much debated. This could be due to the relative absence of a
communication perspective as a pillar on which strategic communication rests.

Strategic Communication for the Environment

Environmental communication has been described as the missing link between the subject of envi-
ronmental issues and the related socio-political processes of policy making and public participation,
according to GTZ (2000). It bridges “‘hard’ technical know-how and ‘soft’ action-oriented behavioural
change” (cited in GTZ, 2006, p. 10).

Communication plays an important role at all stages in the life cycle of a policy or project. As such,
environmental-related concepts, techniques, and skills need to be imparted to policy makers, opinion
leaders, strategic groups or the public at large. A prerequisite for building consensus and change in any
civil society is the splitting of complex information into understandable elements and putting it on the
agenda (GTZ, 2000). According to GTZ and OECD (2002), the Operational Communications Unit for
Sustainable Development of the World Bank defines environmental communication as “a planned and
strategic use of communication processes and media products to promote effective environmental sus-
tainability policy making, public participation and project implementation” (cited in GTZ, 2006, p. 10).

Strategic communication for sustainable development of the environment certainly draws on best
practises and lessons learned from communication with the environment. Current challenges, however,
extend beyond existing approaches, especially in the following fields:

1. Level of intervention - project to be processed: Focus has so far been placed on section-based and
regionally limited projects with clearly defined objectives and expected results. Nowadays, devel-
opment assistance often addresses complicated processes of national change. This requires local,
national, and regional level interventions.

2. Topics - from concrete to complex: Sustainable development relates not only to environmental issues,
but also to social and economic problems. Sustainable development as a term is also difficult to
communicate; compared to concrete environmental objectives, it remains abstract. Communication
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should, however, make individuals understand sustainable development. If not, then individuals
may change their attitudes but do not take action.

3. Actors - from project partners to strategic alliances: A few selected project partners will not work
on strategic operations. Instead, a range of networks in politics, the private sector, civil society,
academia, and so on often rely on fluid strategic alliances. In addition, with ever-decreasing budgets,
development aid is expected to have an increasing impact.

With this trend, an ever-growing role will be played by impact assessment. Therefore, new solutions
must be explored considering these challenges. On the one hand, to cover a wide range of potential
applications based on some basic principles, there is a tendency to perceive communication in more
general terms. On the other hand, there is a tendency to use well-established methods and step-by-step
procedures to view communication as specific to a particular issue or issue as possible (GTZ, 2006).

Moreover, the importance of sustainable development cannot be separated from such environmental
issues and research. Development is simply defined as a complex task that places people at the centre of
attention is the strategic processes for sustainable development. Their analysis, dialogue, imagery, skills,
planning, investment, and action are intended to define the common economic, social and environmental
objectives of society. For example, many developing countries such as Nigeria use conceptual umbrel-
las such as Poverty Reduction Strategies (PRS) (Evans, 2010; GTZ, 2006; UNECE, 2018), such as the
National Program for the Eradication of Poverty (NAPEP), N-power and Sure-P, or national sustainable
development strategies (NSSD) such as the National Strategy for Economic and Empowerment and
Development (NEEDS).

Main Divisions of Strategic Communication for
Sustainable Environmental Development

Strategic communication for sustainable development has been shown in the literature (see Mefalopulos,
Anyaegbunam & Moetsabi, 2005; Oepen & Hamacher, 2000; Padua & Jacobson, 1993) to be broadly
borrowed from long-term contact experience in sectors such as rural extension, health, family planning
or HIV/AIDS. More recently, curricula have been added to this spectrum, including participation and
ownership, such as social marketing, non-formal, recreational, and environmental education, conflict
management and negotiation, and civil society mobilization. The problems of unsustainable and non-
developmental development have been diagnosed in two fundamentally different ways. While one
position argued that the problem was largely due to a lack of population information, the other position
suggested that the primary problem was power inequality. The approaches to intervention as outlined in
GTZ (2006, p. 26) are as follows:

Development’s cultural versus environmental definitions

Theories and interventions of psychological versus social and political

Models of attitude and conduct versus structural and social models

Interventions of individual versus community shopping

Models of hierarchic and sender-oriented communication versus participatory models of
communication

The masses and the population’s active versus passive perceptions

7. Participation as a means, as a final approach, versus participation

ANl e

o
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In the current debate on environmentally sustainable development, communication and education as
drivers of change and learning processes, GTZ (2006, p. 26), OECD (2002) and CDD (2020 September
30) state that they have an impact on at least two levels, namely: (i) cultural contexts, insights, lifestyles
and value judgments define social, political or environmental awareness; all are learned through com-
munication; and (ii) the criteria and choices for sustainable practice decisions are the result of public
discourse and transparent communication of alternatives.

Sustainable development cannot be based on behavioral manipulation, but it depends on thinking and
pluralism to help civil society develop adequate skills to overcome social, political, or environmental
crises (see Han, 1997). While attempting to avoid ideological pitfalls, in what it calls the five branches
of strategic communication for sustainable development, GTZ (2006, p. 26) combines structural, social
and political interventions with practical and experimental social research methods. The three pillars
of sustainable development should best accommodate these five branches of strategic communication
interventions: environmental, economic, and social issues. The following are the five branches.

Communication with the environment and development
Social advertisement

Education in informal and environmental terms
Mobilizing Civil Society

Management and negotiating conflicts

AP e

Given that the strategic communication principles, methods, and tools for sustainable environmental
development are derived from a combination of domains and approaches (Oepen & Hamacher, 2000),
four of the branches of strategic communication interventions used in this chapter need to be clarified
(see Figure 2).

Communication Plan and Communication Problems as a Concept

In this context, communication should be a precondition and instrument for effective policy making and
public participation, from the formulation of visions, negotiation and decision-making to the develop-
ment and implementation of impact monitoring plans. Communication serves to exchange information
to build consensus among divergent views and interests, and to facilitate the development of knowledge,
decision-making and work capacity at the heart of delicate cooperation between government, civil society,
and private sector groups. Accordingly, the United Nations Development Program (UNDP) considers
communication and awareness-raising as one of the nine key mechanisms for supporting the strategic
processes of sustainable environmental development. In a sense, the “lifeblood” of any strategy is two-way
communication. Without it, because cooperation and collaboration between key stakeholders depends on
it, the strategy will not succeed (Evans, 2010; GTZ, 2006; Oepen & Hamacher, 2000; UNECE, 2018).

Communication for Development
Development communication was developed in the early 1960s as a field of study and was applied for the
first time to rural development, agricultural extension, health and sanitation and family planning for “na-

tion building”. Communication processes and media products are planned to be used to promote effective
policymaking, public participation and project implementation aimed at social, economic, political, and
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Figure 2. The five branches of strategic communication for sustainable development

Development
Environmental
Communication

Strategic
Conflict Communication Social
Management for Sustainable Marketing
Development

Civil Society
Mobilisation

environmental development. It is a two-way process of social interaction that allows concerned individu-
als to understand key factors and their interrelationships and to expertly respond to issues. Development
communication does not focus on “dissemination of information” as it does on a “shared” vision for a
sustainable future and on building social group capacity to solve or prevent emerging problems (Allen,
2016; GTZ, 2006; Oepen & Hamacher, 2000).

Environmental Communication and Education

Asaresultof the Rio Conference, the concept of environmental communication emerged in the mid-1990s.
In policymaking and project management, it is a management tool. The link between environmental issues
and related socio-political processes is missing. In effect, it acts as a bridge between the transformation
of “hard” technical know-how and “soft” action-oriented practise. Environmental communication uses
established methods, instruments and techniques in communication development, adult education, social
marketing, agricultural extension, public relations, informal training, and so on, as an integral part of a
well-defined communication strategy (Heide et al., 2018; Not haft, 2016; Oepen & Hamacher, 2000).
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Environmental education is the process of developing a global population that has the knowledge,
abilities, attitudes, motivations, and commitment to work individually and collectively to solve current
problems and to prevent new ones and is aware of and concerned with the macro environment and its
associated problems. When they consider options and the implications of those choices for the future,
social groups learn from each other. Learning to access and influence systems for public participation
in decision-making is crucial to education for sustainable development (Day, 2000; GTZ, 2006).

Social Marketing and Conflict Management

Social marketing is regarded as an element of communication for growth. The concept of diffusion of
innovation and behaviour-change models is based on social marketing. Agricultural extension studies
first discovered in the 1960s that social change always goes through different phases: awareness, inter-
est, assessment, trial, acceptance, or rejection. To increase the effectiveness of interventions, social
marketing also focuses on marketing techniques such as market segmentation and formative research
(GTZ, 2006; Oepen & Hamacher,

In open conflict situations and conflicting decision-making processes, conflict management is
designed as an alternative policy tool to provide ways of building consensus and convergence. Social
communication processes, such as the promotion of dialogue, reflection, participatory situation analysis,
consensus building, decision-making and action planning for change and development among individu-
als and institutions at different levels, are often required for specific aspects of strategic communication
(GTZ, 2006; Oepen & Hamacher, 2000).

Sustainable Environmental Development Strategies

Itis not surprising that the UNDP and even the OECD are recommending them because of the importance
of communication and awareness-raising as some of the nine essential mechanisms for supporting strategic
processes for sustainable development. Basically, participation, negotiation and conflict management are
the relevant mechanisms “that are analytically inseparable” from communication (UNDP/OCHA, 2018).

As cited in GTZ (2006, p. 14), the OECD (2002) defined sustainable development strategies as a
“coordinated set of participatory and continuously improving analysis, debate, capacity-building plan-
ning, and investment processes that integrate society’s economic, social, and environmental goals,
seeking trade-offs where this is not feasible. The principles emphasise local ownership of the strategy
process, active involvement at all levels and commitment at high levels. The processes also show the
importance of convergence and coherence between the various planning frameworks, integrated analysis,
and capacity development.

An effective Sustainable Environmental Development Strategy combines the aspirations and capabili-
ties of government, civil society, and the private sector to create a vision for the future and work towards
achieving it in a tactical and gradual way. It defines and builds on what works, improves curriculum
integration, and provides a framework for decisions when integration is not feasible. An efficient strategy
will benefit from thorough understanding by focusing on what can be realistically achieved; however,
it will not be paralyzed by simultaneously planning highly comprehensive actions on many fronts. The
strategy is likely to concentrate on a few priority goals as a practical organizational change process aimed
primarily at mainstreaming environmental sustainability concerns. A sustainable development strategy,
however, rarely means initiating an entirely new or standalone strategic planning project. Alternatively,
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the definition and principles can be met by a series of initiatives, taken together. A broad umbrella, that
is, a vision and a set of coordinated mechanisms and processes to improve their integration, mitigate
contradictions and bridge gaps when necessary, can be complemented by bringing current initiatives
closer to an effective sustainable environmental development strategy (GTZ, 2006).

Nigeria can take a practical approach, building on any strategic models that have been found help-
ful, such as national green plans, development plans, strategies or action plans for poverty reduction,
decentralized planning and consultation processes, or other national practises that have proliferated over
the past two decades linked to international agreements to consolidate its sustainable e-commerce Al-
ternative approaches have been developed by civil society organizations in some countries for example.
This Directive confirms, in recognition of this wide range of starting points, that nomenclature does
not matter. The consistent application of the basic principles referred to above is what is important. A
sustainable environmental development strategy can be seen as a system consisting of the following
components, depending on the circumstances (GTZ, 2006).

1.  Regular multi-stakeholder forums and means of negotiation, with links between them at national
and decentralized levels.

2. A shared vision and a wide set of strategic objectives.

3. Asetof mechanisms to pursue these objectives in ways that can adapt to change (such as an informa-
tion system, communication capabilities, and coordinated means of policy integration, budgeting,
control, and accountability).

4.  Principles and standards that sectors and stakeholders must adopt through legislation, voluntary
work, market-based instruments, etc.

5. Experiential activities to generate ownership and learning.

A secretariat or other facility with the authority to coordinate the mechanisms referred to above.

7. Delegating all the above from a high-level central authority, such as the Office of the President,
and to the extent possible, from organizations of citizens and businesses.

*

Strategy for Media and Sustainable Environmental Development

The concept of sustainable development, moreover, does not provide a clear vision of where to go and how
to get there, nor does it address the economic, social, and environmental dimensions of the inequality of
power and interests behind it. The political and economic systems of most developing countries around
the world, such as Nigeria, Ghana, etc., operate based on short-term impulses, while being defined in
terms of “long-term”. Journalists such as Geoffrey Lean, famous British journalists, and public relations
experts such as the director of the WWEF-UK campaign have described the term sustainable development
as a problem of communication. Sustainable[environmental] development means absolutely nothing to
most people and never will. For them, “Sustainable[environmental] development means absolutely noth-
ing to most people and never will.” Many people tend to associate the term sustainable environmental

LT3

development once it is associated with the personal affairs of people, such as “my life”, “my job”, “my
future”, “my investment ““. Therefore, the critical question is how can strategic processes for sustainable
environmental development be effectively assimilated to the general Nigerian public and, to Nigerians
in the desertification zone? (GTZ, 2006, 2019, p. 9; Vivekananda et al; Vivekananda et al., 2017).

The different categories of the media will play a key role here to achieve this lofty objective. The

Environmental Sustainability Strategy Papers (ESSPs), an analysis of the media treatment of one of the
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most important Millennium Development Goals (MDGs), revealed a very low or poor level of cover-
age. This analysis has to do with the extent to which the media reported the MDGs, or with the extent
to which the media provided a public debate forum. The analysis generally suggested a very low level
of media awareness of ESSP processes; a lack of technical skills in journalism to report on economic
development and sector-specific issues such as health, education, or agriculture; a weakness in the
relationship between government and journalists, which impedes investigation and robust coverage of
poverty reduction issues.

The literature further shows that because of the lack of ownership exacerbated by the lack of effec-
tive strategic communication, ESSP failed. The media is critical to the type of public debate that can
enhance ownership of the programmes of the MDGs, but they have not effectively played this role. This
demonstrates the importance of the media in achieving only one of the MDGs. Similar claims can be
made with respect to the other MDGs: reducing poverty, reducing child and maternal mortality, educa-
tion, food security, etc. (Deane, 2005). In addition, Nigerian authorities need to change this behaviour
through education and communication that “makes people experience how the environment is affected
by their individual behaviour.” Even the proverb shows that high knowledge, positive attitudes, and
ceremonial concerns are not sufficient to drive environmental suitability. There are no shortcuts to suc-
cess. The changes in the actual practise of the people involved are what matters (GTZ, 2006; Oepen &
Hamacher, 2000).

Stages of Strategic Communication for Sustainable
Environmental Development

A 10-step communication strategy was developed by a working group comprising the OECD, the
World Bank and FAO, led by GTZ in the 1990s, following a cycle of analysis, planning, production,
and reflection as outlined in GTZ (2006, p. 10) and FAO (2005, 2003). According to them in rational
appeals and the cognitive dimension of messages, isolated ad-hoc initiatives that are not integrated into
a comprehensive communication strategy may cause inflated expectations. Therefore, a project should
define what information is meant for and for whom, and how beneficiaries are meant to translate it into
communication and action. This is best accomplished as shown below in a systematic and comprehensive
strategic communication approach that is always an integral part of a larger project or programme and
uses strategic planning step-by-step as part of a project or programme life cycle as listed below:

e  Stage A: Assessment
1. Situation and problem analysis
2. Audience’s knowledge, attitude, and practice (KAP) analysis
3. Communication objectives
e  Stage B: Planning
1.  Communication strategy formulation
2. Involvement of strategic groups
3.  Media selection and mix
e  Stage C: Production
1. Message design
2. Media pre-testing and production
e  Stage D: Action and Reflection
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1. Media performance and field implementation
2. Process documentation and monitoring and evaluation (M&E) or impact assessment

Also see GTZ (2006, pp. 36-43) as well as Adhikarya (194, 1987), GTZ (2000), OECD (2002), SPAN
(1993) and Rice (1989) for details on these steps.

Practical Application of Strategic Communication for
Sustainable Environmental Development

Since the 1992 Rio Conference, communication issues have been ongoing in relation to sustainable
environmental development. Environmental communication has become an established field in its own
right today and can thus be more easily linked to decades of experience, lessons learned, methods and
tools developed for communication strategies in other fields, such as agricultural extension, health and
sanitation, poverty alleviation or the social marketing of condoms in the HIV/AIDS campaign. A set of
general principles and steps that have been set out in communication with development are what they all
have in common. The trend is imposed by concentrating on “sustainable environmental development”
with a social, economic, and environmental dimension, also contextualizing “environment” (GTZ, 2006;
Not haft, 2016; Oepen & Hamacher, 2000)

In this context, strategic communication should be a precondition and tool for effective policy-
making and public participation: from the formulation of visions, negotiation and decision-making to
the development and implementation of plans, to impact monitoring. Communication serves to exchange
information to build consensus among divergent views and interests, and to facilitate the development of
knowledge, decision-making and work capacity at the heart of delicate cooperation between government,
civil society, and private sector groups. The Organization for Economic Cooperation and Development
(OECD) and the United Nations Development Programme (UNDP) therefore consider communication and
awareness-raising to be one of the nine key mechanisms in support of sustainable development strategic
processes. In a sense, the “lifeblood” of any strategy is two-way communication. The strategy will not
succeed without it, because it is dependent on cooperation and collaboration between key stakeholders
(GTZ, 2006; OECD, 2002). Despite its recognized influence, however, communication as a strategic
tool in Nigeria is rarely incorporated into development cooperation programmes. The Interest Group on
Strategic Communications on Sustainable Development was therefore established (CDD, 2020 September
30; Oepen & Hamacher, 2000).

In the context of this chapter, strategic communication is understood based on the GTZ’s (2006)
Rioplus-Environmental Policy and Sustainable Development Strategy Promotion as

a dynamic process, integrated in a large-scale initiative that comprises multi-disciplinary and social
marketing, non-formal education and public participation, thrives on acting people, aims at the inno-
vative and sustainable change of practices, behaviors and lifestyles, guides communication processes
and media interventions within and among social groups, and is a pre-requisite and a tool for change
at the same time. (p. 7)

A model developed for sustainable environmental development sees it as a process of change guided

by several values or branches. Through IUCN, UNEP, and WWEF, nurturing the Earth and developing a
strategic plan for a sustainable future is defined as: “a type of development that provides real improve-
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ments to the quality of human life while preserving the vitality and diversity of the earth” (IUCN, UNEP
& WWEF, 1991, cited in GTZ, 2006, p. 8).

Sustainable living depends on the obligation to seek harmony with others and with nature. The guid-
ing rules are that individuals must share and care for the sake of the environment with each other and
that humanity must not take more from nature than nature can replenish. This, in effect, means “adopt-
ing lifestyles and development paths that respect and operate within the limits of nature.” This can be
done without rejecting the many advantages that modern technology has brought, provided that the
technology operates within these limits as well (IUCN, UNEP & WWF, 1991, cited in GTZ, 2006, p.
8). Table 2 shows the six steps of the ABC Model below are often combined with key elements of social
strategic communication from a social marketing approach. it has been proven effective in environmental
conservation, family planning, health care and other fields (see Waisbord, 2001 cited in GTZ, 2006).

Table 2. Six steps to apply behavioural-change based strategic communication using the ABC model

Identify what people like and do not like about a certain behaviour that should be changed. D not just ask
Observe . . .
1 . questions. Look, count, record behaviour. Arrange for a few people to do what you would like the whole
Behaviour . .
community to do. Watch their problems.

Listen to Ask what matters to them, talk about how your target behaviour fits their daily life. Look for what they get
People out of behaviour as a benefit and who matters to them.

. Compare people who show the desired behaviour with people who do not. What are they like, where do they
Decide what . . . . .
3 live, how do they act out the behaviour you care about? Segmentize your audiences because they will have
Matters . s
to be communicated with differently.

Summarize critical environmental practices, key facts influencing behaviour and other points like benefits

Generalize - . . .
4 Facts people care about, messages preferred, opinion leaders people trust in. Test your assumptions with a
representative survey.
5 Deliver Deliver benefits people want, not just information. Solve barriers the people face, do not just “educate”
Benefits 66them. This means that service delivery and communication inputs must be synchronized.
6 Monitor Find and fix mistakes. Selectively monitor crucial program elements by means of simple and manageable
Effects indicators for the behaviour you wish to change (see Day & Smith, 1996).

Table 3 shows how the World Bank Development Communications Unit describes communication
media audiences along a behaviour-change continuum and how potential communication interventions
could look like (see World Bank, 2003 cited in GTZ, 2006, p. 30).

FUTURE RESEARCH DIRECTIONS

Climate change is increasingly exacerbating threats to sustainable environmental development in Nigeria
in general and in the desertification frontline region in particular. Climate change has been described
as the defining issue of our time, and Northern Nigeria is at a defining moment, as is Nigeria and the
whole world. The impacts of climate change are real in the desertification frontline of Northern Nigeria
on an unprecedented scale, from shifting weather patterns that threaten food production to increasing
precipitation that increase the risk of catastrophic floods (Vivekananda, Fetzek, Mobjorrk, Sawas &
Wolfmaier, 2017). According to the United Nations (UN), “Adapting to these impacts in the future
will be more difficult and costly without drastic action today” (cited in CDD, 2020 September 30, p.
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Table 3. Communication media audience behaviour-change continuum

People are... Potential Communication Intervention

® raise awareness

1 unaware .
e recommend a solution

o identify perceived barriers and

2 aware, concerned, knowledgeable « benefits to behaviour change

o provide logistical information

3 | motivated to change . .
e use community groups to counsel and motivate

e provide information on correct use

e encourage continued use by emphasizing benefits
4 | try new behaviour o reduce barriers through problem solving

o build skills through behaviour trials

e social support

o recall benefits of new behaviour
5 | sustain new behaviour e assure ability to sustain behaviour
e social support

4). So, future research should focus on providing an understanding of “meaning” and how the process
of creating meaning works regarding the conceptual definition of communication considering the ar-
gument forwarded by Glare (1968) who contends that “communication” or “to communicate” means
has never been agreed on. Also, future research should focus on providing empirical data on the three
distinct lenses with which communication is viewed (regarding the context of this chapter) as Ruler
(2018) argues namely: (i) communication as a one-way construction of meaning process in which the
sender attempts to construct or reconstruct the meaning developed by the receiver; (ii) communication
as a two-way construction of meaning process in which two or more people construct new meanings;
and (iii) communication as a omnidirectional diachronic process of meaning construction, in which the
focus is on the continuous development of meaning itself.

CONCLUSION

Based on the thematic review of the theories and concepts in strategic communication for sustainable
development, this chapter identifies the lack of the adoption and application of the principles, techniques
and guidelines of strategic communication by the Federal Government, State Governments and other
stakeholders as some of the critical factors militating against controlling and managing the negative im-
pacts of climate change in the desert-prone states (Bauchi, Borno, Gombe, Jigawa, Kano, Kebbi, Kaduna,
Sokoto, Yobe, Adamawa and Zamfara) of Northern Nigeria. Consequently, this coupled with the lack of
implementable strategic environmental policy framework as well as the lack of long-term environmental
development plan could further exacerbate the situation thus leading to enormous environmental crises
— some of which are already unfolding — for example, increasing annual flooding, drought, soil leaching
or poor soil quality, rampant deforestation, fast desert encroachment, sheet and gully erosions, recession
of natural water bodies such as Lake Chad, high temperatures (reportedly temperatures of between +1.5
to 2.0°C have been recorded in the last 60 years in West Africa. According to USAID’s Climate Risk
Profile of Africa, temperatures are projected to increase a further 2.9°C by 2050 [see CDD, 2020 Sep-
tember 30; Pham-Duc et al., 2020; Vivekananda et al, 2019 May 15]), poor harvest, overpopulation, air
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pollution, the lack of proper and hygienic sewage disposal system and policy, epidemics such as cholera,
Ebola, Lassa Fever and even Coronavirus (COVID-19) pandemic, and so on.

Consequently, all these give rise to over-competition over meagre resources, which ultimately, bring
about conflict that claim lives and annihilate properties worth billions of Naira as manifested in the
various crises occurring not only in the desertification frontline states but across Nigeria as a whole; for
example, the conflict between farmers and herdsmen, cattle rustling and in extreme cases even the Boko
Haram insurgency and the agitation by the Niger Delta youth. Poverty and hunger are also critical factors
that can be given rise to by those factors outlined earlier. With all these factors impacting the Northern
states in the desertification frontline, peace and prosperity would spontaneously vanish, and where there
is no prosperity, development of any type will be an alien (Aude, 2013; Nwankwo et al., 2020).

This chapter, therefore, argues that although the media and communication may not spontaneously
eliminate those negative elements harming the environment and threatening its sustainability and bring
about development that caters for both the present and future generations, the literature (as reviewed
in the preceding sections) has consistently demonstrated that strategic communication create an atmo-
sphere that is conducive for and facilitate effective exchange of concrete ideas and thought on how to
practically address those challenges with near-precision, cutting-edge tools, techniques and guidelines to
realise the dream for a sustainable environment cost-effectively. Also, this chapter argues that strategic
communication techniques can be used to achieve more sustainable and climate-sensitive environmental
development and management that will provide fertile ground for building peace and security in society.
Given the reliance of the people in the desertification frontline states on the sale of raw agricultural
commodities for income, and the risks these climatic conditions pose to farming, this could have major
macroeconomic ramifications for Nigeria and the West African sub-region. Hence, the imperative to
adopt strategic communication approach to address this issue (Allen, 2016; Heide et al., 2018).
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KEY TERMS AND DEFINITIONS

Communication: This refers to the practical process of the exchange of ideas, thoughts, guidelines,
standards and so on between management/stakeholders and beneficiaries on the best practices available
that can be applied toward mitigating/preventing problems and challenges associated with the environ-
ment in a given society. It also involves community mobilization and dialogue as well as the use media
of communication to disseminate information associated with environmental development for long-term
benefits to people.

Desert: This refers to a vast geographical area that is characterized with a significant degree of
drought, desiccation, loose soil, extremely scanty vegetation, wastelands/barren lands, extremely high
temperatures and sparse population density.

Desertification Frontline: This is a geographical area that shares some of the characteristics of
desert because of its proximity and being prone to desert lands.

Development: This term simply refers to advancement, progress, and positive changes in the overall
condition of a given phenomenon resulting in observable shifts from a previous state of being to a better
one.

Environment: This refers to the ecosystem or the general physical surrounding in which people live
especially in relation to land, water, air, vegetation and wildlife.

Environmental Development: Tangible positive changes, advancements and transformations in the
overall conditions of the ecosystem especially regarding lesser land, water and air pollution as well as
lesser destruction of vegetation and risk to wildlife. Environmental development also involves all positive
changes brought about in a particular geographical area through people-centered political, economic,
social, cultural and even diplomatic efforts for a better place for all live.

Strategic Communication: This term refers to a specialized communication type which involves
the utilization of planned, tactical, and calculated deliberations and methodologies to conceive, develop
and execute a given communication-related plan to realize a set of desired objectives in an unusual way
using existing communication media and forums.

Sustainable (Environmental) Development: This term refers to the type of environmental develop-
ment that can withstand the test of time yielding benefits to people and society.
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ABSTRACT

The circular economy (CE) is a new paradigm that helps create convergence into a more sustainable
society. This chapter shows the main findings of a systematic literature review examining the state of the
art of the business concept of sustainability and CE and how scholars have focused on the implementation
of circular and sustainable principles in sectors and firms. The main findings show a lack of consensus
on definitions related to CE, creating confusion among firms. Final findings also show the challenges
that businesses face and the main obstacles that explain why some organisations fail in the transition.
Additionally, this review helps to highlight the main research gaps on the topic to encourage sustainability
and circularity among firms. Whilst there are an increasing number of papers related to circularity and
supply chains, few papers concern with dematerialising products and services. Another gap is the lack
of quantitative studies measuring the impact of transitioning to sustainable and circular economies.

INTRODUCTION

The circular economy (CE) is a relevant and innovative concept in sustainable development (Murray et
al., 2017). In fact, some authors consider the CE paradigm as a tool to get sustainability (Ghisellini &
Ulgiati, 2020; Geissdoerfer et al., 2017). The concept was first introduced by Pearce and Turner in the
1990s (Sacchi et al., 2018; Merli et al., 2018), but its current definition contains a set of principles and
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proposals developed after that time, and the concept of CE remains dynamic and changeable (Geissdo-
erfer et al., 2017). China was the first country to implement this paradigm that addresses to establish
an economic system in which goods and services have a closed life cycle. A CE is characterised as an
economy that is restorative and regenerative (Ghisellini et al., 2016), which expects products to retain
as much value as possible — that is, it is a system in which products have a longer life and that features
greater reuse, refurbishment, remanufacturing and recycling of goods and resources (Ellen MacArthur
Foundation, 2015).

The importance and novelty of the CE implies great challenges for socioeconomic stakeholders, es-
pecially for firms. Transitioning from a traditional linear economy to a sustainable circular one implies
huge risks, but if these risks are successfully surmounted, firms can become even more competitive than
before (Jgrgensen & Remmen, 2018).

Because of the stakes involved, scholars have focused on researching the business concept of sustain-
ability and CE principles for their implementation in firms. Great differences of opinion remain, how-
ever, creating confusion and decreasing opportunities for international cooperation (Merli et al., 2018),
although this lack of consensus may be due to the of CE being in its infancy with roots in sustainability
and several disciplines (Weissbrod & Bocken, 2017; Murray et al., 2017).

To avoid this confusion, previous concepts are required. As noticed, CE paradigm is a tool to get
sustainability. For the moment, we must distinguish between sustainable business models (SBMs) and
circular business models (CBMs). Whilst SBMs are those businesses whose innovations reduce negative
impacts or create positive ones for the triple bottom line (economy, society and environment) (Prendeville
& Bocken, 2017), CBMs are a type of SBMs with the same goals, but focused on slowing material loops,
that is, a way to preserve resources by reusing, repairing or remarketing (NuB3holz, 2017; Bocken et al.,
2018); or closing loops, which is based on reducing waste generation by recycling or re-manufacturing
(Oghazi & Mostaghel, 2018).

This paper presents a complete systematic literature review of the academic research on the busi-
ness concept of a CE and CE implementation in firms. However, the link between sustainability and
CE implies the consideration of SBMs and CBMs. The analysis addresses the main research question:
How do scholars approach the new business model concept of and firms transition to a more circular
and sustainable economy?

METHODS

As noted, this paper proposes a systematic literature review on the subject of CE is implemented in
business models (BMs). According to Fetscherin and Heinrich (2015, pp. 381), a literature review ‘is
based on the assumption that researchers publish their most important findings in scholarly journals
and predominantly base their research on articles previously published in similar journals’. However, a
systematic literature review goes further because it ‘differs from traditional narrative reviews by adopting
a replicable and transparent process, in other words a detailed technology, that aims to minimize bias
through exhaustive literature searches of published and unpublished studies and by providing an audit
trail of the reviewers decisions, procedures and conclusions’ (Denyer & Tranfield, 2009, pp. 209). Because
this type of analysis compares published papers measuring text and other information (e.g., citations,
keywords and authors), its results are generally useful for establishing relationships among articles based
on a specific research topic and monitoring the trajectory followed by a discipline or a given researcher
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through analysis of, for example, co-citing, the impact of the publications and their authors (Fetscherin
& Heinrich, 2015; Geissdoerfer et al., 2017). Systematic literature reviews therefore accomplish two
main goals: first, they summarise existing research by identifying patterns, themes and issues; second,
such reviews help identify the conceptual content of the field and assist theory development (Seuring
& Miiller, 2008; Wang, Li, & Li, 2009). There is, however, a significant drawback to such methods, as
it is impossible to read everything (Seuring & Miiller, 2008).

In terms of methodology, systematic literature reviews require both qualitative and quantitative analy-
sis (Seuring & Miiller, 2008). To reproduce a suitable systematic literature review, several authors such
as Merli et al. (2018), Seuring and Miiller (2008) or Shukla and Jharkharia (2013) based their reviews
on previous frameworks proposed by Mayring (2002), whose methodological framework includes the
following stages:

1. Research questions formulation (section 1).

Material collection (section 3.1.). This step implies defining and selecting materials and criteria
to delimit the search and unit of analysis.

3. Descriptive analysis (section 3.2.). A descriptive analysis is carried out to analyse formal aspects
of selected material applying qualitative and quantitative methods (see sections 3.2.1. and 3.2.2.
respectively).

4.  Category selection (section 3.2.3). Structural dimensions and their related analytic categories are
chosen to classify the different publications.

5.  Material evaluation (section 3.2.3 and 4). Then all the material is analysed, taking into account the
structural dimensions and analytical categories from the previous step. This stage may allow the
interpretation and identification of the main results.

Figure 1 shows a schematic description of this process. Stages 4 and 5 require an iterative process
starting with the selected structural dimensions and their analytic categories, and ending with the prepa-
ration of results. This iterative process might nevertheless be extended to the overall framework due
when developing a systematic literature review, as it is better to apply both a deductive and inductive
approach (Seuring & Miiller, 2008; Shukla & Jharkharia, 2013). This study began with a deductive pro-
cess, defining structural and analytical attributes identified in previous literature; then, an initial review
of collected material was carried out and an inductive approach was applied through which some of the
previous dimensions and categories were rejected and new ones were considered to categorise all of the
obtained material.

Material Collection

The bibliography was compiled from Web of Science (WoS) and Scopus. Both databases are considered
as the most exhaustive scientific databases supporting researchers in their work (Merli et al., 2018).
Several authors recommend WoS for being the oldest database, possessing the most complete records
of citation indexes and including a powerful analysis tool (Ellegaard & Wallin, 2015). WoS does not,
however, index as many publications as Scopus does, although it is commonly accepted that it includes
a great quantity of high-quality interdisciplinary literature in different fields (Ellegaard & Wallin, 2015).
Santa and Herrero-Solana (2010) conclude that WoS coverage is worse in subjects related to business
management. Beyond these discrepancies, mostresearchers find ahigh correlation between both databases
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Figure 1. Methodological scheme
Source: (Adapted from Seuring and Miiller, 2008, pp. 1700).
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because of the large amount of indexed material (Durén et al., 2017). This paper therefore considers both
databases to compare the contained material.

The references were obtained in May 2021 by searching the WoS Core Collection and Scopus. To get
a general view of the topic, the following keywords were entered into both databases: ‘circular economy
business models’ (CBMs) and ‘sustainable business models’ (SBMs). These terms were entered into
the most generic fields in the respective databases; for WoS this was “Topic’, while for Scopus this was
‘Article Title, Abstract, Keywords, Author’. The search was just circumscribed in both databases by
the document type ‘articles’ and the language ‘English’, which is globally considered the international
academic language (Merli et al., 2018). Because of the high number of related publications, we only
considered articles published in journals to exclude grey literature, that may contain relevant support
to the topic. Finally, no time filter was selected, so all articles published between 1900 and May 2021
were taking into consideration.

Because of the novelty of the CE concept and its implications for the transition from a linear economy,
there are many articles related to the topic. Most relevant articles were published within the last 20
years, so, after filtering out irrelevant articles, we focused our interest on the period 2000-2021. From
this search, 1,566 records were found, from them 778 references belonged to WoS and 788 to Scopus.
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The 1,566 references obtained from the two databases were then cross-checked, and 559 were found to
overlap, leaving a total of 1,007 articles. WoS yielded 219 unique articles while Scopus had 229 unique
ones; due to the large number of references it was necessary to synthesise, not all of these references
can be cited. Following a simple random sampling with 95% confidence level and 10% margin of error,
a sample of 88 articles were selected for this research.

RESULTS
Descriptive Quantitative and Qualitative Analysis
Monitoring, Coverage and Overlap in Bibliographic Databases

This section develops a descriptive-quantitative analysis to explain how both databases deal with the
topic. Three indexes were applied to compare the capacity of each database to cover a particular topic
and the overlap between WoS and Scopus. Following the quantitative method for systematic literature
reviews given by Durén et al. (2017), we have applied the three proposed indexes.

First, Meyer’s Index (MI) examines databases monitoring a specific topic. The obtained results show
how the database covers the topic. Meyer’s Index distinguishes between primary and secondary sources.
The primary ones cover all the unique material, weighting more than secondary sources; primary sources
are weighted 1, whilst secondary sources that involve duplicated material are weighted 0.5, as they are
contained in both databases (triplicates, when comparing three databases, are weight 0.3 and so on).
Higher values indicate greater uniqueness of the database (Duran et al., 2017). The obtained results show
alower percentage for WoS (MI=49.50%) than Scopus (MI=50.50%), which means that Scopus presents
a higher singularity; that is, Scopus possesses 50.50% of the unique articles (not duplicate ones), while
49.50% of WoS references are unique.

Second, traditional overlap (TO) indicates that there is a 55.51% of affinity between the databases.
This result implies that a single database (WoS or Scopus) covers 44.49% of unique articles.

Third, the obtained relative overlap (RO) reveals that Scopus includes 71.85% of WoS articles while
WosS covers 70.94% of Scopus references.

Overall, Scopus is the database that best covers the topic, although the difference between Scopus
and WoS is relatively small.

Finally, we obtained the correlation between WoS and Scopus for this topic (Duran et al., 2017). As
already noted, there is a strong correlation (R>=0.99) between them in terms of the number of indexed
articles in both. Figure 2 shows these results.

Trends and Distribution of Articles across Time, Sources and Authors

This section develops a descriptive-qualitative analysis based on the trend and distribution of the col-
lected material.

Although no temporal restrictions were applied to the material collection, the most relevant articles
belonged to the period 2000-May 2021, and especially from 2016 to the present, when 96.62% of the
articles were published (see Figure 3). The current environmental awareness, the transition from a linear
economy to a circular one, demand pressure and other reasons explain the increasing interest in this topic.
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Figure 2. Correlation between papers from WoS and Scopus
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Taking into account that the 2030 Agenda was signed in 2015 to reinforce the sustainability principles
(United Nations, 2015), and the CE strategy came into force in Europe the same year (European Com-
mission, 2015), it is reasonable that the number of research articles increased thereafter (see Figure 3).

All of the considered journals have publications related to this subject, but the Journal of Cleaner
Production leads the ranking with 19.96% of the published articles (see Figure 4), followed by Sustain-
ability (13.90%), Resources, Conservation and Recycling (5.96%), Business Strategy and The Environment
(3.57%) and the Sustainable Production and Consumption (1.99%). The five journals with the highest
number of published articles accounted for 45.38% of records.

Figure 5 illustrates that Journal of Cleaner Production has maintained its leadership on the topic of
CE since 2014, publishing more articles on this topic than the other sources. In fact, in 2020, when the
most articles on the topic were published (336 papers), this journal accounted 15.18% of the total. The
obtained results show that although CE is a paradigm whose final aim is to redefine the socioeconomic
system, scholars tend to approach CE from the productive and consumption perspective, focusing on
production transition and waste generation.

Table 1 presents the most prolific authors on the topic. The most representative author is N. M. P.
Bocken from the Netherlands with 20 research papers on SBMs and CBMs, followed by L. Fraccascia
from Netherlands (10 articles) and D. C. A. Pigosso from Denmark (8 articles). The analysis reveals a
substantial predominance of European authors (especially from Netherlands), although most of them tend
to cooperate with other European colleagues, and to a lesser extent with scholars from other continents.
These results suggest that the European CE strategy and its related policies are being widely studied by
European universities from a business transition perspective.
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Figure 3. Number of papers published per year
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Figure 5. The top journals with the highest number of issues

100% ‘ =
1 1 £
90% 9 21 =
20
80% 8
70%
60%
50%
40%
30%
20%
10%
0%
2014 2015 2016 2017 2018 2019 2020 2021( up to

May)

m Journal Of Cleaner Production = Sustainability
= Business Strategy And The Environment = Resources, Conservation and Recycling
Sustainable Production and Consumption

Table 1. Authors with at least 5 publications, number of published papers and country of affiliation

Authors Number of papers Affiliation
Bocken, N. 20 Netherlands
Fraccascia, L. 10 Netherlands
Pigosso, D.C.A. 8 Denmark
McAloone, T.C. 7 Denmark
Yazan, D. M. 7 Netherlands
Balkenende, R. 7 Netherlands
Mugge, R. 6 Netherlands
Moreno, M. 6 United Kingdom
Bakker, C. 5 Netherlands
De Angelis, R. 5 United Kingdom
Fogarassy, C. 5 Hungary
NuBholz, J. L. K. 5 Sweden
Scarpellini, S. 5 Spain

Category Selection and Material Classification
To study the topic and make categorisation of the collected materials easier for the reader, this section

presents six structural attributes and their analytical categories to classify the selected material. One of
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the main drawbacks related to systematic literature reviews is that each article may simultaneously be
part of more than one category, and some of the articles may not belong to any category (Merli et al.,
2018). Thus, a different number of related articles may appear in each structural attribute. Some struc-
tural and analytical attributes were included in the analysis of studies concerning SBM and CBM (i.e.,
research methodology, level of analysis, keyword families, industries and geographical focus). After
an initial analysis, the dimension ‘circular business models’ was included due to the large number of
papers related to the topic.

Research Methodology

This structural dimension was proposed by Seuring and Miiller (2008) who included five analytical cat-
egories for a preliminary classification of the research methodologies and treatment of CBMs: ‘theoretical
and conceptual papers’, ‘case studies’, ‘modelling papers’, ‘surveys’ and ‘literature reviews’ (Seuring &
Miiller, 2008). Figure 6 illustrates the paper assignments for these research methodologies. The most
abundant are ‘case study’ documents (36.58%), which presents a lot of papers related to business experi-
ences with sustainability and CE (e.g., Pesce et al., 2020; Bocken et al., 2018), especially dealing with
specific eco-industrial parks, industrial symbiosis or industrial clusters (e.g., Chen et al., 2021; Ramak-
rishna et al., 2020; Dong et al., 2016; Baldassarre et al., 2019), or a specific industry or product (e.g.,
Zufall et al., 2020; Hahladakis & Iacovidou, 2018). This dimension is followed by ‘modelling papers’
(28.43%) and ‘theoretical and conceptual’ (24.25%). ‘Modelling papers’ involve proposals to introduce
innovations in product design (e.g., Evrard et al., 2021; Cong et al., 2019; Ungerman & Dedkova, 2019),
eco-efficiency (e.g., Lopez et al., 2019) or waste depletion from production (e.g., Chen et al., 2021;
Zucchella & Previtali, 2019). ‘Theoretical and conceptual’ includes a significant number of papers dealt
with CE implementation in businesses (e.g., Ferasso et al., 2020; Unal & Shao, 2019; Fraccascia et al.,
2019b; Geissdoerfer et al., 2018a); consumers and behaviour (e.g., Borrello et al., 2020; Mugge et al.,
2017); resource efficiency (e.g., Schult, 2013); and supply chains (e.g., Kalverkamp & Young, 2019; Zhu
etal.,2010). The ‘review’ and ‘survey’ categories included 6.96% and 3.78% of the papers, respectively.

Level of Analysis

According to Ghisellini et al. (2016), it is important to categorise the collected material at the following
three systematic levels. The macro level implies all the articles based on activities developed at the city,
province, regional, national and international levels, and includes activities that have repercussions on
society. The meso level includes the inter-firm level within a geographic proximity (e.g., eco-industrial
parks, industrial symbiosis, business clusters or networks; Merli et al., 2018). The micro level focuses its
interest in consumers and firms. The importance of this dimension established the need to identify the
levels most studied by scholars when they refer to sustainability and CE applied to businesses. Indeed,
the sustainability principles and CE need to transform the traditional patterns at all levels of society,
so although the macro level covers the public policies that will implement the CE at a territorial level,
the micro and meso levels cover specific requirements for business and consumers (Merli et al., 2018).

The macro level is the most common among scholars, with 46.82% of the studied papers. This level
includes articles focused on policy and public decisions (e.g., NuBholz et al., 2019; Nuf3holz, 2017) or
territorial analysis targeting cities, provinces, countries or international contexts (e.g., Fassio & Minotti,
2019; Girard & Nocca, 2019; Antikainen & Valkokari, 2016). The micro level represents 34.79% of
published articles and includes cases study papers focused on specific business strategies to reach either
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Figure 6. Research methodology
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sustainable and CE principles (e.g., Koksharov et al., 2019; Jensen et al., 2019) or consumer behaviour
(e.g., Borrello et al., 2020; van Weelden et al., 2016). Finally, the meso level (18.39%) includes papers
about industrial symbiosis and clusters (e. g. Baldassarre et al., 2019; Yazan & Fraccascia, 2019; Frac-
cascia et al., 2019a).

Keyword Families

The following section develops a cluster analysis for the keywords in both databases. It is suitable to
visualise the relationships and strength links among the keywords through the papers. Only keywords
with a minimum number of three occurrences were considered. Figure 7 shows these relationships
among the keywords. The different colours distinguish the keywords clusters. The stronger the link
between two items, the thicker the line that is employed to display the link. The thickest lines belonged
to the following words: ‘circular economy’, ‘circular business models’, ‘sustainability’ and ‘business
models’. The main keyword was ‘circular economy’ which contained a far higher occurrence than the
other keywords and presents a strength link of 238. ‘Circular Business models’ was the second main
keyword with 59 occurrences and a strength link of 81. ‘Sustainability’ was the other generic keyword,
found in 38 papers with a strength link of 78. These three keywords were followed by: ‘business models’
(27 articles), ‘business models innovation’ (18), ‘sustainable business models’ (18), ‘remanufactur-
ing’ (14). Figure 8 illustrates the trends across time of all these keywords. The newest keywords (light
colours) are ‘eco-innovation’, ‘built environment’, ‘recycling’, ‘bio-economy’ and ‘business ethics and
sustainability’, which have been used more often since 2019 up to May 2021. The dark colours show the
‘oldest’ keywords (note, however, that all these keywords have been used since 2017): ‘business model
innovation’, ‘circular business model’, ‘sustainable business models’, ‘manufacturing’, ‘supply chain’,
‘circular design’ and ‘closed loop’.
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Figure 7. Keyword families
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Figure 8. Keyword families across time.
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Industries

To identify the sector to which the collected material relates, the articles were classified according to the
focus industry (Merli et al., 2018). Figure 9 shows that manufacturing is by far the most common sector
with 27.9% of papers (e.g., Moktadir et al., 2020; Todeschini et al., 2020; Baldassarre et al., 2019), fol-
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lowed by waste (17.3%; e.g., Gunarathne et al., 2020; Zucchella & Previtali, 2019; Perey et al., 2018)
and electric and electronic devices (7.0%; e.g., Bressanelli et al., 2021; et al., 2017). Considering that
manufacturing is the sector that requires the highest investment to become greener, it is obvious that most
research has focused there. In the case of waste, the CE aims to reduce and manage the volume of waste
so much of the research concerns the implementation of SBMs and CBMs to minimise the volume of
waste. Finally, as electric and electronic device usage has increased (e.g., mobile phones, tablets, laptops,
smart watches), production has been increasing and so has waste.

Figure 9. Industries studied by the papers.
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Geographical Focus

This dimension was proposed by Merli et al. (2018) and analyses, when possible, the geographical fo-
cus of the papers. Only 62.31% of papers focused on a specific territory. Of these, 79.93% focused on
Europe, 28.87% on Asia, 7.39% on North America, 5.99% on South America, 2.46% on Oceania and
3.52% on Africa. By country, China is the most studied (16.88%), perhaps because it was one of the first
countries to implement CE in 2009 with the Circular Economy Promotion Law of the People’s Republic
of China, following Germany (1996, by the Closed Substance Cycle and Waste Management Act) and
Japan (2002, with The Basic Law for Establishing a Recycling-Based Society) (Lieder & Rashid, 2016;
Geissdoerfer et al., 2017). China is followed by Italy (13.55%), United Kingdom (10.55%), Netherlands
(7.17%), Sweden and Brazil (6.33% and 6.25% respectively) and Spain (5.06%).

Circular Business Models

As commented, due to the large number of papers about CBMs, this dimension was established. Busi-
ness models that tend most towards a CE can be classified in different ways, including through the fol-
lowing six categories: ‘short cycle’, ‘long cycle’, ‘cascading’, ‘pure cycle’, ‘digitisation’ and ‘produce
on demand’ (Manninen et al., 2018). Nevertheless, the most used classifications are given by the Ellen
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MacArthur Foundation (2015) and Bocken et al. (2016), so the 88% out of the 642 papers were cata-
logued following both proposals.

According to the Ellen MacArthur Foundation (2015), we included a ‘ReSOLVE framework’ and
its six analytical categories that describe operational actions needed for business and governments to
implement CE principles (Table 1).

Following this framework, 43.24% of articles belong to ‘loop’, and in particular to recycling sec-
ondary products, discarded materials or waste to close loops (e.g., Bressanelli et al., 2021; Dong et al.,
2016; Hahladakis & Iacovidou, 2018), obtaining energy from waste (e.g., Hussain et al., 2020; Gontard
et al., 2018) and other recovery practices (e.g., Perey et al., 2018). Papers catalogued as ‘optimise’ are
oriented towards resources and energy efficiency, waste depletion and engineering processes (e.g.,
Schulte, 2013; Lopez et al., 2019) and represent 29.95% of papers published. The ‘exchange’ category
(12.73%) includes articles based on innovations and new technologies to implement in business models
and product design (e.g., Karman, 2020; de los Rios & Charnley 2017; Weissbrod & Bocken 2017; den
Hollander et al., 2017). The ‘share’ (8.22%), ‘virtualise’ (3.27%) and ‘regenerate’ (2.59%) categories are
the least studied from the ReSOLVE framework dimension. These figures indicate that the least explored
areas are related to dematerialising productive processes, redirecting consumer behaviour (e.g., sharing
or using second-hand products) and restoring the environment.

Table 2. ReSOLVE framework

ReSolve Framework Meaning

o Shift to renewable energy and materials
REgenerate e Reclaim, retain and restore ecosystem health of ecosystems
e Return recovered biological resources to the biosphere

o Share assets
Share o Reuse/Second-hand
e Prolong life through maintenance, design for durability, upgradability, etc.

o Increase performance/efficiency of product
Optimise e Remove waste in production and supply chain
o Leverage big data, automation, remote sensing and steering

e Remanufacture products or components
e Recycle materials

Loo . .
P e Digest anaerobically
o Extract biochemicals from organic waste
Virtualise o Dematerialise directly and indirectly

e Replace old with advanced non-renewable materials
Exchange e Apply new technologies
o Choose new product /service

Source: (Ellen MacArthur Foundation, 2015, pp. 21)

Basing on their environmental strategies, Bocken et al. (2016) proposed a framework with three pil-
lars: ‘slowing resource loops’, ‘closing resource loops’ and ‘resource efficiency or narrowing resource
flows’. The first refers to designing long-life products, lengthening its durability at the user level and the
application of product reuse. The second concerns waste valorisation through the production process.
The last one implies the use of fewer resources in production. According to this CBM categorisation,
55.46% of obtained papers were classified. Of these, 52.94% were categorised as ‘slowing the loops’
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(e.g., Casper & Sunding 2018; Dominish et al., 2018); 26.92% belong to ‘closing the loop’ (e.g., Bal-
dassarre et al., 2019; Fraccascia et al., 2019a), and 20.12% fall into the ‘narrowing the loop’ category.

Summarising, the topic is going to be studied by scholars due to the high number of publications up
to May 2021, which indicates that 2021 will surpass the number of published papers in previous years.
The database that best covers the topic is Scopus, although the difference with WoS is small. Among
the journals that publish the majority of papers, Journal of Cleaner Production’ leaders the ranking. Ac-
cording to the bibliographic information, European scholars are by far the authors that publish the most
of papers, especially Italians, although the most studied country is China, which is the first country that
implemented circular strategies. As commented, the 1,007 papers were grouped in different categories
to make easier the content analysis. The most of papers are ‘cases study’, followed by far by ‘theoretical
and conceptual’ and also ‘modelling’ papers. The most prolific types of research are related to ‘tools,
models framework, methods for decision making’ and also ‘process engineering’ and ‘business models
and management’. It is important to underline the importance of the knowledge transfer in these aspects
due to firm’s requirements to make possible the transition towards a CE. The most of papers study at
macro level, proposing plans and strategies for public policies to implement the CE, territorial analysis at
different levels (cities, provinces, countries or international context). As noticed, the keywords families
are a category that groups the documents according to the most employed keywords between papers.
The keywords analysis shed light about the current and future research trend. Keywords such as ‘eco-
innovation’, ‘built environment’, ‘recycling’, ‘bio-economy’ or ‘business ethics and sustainability’ have
been used more often since 2019 up to May 2021, which suggest that these keywords will be present in
future research. Additionally, manufacturing is by far the most studied sector due to it requires the highest
investment to become greener, it is obvious that most research has focused there. Waste is the second
topic most studied because the CE aims to reduce and manage the volume of waste. Finally, there are
a great variety of business’ strategies that firms can implemented. The most recurrent model is ‘loop’
which includes strategies such as closing and slowing the loops (e.g., industrial symbiosis, extending the
resource value, extending product value, remanufacturing or refurbishment practices); ‘optimise’, a CE
strategy that tries to increase the product efficiency removing waste from the supply chain, automation or
remote sensing and steering; ‘exchange’ practices are focused on replacing old materials with advanced
renewable ones, choosing new products and services or applying new technologies. ‘Share’ practices
try to lengthen the product life (e.g., satisfying needs without the ownership of product, encouraging
reuse or second hand). ‘Virtualise’ implies dematerialise the product process and ‘regenerate’ pretends
to reclaim, retain, recovery or regenerate the damaged ecosystems.

DISCUSSION

This part contains the most significant findings of the analysis, discusses the content of the studied
papers and identifies the main trends.

There is a Lack of Consensus on Definitions Related to CE
Several authors (Karman, 2020; Linder & Williander 2017; Sacchi et al., 2018) have highlighted that

CE has become a familiar concept but there remains a lack of convergence and consensus in the avail-
able definitions. Karman (2020) underlines the heterogeneity of the CE concept and how it hinds the
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implementation of circular strategies in firms. Murray et al. (2017) suggested that the CE term is highly
confused due to the pre-existence of the concepts ‘linear economy’ and ‘circular economy’ applied
in different economic contexts. Bartl (2020) also indicates that CE is based on theoretical basis that
emerged four decades ago. Sacchi et al. (2018) gathered a sample of 25 different definitions of CE, each
of which is related to different CE principles. Their findings suggest that definitions associated with
‘management’ and ‘strategies’ pay more attention to CE due to the increased number of papers related to
business models. ‘Close the loops’ is another of the most cited aspects in CE concepts, while ‘biological
loops’ are found in CE concepts linked with biological and even environmental studies and ‘technical
closed loops’ are mentioned in economic and industrial backgrounds (Sacchi et al., 2018). Their results
confirm that some dimensions of CE and even the legislative, institutional and cultural issues are practi-
cally missing from literature. Murray et al. (2017) consider that CE is in its early stages of development
and is a new school of thought in sustainable development. However, they are critical of CE acceptation
and emphasise that it does not include the social dimension that is essential to achieve sustainability.
The social dimension of CE needs strengthening through the creation of jobs, due to the acknowledge
of the role citizens as producers and consumers (Hobson & Lynch 2016; Pla-Julidn & Guevara, 2019).
The CE approach is also critiqued for its unplanned consequences and its over-simplistic goals based
on weak foundations, which may have ominous consequences (e.g., biodiesel is considered less of a
pollutant than fossil fuels, but its extraction is destroying rainforests to plant oil palm; Murray et al.,
2017). To maintain the new CE framework and correct its current limitations, Murray et al. (2017, pp.
377) suggest a new concept: ‘The CE is an economic model wherein planning, resourcing, procure-
ment, production and reprocessing are designed and managed, as both process and output, to maximise
ecosystem functioning and human well-being’.

Lack of Consensus on the Concept of CE is Extendible to its Semantic
Field and Related Terms such as SBMs and CBMs and Closed-Loop BMs

A similar problem occurs with related terms like SBMs, CBMs and closed-loops BMs, which implies
a problem for practitioners who want to be more sustainable or require to implement CE principles to
move from a linear economy to circular one. The novelty of the CE paradigm suggests that definitions
have not yet been delimited, which requires that these terms be defined to aid companies in transitioning
towards a CE (Bartl, 2020). In truth, each business needs to understand its current BMs, embrace the
concepts of innovative business models (IBMs), SBMs, CBMs and closed-loops BMs, identify which
one is best suited to the company and adapt its business model or even develop a new one (Karman,
2020; Evans et al., 2017). In this sense, BM is ‘the conceptual and architectural implementation of a
business strategy and the foundation for the implementation of business processes’ (Oghazi & Mosta-
ghel, 2018, pp. 741), and it includes the following value dimensions: value creation (concerns partners
and stakeholders, processes, development and technologies, and even resources and capabilities such
as materials, value chain, procedures and structures); value proposition (includes the offering of goods
and services); value capture (defines the revenue streams and cost structures); and value delivery (deals
with distribution channels and customer segmentation and relationships; NuBholz 2017; Liideke-Freund,
Gold, & Bocken, 2018; Oghazi & Mostaghel 2018).

Innovation plays an important role as a vehicle for achieving sustainable or circular practices and
includes the introduction of innovative goods and technologies to the market, as well as new methods
of production, procedures and even organisation structure. IBMs can therefore be defined as ‘a recon-
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figuration in the business model elements, including innovating: the content (adding new activities), the
structure (linkages and sequencing of activities); or the governance (the control/responsibility over an
activity) of the activity system between the company and its network’ (Nulholz, 2017, pp. 1815). It can
be considered an iterative process of experimenting, analysing and learning (Boons & Liideke-Freund,
2013). IBMs include SBMs, CBMs and closed-loop BMs (Oghazi & Mostaghel, 2018).

SBMs are those businesses whose innovations reduce negative impacts or create positive ones for
the triple bottom line (economy, society and environment) through changes ways of thinking about or
doing business (including changes to the organisation, and even to the value proposition, value delivery,
value creation or value capture; Prendeville & Bocken, 2017). CBMs are a type of SBMs that have the
same goals (Oghazi & Mostaghel, 2018) and can be defined as the way a company develops its value
dimensions to slow material loops (NuBholz, 2017; Bocken et al., 2018); that is, a CBM is oriented to
preserve resources by reusing, repairing and remarketing. Karman (2020) indicates that CBM are based
on old sustainable principles and there is a lack of models focused on CE. Additionally, Karman (2020)
suggest that SBM do not include CE principles, a problem to consolidate the knowledge in this topic.
Closed-loop BMs are a type of CBM and SBM that focus on reducing waste through recycling and re-
manufacturing (Oghazi & Mostaghel, 2018).

Previous Findings Showed Current Increase in
Publications on CE and BMs with New Trends

The yearly evolution of articles, especially on CE and BMs, implies new research opportunities, such
as researching the development of new strategies for BMs to solve the uncertainty of transitioning from
traditional to circular approaches. The literature review also shows a high link between supply chains
and CE with new focus. Although supply chain research is an extremely active field, current studies have
transformed it to join supply chains to CE principles (Zhu et al., 2010). Circular supply chains (e.g., Yang
et al., 2018), open-loop supply chains (e.g., Kalverkamp & Young, 2019) or closed-loop supply chain
(Gaur & Mani, 2018) applied to specific case studies are examples of these emergent trends. This bridge
between CE and supply chains is established because of the need to consider the sustainable aspects
(social, economic and environmental) and impacts that manufacturing and product supply chains exert
on the CE framework. Product design is gaining more importance among scholars as a part of the sup-
ply chain studies due to the new roles and competences required or the marketing and communications
challenges (Evrard et al., 2021; Ferasso et al., 2020). Future studies may examine how eco-design and
eco-innovations could be implemented in different sectors and firms, the requirements to implement them
or the productive process challenges. Additionally, there exist a growing interest on the sub-processes
of value chains, especially those analysis based on value propositions (a mix of product and services
that cover the final consumer needs) (Karman, 2020), whilst the value transition is less studied. As a
result, strategies aimed at minimise environment impacts and dematerialising productive processes or
changing the product design are well-studied by academia However, there is still a lack of research on
reformulating the value transition by using new radical innovations. Bressanelli et al. (2020) indicate
that radical changes are rarely taken by firms, and also underline that radical innovations are based on
‘disruptive practices based on reuse, remanufacture and sharing, where digital 4.0 technologies have
a strong enabling role’ (Bressanelli et al., 2020, pp. 148). Another gap for future research is the lack
of quantitative studies measuring the impact of transitioning, especially in small and medium firms.
Despite the high number of businesses that fail when implementing CE strategies, there are few articles

153

printed on 2/8/2023 1:43 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Towards a Sustainable Circular Economy

that study this problem. Markov and Font (2018) are one of the pioneers in this field, quantifying the
magnitude of the effects from smartphone reuse. Bassi and Dias (2020) grouped the European small and
medium enterprises’ according to their involvement in CE activities. Their results suggest that firms’
dimension (both in terms of employees and incomes) and the economic sector are factors closely linked
to the higher involvement, existing high differences between Europe. Italy concentrates the highest
prevalence of firms that are willing to implement CE strategies, followed by the East of Europe, Spain
and Malta, and finally by Northern and Western countries plus Portugal and Cyprus. There also seem
to be few studies on the challenges associated with IBMs and the importance of innovation to get more
sustainable and circular firms. Few studies aim at sustainability and circularity as a source of competitive
advantage which encourages managerial competences to develop SBMs and CBMs (Ferasso et al., 2020).

Business Challenges for Transitioning to a More
Sustainable and Circular Economy

The first challenge for an organisation that wants to transition is to assume ‘the co-creation of profits,
social and environmental benefits and the balance among them [...] for moving towards SBMs’ (Evans
et al., 2017, pp. 599). The sustainability and CE principles imply potential benefits and competitive
advantages for any type of organisation (Jgrgensen & Remmen, 2018; Ungerman & Dedkova, 2019).
These benefits include cost savings in manufacturing of products and low-cost competition in markets,
enhanced profits, brand differentiation and protection, new customers and stronger customer relations,
lower environmental impacts or new social responsibility.

The barriers do, of course, represent a huge challenge for businesses and especially for small and
medium organisations with limited resources (Heyes et al., 2018; Alvarezetal., 2019). A great challenge
is choosing which strategy is best for each business, taking into account that there is a great variety of
strategies available. Indeed, Liideke-Freund et al. (2018) identified 26 different CBMs, although CE
implementation remains open to suggestion. Before applying sustainable measures or circular principles,
Jgrgensen and Remmen (2018) recommend create a map of organisational and material links of businesses
to supply a base for developing new ideas for the transition. Previous experimentation is also required
before implementing a strategy to reduce risk and uncertainties (Weissbrod & Bocken, 2017; Antikainen
& Valkokari, 2016). Bocken et al. (2018) have created an emergent process to help a sustainable transition
in businesses based on the following steps: (1) defining the strategy and purpose, where the organisation
describes what outcomes it wants to achieve in terms of social, environmental and economic issues; (2)
business model experimentation, which is related to experiments or tests of the different BM dimensions
(e.g., value proposition, value creation, value delivery, value capture and value transformation); and (3)
field test experiments, in which real customers try the new products to check them.

The literature review suggests that many businesses fail during the transition. Despite the interest in
the issue, there are still few studies that have explored the reasons for such failures. Evans et al. (2017)
and Geissdoerfer et al. (2018b) have emphasised that most implemented BMs tend to fail, especially in
start-ups, probably due to lack of experience as well as the large financial requirements and costs. Other
authors affirm that strategies tend to fail because innovating processes do not take place as businesses
choose an unsuitable BM for implementing new technologies, solutions or innovations (Chesbrough,
2010; Ungerman & Dedkova, 2019). Geissdoerfer et al. (2018b) remark that some organisations identify
the correct strategy, but encounter problems during implementation when changes in the current BM are
required. Sometimes these implementation problems are related to the application of new technological
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innovations (Yu & Hang, 2010), especially given the inherent risk of radical innovations (Heyes et al.,
2018).

The transition sometimes fails because of the inherent aspects of innovation connected to organisa-
tional issues. On the one hand, lack of entrepreneurial spirit, insufficient management, low knowledge
of the product, sourcing and manufacturing capabilities, failure to allocate resources and reconfigure
processes are critical internal barriers for converting into a more SBM, because this conversion im-
plies new actions and ideas (Chesbrough, 2010; Hughes, 2011; Alvarez et al., 2019). On the other
hand, external relationships fail because the transition needs greater interaction with stakeholders and
stronger customer relationships (Boons & Liideke-Freund, 2013). In any case, the business transition
must be compatible with the providers, retailers and service partner organisations to control the value
chain. Regarding customer relations, studies analysing the demands of current customers and potential
ones are necessary, because consumer preferences are not static and very few customers are willing to
purchase refurbished or remanufactured products or even accepting strategies focused on pay-per-use
services which question the product ownership (Ferrasso et al., 2020; Linder & Williander, 2017). Other
external barriers are connected to the lack of reinforcement of existing laws or even lack of laws that
regulate the transition to a more sustainable scenario (Alvarez et al., 2019), and these gaps mean that
during the great effort within the firm to convert to a BM within the CE framework, firms sometimes
feel unprotected by the authorities.

Most of the Firms Offer Incremental Innovations
Instead of Radical Ones to Transition

Historically, previous industrial revolutions have been associated with radical innovations that made
changes though new products and processes. According to Bocken et al. (2016, pp. 312) ‘the move to a
circular economy model is an example of a radical change, which will require a new way of thinking and
doing business’. Following these authors, radical innovations will permit greater changes in traditional
businesses. If slight improvements are applied to processes, technologies or products, the transition to
SBMs, CBMs or closed-loop BMs will slow down. The lack of governmental support and destruction
of businesses during the period of crisis has decreased investment in radical innovations. Geissdoerfer et
al. (2018a) highlight the important role of technical innovations — but also for social innovations. Their
results show, independently of the type and size of business, that all of businesses rely on a change in
consumer and provider behaviour due to SBMs and, by extension, CBMs and closed-loop BMs, require
a systematic paradigm shift.

Table 3 shows a summary of the main trends. As notices, all these trends are connected and justify
why many businesses do not or cannot implement the CE principles to transition towards sustainability.
A lot of scholars underline the lack of accuracy of the European CE definition and even the Strategy is
criticised by its simplicity and weak basis. As a consequence, all the related business models based on
the CE suffer from this problem and a lot of organizations find obstacles to implement certain business
strategies to leave the linear economy. Despite research provides business advice, new alternatives and
proposals, firms undoubtedly require public support in terms of reinforcement laws, regulation to guide
the process and financial resources to foster the transition process. These are the pillars for the suitable
transition. In this sense, the lack of public support justifies the shortcomings that researchers highlight
of the CE strategy. Bressanelli et al. (2021) also support this argument, underlining the requirement of
mandatory regulations to enhance CE strategies and to clearly lay out role of each stakeholder throughout
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Table 3. Summary of the main trends

Trends

Explanation

There is a lack of
consensus on definitions
related to CE.

o The CE term is confused due to the pre-existence of the concepts applied in diverse economic contexts.
Great variety of CE definitions related to different principles.

e Some dimensions of CE and even the legislative, institutional and cultural issues are practically missing
from literature. The social dimension of CE needs strengthening through the creation of jobs, due to the
acknowledge of the role citizens as producers and consumers.

e The CE approach is also critiqued for its unplanned consequences and its over-simplistic goals based on
weak foundations, which may have ominous consequences.

e Homogeneity in the CE definition is required to develop proper strategies to get sustainability.

Lack of consensus
on the concept of CE
is extendible to its
semantic field and
related terms.

e A similar problem occurs with terms like SBMs, CBMs and closed-loops BMs. The novelty of the CE
paradigm suggests that definitions have not yet been delimited, which requires that these terms be defined to
aid companies in transitioning towards a CE.

o Firms need to understand its current BMs, embrace the concepts of innovative business models (IBMs),
SBMs, CBMs and closed-loops BMs, and identify which one is best suited to the company. Not all the
business models are suitable to all the firms.

Previous findings
showed current increase
in publications on CE
and BMs with new
trends.

o New research trends:
o The development of new strategies for BMs to solve the uncertainty of transitioning from traditional to
circular approaches.
o Link between supply chains and CE with new focus: Circular supply chains, open-loop supply chains or
closed-loop supply chains, applied to specific cases of study.
e Research gaps related to:
o Dematerialising (or virtualising) products and services and their processes.
o Lack of quantitative studies measuring the impact of transitioning.
o Lack of studies exploring the reasons for which many firms fail in the transition.

Business challenges for
transitioning to a more
sustainable and circular
economy.

o The first challenge for a firm is to assume its willingness to change. The transition implies potential
benefits and competitive advantages but it is difficult to get it.
e The barriers represent a huge challenge for businesses, especially for small and medium firms with limited
resources. Main reasons:
o Great variety of strategies available, so it is important to analyse the business’ requirements and stablish
and study different scenarios before implementing the best one for each firm.
e Many businesses fail during the transition:
o Start-ups fail due to the lack of experience and the large financial needs and costs.
e Many strategies fail because innovating processes do not take place as businesses choose an unsuitable
BM for implementing new technologies, solutions or innovations (Chesbrough, 2010; Ungerman & Dedkova,
2019).
e Other organisations identify the correct strategy, but encounter problems during implementation.
e Innovation versus organisational issues: lack of entrepreneurial spirit, insufficient management, low
knowledge of the product, failure to allocate resources and reconfigure processes.
e External relationships fail because the transition needs greater interaction with stakeholders (customer,
provider and retailer relationships).
e Lack of reinforcement of existing laws or even lack of laws that regulate the transition to a more
sustainable scenario (Alvarez etal., 2019).

Most of the firms offer
incremental innovations
instead of radical ones

to transition.

o Radical innovations will permit greater changes in traditional businesses whilst incremental ones imply
slight modifications. The lack of governmental support and destruction of businesses during the crisis has
decreased investment.

supply chains. Converging towards a CE require great investments for changing industrial processes,
materials, recycling, dematerialising, among other alternatives to abandon the traditional productive pat-
terns. All these changes need innovative proposals that differs from being cheap and hence, the availability
of financial resources should be facilitated by public policies. Additionally, not all the IBMs neither the
SBM:s are suitable for all the business hence, support from public administrations, universities and other
research organizations is crucial to give advice to all the business committed with the transition. That
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is, an industrial symbiosis, especially with universities, ‘that should play a pivotal role in engendering
CE transitions’ (Ramakrishna, 2020, pp. 505).

CONCLUSION

This study has shown the main results of a systematic literature review to answer the research question:
How do scholars approach the new business model concept of and firms transition to a more circular and
sustainable economy? We found 642 related papers from WoS and Scopus, which have been classified
according to six structural dimensions and their analytical categories. Quantitative findings show that
Scopus presents a higher number of unique papers than WoS, although both are relevant for studying
this topic. Qualitative analysis found that the business transition to a more sustainable economy and,
by extension, to a CE is an ongoing research area, especially since 2016, supported by public decision
makers, firms and scholars. Most articles have focused on China and Europe, probably because of the
growing number of public policies in these regions to implement CE and sustainable principles. The
most studied sector is manufacturing, followed by waste and then electronic and electric devices; this is
perhaps because manufacturing requires the greatest effort to transition, while waste includes the huge
volume of generated residues, and consumer demand for electronics and electronic devices has consider-
ably increased, creating interest in this area.

This review emphasises that the sustainable and CE practices and their implementation among firms
are in their early stages and, as a consequence, there is no unanimity among scholars about the meaning
of CE, which creates confusion among organisations, decreasing opportunities for interindustry collabo-
ration. Other concepts like the supply chain or business models are also re-directing the research trend
to re-adapt to the CE paradigm. New concepts like the circular supply chain, open-loop supply chain
or closed-loop supply chain, and IBM, SBM, CBM and closed-loop BM are examples of this change.
Transitioning supposes a challenge for businesses, although if this challenge is overcome, firms gain
competitive advantages. There remain many internal and external barriers to implementing CE, and these
have been emphasised by scholars. Internal barriers include, among others, lack of resources and the
implied costs of transition, choice of suitable BM, lack of experience, new technologies, lack of entre-
preneurial spirit and insufficient management. External challenges include market obstacles, consumer
preferences and fashion trends, relationships with stakeholders and lack of supporting legislation to
help the transition process, and so forth. There remains a research gap in articles about dematerialising
products and services, as well as quantifying the impact of transitioning. These gaps remain, of course,
important lines for future research.
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Chapter 11

Fostering Circular Economy
in Urban Areas
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ABSTRACT

The 21st century is an urban world. Strategies that aim to tackle the urban material challenge and
promote circular economy are necessary to achieve sustainable development. Having established the
importance of circular economy towards sustainable development, this study presents applicable strate-
gies to reduce consumption and promote circularity specifically in urban centers. Main strategies may be
categorized into three areas: reducing material use through better design, efficient manufacturing and
processing, and more intensive recycling. For materials use reduction, dematerialization, appropriate
design based on product service lifetime, design for X principles and extended producer responsibility
are identified as prominent design approaches or policies. For effective manufacturing and processing,
the implementation of best available technologies and additive manufacturing were identified to have
potential significant impact. For end-of-life phase management, differences between upcycling, recycling,
and downcycling require targeted industry-specific policies.

INTRODUCTION

From a human development and civilization perspective, the 21* century is and will continue to be
an urban world. For the first time in human history, in 2007, global human population living in urban
centers has exceeded those living in rural areas as demonstrated in Figure 1 (UN, 2018). The growth of
the urban population has continued to increase linearly following 2007 up to 2017 which was the latest
year on record with reliable global data. On the other hand, the rural population has increased at a much
slower pace since 2007 (Ritchie and Roser, 2018). However, what is more striking in these trends is the
forecasts for the 21 century. The global urban population is expected to continue to increase at the same
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steady pace up to mid-century, thereby reaching 6.7 billion by 2050, and recording a staggering increase
of almost 6 billion between 1950-2050. The trend may be expected to continue to increase following
mid-century. On the other hand, global rural populations were expected to peak at 2021, the year of this
writing, and then start a steady decline which continues at least up to mid-century. The expected 2050
rural population of 3.1 billion indicates a decline to early 1990s levels. In terms of percentages, 68% of
global population is expected to reside in urban areas by 2050.

Figure 1. Population trends in rural and urban populations globally between 1960-2017, and forecasts
leading up to mid-century (UN, 2018)
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With increased public interest and recognition towards sustainability, it is necessary to update our
approach towards resolving global sustainability challenges we face. The statistics on urbanization
trends indicate that today as well as the 21* century will be an urban world. Hence, that is where most
of the sustainability efforts must focus to achieve desired gains. Material consumption is fundamental
to many sustainability problems of today. Having established the importance of material consumption
towards sustainable development this study presents applicable strategies to reduce material consump-
tion specifically in urban centers. More specifically, material use strategies from product design phase
to end-of-life phases have been evaluated within the text.

Role of Circular Economy in Urban Areas for Sustainable Development

There have been international efforts to address the pressing issues of our times. One of the landmark
reports on the subject was the UN Report of the World Commission on Environment and Development
‘Our Common Future’, more commonly known as the Brundtland Report. The report is significant for
a number of reasons. It is one of the first international reports that identifies sustainable development
as a goal that needs to be strived for to alleviate global problems faced when the report was written in
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1987. The report also had a chapter dedicated to “The Urban Challenge’, where many of the problems
that are being observed today were foreseen (WCED, 1987). This indicates that the challenges we face
today were not completely unknown, but rather are the accumulation of problems over the past decades.
More recently, the ‘2030 Agenda for Sustainable Development’ adopted by UN member states in 2015
embodies 17 concrete Sustainable Development Goals (SDGs), which includes set goals and lay out the
path to achieve them. Examination of SDGs reveals that handling the urban materials challenge would
directly address SDGs 11 and 12, namely ‘Sustainable Cities and Communities’, and ‘Responsible Con-
sumption and Production’, respectively. Furthermore, the urban materials challenge indirectly touches on
several other SDGs when a life cycle perspective is applied including 