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IN MEMORIAM

I am told that my father, Clarence Andrew Fraughton, was not quite 18
years old when he enlisted in the United States (U.S.) Navy following the
Japanese invasion of Pearl Harbor that ushered the U.S. nto World War II.
He served as a submariner, quipping years later that,

“The line te get inte the Air Ferce was just tee leng.”

Such are the young decisions that shape the rest of our lives. He was a
‘radar man’ back in the day when the exposure effects of things like
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vi In Memeriam

radiation were hardly known. And so it was that when he retumed home
(submarine service was then the most dangerous duty in the military, with
casualty rates around 20 percent), he was anxious to start a family.

That is the beginning of my story, as [ am the oldest of three daughters.
While I am sure he wanted a son, I benefited from his advice long before
the current women’s movement: that in our country, I could accomplish
anything, be anyone, if only I was willing to work hard. In chapter three,
Putting Women in Power of Demystifying Climate Risk Volume I:
Environmental, Health, and Societal Impacts (LeBlanc, C. ed., Cambridge
Scholars Publishing, 2017), Maggie Roth wrote:

“...wemen are under-represented at all levels of the STEM! career pipeline,
frem interest and intent ef majering in a STEM field in cellege te having a
career in a STEM field, suchas clean energy...”

I would be less than wuthful if I said that being the first or only woman
in certain professional settings wasn’t daunting, or even frightening, at
times. But his counsel never left me. Amazing, the power of a father’s
influence on a little girl.

Thanks, Dad.

! STEM, er Science, Technelegy, Engineering, and Mathematics is the term that
greups these academic disciplines tegether. The term is particularly useful in
addressing related educatienal pelicies and cwriculum cheices te impreve
cempetitiveness, having implicatiens fer werkferce develepment and ether issues of
natienal and internatienal impertance. The acrenym arese after an interagency
meeting at the U.S. Natienal Science Feundatien (NSF) chaired by NSF Birecter
Rita Celwell. @ne of the first NSF prejects te use the acrenym was STEMTEC, the
Science, Technelegy, Engineering and Math Teacher Educatien Cellaberative at the
University of Massachusetts Amherst in 1998.

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



CONTENTS

ListofiEiguresian dURablesys. « ..z s awin. X w2 0 0.0 o deie. o m s 2 100, 20 o5 5008 X
B E L ARt 2. 787 8 e 0 0 S B T3 8 0 2 0 T 0 4 5T 0 2, 50 XV
ACkNOW]ed GEIMENIS . 2 2 . v 5. R 5. o B 59 2 e e o B 5. e300, 1w XIX
INWOAVCTTORY. 5. . .. 0k 1 7. T 50 T8 8 00 2 5 T T 6 0 1 5 s XX1

Section I. Concerning Science

Chapler BNE..........ccomeemiionrsoorsessieospnessesienessnsions ssiensesstonns songsossaasine ssassensees 3
Assessing the Science of Climate Change
Dr. Donald J. Wuebbles, University of Illinois

Chapter TWO ...coeiiiiiiiice et st 15
Tracking Global Changes in Greenhouse Gas Concentations

Dr. Stephen A. Montzka, United States National @ceanic and Atmos pheric
Administration (N@AA)

Chapter TRIEe ........cocviiiiiiiiiciccee e 35
A “4th Wave” Perspective on Climate Risk Management

1. Sam Higuchi, United States National Aeronautics and Space
Administration (NASA)

Chapter FOur........cccoiiiiiiiiiiiiiiiic e 53
Adjusting Precipitation Intensity-Duration-Frequency (IDF)

Curves in Engineering Design

Mark Klingenstein, Leidos

CRhAPter FIVE ....ooiiiiiiie et ettt 77
Pollution Prevention @ptions Analysis System
Dr. Jason P. Marshall, Massachusetts Toxics Use Reduction Institute

(TURI)

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco. coniterns-of - use



EBSCChost -

viil Centents

Chapter ST smorsmsmmemn t ismsrdairertvs st e st st r s 93
Process Improvement in the Phammaceutical Industry:

Using Copper Catalysts

Ryan Conger, University of New England and Boston College

Section II. Concerning People

Chapter Sevelnerrramsn swsmmrdnmrmesm bova boora srdmsrseradss momrsss doess 105
Death by Degrees
Dr. Sydney R. Sewall, Physicians for Social Res ponsibility (PSR) Maine

Chaptes; Bighth .o, fmeoset a5 momit. et #wBaseat o0 oo it e remadest o bt 115
Traditional Knowledge and Climate Change Challenges:

Anambra State, Nigeria Case Study

Chizoba Chinweze, Chemtek Associates

ChAPTET NI oo o ot St wotois. s o S o s o o bt 127
Maritime Ports: Impacts on Climate Change

Dr. Amal Maurady and Farah Housni, Laboratory of Innovative
Technology, University of Abdelmalek Essaadi, Morocco and

Dr. Phillip E. Baines, University of South Carolina

CRAPIET (TEI 5. - s e e 8 sl omr e b e et o e 52 151
Climate Risk Management: Implementation Aspects
L. Sam Higuchi, NASA

Chapler BIaVER.. . o ceciccieneeet oo ameeracnsinanne fonten s oo nor ssceonsesecss 167
Is Serious Climate Action Sooner Than Later A Good Economic Bet?
Christopher Juniper, SustaindLogic

Chapler TMEIVEE. vec.vereoncnrincncosssatosessecsusseoinssaesnseness fontsnessssnaopposissadssosss 203
The Role of Ethics and Governance in the Pursuit of Climate Science
Dr. Carole A. LeBlanc, University of New England

CONCLUSIOM, .o i cusenee sesstesasnnnnnuions sosshonesssone soinseanes fansobbis salafsassissne saedsnssosomsse 223
B lO@UIE e e er o cneisiosonone e stosns 5ot oasiesnonsonumtlus s oo sno ondesasissusses 225
0T R T e R T 227

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



LIST OF FIGURES AND TABLES

Figures

Figure 1.1 Temperature wends (change in °F) for the period 1986-2015
relative to 1901-1960 (USGCRP, 2017) .......ccoccvviiiiiiiiiiiiiciciees S

Figure 1.2 Chicago, [llinois (United States) 1995-type heat wave will
become routine by end of century — as many as 3 per year by 2100

(Wuebbles et al., 2010) .........oooiiiiiiiiiiiiieee e 6
Figure 1.3 Water supplies are projected to decline due to climate change

(Royetal,, 20012) ..o oo seussin e etossn o Fiaes'esesionss desesi e sissgns o 5350 7
Figure 1.4 Diverse risks increase with more climate change (based on

Stern et al., 2000) ......c...ooiiiiiiiiiiieiieeee e 10

Figure 1.5 The agriculture sector will experience longer growing seasons
and more C@®> but this sector will also face increasing challenges from
heat stress, water steess, pests, diseases, and weather extremes (Melillo
A PONDN . o om0 0 90 0 R 0 D 0 0 e o L S 9 11

Figure 1.6 Increasing effects of severe weather on the United States
economy total $1.1 willionsince 1980 ($1.5 trillion if include 2017),
according to the National @ceanic and Atmospheric Administation
(NBAA) ..ottt 12

Figure 1.7 Changes in average surface temperatures (top) and average
precipitation (bottom) based on parts per million (ppm) atmospheric
carbon, 1986-2005 and 2081-2100 (based on IPCC, 2013) ................ 13

Figure 2.1 N@AA network locations where measurements are taken of
gases affecting climate, stratospheric ozone, and air quality over time...18

Figure 2.2 Global mean surface concentrations measured for atmospheric

carbon dioxide, nitrous oxide, methane, and some halocarbons.......... 19
Figure 2.3 The absorption of energy (light and heat) by Earth’s aimosphere
as a function of the wavelength of that energy............ccoccooevenen 20

Figure 2.4 The wide range of measured concentrations and heat-trapping
efficiencies (i.e., radiative efficiencies) of some LLGHGs present in

the atmosphere today .............ccoooiiiiiiiiiii 21
Figure 2.5 Timescales for atmospheric removal of a pulsed emission of
two gases having different lifetimes (10 years and 100 years) ........... 22

Figure 2.6 Recent changes in the radiative forcing (or warming influence)
supplied by measured changes in global surface concentrations of
LEGHGS »..c.c. o mcicce oo s e e s e e e B st s e B e o 23

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco. coniterns-of - use



EBSCChost -

>3 List ef Figures and Tables

Figure 2.7 Deriving N@®@AA’s AGGI from radiative forcing: The increase

SINCE 1990 i3 ~0.9 W/ ........o.oiiiiieieieeeeeeeeeeeeeeeeeee e 24
Figure 2.8 Human (anthropogenic) emissions of non-C®, GHGs: CHs,
®DSs, N,® and HFCs, 1980-2016, expressed as C@z-eq................... 26
Figure 2.9 Anthropogenic (i.e., human-caused) C®; and non-C®, GHG
0 VE ST oy M - 2] B0 R P e S PR SR 29
Figure 2.10 The warming influence (radiative forcing) from C®; and non-
CILLGEEIG . . . e . o 5. 75 595 o8 750 55 e T 5 T T 5 T 075 030 28

Figure 2.11 The radiative forcing from measured and calculated LLGHG
concentrations following different emission reduction scenarios in the

Figure 2.12 Spatially-resolved emissions inferred from an analysis of
measurements obtained from N@®AA’s U.S. ammospheric sampling
network for a number of halogenated compounds that are potent

LLGHGES ettt 31
Figure 2.13 Decreases in emissions of GHGs (top) and @DSs (bottom) in
the U.S., 2004-2014 (Hu et al., 2017) ....ccoveiveiiinieiiiiccnceieeene 39
Figure 3.1 Climate change: Materials, water, energy, and the supply
ChAINL ..ot 39
Figure 3.2 Business-management perspective: Climate risk management
FAMEWOTK ..o 41
Figure 3.3 Federal agency perspective: Climate risk management
FAMEWOTK ..ot 46
Figure 4.1 Example IDF CUIVES.......ccooviiiiriiiiieieeiceieseeeee e 56
Figure 4.2 FHWA pilots 1 and 2 partner agencies...........cceeeeveeeeereeennenne 60
Figure 4.3 NYC comparison of updated and baseline IDF curves ........... 67
Figure 4.4 NYC Mayor’s @ffice of Recovery and Resiliency document
reversing the use of existing IDF Curves...........oceceneeeiinciiicncncnennen. 68
Figure 4.5 Projected and baseline IDF curves for the 5-year storm event in
Central Pask INNIC .. .. st s i dnestes uoens oo8 e sl e a86.2' G sl s e85l el e 69
Figure 4.6 Projected and baseline IDF curves for the 50-year storm event
INfCenWal - PAME, SINYC .. ok v sen oe o s sl e sl e st 35 e sl it a5 el e wie 69
Figure 4.7 Projected and baseline IDF curves for the 100-year storm event
INICenWATBAIkS FNYAE .. v o st sunciime soios sehl o s sl sty i sl sl ndoe st e 70
Figure 4.8 Welland, @ntario, Canada’s assessment utilizing data from the
World Climate Research Programme ............cccooeeiiniiniiiiniicniennen, 72
Figure 5.1 @riginal P2OASYS..........cccoviviiicninininiininiiienenioniniiinnn, 20
Figure 5.2 Proposed P2@ASys online interface ...........ccoceeeeevieniencenene. &4
Figure 5.3 P2@ASys on-line, drop-down selection ..........cc.cceeeeveenieencnns &5
Figure 5.4A @riginal P2@Sys carcinogen subcategory .........c.cceceeveennenee. &6
Figure 5.4B New P2@ASys carcinogen subcategory ...........coceevveeueenenns &6

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



The Perils of Climate Risk: The Peeple and the Science x1

Figure 5.5 P2@Asys category score calculation ...........ccoceeveeieneencennne. 87
Figure 5.6 P2@ASys final SCOTe ......cceevuiiiiniiniiiiiiiciicccc e 88
Figure 5.7 Safety data sheet (SDS) impacts on P2@ASys score quality .. 90
Figure 5.8 End-point specific comparison...........coceeveevuinieneenienieneennens 9l

Figure 6.1 Flare stacks at oil fields in Basra southeast of Baghdad, Iraq ..96
Figure 6.2 Satellite view of flare stacks at Bakken oil fields in North

I DY:1 ) F I S e R g S 97
Figure 6.3 Sonogashira-type coupling of alpha-bromo amides................. 98
Figure 6.4 Analysis of reactions used in medicinal chemisty manuscripts

(2008-2009) ... s 98
Figure 6.5 Copper catalyzed azide-alkyne cycloaddition “Click

CREemISIIY™ ..ot et LL)

Figure 6.6 Generic scheme for A3 coupling (A), reactive sites in
propargylamines (B), and biologically active heterocyclic frameworks

prepared from A3 coupling (C)......ooveiieiiniinieieeeieeeeeeen 100
Figure 7.1. Diagram illustrating the public health perspective (credit to

GeOoffIey ROSE)....oouiiiieiieii e 106
Figure 7.2 U.S. climate resilience toolKit ............coccevieriiniiiiinieneie 107
Figure 7.3 @zone-related health effects............cocooeviiiiiiiiiiiiin 109
Figure 7.4 Ragweed pollen season lengthens in U.S. and Canada ......... 110
Figure 7.5 Maine Center for Disease Control and Prevention (CDC) data

TOr Lyme DISEASE ...covueeiiiiiiiieeiieiieit et 111
Figure 8.1 Map of Nigeria showing the study area — Anambra State..... 116
Figure 8.2A 3-D Model of the study area...........ccceceeerieieieieicieenne. 119

Figure 8.2B Contour/flow model (reproduced from Emmanuel et al.)... 119
Figure 8.3A @verlay analysis of wireframe Digital Terrain Model (DTM)

and flow models of Anambra..........cccccoeiiiiiiiiiiiiiiniii 120
Figure 8.3B A 3-D overlay analysis of the river layer, flood layer, and

DT IV . it it et i e s st s 3 e £ S e a3 1SS i 3k 958D 120
Figure 8.4 PCC 2014; Impacts, adaptation, and vulnerability: New

perspective on risk and valnerability ..., 121
Figure 8.5 Image classification of gully erosion severity in Anambra State. . .122
Figure 8.6 Flood hazard map............ccccceoviviiiiniiiniiiiiiiiiiicie, 123

Figure 9.1 Increase in GHG emissions from shipping, UN M@, 2014 .. 129
Figure 9.2 Ships registered in a flag state loading and unloading in port

state, Global Shipping, 2018 ........cccooiiiiiiiiiieeceecee 130
Figure 9.3 “Shipping is recognized as the most efficient form of

commercial transport.” (ICS, 2018).......c.coceeviiiiiiiiiniiiiciieieeeiee 131
Figure 9.4 Container ships make about 9000 and vehicle ships 1000 calls

per week, World Shipping Council, 2018 .........ccccoveiieriicnienicnieen. 133

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco. coniterns-of - use



EBSCChost -

x11 List of Figures and Tables

Figure 9.5 GHG port emissions by source, New York and New Jersey

POt AUThOTIY .. . . e o e 50 550 550 T 75 e 58 75 S5 o 0 P 5 R 135
Figure 9.6 Trucks waiting to enter the Los Angles port, Simon, Richard,

2Bt o . o o T LT L T T ST TS T T T T T ST TS 135
Figure 9.7 U.S. Maritime Administration provides $4.8 million in port

tnvestment -Zrantsi 2018 . ..o e T 137
Figure 9.8 The maritime station of the Tangier-Med Port...................... 139
Figure 9.9 Port of Aalborg, Depmark ... 141
Figure 9.10 Aalborg wacks energy consumption converted into

equivalent C@2 SIMISSIONS ......c.oeoveierieriinieiieireieienie e ereeene s 142
Figure 10.1 Program logic model: Transforming climate data into

climate information, knowledge, and action ...........c.ccccceeveeiieniennen. 153
Figure 10.2 Flowchart to climate data and climate information.............. 155
Figure 10.3 Dimensional framework: Geospatial and temporal (time)

QIMENSIONS ...ttt sttt 156

Figure 10.4 Climate scenarios: CMIP5-RCP 8.5 and CMIP5-RCP4.5 ... 158
Figure 12.1 U.S. President Trump’s tweet on February 10,2019

disparaging climate change.............ccoceeiiiiiiienieiiieeeec e, 205
Figure 12.2 U.S. EPA website with climate change indicators removed
INZ2O17 ottt et 208

Figure 12.3 The Trump Administration’s proposed new rule for
Corporate Average Fuel Economy (CAFE) standards for model

years (MY) 2021-2026........ccoceoueimeiiiieinieieesieeieeet et 214
Figure 12.4 Comparison of ®@bama-era and Trump-era fuel efficiencies

in miles per gallon (IMNPE) .....covveriereiiiiie e 215
Figure 12.5 The 2011 U.S. NNI Environmental, Health, and Safety

Research Strategy, an example of federal agency cooperation......... 220

Tables

Table 2.1 Natural processes irreversibly remove GHGs from the

atmosphere at different rates...........ccooevoieiieiiiiiieiie 21
Table 3.1 Environmental movement, the “4th Wave”............ccocceveenn. 36
Table 3.2 Sustainable materials management (SMM) and climate

ChANGE ...t 37
Table 3.3 Industrial manufacturing business and SMM .................cccc.ee. 38
Table 3.4 Example of performance metrics for climate resilience ........... 43

Table 4.1 U.S. cities investigating IDFs and their population rankings ... 65
Table 4.2 Average number of days per year for rainfall > 1, 2, and 4 inches
for 2020s and 20505s..............occoiiiiiiiiiii 66

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



The Perils of Climate Risk: The Peeple and the Science xiii

Table 4.3 Comparison of Welland, ®ntario, Canada IDF rainfall depth

values (mm) for the 2-year Storm...........coeveiiiiiiiiieniiieieeee e 74
Table 5.1 Alternatives asseSSMENt PIOCESS ....c..eeververirenieeruenreneeieenennees 7
Table 5.2 P2@ASys categories and subcategories.......cc.oecveveevieeienienneens &1
Table 5.3 P2@ASys original and new categories............cccceuevieiienienienene &S
Table 5.4 P2@ASys old vSnew 1atings ...........cccceeeviiiiiiiiiiiiicicene 88
Table 6.1 Twelve principles of green chemisty..........ccceeeeviieciincicnnennee. 94
Table 7.1 Categories of climate-change risks to health, according to

causal- pathway.. omaviaman s rmn e dners s 108
Table 7.2 Summary of reported case counts of notifiable vector-borne

diseasaasinthe TES e .o roommm s, srsmus. . smmom tomm b rormis., sromire s omme ctuma sues 112
Table 9.1 Global ports by continent, Ports.com, 2018..............ccccceeeee. 132
Table 9.2 Significant similarities and differences between two ports in

reducing climate change IMpPacts ..........oceevueeienienieieniereeeee e 143
Table 11.1 Select climate change mitigation projects, modeled for

implementation 2020-2050 ...............cccoeiiiiinieiieee e 173
Liable LI.2 Discountirateieffectsi. s coums. wimtom s st mimirt oo tomm e 181
Table 11.3 Capital cost projections, renewable energy systems............. 185
Table 12.1 Ten principles of climate action for citizen advocates.......... 217
Table 12.2 Some organizations and environmental groups involved with

ClImATE CRATIGEN & crme s ot mwe 5o 5 R o T A7 O B 219

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco. coniterns-of - use



EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco. coniterns-of - use



EBSCChost -

PREFACE

This book constitutes the findings of the second in a series of three
workshops on climate risk. The workshops were held in Maine, a New
England state in the northeast section of the United States (U.S.) known for
its environmental beauty bordering Canada.

As a recently retired chemist and policy advisor to U.S. and state
governments, the original ntent of the first workshop was to ensure that the
knowledge and wisdom gained by my contemporaries was shared with the
next generation of students and professionals. Some of that work concerned
implementing the Montreal Protocol, the international treaty that
successfully restored earth’s ozone layer over a quarter of a century, and
still protects our planet’s atmosphere to this very day. It seemed reasonable
that the ‘lessons learned’ from that experience would be helpful to today’s
younger scientists and public policy wonks, now focused on another
atmospheric threat: climate change.

®nly weeks after the first workshop, the 2016 U.S. presidential election
was held. Now it would no longer be just a matter of sharing technical
expertise. Now the focus would necessarily shift from mentoring, to
protecting scientific integrity, and sometimes even to protecting scientists
themselves:

Silencing Science: An Insider’s Take on the Trump Administration’s
Efforts to Undermine Federal Climate Policy was a March 15, 2018 event
hosted by Maine Audubon. It featured Maine native, Joel Clement!, former
director of the U.S. Interior Department’s @ffice of Policy Analysis.
Clement’s July 19, 2017 Washington Post opinion editorial reads, in part:

“I am net a member eof the deep state. [ am net big gevemment. [ am a
scientist, a pelicy expert, a civil servant and a werried citizen. Reluctantly,
as ef teday, [ am alse a whistleblewer en an administratien that cheeses
silence ever science...®n June 15, I was ene of abeut 5@ senier deparwnent
empleyees whe received letters inferming us ef inveluntary reassignments...
[ believe I was retaliated against fer speaking eut publicly abeut the dangers
that climate change peses te Alaska Native cemmunities. Buring the menths
preceding my reassignment, [ raised the issue with White Heuse efficials,

! Jeel Clement is currently a senier fellew with the Center fer Science and
Pemecracy atthe Unien ef Cencerned Scientists (see Table 12.2).

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



EBSCChost -

Xvi Preface

senier Interier efficials and the internatienal cemmunity, mest recently at a
UN <United Natiens> cenference in June. It is clear te me that the
administratien was se uncemfertable with this werk, and my disclesures,
that [ was reassigned with the intent te ceerce me inte leaving the federal
gevernment...Let’s be henest: The Trump administratien didn’t think my
years of science and pelicy experience were better suited te acceunts
receivable... Trunp and Zinke? might kick me eut of my effice, but they
can’t keep me frem speaking eut”

Truthfully, these are wying times. Speaking of truth:

“T am the way and the truth and the life.”
King James Versien, chapter 14, verse 6

@f all the nouns, in all the languages that Jesus could have chosen to
describe himself, he chose these three. And ‘truth’ is right in the middle of
them. Most historians agree that Jesus probably spoke Aramaic, the
common language of Judea in the first century. While there may be different
ancient words with different shades of meaning for the English word,
‘ruth’, this humbles me and gives me pause. Might it also serve to
strengthen all scientists in our current pursuit of ‘truth’?

Shortly before his death on August 25, 2018, a U.S. senator penned these
farewell words to the American people:

“De net despair of eur present difficulties but believe always in the premise
and greatness of America, because nothing is inevitable here <emphasis
added>. Americans never quit. We never swrender. We never hide frem
histery. We make histery.”?

Jehn McCain

A prisoner of war in North Viemam for 5% years, McCain lived there
longer than at any other address in the U.S. up to that time in his life.
Tortured to the point where he wouldnever again be able to lift his arms up

2 A Trumnp neminee in late 2816, Interier Secretary Ryan Zinke meved te epen
ceastal waters and public lands fer il and gas leasing, and recemmended shrinking
up te feur natienal menuments. He resigned Wecember 15, 2818 amid allegations of
unrelated miscenduct.

> Fer Senater McCain’s entire statement, see:
https://www.cnn.cem/2@18/88/27/pelitics/jehn-mccain-farewell-
statement/index.hwnl.
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over his head, he would still insist in his final public statement that he
considered himself to be the luckiest person on earth.

Certainly, whatever problems we face today we can conquer, provided we
face them together.

Carole LeBlanc
Wells, Maine, USA
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INTRODUCTION

Demystifying Climate Risk: Volumes I and II (LeBlanc, C. ed., Cambridge
Scholars Publishing, 2017), published following the 2016 Annual International
Technical Workshop on Climate Risk, focused on environmental, health, and
societal implications; and industry and infrastucture implications,
respectively. Both books conclude with the statement:

“It is eur <the werkshep participants’> intentien te centinue the theme eof
systems thinking as an essential appreach te addressing the multitude of
challenges pesed by climate change.”

In, Tools for Systems Thinkers: The 6 Fundamental Concepts of Systents
Thinking (2017)!, Dr. Leyla Acaroglu® identifies the following essential
elements to systems thinking:

Interconnectedness;
Synthesis;
Emergence;
Feedback loops;
Causality; and
Systems mapping.

Sk LN~

The publication of this book, The Perils of Climate Risk: The People and
the Science, follows the 2017 Annual International Technical Workshop on
Climate Risk and a plethora of climate change developments n 2018. These
developments included some very important scientific reports with political
and policy ramifications that are examined here.

Based on participants’ expertise, the book begins by covering related
scientific topics, such as the assessment of climate change science itself, and
tracking global changes mn greenhouse gas (GHG) concentrations. Technical
tools are described, including: (1) engineering designs to control water after

! https://medium. cem/disruptive-design/teels-for-systems-thinkers-the-6-
fundamental-cencepts-ef-systems-thinking-379cdac3dc6a.

2 Br. Acareglu was named the 2016 Champien ef the Earth by the United Natiens
Envirenment Pregramme (UNEP).
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intense rainfall; (2) a pollution prevention (P2) options analysis system; and
(3) the manufacture of pharmaceuticals involving catalysis to reduce the use
of toxins.

The next section focuses on the human side of climate change. For
example, climate change mmpacts on public health, and the role of
indigenous peoples in dealing with climate change impacts. @ther chapters
discuss the influence of maritime ports on climate change, and the
economics of climate action.

Significantly, and in keeping with the ‘systems approach’, one author
contributes to both the scientific (e.g., theoretical) and societal (e.g.,
applied) sections regarding climate risk management. The book’s twelve
contributors hail from govemment, business, and academia, including a
Nobel Peace Prize recipient and Fulbright Scholars. In all chapters, the
editor strove to maintain the authentic voice of each of the contributing
authors. Acronyms are defined within each of the chapters, so that the reader
does not have to consult a glossary or preceding parts of the book.

From December 22, 2018 to January 25, 2019, the United States (U.S.)
government was partially shut down, the longest in history. Some of the
book’s contributing authors were either affected govemment employees
(who should be paid their back salaries upon reinstatement) or government-
contacted employees (who will most likely not be paid their missing
salaries). Realizing that these colleagues may not even to able to read their
emails, I still sent them a message which read in part:

“In anticipatien fer the gevernment's retum te werk, allew me te thank
fermer ce-werkers for hew much I value yeur efferts in helping te keep eur
envirenment safer, en behalf ef humans and ether creatures! New, as a
private citizen, it is even mere clear te me hew impertant yeur werk is.
Again, thank yeu se much. [ hepe that yeu were able te enjey the Heliday
Seasen as much as pessible.”

After the elections for the U.S. House of Representatives on November
6, 2018, the select committee on climate change, eliminated in 2010, was
expected to be revived. The purpose of the committee would be to:

“Prepare the way with evidence <fer encrgy censervatien and ether climate
change mitigatien legislatien>. [t <the cemmittee> was clearly still needed
te educate the public abeut the impact of mere frequent extreme weather
events.”

Speaker of the Heuse, Nancy Pelesi
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Depending on your point of view, this is either an exciting or a terrifying
time to be a climate scientist. If you are fortunate enough to have a healthy
sense of humor, perchance it is both.

From my perspective, there are three classes, critical to human health
and happiness, that will always require our political attention:

e Children, including education;
e Animals, both wild and domestic; and
e The natural environment.

As different as these categories appear to be, they have one thing in
common: they cannot vote! Consequently, they require our constant
vigilance, similar to the battle for civil rights.

The natural environment is obviously the focal point of this book. After
years of environmental abuse and neglect, much legislative progress was
made circa 1970; the U.S. Clean Air Act, the U.S. Clean Water Act: you
name it; we protected it. Laws like these have made considerable and long-
lasting improvements to both public health and the environment. The
mistake that my generation made is that we thought we had won the battle.
But legislation like the U.S. Toxic Substances Control Act (TSCA), while
visionary at its origin, remains woefully outdated today.

Everything we needed to know, the extent and the consequences of
unfettered climate change, was determined by the 1970s:

“In 1974, the <US> CIA. <Central Intelligence Agency> issued a
classified repert en the carben-diexide preblem. It cencluded that climate
change had begun areund 196@ and had ‘already caused majer ecenemic
preblems threugheut the werld.” The future ecenemic and pelitical impacts
weuld be ‘almest beyend cemprehensien.” Yet emissiens centinued te rise,
and at this rate, MacPenald® warned, they ceuld see a snewless New
England, the swamping ef majer ceastal cities, as much as a 4@ percent
decline in natienal wheat preductien, the ferced migratien eof abeut ene-
quarter of the werld’s pepulatien. Net within centuries within their ewn
lifetimes.”

Nathaniel Rich*

> Gerden MacPenald, an American geephysicist (1929-2002).

* Frem, Losing Earth: The Decade W e Almost Stopped Climate Change, which appeared
as the enly stery in the August 2018 editien ef the New Yerk Times Magazine.
https:/mwww.nytimes.cem/interactive/2¢18/88/@1/magazine/climate-change-lesing-
earth.hwml. The reperting was supperted by the Pulitzer Center:
http://pulitzercenter.erg/.
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Still, new books on climate change abound, do they not? So why add
another one to the list? Perhaps the author of chapter eight, Traditional
Knowledge and Climate Change Challenges: Anambra State, Nigeria Case
Study, says it best:

“But despite ever 4@ years and abeut 908 envirenmental treaties in ferce,
hwnan-induced envirenmental change is pushing the earth system tewards
a critical tipping peint which may be irreversible, unless wgent steps are
taken te avert the disaster.”

Chizeba Chinweze

The solution remains the same as it was in the 1970s: sound, science-based
public policy. The difference today, I fear, is that policies, even when
legislated, are not enforced. The possible reasons for this are considered in
the book’s final chapter dealing with ethical and governance issues. Neither
of these issues was addressed in the first two volumes leading up to this
book.

Finally, it is hoped that the book’s conclusion will bring the role of
environmental stewardship into further clarity for the reader.

Carole LeBlanc
Wells, Maine, USA
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Chapter Summaries
The science

Chapter One: Assessing the Science of Climate Change, by Dr. Don
Wuebbles, providesan update to the understanding of climate change based
on the latest authoritative assessment: Volume I of the 4th National Climate
Assessment, also known as the Climate Science Special Report (CSSR).
Focused on the U.S., the report reveals the climate knowledge gained since
the publication of the third assessment in 2014. These findings, along with
other research, include: (1) 2016 was the wammest year on record to date,
with global temperatures expected to continue to rise; (2) heavy
precipitation is increasing in intensity and frequency across the U.S;
(3) heat waves have become more frequent while cold waves have become
less frequent in the country; (4) record-setting warm years are expected to
continue in the U.S.; (5) earlier spring snowmelt and reduced snowpack are
affecting water resources in the western states, increasing the possibility of
serious drought before this century’s end; (6) the increase in the number of
large forest fires in the western states and Alaska since 1980 is expected to
continue; (7) higher atmospheric water vapor concentrations, resulting from
rising temperatures, will likely impact flooding events, particularly along
the West Coast; (8) a hurricane’s precipitation rate, intensity and/or
frequency, depending on the storm’s location in the Atlantic or Pacific
®cean, will increase; and (9) sea level rise (as much as & feet by the year
2100) will continue throughout the world — as the incidence of daily tidal
flooding is accelerating in more than 25 Atlantic and Gulf Coast cities —and
with higher-than-global-averages possible along the East and Gulf Coasts.
It is extremely likely that human activity is the dominant cause of the
observed waming for the period of 1951-2010, the contwibutions of natural
forcing and internal variability being minor for the same time frame. The
atmospheric carbon dioxide (C®;) concentration is now over 400 parts per
million (ppm), a level not seen for three million years, when the Earth was
much wamer and sea levels higher. If carbon emissions continue to rise,
human-caused changes to climate will result in even more, and perhaps
irreversible, damage to, for example, human health, water, energy,
transportation, agriculture, forests, and ecosystems. Dr. Wuebbles ends on
a positive note, stating that we are more than capable as a species to reduce
emissions by mitigation and to adapt to the changes already taking place.

Chapter Two: Tracking Global Changes in Greenhouse Gas Concentrations,

by Dr. Steve Montzka, provides a thorough explanation of how and why the
U.S. National @ceanic and Awmospheric Administration (N®@AA) tracks

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco. coniterns-of - use



EBSCChost -

XXVi Intreductien

greenhouse gas (GHG) concentrations. The paper communicates N@AA’s
findings in tracking changes in global atmospheric concentrations of long-
lived GHGs (LLGHGs) and the underlying implications of these measured
changes. While the main contributors to Earth’s greenhouse effects are:
(1) water vapor (50%); (2) clouds (25%); (3) carbon dioxide, C®; (20%);
and (4) methane, nitrous oxide, halocarbons, ozone, etc. (5%), many human
activities lead to the emission of LLGHGs (for example, the buming of
fossil fuels emits C@®z). As a result, ammospheric concentrations of these
gases are elevated substantially above natural levels. Consequently, N@AA
overseas a global air sampling network. Based in Boulder, Colorado, U.S.,
N®AA’s Global Monitoring Division (GMD) maintains a vast cooperative
air sampling network of nearly 90 sites around the world, from the northern
tip of Alaska to the Gobi Desert in Mongolia and even to the snowy desolate
landscape of the Antarctic South Pole. Depending on the site, measurements
are taken of the most abundant GHGs (C®:, CH,, and N.@®) and long-lived
halocarbons® that are also potent GHGs. GMD’s goal is to map LLGHG
concentrations throughout the lower atmosphere ofthe entire world. ®nce a
week, sampling flasks are filled and sent to the Boulder facility where they
are analyzed on several instruments for the measurement of over 40 long-
lived chemicals. The focus is on long-lived gases, i.e., gases having
lifetimes of approximately one year or longer, as they are the largest
contributors to climate warming today whose impacts will be felt for
decades, even centuries, after being emitted. The ability of a trace gas (that
is, atmospheric gases other than nitrogen, oxygen, and argon) to influence
climate depends on its: (1) efficiency for absorbing available heat energy;
(2) concentration; and (3) persistence. The effect of a race gas on the energy
balance of Earth’s climate system can be expressed as a radiative forcing
(wamming influence), and serves as an index of the significance of the factor
as a potential climate change mechanism. Analysis of measured global
atmospheric concentrations reveals that C®; accounts for (1) two-thirds of
the current atmospheric radiative forcing from all LLGHGs and (2) more
than 80% of the increase in radiative forcing over the past 5 years from all
LLGHGs. Furthermore, the overall increase in radiative forcing from 2015
to 2016 was the second lar gest annual increase on record N@®@AA’s Annual
Greenhouse Gas Index (AGGI) is a measure of the climate-warming
influence of long-lived wace gases and how that influence has changed since
the Industrial Revolution. Its value in a given year reflects the warming
influence (or radiative forcing) in that year relative to 1990, based on

5 Halecarbens are chemicals in which ene er mere carben atems are linked with ene
or mere halegen atems: fluerine, chlerine, bremine er iedine.
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atmospheric changes since 1750. The value for the AGGI in 2017 of 1.41
means that the warming influence from human-derived emissions of
LLGHGs has increased by 41% since 1990. Radiative forcing provides an
estimate of the warming influence supplied by a LLGHG at a point in time
as a result of emissions in the past. It does not indicate how the warming
influence from these gases will change in the future. The future of climate
waming will reflect both the persistence of GHGs in the atmosphere today
(their lifetimes) as well as the magnitude and persistence of current GHG
emissions. As a result of the magnitude and changes noted in the recent past
for LLGHGs emissions, total radiative forcing from these gases has steadily
increased over time. Stabilizing climate will only be achieved by decreasing
emissions of these gases to the point where radiative forcing stops
increasing or even decreases. Given the dominant role of C@®, in total
radiative forcing and its recent increase, and in total GHG emission, any
attempt to stabilize climate will need to focus on C@; emissions.
Specifically, C@®; emissions need to decrease by 80% to stop the increase
in its concentration and its associated radiative forcing. But climate
responds to overall radiative forcing, not just the forcing associated with
one or two gases. These results indicate that anthropogenic (i.e., human-
caused) warming by LLGHGs still continues to increase for several years
after various emission reduction scenarios are phased in gradually. Since the
19905 and the passage of the Kyoto Protocol®: (1) LLGHG emissions have
instead increased by 24%,; and (2) C@®, emissions have increased by about
60%. N®AA GMD’s global ammospheric observations of LLGHGs are
therefore invaluable to: (1) provide a measure of GHG emissions which
enables identification of mitigation opportunities on global as well as local
scales; and (2) enable an assessment of efforts to stabilize climate warming
on global scales.

Chapter Three: 4 “4th I1'ave” Perspective on Climate Risk Management,
by Sam Higuchi, documents the historical nature of the environmental
movement by trends or “waves”. The first three waves were characterized
by conservation, regulation, and sustainable development, respectively.
According to Richard MacLean, Director of Richard MacLean &
Associates, LLC’, the movement has now entered a fourth wave focusing
on resources or, more precisely, “strategic resources positioning”.
Nationally, there is strong evidence for this with Executive @rder (E®)

¢ Ap internatienal treaty which extended the 1992 United Natiens Framewerk
Cenventien en Climate Change (UNFCCC) that cemmitted state parties te reduce
LLGHG emissiens. The U S. is a signatery te the treaty.

7 https://rmacleanllc.ceny.
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13806, Assessing and Strengthening the Manufacturing and De fense Industrial
Base and Supply Chain Resiliency of the United States and E®@ 13817, 4
Federal Strategy to Ensure Secure and Reliable Supplies of Critical Minerals,
both signed in 2017. Internationally, the evidence is provided by the European
Union (EU) publications: Critical Raw Materials and the Circular Economy
and Raw Materials Information System (RMIS). The emphasis on resources
can easily be translated to materials usage. This includes: (1) decarbonization
— using less carbon-based fuels for energy in manufacturing products
(mitigates climate change by reducing GHG emissions); (2) dematerialization
— reducing the use of scarce materials/minerals in manufacturing products
(conserves limited resources and decreases GHG emissions by eliminating the
energy required to extract critical materials/minerals); and (3) detoxification —
eliminating toxic material-chemicals in manufacturing products (reduces the
release of toxic by-products, ozone depleting substances (@DSs), GHGs, etc.,
and resultant environmental contamination)®. Collectively, decarbonization,
dematerialization and detoxification are elements of sustainable materials
management (SMM). The scarcity of critical materials/minerals has been
characterized as a “ticking time bomb” in the SMM paradigm.
PricewaterhouseCoopers (PwC) defines scarcity-based manufacturing
disruptions in three dimensions: (1) physical — due to natural disasters
(hurricanes, et al.); (2) economic — due to price volatility, for example; and
(3) geopolitical — due to export controls, conflict zones, etc. Moreover,
materials are interconnected to water and energy, such that a direct impact
on one will eventually impact the others, leading to potential supply chain
disruptions. Consequently, businesses as well as nations must manage risks
relative to SMM to maintain a competitive advantage. The author describes
a number of climate risk frameworks originating from the concept of
enterprise risk management (ERM). Three ERM components are important
to manage climate-related risks: (1) event identification (e.g., extreme
weather); (2) risk assessment; and (3) risk response. Linking these
frameworks together creates a useful network to incorporate climate risk
management into a financial-accounting approach. Two Austalian
publications are recommended.: Climate Change Adaptation in Industry and
Business: A framework for best practice in financial risk assessment,
governance and disclosure and Managing the Risks from Climate Change:
An adaptation checklist for business. Existing U.S. federal statutes can be

8 Fer mere infermatien en the tepic of Texics Use Reductien (TUR), see chapter
five, Pollution Prevention Options Analysis System by J. Marshall and chapter five,
Cleaning Solvents: How to Choose A Safer One by J. Marshall in Demystifying
Climate Risk Volume II: Industrial and Infrastructure Implications (LeBlanc,
C. ed., Cambridge Schelars Publishing, 2817).
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used to implement a similar financial-accounting framework, that is,
statutes requiring a federal agency to: (1) safeguard its assets; (2) manage
high-risk management challenges; (3) apply climate science research
findings pursuant to its statutory duties under the federal agency’s
Authorization Act; and (4) apply climate science research findings pursuant
to its statutory duties under a federal agency’s duty to comply with federal
laws. Linking these four statutory groups together likewise creates a
networked financial-accounting framework for climate-related risk
management. In summary, Mr. Higuchipresents several viable frameworks,
including those with a solid financial basis, to help protect assets and supply
chains from the risks associated with climate change for both business and
government.

Chapter Four: Adusting Precipitation Intensity-Duration-Frequency
(IDF) Curvesin Engineering Design, by Mark Klingenstein, examines why
the adoption of climate-adjusted IDF curves may be appropriate for public
agencies. In a previous paper, the author provided the following description
of IDF curves:

“An individual [BF curve presents rainfall intensity/duratien cembinatiens
having a single specified retum frequency. A series of <[BF> curves is
therefere used te previde intensity/duratien data fer a range ef specified

retum frequencies at a given lecatien™?®

Climate-adjusted IDF curves take into account the changes between IDF
curves of the current climate and those of a projected future climate. In this
paper, the author investigates the degree to which climate-adjusted IDF
curves have been incorporated in the U.S. at the federal, state and municipal
levels. He reports that:

e The Department of Transportation (D@T)’s Federal Highway
Administration (FHWA) — recognizes the potential impact of climate
change on transportation systems, including on the drainage systems
serving those systems, and facilitates such climate-impact activities
by considering them eligible for federal funding. While the FHWA
does not mandate the use of climate change adjusted IDF data,
FHWA indirectly encourages investigation of its applicability by

% Climate Change Adjustment Of Intensity-Duration-Frequency Curves by M.
Klingenstein, Wemystifying Climate Risk Volume II: Industry and Infrastructure
Implications (LeBlanc, C. ed., Cambridge Schelars Publishing, 2817).
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individual agencies with the development of the U.S. D@®T CMIP
Climate Data Processing Tool.

e State D@Ts — a number of these agencies are investing energy and
resources into the issue of climate change, and its impact on
transportation infrastructure. However, none have determined that
the use of climate adjusted IDF information is appropriate. Upon
examination of states’ D@T websites, California, Illinois, North
Carolina, and Vermont address climate change in their hydraulic
design manuals. Mr. Klingenstein provides a detailed explanation of
each of these states’ approaches.

e U.S. municipalities — while a significant number of large U.S. cities
have ongoing/developing climate change action plans, only one city,
New York City (NYC), was found to have developed or be
developing climate change-adjusted IDF curves for the design of
storm drainage systems. After much debate, the Mayor’s @ffice of
Recovery and Resiliency released a document in April 2017, the
Preliminary Climate Resiliency Design Guidelines, Version 1.0, that
provides design criteria adjustments to address increasing high
temperatures, increased intense precipitation, and sea level rise. For
increasing intense precipitation, the guidelines provide adjusted IDF
curves for 5-year, 50-year and 100-year events, based upon the New
York City Panel on Climate Change (NPCC) impact prediction
modeling analyses. As climate science progresses, the guideline is
expected to be further refined.

The study concludes that U.S. adoption of climate-adjusted IDF curves is
limited, but that Canadian counterparts have apparently made more
progress, perhaps because of the creation of an infrastructure vulnerability
committee in that country. Welland, @ntario, Canada is a case in point: in
order to ensure that new infrastucture would perform as designed for its entire
service life, the city undertook an assessment utilizing data from the World
Climate Research Progranyme. Published in 2012, it is unclear how much of
the assessment’s recommendations have been implemented at this time.

Chapter Five: Pollution Prevention @ ptions Analysis System, by Dr. Jason
Marshall, details the recent progress made in the field of alternatives
assessment: “<the> process for comparing alternatives, usually to a
chemical of concern, and identifying those that are safer”.!® In the mid-

® httpsy//www.turierg/@ur_Werk Research/Alternatives_Assessment/Alternatives
_ Assessment Guidance.
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1990s, the Massachusetts Toxics Use Reduction Institute (TURI) developed
a tool to help companies systematically determine whether the TUR options
under consideration may have unforeseen negative environmental, worker,
or public health impacts. The tool is known as the Pollution Prevention
®ptions Analysis System (P2@ASys). By the 2000s, TURI’s laboratory was
using the P2@ASys for projects involving solvent substitution in industrial
cleaning operations, since organic solvents often have ozone depleting
potentials (@DPs) and/or global warming potentials (GWPs). Research
supported by the Society for Chemical Hazard Communication!! compared
the P2@ASys to the Global Harmonized System (GHS) with the chief goal
of replacing the subjective rankings of ‘high’, ‘medium’ and ‘low’ risks
with actual endpoints wherever possible. This research revealed that the
P2@ASys often provided more restrictive (i.e., safer) values than the GHS
standard. In instances where the GHS standard provided more stringent
values, or additional hazard information, that information was incorporated
into the P2@ASys and new subcategories added to the assessment matrix as
necessary. Key words from the GHS were also added to the P2@ASys, as
well as worst-case-scenario endpoints. P2@ASys’ cumbersome spreadsheet
format was subsequently converted into a web-based interface with an
integrative, drop-down menu, making data entry/selection easier.
Dr. Marshall provides the reader with a P2@ASys example for the
alternatives assessment of the volatile organic compound (V@C),
trichloroethylene (TCE). TURI continues to refine the P2@ASys and to
investigate other assessment tools to determine if including additional
resources would make the P2@ASys more universal In closing, Dr.
Marshall cautions users of the P2@ASys that the tool generates a helpful,
comparative score, and »not a definitive value.

Chapter Six: Process Improvement in The Phammaceutical Industry: Using
Copper Catalysts, by Ryan Conger, describes the application of green
chemistry principles in the synthesis of phammaceuticals by means of
catalysis. Green chemisty can be defined as, “the design of chemical
products and processes that reduce or eliminate the use and generation of
hazardous substances”™.!? Catalysis is the process of modifying a chemical
reaction with small amounts of a reusable catalyst that can accelerate a
reaction to completion, often for commercial purposes. Copper catalysts are
useful in multicomponent reactions (MCRs) in which a product is
assembled according to a cascade of reactions. Inmost cases, MCRs provide

11 https://wwwAschcAorg/.
12 https://www epa.gev/greenchemistry/basics-green-chemistry.
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greener alternatives to multi-step syntheses because they are carried out in
a single vessel and reduce waste. Compared to other catalysts such as the
platinum group metals (PGMs), other advantages of copper include its:
(1) abundance; (2) low toxicity; and (3) relative low cost. Copper catalysts
may provide suitable alternatives to PGMs in medicinal chemistry.
Moreover, copper-catalyzed azide-alkyne cycloaddition (CuAAC), known
as “click chemisty”, is considered one of the most powerful two-
component coupling strategies in modem synthetic chemistry. ChRAAC can
often be performed at ambient, that is, safer room temperatures. The author
concludes that the future of research in copper catalysts should include a
comparison of old and new processes based on a life cycle assessment
(LCA) approach. LCAs identify the material, energy, and waste associated
with a given process. @ne such method was developed by the United Nation
Intergovemmental Panel on Climate Change, PCC GWP 100a, which
analyzes GWPs expressed as kilogram (kg) C®; equivalents.

The people

Chapter Seven: Death by Degrees, by Dr. Syd Sewall, provides an overview
of climate change as a public health issue following the publication of two
seminal reports. In 2000, Physicians for Social Responsibility Maine
Chapter (PSR Maine)'® published the groundbreaking, Death by Degrees:
The Emerging Health Crisis of Climate Change in Maine. In 2015, PSR
Maine released the updated version — Death by Degrees: The Health
Crisis of Climate Change in Maine. The public health perspective
approaches disease rates as the outcome of a set of interacting risk factors
impacting the overall population, the “determinants of disease”, whereas
clinical medicine deals with individual patients and their specific
problems/risk factors. Climate change increases risks for anumber of public
health concerns, including: (1) respiratory health; (2) vector-borne diseases;
(3) waterborne illnesses; (4) heat illness; and (5) mental health. The major
impacts of climate change on each of these public concerns are:
(1) contributing to asthma, respiratory diseases, cardiovascular events, and
an extended allergy season in the accompaniment of air pollution; (2) an
increase in the incidence of Lyme disease due to the range expansion of the
disease-carrying tick, as well as the occurrence of the first human case of
Eastern Equine Encephalitis in Maine in 2014; (3) potential surges of
waterborne illnesses after flooding or excessive rainfall, such as algae
contamination in Maine’s shellfish industry due to sewage overflow; (4) a

13 https://psrinaine org)/.
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rise in cases of mild dehydration, heat exhaustion, and heat stoke (the total
breakdown of the body’s homeostatic mechanism) as a direct consequence
of record-breaking temperatures and heat waves, especially dangerous for
at-risk populations such as the elderly, and an increase in related
hospitalizations; and (5) an upsurge in suicide rates and requests for mental
health support after catastrophic storms (i.e., extreme weather events) and
resultant long-term loss of homes, jobs, electric power, etc., with associated
increases in emergency room (ER) visits, hospitalizations, and acute and
chronic illnesses. Finally, as Board President of an organization primarily
dedicated to the prevention of war, PSR Maine, Dr. Sewall discusses the
sociological impact of conflicts potentially driven by the effects of climate
change, such as natural resource degradation, ecosystem disturbances, food
scarcities, and political upheaval.* The author identifies the global
reduction of GHG production as the 21 century’s biggest challenge.

Chapter Eight: Traditional Knowledge and Climate Change Challenges:
Anambra State, Nigeria Case Study, by Chizoba Chinweze, examines soil
erosion, the current major ecological challenge exacerbated by climate
change in Anambra State, Nigeria in light ofthe indigenous people’s ability
to respond. Located in West Africa, Nigeria borders on the Atlantic @cean’s
Gulf of Guinea, neighboring Cameroon, Chad, Niger, and Benin. Anambra
is located in the southeastern part of Nigeria, with a landmass of 44,116
square kilometers (approx. 17,033 square miles). Anambra resides in the
tropical zone, with an intermittent wet season and a 4- or 5-month dry
season. The dry season along the West African coast experiences hazy,
harmattan conditions, a dry, dusty easterly or northeasterly wind occurring
from December to February. Average annual rainfall amounts to 1800
millimeters (approx. 71 inches), with bouts of intense precipitation. Relative
humidity is continually high (65% or greater), with average temperatures
ranging from 25°-32° Celsius (C) or 77°-90° Fahrenheit (F). The soil is deep
red, porous, and unconsolidated. The main drainage system for the state is
the Anambra River which empties into River Niger, along with a few
tributaries such as the @®@mabala, ®yi, and Ezu Rivers. The topography
consists mostly of pronounced rolling, long, steep slopes that enhance
runoff velocities and result in the washing-off of topsoil, leading to soil
erosion, the formation of gullies, and flooding on low-lying plains. The state
contains a human population of about 4,182,032 (with a population density
of about 900 persons per square kilometer or 0.4 square miles) in 127

14 See alse, chapter eight, Traditional Knowledge and Climate Change Challenges:
Anambra State, Nigeria Case Sty, by C. Chinweze fer specific examples of
petential climate-driven cenflict.
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communities with 27 different local governments. Founded on the 2014
United Nations Intergovernmental Panel on Climate Change (UN FPCC)
concepts of risk classification and vulnerability assessment: (1) 40.1% of
Anambra is severely gullied — impacting 38.08% of the population;
(2) 27.8% of Anambra is moderately gullied — impacting 28.33% of the
population; and (3) 32. 1% of Anambra is mildly gullied — impacting 30.47%
of the population. Farming (that is, subsistence agriculture), wading, and
small-scale industries constitute the bulk of the state’s economy. Residence
of Sub-Saharan Africa (SSA) rely on local, natural resources for sustenance
more than any other place on Earth. Accordingly, the people have come to
understand and to value these resources over many years. Traditional
ecological knowledge (TEK) is important in: (1) areas prone to gully
formation, where native plant species and local soil management practices
are used in attempts to manage and reduce the escalation of soil erosion and
(2) m plain areas prone to flooding, where forest governance having
cultural, religious, and spiritual significance is used in attempts to contain
flooding. By 2050, other climate facts and risks in Africa include: (1) an
increase in average temperatures of 1.5°C-3°C with additional increases
expected to follow; and (2) 25%-40% of mammalian species in SSA
national parks becoming endangered. By 2080, further expected changes
include: (1) water stress, scarcity, and a potential increase in conflicts as
almost all of the 50 river basins in Africa are transboundary;
(2) compromised food crops solely dependent on rainfall for irrigation; and
(3) increased vulnerability to a number of climate-sensitive diseases such as
malaria. Consequently, the role of TEK is significantly limited by the
region’s (1) endemic poverty; (2) limited access to technology; and (3) poor
public policy and institutional frameworks. The combination of: (1) high
impact (over 96% of Anambra’s population is impacted by gully formation
caused by climate-related soil erosion) and (2) low adaptive capacity (the
ability to prepare for, avoid, moderate, and recover from climate-related
risks) makes Anambra State, Nigeria, highly vulnerable to climate change
and variability. Substantial assets, i.e., funding, will be required to
successfully address a burgeoning problem of this magnitude, including the
use of advanced technologies.

Chapter Nine: Maritime Ports: Impacts on Climate Change, by
Dr. Maurady, Farah Housni, and Dr. Phil Barnes, examines and compares
the efforts of two major ports, (1) the Tangier Med Port in Morocco and
(2) the Port of Aalborg, Denmark, to better understand and reduce their
environmental impacts, including their energy usage and GHG emissions.
The information obtained for this case study was obtained from interviews

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



The Perils of Climate Risk: The Peeple and the Science XXXV

with knowledgeable port personnel. Besides their locations, the ports differ
in terms of their size and age. Both ports represent economic development
for the areas that they serve, and have sustainable development plans.
Tangier Med Port’s plan includes the use of IS® 14001:2015 EMS
(environmental management system). Tangier has identified two objectives
to reduce air pollution: (1) minimize the idling of trucks for loading and
unloading; and (2) measure emissions from activities within the port area, a
necessary component for [S@® certification. The Port of Aalborg is one of
the few C@:-neutral ports in the world, and the first in Denmark. In 2014,
the Port of Aalborg built a solar power plant to reduce GHG emissions, but
the port does not currently seek GHG information from ships. Expanding
Aalborg’s networking capabilities with external stakeholders will provide
opportunities to further decrease emissions. Each of the ports embarked on
unique and specialized approaches to the problem of climate change. Yet
this study demonstrates that, despite significant differences in culture
between two ports separated by thousands of miles, the common challenges
of reducing fossil fuel consumption and C®; emissions can lead to some
common practices. Consequently, future progress will depend on better
coordination of enhanced GHG data collection within the shipping, port
operations, and transport supply chains.

Chapter Ten: Climate Risk Management: Implementation As pects, by Sam
Higuchi, identifies two key components for the successful implementation
of climate risk management: first, a mutually acceptable climate database
and second, mutually acceptable climate information sources. Further, the
author suggests that providers of the science should consider shifting their
focus from product outputs to customer service outcomes, if the objective
1s indeed to promote the initial use, and then the application, of currently
available climate science. A number of resources are recommended: (1) a
database for technical managers of large public works programs and
projects — Downscaled CMIP3 and CMPIPS5 Climate and Hydrology
Projections (U.S. Army Corps of Engineers, Bureau of Reclamation); and
(2) the CMIPS data in KNMI Climate Explorer at Climate Change Atlas,
established by the United Nations Intergovemmental Panel on Climate
Change (UN PPCC) as an authoritative, international climate database.
These climate databases can serve as starting points towards actionable
knowledge. Two credible sources of climate information are likewise
recommended: (1) the U.S. Globe Change Research Program’s National
Climate Assessment, specific to the U.S. and (2) the PCC’s assessment
reports for international applications. For the non-climate scientist, these
two authoritative sources offer the greatest credibility and serve as the
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second step towards actionable knowledge. If further knowledge is required,
the 2016 publication, 4 Guidebook on Climate Science Scenarios: Using
Climate Information to Guide Adaptation Research and Decisions, by
@uranos is recommended. At some point, practitioners may need to move
beyond just using sources of climate data and information, and conduct their
own climate scenario analyses. According to the author, custom analysis
requires an understand of three fundamental elements: (1) dimensional
framework; (2) selection of scenarios; and (3) temporal aspects and each of
these steps are detailed. The many advocates of this approach, including the
Task Force on Climate-related Financial Disclosure (TCFD), envision
custom climate scenario analyses as part of routine climate-related risk
management for business. Finally, Mr. Higuchi provides additional
resources for the reader in an appendix, including an Australian publication
that offers a format based on a flowchart of data and references, and asks
for answers to a series of five basic questions to assist the user with his/her
project.

Chapter Eleven: Is Serious Climate Action Sooner Than Later 4 Good
Economiic Bet?, by Christopher Juniper, poses a very simple question with
complex answers. In fact, the race to better manage GHGs in a timely
manner was worthy of the 2018 Nobel Memorial Prize in Economic
Sciences with the development of the Dynamic Integrated Climate-
Economy (DICE) model by Yale University’s Dr. William D. Nordhaus:
GHG growth = gross domestic product (GDP) growth plus population
growth +/- GHG intensity of the economy. This chapter explores both
economic cost/benefit methodologies, and “non-monetizable” considerations
regarding the economics of climate change swategies. As part of the
cost/benefit discussion, the author contends that there are two fundamental
ways to consider the Retum on Investment (R®I) of climate-friendly
investments, which he refers to as the ‘micro’ and the ‘macro’. The question
with regard to micro R@I is: Does it pay for itself in a reasonable amount of
time and with what risks? The macro R@®I plays out its effects on an entire
economy (local, national, or global) and usually requires estimating the
social costs of carbon (SCC). Two analyses of micro R®I are examined:
(1) a study conducted by McKinsey & Co. for the Conference Board in 2007
and (2) Project Downsize in 2017. Both micro R@®I analyses reveal that
many solutions with major climate mitigation impacts are very cost-
effective now. Macro studies begin with Nordhaus’ DICE model. An
important tool for a macro study is calculating the SCC, as it provides an
economic rationale for making climate-related expenditures that do not
exhibit a positive micro R®L. The SCC can be defined as:
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“...the ecenemic cest asseciated with climate damage (er benefit) that
results frem the emissien ef an additienal tenne of carben diexide (tC®2).”

The author relates the U.S. National Academies of Science’s description of
the commonly used, four-step integrated assessment model (IAM) for
estimating the SCC. An important determinant of the viability of any macro
R@I is the scope, that is, the boundaries within which data is collected and
examined. The U.S. government is dramatically reducing the SCC
calculations by including only costs to the U.S. rather than global impacts.
A similar but different economic calculation is the price of carbon which,
like SCC, varies according to the model and scenario used. It assumes
diminishing retums, since the most favorable emissions are reduced first.
Mr. Juniper thoroughly examines opposing opinions, those that: (1) favor a
‘wait and see’ attitude with regard to climate change actions, often referred
to as Business As Usual or BAU and (2) subscribe to an ‘act now’
perspective. In 2018, Julian Morris of The Reason Foundation assembled
an argument in support of BAU. Those in favor of acting now include:

UN Secretary-General (2018);

UN Green Industrial Policy (2017);

Risky Business Project (2016);

World Resources Institute (2014);

International Energy Agency (2011);

Australian National University’s Centre for Climate Economics and
Policy (2015); and

7. UN IPCC (2018).

Sh L R s N

Each of these positions is substantiated by the author. Another interesting
concept explained by Mr. Juniper is ‘discounting’ which can have a major
influence on the SCC. Discounting the value of future costs and benefits of
projects with multi-generational impacts, for instance, dam construction, !’
is accepted as a rational “discounted utilitarianism” approach, but is
Justifiably controversial in its effect: that the future does not count for very
much today. The cost of GHG removal is also discussed, for example,
carbon sequestration. Negative emission technologies (NETs) and bio-
energy with carbon capture and sequestration (BECCS) are part of that
discussion. Illustrations of non-monetizable considerations include

15 See chapter six, Ecological and Infectious Disease Impacts of Hydropower in Sub-
Salaran Afiica by B. Tayler in, Demystifying Climate Risk Volume I:
Environmental, Health, and Societal Implications (LeBlanc, C. ed., Cambridge
Schelars Publishing, 2817) fer just such an example.
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environmental/social justice and energy/national security. Quoting the
author,

“@ur future is tee impertant te be left te either wildly imperfect prices,
and/er markets net designed te address this preblem, and/er misplaced
technelegical eptimism.”

constitutes a fitting end to this chapter.

Chapter Twelve: The Role of Ethics and Govemance in the Pursuit of
Climate Science, by Dr. Carole LeBlanc, is a departure from the author’s
previous writings as well the book’s other sections. Perhaps the most
consequential outcome of the chapter is the development by Dr. LeBlanc of
Ten Principles of Climate Action for Citizen Advocates (condensed):

Join forces with a group involved with climate change;

Reward ‘green’ companies with your business;

Practice what you preach by reducing your plastic consumption;

Volunteer in climate action;

Find out if your place of work has a position or interest in climate

change;

Take a course on climate change;

7. Help ensure that children’s education includes climate change from

an early age;

Consider a career path in a climate-related discipline;

9. Determine if the religious community to which you belong has a
position on climate change; and

10. VOTE in every election, and know the candidates’ positions on

climate change before you do.

A R

=)
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The principles were drafted as a result of the dramatic climate change data
reported in this book and elsewhere, and the author’s own personal
experiences as a former federal- and state-govemment official, teacher, and
involved citizen.
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CHAPTER ONE

ASSESSING THE SCIENCE
OF CLIMATE CHANGE

DONALD J. WUEBBLES, PH.D.!

Introduction

®n November 3, 2017, the United States government, through the United
States Global Change Research Program released Volume I of the 4%
National Climate Assessment. This report, called the Climate Science
Special Report or CSSR, is an authoritative assessment of the science of
climate change, with a focus on the United States (USGCRP, 2018). It
serves as the scientific foundation for Volume II of NCA4, which is an
assessment of climate-related impacts, risks, and adaptation in the United
States Volume II is scheduled for release in late 2018.

@ver 50 scientists and other experts contributed to the writing of the
CSSR assessment, including representatives from the United States
govemment, national laboratories, universities, and the private sector. These
experts were chosen by a steering committee led by major United States
government agencies. The CSSR was subjected to many extensive reviews,
by the scientific community and general public, by an external expert review

! Denald J. Wuebbles is the Harry E. Preble Prefesser of Awnespheric Science at the
University ef Illineis where he has been since 1994. He is alse a Presidential Fellew
at the University of [llineis, with the aim ef helping the university system develep
new initiatives in urban sustainability. An expert in awnespheric chemistry and
physics, Br. Wuebbles was awarded the Nebel Peace Prize in 2007 fer his
centributien te the Intergevernmental Panel en Climate Change (IPCC) assessment.
®ver his illustrieus career, Br. Wuebbles has published ever 588 scientific papers
related te the Earth’s climate, air quality, and the stratespheric ezene layer and has
received many awards. He has twe degrees in electrical engineering frem the
University of [llineis (1978, 1972) and a decterate in aunespheric sciences frem the
University of Califernia, Wavis (1983).

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco. coniterns-of - use



EBSCChost -

4 Chapter ®ne

panel convened by the National Academy of Sciences, and through multiple
reviews by federal agencies.

®ur analyses have shown that new observations and new research have
increased our understanding of past, current, and future climate change
since the Third United States National Climate Assessment (NCA3) was
published in May 2014. @ver the last 4 years since the 3" NCA, stwonger
evidence has emerged forthe ongoing, rapid, human-caused warming of the
global atmosphere and ocean. Researchers can also now more closely
pinpoint the human influences for individual climate and weather exteeme
events. Key findings from the 4 NCA (USGCRP, 2017) are presented in
this chapter, along with a few results from prior studies, especially in a look
at impacts from climate change, and a few new findings based on recently
published research.

Temperature and other indicators of climate change

Global, annually averaged, surface air temperature has increased by about
1.8°F (1.0°C) over the last 115 years (1901-2016). The change in
temperature for the continental United States for period is also 1.8°F. This
period is now the warmest in the history of modern civilization. The last few
years have also seen record-breaking, climate-related weather extremes, and
the last three years have been the warmest years on record for the globe
(Fig. 1.1). These wends are expected to continue over climate timescales.

Many other aspects of global climate are changing. Thousands of studies
conducted by researchers around the world have documented changes in a
diverse array of important parameters, including surface, atmospheric, and
oceanic temperatures, melting glaciers, diminishing snow cover, shrinking
sea ice, rising sea levels, and ocean acidification®. The ocean heat content is
increasing, with over 98% ofthe additional heat coming fromthe increasing
levels of carbon dioxide (C®-) and other greenhouse gases (GHGs) going
into the oceans. As expected from basic physics, rising temperatures are
leading to an increasing global amount of atmospheric water vapor.

2 @cean acidificatien is the engeing decrease in the pH of the Earth's eceans caused
by the uptake of carben diexide frem the amnesphere, seawater being slightly basic.
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Our climate continues to change rapidly

The global long-term
warming trend is
continuing.

Surface Temperature Change

2016 was the warmest
year on record, 2015 is
27 and far surpassed
2014, which is 3.

Sixteen of the last 17

years are the warmest Change in Temperature (°F)

- T T T
years on record for the -15 =10 05 00 05 10 15 20 25 30
globe.

Fig. 1.1. Temperature wends (change in °F) for the peried 1986-2815 relative te
19€1-196@ (USGCRP, 2817)

Extreme weather events

Changes in the characteristics of extreme events are particularly impertant
fer human safety, infraswructure, agriculture, water quality and quantity, and
natural ecesystems. Seme exwemes have already beceme mere frequent,
intense, er ef lenger duratien, and many exwemes are expected te centinue
te increase er wersen, presenting substantial challenges.

New let’s discuss the findings frem the CSSR (and mere recent studies)
abeut seme efthe key types ef exweme events:

Larger precipitatien events. Heavy precipitatien, as either rainfall er
snewfall, is increasing in intensity and frequency acress the United States
and glebally and is expected te centinue te increase. The largest ebserved
changes in exweme precipitatien in the United States have eccurred in the
Nertheast and the Midwest. Recent analyses alse peint te a likely increase
in dry days and lew precipitatien days ever much ef the United States while
the number of days ef exwreme precipitatien is likely te increase (Zebel ot
al.,2018).

Heat waves. Heat waves (mulfi-day, usually 5-7 days er lenger, perieds
ef unusually high temperatures) have beceme mere frequent in the United
States since the 196@s, while extreme celd temperatures and celd waves
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have beceme less frequent. Areund the werld, heat waves have increased
since 1900. Recent recerd-setting warm years are prejected te beceme much
mere cemmen in the ceming decades ever the United States, as annual
average temperatures centinue te rise (Fig. 1.2).

Heat waves are projected to increase

&

Lower Emissions

= Higher Emissions | H I
I H | . |
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1960 1680 2000 2020 2040 2060 2080
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Number of Heat Waves per Decade
» = >
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Fig. 1.2. Chicage, Illineis (United States) 1995-type heat wave will beceme reutine
by end of century — as many as 3 per year by 210@ (Wuebbles et al., 2018)

Dreught. Annual trends teward earlier spring snewmelt and reduced
snewpack are already affecting water reseurces in the western United States,
with adverse effects fer fisheries and elecwicity generatien. These wends are
expected te centinue. Under the highest emissiens scenaries, and assuming
ne change te current water reseurces management, chrenic, leng-duratien
hydrelegical dreught is increasingly pessible befere the end ef this century
(Fig. 1.3).

Recent dreughts and asseciated heat waves have reached recerd
intensity in seme United States regiens. At this time, the repert netes that
evaluating the human effect en recent majer United States dreughts is
uncertain. Little evidence is feund fer a human influence en ebserved
precipitatien deficits, but much evidence is feund fer a human influence en
surface seil meisture deficits due te increased evapewanspirafien caused by
higher temperatures.

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



Assessing the Science of Climate Change 7

Water quality and water
supply reliability are
jeopardized by climate
changein a variety of ways
that affect ecosystems and
livelihoods

adaa ALNITYEN0 TS O

(a) No Cimate Change Effects (b) Cimate Change Effects

Water Supply Sustamabiiy Rink Index (2050)

B Eaeme (412)
R Hh (808)
) Mosarses (192)
Royetal. 2012 (Cliow@X20) Low (59)

Fig. 1.3. Water supplies are prejected te decline due te climate change (Rey et al,,
2012)

Ferest fires. The incidence ef large ferest fires in the western
cenfigueus United States and Alaska has increased since the early 1980s
and is prejected te further increase in these regiens as the climate warms,
with prefeund changes te regienal ccesystems. The frequency ef large
wildfires is influenced by a cemplex cembinatien ef natural and human
facters.

Atmespheric rivers. Ammespheric rivers are narrew sweams ef
meisture that acceunt fer 30-48% ef the typical snewpack and annual
precipitatien en the United States West Ceast. They are alse asseciated with
severe fleeding cvents when they shed their meisture quickly er in
vulnerable regiens. The frequency and severity ef landfalling asmespheric
rivers will likely increase because rising temperatures result in higher
awmespheric water vaper cencenwatiens.

Hurricanes. Physical precesses suggest, and numerical medeling
simulatiens generally cenfirm, an increase in the intensity ef hurricanes,
alse knewn ag wepical cyclenes, in a warmer werld, and Earth system
medcls generally shew an increase in the number of very intense wepical
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cyclones. For Atlantic and eastern North Pacific hurricanes, increases are
projected i precipitation rates and intensity. The frequency of the most
intense of these storms is projected to increase in the Atlantic and western
North Pacific and in the eastern North Pacific.

New studies since CSSR suggest that recent intense hurricanes like
Harvey were significantly affected by the changes that have already
occurred in climate (Emanuel, 2017; Risser and Wehner, 2017; van
@®ldenberg et al., 2017).

More generally, what’s striking here is that events that we consider to
be extreme may become the new normal by century’s end.

Sea level rise

Global average sea level has risen by about 7-8 inches since 1900, with
almost half (about 3 inches) of that rise occurring since 1993. Human-
caused climate change has made a substantial contribution to this rise since
1900, contributing to a rate of rise that is greater than during any preceding
century in at least 2,800 years. Global sea level rise is already affecting the
United States; for example, the incidence of daily tidal flooding is
accelerating in more than 25 Atlantic and Gulf Coast cities.

Global average sea levels are expected to continue to rise — by at least
several inches in the next 15 years and by 1 to 4 feet by 2100. A rise of as
much as 8 feet by 2100 carmot be ruled out. Sea level rise is expected to be
higher than the global average in some parts ofthe United States, especially
on the East and Gulf Coasts of the United States.

Climate change is largely happening because
of human activities

Recent data add to the weight of evidence for rapid global-scale warming,
the dominance of human causes, and the expected continuation of increasing
temperatures, including more record-setting extremes.

Many lines of evidence demonswate that it is extwemely likely that
human influence has been the dominant cause of the observed waming
since the mid-20th century. @ver the last century, there are no convincing
alternative explanations supported by the extent of the observational
evidence. Solar output changes and internal natural variability contribute
only marginally to the observed changes in climate over the last century,
and there is no convincing evidence for natural cycles in the observational
record that could explain the observed changes in climate.
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The likely range of the human contibution to the global mean
temperature increase over the period 1951-2010 is 1.1° to 1.4°F (0.6° to
0.8°C), and the central estimate of the observed warming of 1.2°F (0.65°C)
lies within this range (high confidence). This suggests a substantial human
contribution to the observed 1951-2010 change. The likely contibutions of
natural forcing and internal variability to global temperature change over
that period are minor.

Projections of climate change

The magnitude of climate change beyond the next few decades will depend
primarily on the amount of greenhouse gases (especially C®;) emitted
globally. Without major reductions in emissions, the increase in annual
average global temperature relative to preindustrial times could reach 9°F
(5°C) or more by the end of this century. With significant reductions in
emissions, the increase in annually averaged global temperature could be
limited to 3.6°F (2°C) or less.

The atmospheric C®; concentration is now over 400 parts per million
(ppm) globally and annually averaged, a level that last occurred about
3 million years ago, when both global average temperature and sea level
were significantly higher than today. Continued growth in C®; emissions
over this century and beyond would lead to an atmospheric concentration
not experienced in tens to hundreds of millions of years. There is broad
consensus that the further and the faster the Earth system is pushed towards
warming, the greater the risk of unanticipated changes and impacts, some
of which are potentially large and irreversible (Fig. 1.4).

The observed increase in carbon emissions over the past 15-20 years has
been consistent with higher emissions pathways. In 2014 and 2015,
emission growth rates slowed as economic growth became less carbon-
intensive. Even if this slowing trend continues, however, it is not yet at a
rate that would limit global average temperature change to well below 3.6°F
(2°C) above preindustrial levels.

Without significant cuts to emissions, annually averaged global
temperatures will almost certainly rise beyond 2°C (or 3.6°F) by the end of
the century, the amount generally accepted as an indication of major
concern. ®n a more positive note, there are indeed emission pathways which
enable the United States and the world to remain below 3.6°F (2°C) of
warming. Almost all of these mitigation pathways, except those with the
most-rapid near-term emission reductions, are heavily reliant on the
implementation of C®; removal from the atmosphere later in the century or
other climate intervention.
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Current and potential impacts of the changing climate

The CSSR was deveted entirely te the science ef climate change, net its
impacts en humanity er en ecesystems. These will be discussed in Velume
II. Hewever, many ether studies, including the 3™ United States Natienal
Climate Assessment (Melille et al., 2014) have discussed the current and
petential impacts. Thatrepert included analyses of impacts en seven secters

human health, water, energy, wanspertatien, agriculture, ferests, and
ccesystems  and the interactiens ameng secters at the natienal level. The
NCA aim is te help inferm Americans’ cheices and decisiens abeut
investments, where te build and where te live, hew te create safer
cemmunities and secure eur ewn and eur children’s future. They feund that
impects related te climete chanige are already evident in meoiy secters and
are expected te beceme increamsingly disruptive eacress the negien
threugheut this centuiy aid beyend (Fig. 1.5).

Change in Yield (lons per hectare)

5 4 2 0 2 4 6
Change in maximurm temperature (*F)

Fig. 1.5. The agriculture secter will experience lenger grewing seasens and mere
C@2but this secter will alse face increasing challenges frem heat swess, water siess,
pests, diseases, and weather exwemes (Melille et al, 2€14)

In sunmary, the 3™ NCA cencluded: The ebserved warming and ether
climatic changes are wiggering wide-ranging impacts in every regien ef eur
ceunwy and threugheut eur ccenemy (Fig. 1.6). Seme of these changes can
be beneficial ever the shert run, such as a lenger grewing scasen in seme
regiens and a lenger shipping scasen en the Great Lakes. But many mere
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are dewimental, largely because eur seciety and its infrastructure were
designed fer the climate that we have had, net the rapidly changing climate
we new have and can expect in the future. In additien, climate change decs
net eccur in iselatien. Rather, it is superimpesed en ether swesses, which
cembine te create new challenges.

Every U.S. region has been affected by this trend

Billien-Bellar Event Types by Year, Corsurner Price Index (CPI) Adjusted

| vt T lys | srwrsam | Fees

I Fasdng | crowem Contwl BEMTI = Laar Masn

*203 weather
andclimate
disastesreashed
orexceeded$1
blilendusiagthls
perlad(CPl-
ad|usted)

Billion-doitar weather and climate disasters frequency: 1980.2016*

Fig. 1.6. Increasing effects of severe weather en the United States ecenemy tetal
$1.1 willien since 198@ ($1.5 trillien if include 2817), accerding te the Natienal
@ccanic and Axnespheric Adminiswation (N@AA)

Conclusion

In the discussien abeve, I have fecused en the state ef the scientific
understanding ef climate change based en the peer-reviewed literature as
assessed in Velume I of the 4® Natienal Climate Assessment. Hewever, 1
want te end with a persenal message that is based en my understanding ef
the science, the resulting impacts, and what these are telling us  climate
change is clearly enc ef the mest impertant issues ef eur time. It is clearly
an issue we need te be taking very serieusly if we are geing te aveid the
werst ef the petential impacts en eur children and eur grandchildren.

It is casy te be depressed by the prejected changes in climate, but [ want
te leave yeu with a sense ef hepe. Mitigatien by reducing emissiens ef the
gases is necessary te aveid the werst f the petential changes in climate and
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adaptatien will alse be necessary. We can aveid the unmanageable and we
can manage the unaveidable. It is eur cheice (Fig. 1.7). We just have te have
the willpewer. But the peeple of eur planet have a leng histery ef being
preblem selvers — we can de this.

CO,;,, =475 ppm

Change in average surface temperature (1986-2005 to 2081-2100)

We have a choice

-50 -40 -30 -20 -10 1] 10 20 ) 40 50

Fig. 1.7. Changes in average surface temperatures (top) and average precipitation
(bottom) based on parts per million (ppm) atmospheric carbon, 1986-2005 and 2081-
2100 (based onIPCC, 2013)
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CHAPTER TWO

TRACKING GLOBAL CHANGES
IN GREENHOUSE GAS CONCENTRATIONS

STEPHEN A. MONTZKA, PH.D.!

Introduction

The Global Monitoring Division (GMD) of the United States (U.S.)
National @ceanic and Atmospheric Administation (N®@AA) Earth System
Research Laboratory (ESRL) conducts research that addresses three major
areas in atmospheric research:

¢ Greenhouse gases (GHG) and carbon cycle feedbacks;
¢ Changes in clouds, aerosols, and surface radiation; and
e Recovery of swatospheric ozone.

GMD consists of four research groups that are involved in making and
interpreting atmmospheric observations: (1) Carbon Cycle and Greenhouse
Gases (CCGG); (2) Halocarbons and other Atmospheric Trace Species
(HATS); (3) ®zone and Water Vapor (@ZWV); (4) Global Radiation and

! Stephen A. Mentzka is a research chemist at N@AA respensible fer engeing glebal
awnespheric measurements of 3@ different trace gases that influence climate,
stratespheric ezene, and air quality. The awnespheric recerds he has previded ever
the past 25+ years are integral te N@®AA’s Annual Greenheuse Gas Index and
NO®AA's ®@zenc-Bepleting Gas Index, which are indices that track changes in glebal
cencentratiens ef climate-active and ezene-depleting gases. Buring his career, he
has authered o1 ce-authered ever 168 peer-reviewed papers and has been lead auther
of chapters related te awmmespheric cempesitien change in several natienal and
internatienal assessment reperts en ezene depletien and climate. In 2018,
Br. Mentzka was named a Fellew of AGU, the American Geephysical Unien. This
hener is bestewed on enly ¢.1% of AGU members feor any given year.
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Aerosols (G-RAD). While most of the measurements from each group are
made at many different locations, including collaborator and networking
sites, GMD operates four baseline observatories that unite the research
groups and serve as the backbone of the GMD observing system. GMD’s
research groups:

“werk tegether in develeping andmaintaining their ebserving netwerks and,
especially, in understanding, interpreting, and publishing results.”?

The purpose of this paper is to communicate N®AA’s findings in
tracking changes in global atmospheric concentrations of long-lived GHGs
(LLGHGs) and the underlying implications of these measured changes.

The greenhouse effect

According to Schmidt et al., (2010), the main contributors to Earth’s
greenhouse effect are:

e Water vapor 50%
¢ Clouds 25%
e Carbon dioxide (C®>) 20%
e Methane, nitrous oxide, halocarbons, ozone, etc. 5%

Natural processes emit carbon dioxide, methane, and nitrous oxide;
they also lead to the presence of ozone in our atmosphere. The resulting
“natural” atmospheric concentrations of these LLGHGs, along with
associated “natural” levels of water vapor and clouds, account for most of
Earth’s greenhouse effect today. In the absence of the greenhouse effect,
Earth’s average temperature would be nearly 60° Fabrenheit (F) lower than
it is today, or about 8* F or -18° Celsius (C). If this were the case, most
water on Earth would be frozen and life as we know it would not exist.

Many human activities lead to emission of these LLGHGs (for
example, the buming of fossil fuels emits C®:2), and, as a result, aimospheric
concentrations of these gases are elevated substantially abovenatural levels.
Elevated concentrations of LLGHGs result in the absorption of more
infrared radiation, so that less escapes directly into space. This has resulted
in warming of the planet since preindustrial times and is sometimes called
the Enhanced Greenhouse Effect.

2 https://www.esrlneaa.gev/gmd/abeut/abeutgmd haml.
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Atmospheric components like water vapor and clouds are different than
the other main contributors to the greenhouse effect, because they are
controlled by condensation and evaporation so are nof long-lived. As a
result, water vapor and clouds only respond to the conditions (e.g.,
temperature) set by LLGHGs, like C@®;, methane, etc. Hence, these short-
lived substances are not considered to be the cause of climate change but
are responding instead to changes in temperature, winds, weather, etc.,
induced by LLGHGs and, as a result, amplify the warming influence from
the LLGHG:s.

Measurements of atmospheric composition from ice cores, firn air
(unconsolidated snow above glacier ice), and ongoing, global-scale
ammospheric measurements have unequivocally shown that amospheric
concentrations of LLGHGs have increased above natural levels. Given that
these concentration increases will have an effect on Earth’s climate, the
questions we must ask ourselves are:

o How quickly are atmospheric concentrations changing and why?

¢ How might they change in the future and can we manage that
trajectory?

¢ How are they adding to climate warming?

NOAA’s global air sampling network

N®@A A’s Global Monitoring Division in Boulder, Colorado, U.S., maintains
a vast cooperative air sampling network of nearly 90 sites around the world,
from the northern tip of Alaska to the Gobi Desert in Mongolia and even to
the snowy desolate landscape ofthe Antarctic South Pole (Fig. 2.1). At most
of these sites, measurements are made of the most abundant greenhouse
gases: C@®,, CH,, and N.@. From a portion of this network, measurements
are made of long-lived halocarbons that are also potent GHGs. The goal of
these efforts within N@®@AA-GMD is to map LLGHG concentations
throughout the lower atmosphere of the entire world.
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Fig.2.1. N® AA netwerk lecatiens where measurements are taken ef gases affecting
climate, stratespheric ezene, and air quality ever time.

Since the 19708s, sampling flasks have been filled weekly and then sent
te the facility in Beulder where they are analyzed en multiple insieuments.
While the initial pregram enabled the measurements of enly a few gases,
these pregrams teday previde measurements ef ever 48 leng-lived
chemicals and isetepelegucs® (e.g., PC®;). The emphasis ef these efferts is
en leng-lived gases (gases having lifetimes of ~1 year er lenger), as they
are the largest centributers fe climate warming teday and whese impacts
will be felt for decades and even centuries after being emitted (Fig. 2.2).

3 An isetepelegue of a chemical species has atleast ene atem with a dif ferent number
of neuwens than the parent chemical.
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Fig. 2.2. Glebal mean surface cencentratiens measured fer annespheric carben
diexide, niweus exide, methane, and seme halecarbens [chlerefluerecarben-11 and
-12, (CFCs), hydrechlerefluerecarben-22 (HCFC-22), and hydrefluerecarben-134a
(HFC-134a)], 1975-2017 (figure at: hitps://www.esrl.neaa.gev/gmd/aggi/aggi hunl,
and data are available at: https://www.estl.neaa.gev/gmd/dv/ftpdatahunl). Fer C®,
and CHa, the jagged line represents menthly means, while the smeeth lines are the
running annual mean in which seasenal variatiens have been averaged eut. Fer
methane, the eldest results (peints in 1979 - 1983) are derived frem measurements
frem an air archive, and air wapped in Antarctic snew (fun) and ice (Etheridge et al,,
1998).

Overall climate influence of changes in gas concentrations

Net all wace gases influence climate similarly. The influence ef a trace gas
en climate depends en its:

Efficiency fer abserbing available heatenergy (Fig. 2.3 and2.4);
Cencenwatien in the amnesphere (Fig. 2.4 prevides examples ef
radiative efficiencies and cenceniatiens fer certain gases); and

e DPersistence in the ammesphere (Table 2.1 and Fig. 2.5). The
persistence, er lifetime, of a wace gas is impertant because climate
respends te the cumulative heat wapped by a wrace gas ever fime.
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The effect efa wace gas en the energy balance ef Earth’s climate system
can be expressed as a radiative fercing. The Intergevemnmental Panel en
Climate Change (IPCC) Feurth Assessment Repert (AR4: IPCC, 2007)
defines radiative fercing as:

“A measure of the influence a facter has in altering the balance of inceming
and eutgeing energy in the Earth-aumesphere system and s an index of the
impertance of the facter as a petential climate change mechanism.”

Radiative fercing is expressed in watts (W) per square meter (m?), which is
cquivalent te energy per unit time per surface arca. Fer gases at lew
cencenwanens, radiative fercing is estimated by multiplying their radiative
efficiency by their glebal amnespheric cencenwatien (i.c., by mulplying
the dark bars by the light bars in Fig. 2.4). Fer gases at higher cencenwatien
(C®,, CHi, N.®), hewever, radiative fercing is nen-lincarly related te
ammespheric cencentratien (Ramaswamy et al., 2001).

Why some gases trap heat very efficiently

Incoming light Qutgoing heat
atmospheric
window

solar window

o

Opaque

BT 8 65 BT 10 5.0 10.0 5.0 10.0 Transparent
wavelength (um)

b— uv ——vis—— near IR —f—— far IR {longwave, thermal) —

[ CFCs, HCFCs, and HF Cs absorb
significantly in this ‘window’ region

MAtmospheric absorption (%)
absorption (%)

Fig. 2.3. The abserptien ef energy (light and heat) by Earth’s aumesphere as a
functien ef the wavelength ef that energy. Inceming visible light with wavelengths
in the “selar windew’ regien (lighter shaded regien) are wansmitted threugh the
awmesphere te Eartly’s surface witheut being abserbed substantially. Heat (infrared
energy) being re-radiated from Earth’s surface with wavelengths i the “ammespheric
windew” regien (darker shaded region) mestly escapes te space. Gases that abserb
heatenergy with wavelengths in this “awnespheric windew’ regien are petent GHGs
because they abserb heat that weuld etherwise escape te space.

Nete: Given current awmespheric cencenwaens, an additienal melecule of CFC, HCFC,
or HFC abserbs heatre-radiated frem Earth’s surface much mere efficiently (by facters
of 25 te 16,008) than an added melecule of C®: (see Fig. 2.4) (BPCC, 2067).
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Fig. 2.4. The wide range of measured concentrations and heat-wapping efficiencies
(i.e., radiative efficiencies) of some LLGHGs present in the aimosphere today (note
log scale). The heat-trapping efficiency of these gases (dark bars) is expressed as the
heat absorbed per unit concentration, or Watt/m?/ppb, where ppb refers to
concentration in parts per billion. Ambient global mean surface concentrations (light
bars) measured by NOAA-GMD in recent years are expressed in parts per million
(ppm) (note that 1 ppm = 1000 ppb and the global mean concentration of HFO-
1234yfistoo low to be visible on this scale).

Table 2.1. Natural processes irreversibly remove GHGs from the
atmosphere at different rates

Atmospheric persistence (as lifetime) in years

CO; 100 te >1000*

CH,4 10

HFO-1234yf 0.03

HFC-134a 14

CFC-12 100
*Not a single tirnescale, as 20-60% remains airborne for > 1,000 years (Archer and
Brovkin, 2008).

The term lifetime is similar to the term “halflife” as applied to the decay of radioactivity
from nucleotides over time. Awnospheric lifetime, however, refers to the time it would
take for the global ammospheric concentration of a trace gas arising from a pulse emission
to decrease to 1/e (or 1/2.718, or 37%) of'its initial concentration.
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Fig. 2.5. Timescales for atmespheric remeval of a pulsed emissien of twe gases
having different lifetimes (18 years and 10@ years).

Given teday’s measured glebal atmespheric cencenwatiens, we can
estimate the radiative fercing being supplied by LLGHGs and hew that
fercing has changed in the past (Fig. 2.6). This radiative fercing reflects the
net result of past emissiens and natural remeval precesses.

This analysis reveals that carben diexide acceunts fer 2/3 ef the current
awmespheric radiative fercing frem all LLGHGs and> 88% ef the increase
in radiaive fercing ever the past 5 years frem all LLGHGs (Fig. 2.6).
Furthermere, the everall increase in radiative fercing fiem 2015 te 2016
vias the secend largest avwial increase on recerd
(https://www.esrineas. gev/gmd/aggi/aggihtmi).
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Fig. 2.6. Recent changes in the radiative fercing (er warming influence) supplied by
measured changes in glebal surface cencenwations of LLGHGs. Fer reference, climate
sensitivity at equilibrium is theught te be 8.5-1.2°C/ (W/m?) (Hansen et al, 2007).
Nete: 3 W/m? is equivalent te 1.2% of the net energy Earth abserbs frem the Sun
(Hansen etal., 2087), ertheheat frem 14 willien 16@-watt lightbulbs evenly diswibuted
acress Earth’s surface (that’s ene bulb every 2@ ft x 2@ fi, that is always en).

NOAA’s Annual Greenhouse Gas Index (AGGI)

“The AGGI is a measure of the climate-warming influence of leng-lived
wace gases and hew that influence has changed since the enset ef the
industrial revelutien. The index was designed te enhance the cennectien
between scientists and seciety by previding a nermalized standard that can
be easily understoed and fellowed. The warming influence of LLGHGs is
well wundersteed by scientists and has been reperted by NOAA..
Nevertheless, the language eof scientists eften eludes pelicy makers,
educaters, and the general public. This index is designed te help bridge that
gap. The AGGI prevides a way fer this warmming influence te be presented
as a simple index.”*

4https://www.estlneaagev/gmd/aggi/.
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The AGGI is derived directly from the measure of radiative forcing from
LLGHGs over time and reflects only post-industrial changes, mainly from
humans, and not warming from natural sources of these gases (Hofinann et
al, 2006). Its value in a given year reflects the warming influence (or
radiative forcing) in that year relative to 1990, based on awmospheric
changes since 1750 (Fig. 2.7). The value for the AGGI in 2017 of 1.41
means that the wamming influence ffom human-derived emissions of
LLGHG:s has increased by 41% since 1990.
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Fig. 2.7. Weriving NOAA’s AGGI from radiative forcing: The increase since 1990
is~0.9 W/

Deriving global emission rates from atmospheric data

Radiative forcing provides an esmate of the warming influence being
supplied by a LLGHG at a point in time as a result of emissions in the past.
It does not, however, indicate how the warming influence from these gases
will change in the future. The future of climate warming will reflect both
the persistence of GHGs in the atmosphere today (their lifetimes) as well as
the magnitude and persistence of current GHG emissions. To umderstand
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how the current mix of wace gas emissions and the magnitude of those
emissions might influence radiative forcing and climate in the future, we
need to be able to estimate global emission magnitudes for the LLGHGs.

The global emissionrate of a long-lived trace gas can be calculated from its
global atmospheric concentration and an understanding of its loss rates (or
lifetime). Emission magnitudes are typically derived for non-C®; LLGHGs
with mass balance considerations, that is:

Measured glebal cencentratien change = Emissiens Lesses

Consequently, N@®AA’s measurements of global concentation and its
change over time for non-C®; LLGHGs can provide an estimate of global
emission magnitude for a trace gas when natural loss rates (or lifetimes) are
also known. Emission magnitudes can be expressed as mass of the trace gas
per unit time, or with a weighting factor that allows the warming influence
of emissions of different gases to be considered on a common scale (C®;-
equivalents). The weighting factor used to derive C@:-eq emissions is
typically the Global Warming Potential (GWP) and represents the warming
supplied by the emission of a trace gas relative to the wamming supplied by
an equivalent emission of C@®,, integrated over 100 years. C@,-equivalent
emission magnitudes can be derived for all LLGHGs by weighting
(multiplying) their emission magnitude by their GWP. For the two non-C®,
gases with substantial natural emissions (CH4 and N,@®), the anthropogenic
emission rate is derived by subtracting the preindustrial emission rate
(derived from ice-core concentration measurements as a constant emission)
from the total emission inferred with the mass balance approach described
above.

A comparison of present-day anthropogenic C®,-eq emissions of non-
C@®; gases derived with this approach reveals that: (1) CHy in the largest
non-C@®; contributor and N:@® is the second largest non-C@®;, contributor;
(2) emissions of ozone depleting substances (@DSs) have declined
substantially because of international controls under the Montreal Protocol
for the protection of stratospheric ozone; and (3) emissions of HFCs are
currently small but steadily increasing (Fig. 2.8).
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Fig. 2.8. Human (anthrepegenic) emissions ef nen-C® GHGs: CHa, ®BSs, N2@
and HFCs, 198¢-2816, expressed as C@®2-¢q. These emissions are derived frem
measured glebal atmespheric cencenwatiens abeve preinduswial values and an
nnderstanding of natural less precesses (i.e., chemical lifetimes) (an update of
analyses in Mentzka et al,, 2011).

The methed described abeve fer deriving glebal emissien rates of LLGHGs
werks fer nen-C®; GHGs because natural less precesses fer these gases are
adegquately described by a single time censtant (er lifetime). Unfertunately,
the irreversible ammespheric remeval of C®; is net described simply: the
irreversible remeval rate of C®; depends en hew leng age the emissien
eccurred. As aresult, we rely en glebal inventeries ef anthrepegenic C@®,
emissiens fer estimating glebal anthrepegenic emissiens ef this impertant
LLGHG. Anthrepegenic emissiens ef C®; in these inventeries are primarily
frem glebal fessil fuel cembustien and cement preductien (Friedlingstein et
al., 2010;
https://www.bp.cem/en/glebal/cerperate/energy-ccenemics/statistical-
review-ef-werld-energy/ce2-emissiens.hunl).
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A censideratien ef emissiens ef all significant LLGHGs reveals seme
significant peints: (1) tetal anthrepegenic emissiens (as C®;-cq) frem the
sum ef all LLGHGs have increased since 1998 by 24%: (2) human-derived
C®, emissiens acceunt fer 78% ef LLGHG emissiens teday, and they
acceunt fer the largest increase in emissiens in recent years (a 68% increase
since 1990): and (3) emissiens weuld be much higher witheut the Mentreal
Pretecel centrels (Fig. 2.9).
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Fig. 2.9. Anthrepegenic (i.c., human-caused) C®: and nen-C® GHG emissiens,
1980-2016.

As a result of the magnitude and changes neted in the recent past fer
emissiens of LLGHGs (Fig. 2.9), tetal radiative fercing frem these gases
has steadily increased ever ime (Fig. 2.5). Stabilizing climate will enly be
achieved by decreasing emissiens ef these gases te the peint where radiative
fercing steps increasing er even decreases. Given the deminantrele for C®,
in tetal radiative fercing and its recent increase, and in tetal GHG emissien,
any attempt te stabilize climate will have te fecus en emissiens ef C®;.

Te what extent will climate (er radiative fercing) stabilize if we step the
increase in emissien rates of LLGHGs? Answering this questien depends
criically en the ammespheric lifetime of a LLGHG, since enly a small
fractien of a leng-lived gas is remeved frem the ammesphere cach year. Fer
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example, enly ~1% ef the ammespheric burden of a trace gas having a 100-
yr lifetime is remeved cach year (Fig. 2.5). The effective lifetime of C®; in
teday’s atmesphere is much lenger than 108 years, which means that C@®;
cencentratiens will net begin decreasing until emissiens fall belew this
small natural remeval rate. Mere specifically, emissiens ¢f C®; weuld need
te decrease by 88% in erder te step the increase in its cencentratien and its
asseciated radiative fercing (Fig. 2.18). Just keeping CO; emissions
censtepit in the fithire deesn’t prevent a centinued rapid iiicrease in glebal
warming fiem CO, (Fig. 2.19).

In cenwrast, nen-C@®; tetal radiative fercing frem GHGs has increased fairly
slewly ever recent years. This is primarily because of three facters: 1) mest
of the nen-C@®; radiative fercing is frem methane, 2) methane’s lifetime is
~1@ years, 3) and methane’s seurces and sinks are nearly in balance. This
means that declines in the radiative fercing frem methane ceuld be realized
with enly relatively small decreases in emissiens ef methane (Fig. 2.19).
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Fig. 2.1¢. The warming influence (radiative fercing) frem C@®2 and nen-C@®:
LILGHGs in the past based en measured axmespheric concenwations, and petentially
in the fature derived frem cencentratiens calculated frem erther 1) censtant
emissiens er 2) an 88% reductien in present-day emissions. Adapted frem Mentzka
etal, 2011,
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Ultimately, climate respends te everall radiative fercing, net just the fercing
asseciated with enc er twe gases. These results cempel us te ask: What is
required te step centinued increases in the tetal warming influence ef all
LLGHGs? Select emissien scenaries demenswate the serieusness ef eur
current situatien if we hepe te step the centinued increase in radiative
fercing er enhanced warming frem LLGHGs (Fig. 2.11).

a) Constant
future emissions
{2008 rate)

@,

Sum: A8 .-

d) Emissions
cutby80%
by 2050

| Sum:
L ™ noN.CO;
| ———— ct | LLGHG

05 | —

Radiative forcing (W/m?)
{directly proportional to atmospheric concentration}

00 —

Yesar

Fig. 2.11. The radiative fercing frem measured and calculated LLGHG
cencenwatiens fellewing different emission reductien scenaries in the fature. The
cuts in present-day emissiens censidered here were phased in at a steady rate and
were complete by 2@5@. Scenaries censidered a) censtant emissiens of all LLGHGs
inte the future at 201@ rates, b) censtant future C®, emissiens and an 88% decrease
in nen-C®2 emissiens by 2050, ¢) an 88% cut in C@®: emissiens phased in by 205¢
and censtant nen-C®; GHG emissiens, and d) an 88% cut in all GHG emissiens
relative te their 2018 emissien level. For mere infermatien, see the werk in which
these scenaries were eriginally discussed (Mentzka et al., 2@11).
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Results indicate that anthropogenic warming by LLGHGs still continues to
increase for several years after each of the emission reduction scenarios
that is phased in gradually. Even if emissions were cut by 80% by 2050, a
decrease in radiative forcing from these gases would not be apparent until
2040 as concentrations levelled off. Furthermore, the results emphasize the
necessity of targeting C®: emissions in any effort to stop the continued
increase in radiative forcing and climate change. The human influence on
climate will continue to become larger in the future (with more warming)
unless C@®2 emissions coming primarily from fossil fuel combustion are
reduced by 80%. @ne final note related to the relationship between climate
and radiative forcing: the climate changes only slowly (i.e., with a time lag)
in response to an increase in radiative forcing (Solomon et al., 2010). So any
changes in climate observed to date do not reflect the full range of changes
anticipated from the recent increases in radiative forcing.

Principles of climate protection

Global atmospheric observations of LLGHGs have several uses:

e They provide a measure of global atmospheric composition changes
and of the radiative forcing being provided by that composition;

o They provide a measure of GHG emissions which enables
identification of mitigation opportunities on global to local scales
(Fig. 2.12); and

o They enable an assessment of efforts to stabilize climate warming on
global scales.
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Fig. 2.12. Spatially-reselved emissions inferred frem an analysis of measurements
ebtained frem N®AA’s U.S. awnespheric sampling netwerk fer a number of
halegenated compeunds that are petent LLGHGs (taken frem Hu etal., 2817).
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It is alse true that emissien rates f LLGHGs can be quantified en regienal
te centinental scales using atmespheric ebservatiens. This effert requires
relatively dense measurements in the regien ef interest, a geed
understanding ef air transpert in the regien, and sephisticated data analysis
teels. An example be feund in N@®AA’s US.-wide atmespheric
measurement netwerk. Results frem this appreach identified a decline in
U.S. GHG emissiens ever the past decade of ~8.6 Gigagram (Gg) C®,/year
(yr) for C®,, CH,, and N,® (based en U.S. EPA inventery reperting) and a
decline ever the past decade of ~8.3 Gg C®,/year for gases phased eut by
the Mentreal Pretecel (based en measurements in the U.S. sampling
netwerk; Hu et al, 2017) (Fig. 2.13).
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Fig. 2.13. Decreases in emissions of GHGs (top) and @DSs (bottom) in the U.S.,
2004-2014 (Hu etal., 2017).
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Conclusions

Since the 1990s and the Kyoto Protocol agreement, an international weaty
which extends the United Nations Framework Convention on Climate
Change (UNFCCC) that conunits state parties to reduce LLGHG emissions:

o LLGHG emissions have instead increased by 24%;

¢ (@, emissions have increased by about 68% (inventory result); and

¢ Climate radiative forcing has increased 41% (AGGLa; = 1.41), by
0.9 W/m?.

Moreover, the amount of warming supplied from LLGHGs is still increasing
each year.
To summarize:

¢ (Climate waming from LLGHGs 1is proportional to their
concentration and lifetime;

¢ Two-thirds of climate forcing and 70% of C@®,-eq emissions are
currently from C@®;, a very long-lived gas; and

o Finally, stabilization of climate warming will require large cuts in
emissions of C@®; and other GHGs.
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CHAPTER THREE

A “4TH WAVE” PERSPECTIVE ON CLIMATE
RISK MANAGEMENT

IsAmMU ‘SAM’ HIGuCHI!

Abstract

The “4% IT'ave” Perspective on Climate Risk Management focuses on the
advance technology business aspects of climate risk management. The “4t%
Wave” environmental movement is characterized by an emphasis on scarce
resources, in particular, critical materials needed to manufacture innovative
high technology products such as aerospace and electronic products.
Business success and a nation’s economic wellbeing depend on reliable
supply chains to critical materials. These supply chains are vulnerable to
natural disasters, including an increasing trend of climate change
disruptions. To maintain their leadership positions, United States (U.S.)
businesses and the nation need to manage climate-related risks, like supply
chain disruptions. A business perspective climate risk management
framework is proposed, based on a financial-accounting approach. A similar
framework is proposed for a federal agency climate risk management
framework, based on a statutory financial-accounting approach. U.S.
businesses and the nation need to safeguard their assets to maintain their
global leadership positions by managing their climate-related risks.

! Sam Higuchi is an engineer at the Natienal Aerenautics and Space Administratien
(NASA) headquarters in Washingten, BC, with service in the public secter since the
1988s. He has a law degree frem the University of lewa and graduate degrees in
public administratien and science frem the American University and the University
eof Minneseta, respectively. Ameng his accelades are the Brenze Medal Award frem
the Natienal @ceanic and Awmnespheric Administratien (N®AA), Envirenmental
Engineer ef the Year Hener Award Winner frem the Cenference ef Federal
Envirenmental Engineers, Partners in Quality Centracting Award frem the Ceuncil
fer Excellence in Gevernment, and Antarctic Service Medal frem the U.S. Navy.
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Introduction

Historically, the environmental movement can be categorized by trends,
“waves”. In 2009, Richard MacLean proposed the categorization of the
environmental movement into waves. According to his categorization, we
are currently just entering the “4% Environmental Wave” that focuses on
“resources”. The prior wave categories included the “2™ Wave”,
characterized as a period dominated by the promulgation of environmental
regulations. Next was the “3™ Wave”, characterized as a period dominated
by the concept of “sustainable development”. Now, we are wituessing the
“4th Wave”, dominated by the focus on “resources;” more precisely stated
by MacLean as “strategic resources positioning” (Table 3.1). This “4%
Wave” is characterized by: (1) technical innovation and (2) control over
scarce resources. Technology innovation depends on: (1) both critical key
minerals and materials and (2) reliable supply chains.!

Table 3.1. Environmental movement, the “4* Wave”

Strategic resource positioning=Sustainable materials management
(SMM)

General characteristic |“4'"® Wave” specific characteristic
Resources (e.g., critical materials need to
develop new products)
Completive advantage: |Access to key resources (e.g., critical materials)
Iimovation and creating advanced technologies
products (e.g., incorporating critical materials)
Reliable supply chains (e.g., for raw critical
materials)

Focus:

@utput objective:

Input objective:

There is strong evidence that we are currently in the “4® Wave”. In the
U.S., two Executive @rders focus on aspects of the “4% Wave”. The first is
Executive @rder (E®) 13806, signed 21 July 2017, Adssessing and
Strengthening the Manufacturing and Defense Industrial Base and Supply
Chain Resiliency of the U.S? The second is E®@ 13817, signed 28 December
2017, A Federal Strategy to Ensure Secure and Reliable Supplies of Critical
Minerals? This “4® Wave” trend goes beyond the U.S,; it is global. The
global trend evidence is provided by the European Union (EU) initiative
publications such as, (1) Critical Raw Materials and the Circular Economy®
and (2) Raw Materials Information System (RMIS)...°> This “4% Wave” has
profound significance to the U.S. and its continued global economic
leadership.®
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The “4%h Wave” emphasis on “resources” and, more specifically, on
“materials” has been expressed by others in three terms (Table 3.2): (1) “De-
Carbonization”, (2) “De-Materialization”, and (3) “De-Toxification”. More
explicitly, “De-Carbonization” is focused on using less material-carbon
energy fuels in manufacturing products to mitigate climate change. “De-
Materialization” is focused on reducing “materials” in manufacturing
products to conserve scarce material-minerals. Finally, “De-Toxification”
is focused on eliminating toxic material-chemicals in manufacturing
products to reduce environmental contamination. This emphasis on
“materials”, using these three terms, is characteristic of “sustainable
materials management” (SMM).”

Table 3.2. Sustainable materials management (SMM) and climate
change

SMM component |Comment

Climate change mitigation by reducing greenhouse
gas (GHG) emissions

Reduce GHG emissions by reducing energy
De-Materialization: [required to refine materials (e.g., refining critical
raw materials from minerals)

Reduce toxic chemical by-products, including
ozone depleting substances (@DSs), that also are
De-Toxification: GHGs, from materials refining processes (e.g.,
release of toxic chemicals during the refining
critical raw materials from minerals)

De-Carbonization:

SMM has its importance in the manufacturing business sector of the
economy. The manufacturing of advanced technology products requires
critical raw minerals and materials that are in short supply globally. The
scarcity of “critical minerals and metals” has been referred to as a “ticking
time bomb” by management consulting firms. The management consulting
firm of PricewaterhouseCoopers (PwC) has categorized this challenge of
resource scarcity as SMIM. Further, PwC defines the scope of this challenge
as having three dimensions (Table 3.3): (1) physical (materials not
accessible or reserves depleted), (2) economic (price volatility or market
developments) and (3) geopolitical (export control/barriers or conflict
zones).® The “physical dimension” is of interest, specifically, the aspect of
materials that are not accessible. ®@ne of the most important reasons for
materials not being accessible is due to natural disaster disruptions,
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especially natural disasters caused by increasing exweme weather and
climate events.®

Table 3.3. Industrial manufacturing business and SMM

Materials scarcity

Characteristic Manufacturing is disrupted when...
Materials not accessible—natural disasters
Physical: Materials’ reserves depleted—mining source has

been completely consumed
Price volatility—increases in price

Economic: Market development—dominated by one or small
number of consumers
Export control—stop or restrict export of materials
Geopolitical: Barriers or conflict zones—transport is hampered or
cut

Significance of sustainable materials management
and climate change

The relationship between SMM and increasing extreme weather and climate
events is significant to our national economy and to U.S. businesses.
Fundamentally, “materials”, “energy”, and “water” are all networked
together; these three components are linked to each other and are all
components of SMM.!® The inter-connectiveness of “materials”, “energy”,
and “water” (Fig. 3.1) means that a direct impact on one will result in
impacts to the other two. “Materials”, as an example, are vulnerable to
climate change. Climate change can impact supply chains of materials
through disruptions caused by extreme weather and climate events that are
increasing. Further, these disruptions have a ripple effect on the competitive
advantage of businesses and the financial-economic status of nations.
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Fig. 3.1. Climate change: Materials, water, energy, and the supply chain

Up to this point the discussion has been very generalized, and it is
appropriate to discuss these concepts in more specific terms. The U.S. has
an overall negative wade balance. The U.S.’ manufacturing of advance
technology products in aerospace and electronics (including avionics)
contribute positively to the nation’s tade balance. If not for these two
advance technology products, the nation’s trade balance would be worse.!
The aerospace manufacturing sector and the electronics manufacturing
sector depend on access to critical minerals and materials for the creation
on innovative advanced technology products. Maintaining global leadership
in these two manufacturing sectors requires access to critical minerals and
materials, and this means having reliable global supply chains for these
critical minerals and materials.

For readers desiring more in-depth information on sustainable matters
management they are referred to S. Happaerts’ International Discourses
and Practices of Sustainable Materials Management. The first 36 pages of
this is publication provides an adequate brief overview of the subject.!

Business-management perspective:
developing a climate risk framework

Businesses, and nations, must aggressively manage risks related to SMM if
they want to maintain their competitive advantage. Considering the
profound impact that extreme weather and climate events can have on
business supply chains, it is entirely appropriate for businesses to seek to
manage climate-related risks.

Developing a climate risk management framework for a business-
management perspective has its generic beginnings in the concept of
“enterprise risk management” (2004). In 2007, Lash and Wellington
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proposed a more specific risk management framework to address climate-
related risks in their paper, Competitive Advantage on a IV arming Planet.
In 2008, the U.S. Environment Protection Agency (EPA) attempted to
investigate a financial-accounting framework to management climate risks.
The agency commissioned the study to investigate a financial-accounting
framework, applying existing accounting standards for managing climate
risks; the study was never released as a finalized publication.!* @ther
documents on a business-management approach to managing climate-
related risk include those by:

U.S. Securities and Exchange Commission (SEC);

Climate Disclosure Standards Board (CDSB);

Sustainability Accounting Standards Board (SASB); and
Task Force on Climate-related Financial Disclosure (TCFD).

All of these business-management climate-related risk management
frameworks form a network (Fig. 3.2) and will be discussed in more detail,
with the exception of the U.S. EPA study that was never finalized.
“Enterprise risk management” or ERM is the most widely accepted
general risk framework by business-management professionals. In 2004, the
authoritative framework, a two-volume publication set, was released by
Committee of Sponsoring @rganizations (C@®S®) of the Treadway
Commission. ERM expanded beyond the area of financial internal control
into non-financial risk related subject areas to improve an organization’s
performance. There are eight interrelated components to ERM:

Internal environment;

@b jective setting;

Event identification;

Risk assessment;

Risk response;

Control activities;

Information and communications; and
Monitoring.4
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Fig. 3.2. Business-management petspective: Climate risk management framewerk

@verall, the ERM framewerk is generic, but it is bread eneugh in scepe
te include climate-related risks. Three of these cempenents are especially
impertant te managing climate-related risks: (1) event identificatien —
includes external events (e.g., extreme weather and climate events such
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floods and drought), (2) risk assessment — management needs to analyze the
likelihood and impact of the risk (e.g., disruption to supply chains from
natural disasters), and (3) risk response — management needs to develop
action to manage risks (e.g., climate-related risks).!>

Lash and Wellington’s 2007 framework is historically impressive
because it provides a pattern for later climate-related risk frameworks. Their
framework is composed of six climate-related elements. These climate-
related risk components, listed in priority order of their significance to the
“4 Wave” and SMM are:

Physical risks;

Supply chain;

Product and technology;
Reputation;

Regulation; and
Litigation.!®

Physical climate-related risks are about damages to assets. Damages to
assets are related to natural disasters caused by extreme weather and climate
events associated with a changing climate. Supply chain climate-related
risks are about disruptions; both upstream supply chain disruptions like
sources of raw materials, and downstream disruptions like delivery of
products or services to customers. At a very granular level, supply chains
are a network of links and nodes; links are usually transport or «tansportation
links. The product and technology climate-related risks are those risks
associated with material scarcity challenges; these were detailed in the prior
PwC discussion.

In 2010, the U.S. SEC released reporting guidance concerning climate
change and its consequences. There are several component commonalities
between the SEC guidance and the Lash and Wellington approach. The SEC
identified several climate change-related components for information
disclosure. These included: (1) impact of legislation and regulation,
(2) nternational accords (e.g., Kyoto Protocol), (3) indirect consequences
of regulation or business trends, and (4) physical impacts of climate change.
The most relevant to the focus of this paper is “physical impacts”.
Specifically identified are:

“[@]peratiens cencentrated en ceastlines, preperty damage and disruptiens
te eperatiens, including manufacturing eperatiens er the transpert ef
manufactured preduct;
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Indirect financial and eperatienal impacts frem disruptiens te the eperatiens
of majer custemers or suppliers frem severe weather, such as hurricanes er
floeds”

The SEC guidance’s “conclusion” section includes a statement reminder
to companies about their legal and regulatory obligations to disclose
information relevant to decision making by investors.!’

In 2012, the CDSB released its publication, Climate Change Reporting
Framework. The reporting framework objective is to provide decision-
useful information. This publication provides detailed reporting requirements
for: (1) information from the perspective of: investors, management and
regulators, (2) future prospects and past performance, and (3) performance
measures and indicators. The goal of the reporting framework is to
mainsteam climate change-related disclosure reports. The reporting
framework is a major initial step toward describing in detail decision-useful
information if linking financial accounting and climate change.'®

Another step towards linking financial accounting and climate change
was the 2016 publication of SASB’s, Climate Risk — Technical Bulletin. It
1s significant that the “foreword” of this publication was co-signed by Henry
M. Paulson (74" Secretary of the U.S. Treasury) and Paul E. Rubin (70%
Secretary of the U.S. Treasury) in a bipartisan unity focus on the financial
importance of climate-related risks. Additionally, both Mr. Paulson and
Mr. Rubin have links to the Risky Business Project that investigated U.S.
economic risks presented by climate change. ®ne of the most impressive
features of the SASB publication is the section detailing industry-specific
performance metrics, listing several specific metrics for each industry.!* An
example ofthe metrics for network resilience is presented in Table 3.4. The
network resilience metrics are useful for cities, college campuses, military
installations and federal facilities.

Table 3.4. Example of performance metrics for climate resilience

Performance metrics for: |Performance metric

1) Number of service disruptions

2) Population affected

Communications network |3) Average duration

A 1) Average interruption frequency
Information network 2) Average interruption duration

1) Number of performance issues

2) Number of service disruptions

3) Number of days total customer downtime

Electrical grid

Water supply distibution
system
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In 2015, the G20 representing the 20 largest national economies of the
world asked the Financial Stability Board (FSB) to study climate risk within
the context of financial systems. The FSB established the TCFD to do the
study,under the leadership of Michael R. Bloomberg. The TCFD completed
its study in 2017, and submitted the study publications to G20 .2* The study
is composed of three major publications: (1) Recommendations of the Task
Force on Climate-related Financial Disclosure, (2) Implementing the
Recommendations of the Task Force on Climate-related Financial Disclosure,
and (3) The Use of Scenario Analysis in Disclosure of Climate-related Risk
and @pportunities.”* Using the information in all three TCFD publications
provides users with practice advice for gathering relevant information in
doing financial disclosures. Internationally, the three TCFD publications
move financial-accounting professionals closer to acceptable financial-
accounting methods for standardization.

The third TCFD publication is particularly significant because it
specifies applying two climate scenarios in the analysis: (1) high emissions
scenario CMIPS RCP&.5 and (2) low emissions scenario CMIPS RCP 4.5.2
The low emissions scenario is consistent with the Paris Agreement.”? The
high emissions scenario is consistent with current actual emissions pathway
that the world is on.2 This provides practical directions to users doing
scenario analysis as part of their financial disclosure.

A business-management approach to a financial-
accounting framework

Thus far, we have yet to investigate a business management approach to a
financial-accounting framework for climate-related risks. The reader is
referred to two noteworthy Australian publications related to climate risk
management and financial-accounting approaches. The first is an academic
publication, Climate Change Adaptation in Industry and Business: A

framework for best practice in financial risk assessment, govermance and

disclosure ** The second publication is from a pragmatic perspective for
implementing climate risk management within a business by the Austalian
Industry Group and the Department of Sustainability and Environment for
Victoria, Managing the Risks from Climate Change: An adaptation

2 The Ceupled Medel Intercemparisen Preject (CMIP) is a cellaberative framewerk
designed te impreve knewledge of climate change by the Werld Climate Research
Pregramme’s (WCRP). Representative Cencentratien Pathways (RCPs) are feur
GHG cencentratien (net emissien) trajecteries adepted by the Intergevernmental
Panel en Climate Change (IPCC).
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checklist for business® These two publications provide the reader with
additional detailed information concerning implementation of climate-
related risk management and financial-accounting aspects of climate related
risks.

Linking all six of these frameworks together creates a network system
useful in incorporating climate risk management into a financial-accounting
approach. The importance of three of these frameworks in developing this
network has recently been recognized in a 2017 joint publication by the
SASB and the CDSB, Converging on Climate Risk: CDSB, the SASB and
the TCEFD. The publication tries to align the CDSB Framework and the
SASB Metrics with TCFD principles.?® If complete agreement can be
reached among the three groups, a financial-accounting approach might be
possible. A single financial-accounting approach would be desirable for
moving towards a conventional financial-accounting standard.

Financial-accounting framework extended to federal
agencies by statutes

A similar financial-accounting framework can be extended to include
federal agencies by a network of existing statutes. The network of existing
statutes consists of four groups of statutory authorities: (1) a statute
requiring a federal agency to safeguard its assets, (2) a statute requiring a
federal agency to manage high risk management challenges identified by
either the agency’s Inspector General’s @ffice or the U.S. Government
Accountability @ffice (GA®), (3) the statute requiring a federal agency to
apply climate science research findings pursuant to its statutory duties under
the federal agency’s Authorization Act, and (4) the statute requiring a
federal agency to apply climate science research findings pursuant to its
statutory duties under a federal agency’s duty to comply with federal laws.
Linking these four statutory groups together forms a networked financial-
accounting framework for climate-related risk management (Fig. 3.3).

The strongest statutory requirement to extend a financial-accounting
framework to a federal agency is the statute that requires an agency to
safeguard its assets (e.g., funds, property, and other assets) from loss,
31 U.S. Code (C.) §3512. ¥ The requirements implementing this statute
include: (1) internal control, (2) enterprise risk management, and (3) federal
accounting standards. Internal control requires managers to define
objectives clearly to enable the identification of risks and define risk
tolerances. Internal control also requires managers to identify, analyze and
responds to risks related to achieving the defined objectives.?®
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Safeguarding Assets
Funds, Broperty, @ther Assets

31U.5.C33517

NMoterial Wearness, Disclosure
{incluges: intermo! Control,
Enterprise fisk Monagecent}

Other Statutary Dufies Managing High Risk
Apoly USGCAP findings to Agency's Management Challenges
stG0Uesy dudes 25 U.5.C. § 2538 31 US.C $2315
Eample 42 U.5.C. $1709-Mamage e | Agency Oficeof nspector General
storm wateron Federaliend (eaier ard Government Accountability
exarples ore tistedin Executive Office (GAO}-*timiting the Federat
Order 12083) Govermment’s Fiscal EXposure by
Better Manoging Climate Change
Riste”
>
Agency Authoriziag Act

Apply uzeCRP TNdings toAgency’s
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U.5. Government Monua! for
possible authorizing stotéiory
cntations)

Fig 3.3. Federal agency perspectve: Climate risk management framewerk

In additien te intemal centrel requirements, there are ERMrequirements
that can be applied te the management of an agency’s climate-related risks.
The elements ¢ ERM include: (1) identify risks, (2) assess risks, (3) select
risk respense and (4) meniter risks2?® Federal agency management ef
climate-related risks is specifically mentiened in a U.S. GA® publicatien.>®

Further, there are federal acceunting standards established by the
Federal Acceunting Standards Advisery Beard that are triggered when an
asset 1s lest due te a climate-related risk. As an example, when a leng-life
asset is lest, it may be repertable in the agency’s annual financial statement
as an “Impairment” > Finally, if the l@ss is se great as te the cause a failure
efan agency frem achieving a statutery geal, it must be reperted te the U.S.
Cengress as a8 “Material Wealmess”>? These are streng incentives te
manage climate-related risks.

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco. confterns-of -use



A “4th Wave” Perspective en Climate Risk Management 47

A second statutory requirement for a financial-accounting framework
for a federal agency is that it must manage identified “high risk management
challenges” (31 U.S.C. §1115). These challenges are identified by the
agency’s @ffice of Inspector General or the U.S. GA®. The GA® has
already identified the federal government’s fiscal exposure to climate risks
as a high risk.>* Past management challenges centered on information
technology (IT) and other capital programming projects should serve as
learning patterns as to how to handle climate-related risks.>*

A third statutory requirement is that a federal agency must apply U.S.
Global Change Research Program findings in compliance with its Statutory
Authorization Act (15 U.S.C. §2938); that is the statute(s) that establish the
agency’s mission and goals. It can be difficult identifying all these statutes,
but a good starting point to begin this legal research effort is The ULS.
Government Manual > This document is printed by the U.S. Government
Publishing @ffice and is updated annually. Each federal entity has a
descriptive narrative in the Manual, the narrative typically including the
entity’s statutory history.

A fourth statutory requirement is that a federal agency must apply U.S.
Global Change Research Program findings in compliance with its “other
non-Authorization Act” Statutory duties (15 U.S.C. §2938). The statutory
duties are specifically those statutory responsibilities and obligations that
apply to federal agencies. It can be extremely difficult to identify these
statutes. @ne starting point for doing this legal research is to identify statutes
that have a “waiver of federal sovereign immunity”; sovereign immunity is
a legal doctrine by which a governmental entity cannot commit a legal
wrong and is immune from civil and criminal liability. As an example, a
good list of waivers of federal sovereign immunity is typically found in
environmental statutes.*®

These four statutory requirements form the basis for federal agencies to
manage climate-related risks. In managing climate-related risks, federal
agencies can look to best practices. Best practices as models would include
those practices that have been identified in non-federal govemment sectors.
This means that each individual federal agency can independently
incorporate (adopt) best practices, approaches, such as those provided by:
(1) academia, (2) non-profit organizations, (3) business-management
organizations, and (4) other regulatory entities. More specifically, best
practices could include approaches of: (1) Lash and Wellington, (2) SEC,
(3) CDSB, (4) SASB, and (5) TCFD.
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Conclusion

In closing, there are several viable frameworks, including those with a solid
financial basis, to help protect assets and supply chains from the risks
associated with climate change for businesses and govemment entities alike.
For further information, see chapter ten, Climate Risk Management:
Implementation Aspects.
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CHAPTER FOUR

ADJUSTING PRECIPITATION INTENSITY-
DURATION-FREQUENCY (IDF) CURVES
IN ENGINEERING DESIGN

MARK J. KLINGENSTEIN!

Abstract

This paper builds upon an article prepared by the author in 2016, which was
subsequently published as a chapter in Demystifying Climate Risk
Volume II: Industry and Infrastructure Implications.! That paper
examined modeling and statistical tools for wanslating Global Circulation
Model (GCM)-based projections into point-specific, intensity-duration-
frequency (IDF) projections for short rainfall durations. The 2016 paper
further discussed the importance of these projections in incorporating
climate resilience when upgrading existing stormwater infrastructure and
designing future stormwater infrastructure.

This paper examines why the adoption of climate-adjusted IDF curves
may be appropriate for public agencies. The author investigates the degree
to which these curves have been incorporated in the United States (U.S.) at
the federal, state, and municipal levels. The study concludes that U.S.
adoption of climate-adjusted IDF curves is limited, but that Canadian
counterparts have apparently made more progress, perhaps because of the
creation of an infrastructure vulnerability committee in that country.

! Mark J. Klingenstein, P.E. (Prefessienal Engineer) is a civil engineer whese 35-
year career has fecused en wastewater treatment and water pellutien centrel
Mr. Klingenstein has censiderable experience with wastewater cellectien systems,
wet weather issues and wastewater treadnent systems, beth municipal and industrial
Mr. Klingenstein received a BS in civil engineering (CE) frem Brexel University in
1979 and a MECE frem Stevens Institute of Technelegy in 1989. Mr. Klingenstein
is a licensed P.E. in Arizena, New Jersey, and [ndiana.
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Introduction and background information

Current climate change science suggests that an increasing average global
temperature may result in regionally localized impacts on precipitation
patterns and amounts. Although projected changes in average precipitation
across much of the U.S. appear moderate — in some cases an increase, in
others a decrease, depending on region — increases in intense precipitation
are generally projected across the country. The most significant increases
are projected for the eastern portion of the continental U.S.?

In the author’s 2016 paper, he described the various approaches to
converting climate global and regional change projections to corresponding
projections applicable at very small spatial scales and short temporal scales;
this process is known as “downscaling”. Downscaling involves a number of
methodologies for wanslating GCM outputs to these much more granular
spatial and temporal scales.

If these projections of future rainfall conditions prove correct, the
resulting increases in intense precipitation will have a negative impact on
the functionality of stormwater infrastructure. These impacts will be borne
by both systems that are now in service, and those that are currently being
designed or constructed.

The design of drainage infraswucture requires an understanding of
intense precipitation at scales ranging from essentially a single point to what
in climate science one considers regional. Furthermore, drainage
infrastructure is designed to manage runoff associated with a particular
storm recurrence frequency and duration — for example, to provide
protection for the S-year, 2-hour storm event. The specified storm event
defines the “level of service” to be provided by the drainage system.’

Very short event durations are often important in the design of what are
known as “minor” drainage system components.® This can pose challenges
to the consideration of climate change in drainage design.

In the design of drainage system components, an important concept is a
given catchment’s Time of Concentration (“ToC”). The U.S. Geological
Survey (USGS) defines ToC as:

2 Alternately, recurrence frequency may be expressed as a prebability. Fer example,
a 5-year event has a 20% prebability ef eccurring in a given year. Expressing
recurrence frequency in this alternate manner may mere accurately cenvey the intent
eof the statistical characterizatien te the average laypersen.

3 “Miner” cempenents are the smaller pertiens ef the system that cellect and initially
cenvey nneff frem small catchment areas. Altheugh individually small, much like
the smaller branches en a tree, they cellectively make up a substantial fractien ef'the
everall drainage system.
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“Thetimerequired for water te flew frem the farthest peint en the watershed
te the (peint of interest).”*

Furthemore,

“the timing of peak flow at & point is related to the time required for all the
arca that drains to that point to contribute to the flow at that point.”

ToCs provide important information for the calculation of the peak flows
associated with a given rainfall event.

In small catchments and the upstweam portions of large drainage
systems, ToCs can be very small, often less than one hour, and in many
cases, as little as 10 minutes or less. As a result, IDF information for
durations of one hour or less can have a big impact on the sizing of many
drainage infrastructure components.

Unfortunately, looking at the impact of climate change on short duration
IDF relationships poses some specific challenges. As described in the
author’s prior paper,’ these challenges are due largely to the relatively
coarse granularity of GCMs and (Regional Circulation Models) RCMs.
Furthermore, even the historic record has a relatively limited amount of
long-term, sub-hour precipitation data

The characteristics of such events are location-specific, and as different
“levels of protection” may be appropriate for different types of facilities, the
characteristics of various storm retum frequencies and durations have been
identified based on “long-term” rainfall records. IDF curves are typically
generated using either a maximum event series or a maximum partial
duration series from stations with high quality, long-term (3@ years or more)
rainfall records. These data are analyzed using one of several statistical
extreme value distribution methods to generate rainfall intensities for each
selected retum frequency.

The most widely used means of presenting rainfall return frequency
information are IDF or Depth-Duration-Frequency (DDF) curves or tables.
Individual IDF/DDF curves present combinations of two of the three
IDF/DDF factors at a single specified value of the third factor. Inmost cases,
combinations of intensity/duration or intensity/frequency are plotted. A
series of curves is therefore used to provide intensity/duration data for a
range of specified retum frequencies at a given location. Fig. 4.1 from the
National Weather Service’s Precipitation Frequency Data System®
llustrates IDF/DDF curve presentation.

* https://water.usgs. gov/wsc/glessary hunl#T.
3 https://hdsc.nws.neaa. gev/hdsc/pfds/.
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Fig. 4.1. Example IBF curves

Currently, mest available IBF infermatien asswnes that the IBF/BBF
relatenships in the “leng-term” rainfall recerd will centinue te apply in the
future  an asswnpwen ef statienarity, er statienary leng-term climate
cenditiens. If stedionarity is net a valid assumptien — particularly ifintense
rainfedl events beceme mere fiequent — new infrastructure will net perferm
as expected, endthe perfermarce of existing drainage systems will degrade.

Prainage systems acress the U.S. represent an exwemely large
infraswructure investment. A significant fractien ef that infraswucture will
require repair, rehabilitatien and/er replacement in the next several decades,
as much is atthe end ef its service life.

In its 2012 Clean Watersheds Needs Survey? the U.S. Envirenmental
Pretectien Agency (EPA) estimated that the next 5 years ef municipal
stermwater infrastructure needs fer addressing nen-cempliance with

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



Adjusting Precipitatien (IBF) Curves in Engineering Besign 57

stormwater regulations was $19.2 billion, while that required by municipal
combined sewer systems® for the same period was $48 billion dollars. These
estimates do not include maintenance and repair needs not directly linked to
regulatory compliance, and thus represent only a modest fraction of short-
term municipal drainage infrastructure investment needs. They likewise do
not include anticipated drainage investment needs for other significant
public infrastructures such as those owned and operated by state
Departments of Transportation (D@Ts). Based on the author’s experience
with drainage infraswucture, public drainage mfrastructure investment
needs in the US. over the next two decades will likely be at least several
hundred billion dollars.

Public entities’ adoption of climate change-adjusted IDF
curves

Many public agencies have developed or are developing climate change
action plans. These plans typically include both mitigation and adaptation
objectives and actions. As a follow-up to the author’s 2016 paper, a logical
question was “have public agencies actually incorporated the use of climate
change-adjusted IDF curves/tables into their stormwater drainage design
guidance?”

To begin to answer that question, a survey of websites for two types of
agencies was undertaken: (1) the U.S. Department of Transportation (D@T)
and the D@Ts of all 50 U.S. states, and (2) a selection of the 100 largest
municipalities in the U.S.

Federal and state D@®Ts were selected for investigation for several
reasons. First, drainage design is a critical component of all roadway design,
and as a result, D@Ts all have very detailed drainage design requirements
and guidelines. Also, roadway drainage represents one of the largest
categories of stormwater drainage in the U.S. Total U.S roadway area is
listed by the U.S. D@T as 8,736,587 mile-lanes, which assuming an average
lane width of 11 feet, is approximately 17.4 million square miles of roadway
surface. A portion of that roadway area lacks piped drainage — primarily
rural roads — but nonetheless, roadway drainage represents a significant
fraction of the U.S. drainage infrastructure.

Major municipalities were also selected for investigation for several
reasons. Major municipalities are by their nature generally dense urban
areas, with a high percentage of Directly Connected Impervious Area

¢ Cembined Sewer Systems cellect and manage beth sewage and stermwater in ene
system ef pipes.
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(DCIA) and extensive drainage systems to manage the runoff from that
DCIA. As such, the consequences of nadequate stormwater drainage
capacity are likely, on average, to be more significant in dense urban areas
than in less developed areas. Major municipalities were also judged of
interest based on the author’s experience that large municipalities are often
“early adopters” of new technical developments and iitiatives.

Investigation methodology relied upon Boolean searching of the
agencies’ web sites, with the following objectives:

e Generally, understand each agency’s climate change stance and
program(s); and

e Acquire each agency’s drainage design manual/guidelines, to allow
the determination of whether climate change adjusted IDF data use
was required, encouraged, or allowed.

The following subsections examine the precipitation-related climate change
adaptation efforts to date of these two categories of public agencies.

U.S. Department of Transportation/Federal Highway
Administration

The U.S. D@T was established by Congressional action in 1966. Among its
transportation-related missions is oversight of the design, constuction,
operation and maintenance of the Nations roadways and bridges. The
organization within U.S. D@T tasked with that responsibility is the Federal
Highway Administration (FHWA).

FWHA’s overall policy regarding climate change preparedness and
resilience is most recently set forth in FHWA @rder 5520.* That order’s
requirements are based upon the following stated assumptions:

a. “Climate change and extreme weather events present significant and
growing risks to the safety, reliability, effectiveness, and sustainability
of the Nation's transportation infrastructure and operations.

b. The impacts of a changing climate (such as higher temperatures, sea-
level rise, and changes in seasonal precipitation and the intensity of rain
events) and extreme weather events are affecting the lifecycle of
transportation systems and are expected to intensify. For example, sea
level rise coupled with storm surges can inundate coastal roads that
would not have inundated in the past, necessitate more emergency
evacuations, and require costly, and sometimes recurring, repairs to
damaged infrastructure. Inland flooding from urusually heavy
downpours can disrupt traffic, damage culverts, and reduce service life.
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High heat can degrade materials, resulting in shorter replacement
cycles and higher maintenance costs.

c. While transportation infi-astructure is designed to handle a broad range
of impacts based on historic climate, preparing for climate change and
extreme weather events is critical to protecting the integrity of the
transportation system and the sound investment of taxpayer dollars.”

The @rder goes on to note that the resulting FHWA policy regarding
climate change will be implemented by the following actions:

a.  “ldentifying and removing administrative, regulatory, and policy
barriers that discourage climate change and extreme weather event
preparedness and resiliency or unintentionally increase the
vulnerability of transportation systems to these risks.

b.  Encouraging State departments of transportation (DOT), metropolitan
planning organizations (MPQO), Federal land management agencies
(FLMAs), tribal governments, and others to develop, prioritize,
implement and evaluate risk-basecd and cost-effective strategies to
minimize climate and extreme weather risks and protect critical
infrastructure using the best available science, technology and
information.

¢. Developing and providing technical assistance, research, and outreach,
and encouraging the development and use of transportation-specific
vulnerability assessment and adaptation tools.

d. Clarifying and informing State DOTs, MPOs, FIMAs, tribal
governments, and others of existing funding eligibilities to support
resiliency and adaptation in the delivery of title 23 programs.

e. Developing research and tools, providing technical assistance, and
building partnerships with State DOTs and MPOs, particularly in
development and analysis of adaptation, preparedness, and resiliency
options.

f Encouraging the consideration of climate change and extreme weather
event risks, preparedness and resiliency in the delivery of programs,
such as in the risk-based asset management plans State DOTs are
required to develop under NMAP-21.

g. Updating planning, engineering, and operations guidance to include
consideration of climate change and extreme weather event resilience.

h. Reporting on progress through the US DOT Adaptation Plan and
internal FHWA strategic planning activities.”

The FHWA’s efforts to satisfy the above policy-mandated actions
include its development of a climate change and extreme weather
vulnerability assessment tool.> This tool was developed to establish an
assessment process tailored to the needs of the transportation community,
which focuses on both vulnerability as well as criticality, so as to allow
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assessment efforts to direct resources toward assets whose long-term
performance is most likely to benefit from such evaluation efforts.

This assessment tool was developed and validated via two state/local
agency partnered pilot programs in 2010-2011 (Pilot 1) and 2013-2015
(Pilot 2). In Pilot 1, a conceptual assessment methodology was applied,
which resulted in the development of the 2012 Climate Change and Extreme
Weather Vulnerability Assessment Framework. Pilot 2 then validated the
2012 Climate Change and Extreme Weather Vulnerability Assessment
Framework with its application by additional agencies. These pilots were
carried out by the state or local agencies with teclmical and funding support
by FHWA; see Fig. 4.2.
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Fig. 4.2. FHWA pilots | and 2 parmner agencies

An adaptive management stwategy, the Frarnework specifically identifies
the intensification of extreme precipitation events as a key climate change
for which asset vulnerability should be considered.

The FHWA has supported and encouraged the consideration of climate
change impacts ontransportation systems by its interpretation of the funding
eligibility rules that apply to federal transportation funding programs.
FHWA’s September 24, 2012 memorandum, /nformation: Eligibility of
Activities to Adapt to Climate Change and Extreme Wet Weather Events
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Under the Federal-Aid and Federal Lands Highway Programs was issued
to ensure consistent application of those interpretations by FHWA divisions
and field offices. To quote from that memorandum:

“In general, activities to plan, design, and construct highways to adapt to
current and future climate change and extreme weather events are eligible
Jor reimbursement under the Federal-aid program and for funding under
the Federal Lands program.”

In summary, the FHWA has recognized the potential impact of climate
change on transportation systems, including on the drainage systems serving
those systems; supported the development of protocols and tools to assist
agencies in considering those impacts; and, perhaps most importantly,
facilitated such activities by considering them eligible for federal funding.
FHWA does not appear to have yet issued any guidance specifically calling
for the use of climate change adjusted IDF curves in highway/roadway
drainage design.

While the FHWA has not determined that mandating the use of climate
change adjusted IDF data is currently justified, USD@®T and the FHWA
have indirectly encouraged the investigation of its applicability by
individual agencies. This encouragement has included the U.S. D@T’s
development of a spreadsheet-based tool, the U.S. D@T CMIP Climate Data
Processing Tool,” to assist local and state technical personnel in accessing
and using downscaled climate projections in vulnerability assessments and
to support project design. The tool utilizes data from the U.S. Bureau of
Reclamation’s Downscaled CMIP3 and CMPPS Climate and Hydrology
Projections (DCHP) website.® The US D@OT CMIP Climate Data Processing
Tool User’s Manual’® notes:

“The purpose of the (Teel) is to process readily available downscaled
climate data at the local level into relevant statistics for transportation
planners.”

For additional information regarding the FHWA’s past and ongoing
climate change-related activities, see:
https://www.thwa.dot.gov/environment/sustainability/index.cfm.

7 https://teelkit.climate. gov/teel/cmip-climate-data-precessing-teel.
8 http://gde-dcp.uclinlerg/dewnscaled cmip prejectiens.
° Dewnleadable with the Teoel.
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U.S. State Departments of Transportation (DOTs)

U.S. state D@Ts are responsible for the oversight of roadways within their
respective jurisdictions, including the design of roadway drainage. In light
of this, highway/roadway hydraulic design manuals (or consolidated
roadway design manuals, for states where a separate hydraulic design
manual was not identified) were obtained from each state D@®T website and
reviewed to determine if (1) the use of climate-adjusted IDF curves was
specified, or (2) if the consideration of climate change impacts in roadway
drainage design was encouraged or discussed. As these manuals together
are quite voluminous, each document’s table of content was reviewed, and
each PDF file was searched for the words “climate” and “rainfall” to
identify any relevant sections. Each D@T’s website was also reviewed, to
identify separate bulletins updating the hydraulic/drainage design manual
regarding climate change.

This review did not reveal any state D@Ts that are currently requiring
the use of climate-change-adjusted IDF/DDF curves or tables. A limited
number of state D@®T drainage/hydraulic design manuals do discuss change
and its possible impacts on roadway drainage systems.

States whose hydraulic design manuals were found to address climate
change, and the way climate change was addressed, were as follows:

Vermont

Section 1.5.2 of Vermont’s D@T (VTrans) May 28, 2015 “Hydraulics
Manual™ states:

“Regulations and current standard practice typically rely on the statistical
patterns in past ydrologic data to estimate peak flows for hydraulic design.
However, these methods often do not account for trends in increasing peak
flows that are widely attributed to changing climate patterns. The designer
should be aware of the limitations in assuming stationarity for design storm
estimates and evaluate whether or not that assumption is appropriate on a
case-by-case basis. Consult with the VTrans Hydraulics Engineer before
Jactoring climate change into a hydrologic analysis.”

North Carolina

Section 3.6, Project Commitment Regarding Climate Change and Extreme
ITeather Events of North Carolina D@®T’s Guidelines for Drainage Studies
and Hydraulic Design’ states:
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“NCDOT will follow FHWA's policy as set forth in FHW.A Order 5520,
“Transportation System Preparedness and Resilience to Climate Change
and Extreme Weather Events” and guidance as set forth in FAHWA’s
publications “Highways in the River Environment-Floodplains, Extreme
Events, Risk, and Resilience” June 2016, (FHWA-HIF-16-018) and
“Higlways in Coastal Environment: Assessing Extreme Events” October
2014, (FHWA-NHI-14-006) to minimize climate and extreme weather risks
and protect transportation infrastructure.”

Illinois

[linois D@T’s July 2011 Drainage Manual does not address climate change.
However, the Manual specifies that hydrologic analyses be carried out using
rainfall IDF data from the Illinois State Water Survey’s Frequency
Distributions and Hydroclimatic Characteristics of Heavy Rainstorms in
[llinois (Bulletin 7@). Interestingly, Bulletin 70 specifically discusses the
issue of non-stationarity in rainfall records throughout the state as being one
of the reasons for the re-evaluation of rainfall IDF relationships in 1989.

“Some specific needs led to the undertaking of this study. First, lllinois
Jfrequency relations had not been updated since 1959-1961 (Huff and Neill,
1959; Hershfield, 1961). Second, further stimulation for the study resulted
from recent findings (Huff and Changnon, 1987) that an apparent
climatictrend operated on the frequency distributions of heavy rainstorms
in Illinois from 1901-1980.”

The Illinois State Water Survey expanded upon Huff et al.’s prior work,
and found that most stations in Illinois display an increase in the amount of
rainfall associated with a specific frequency. Bulletin 70 concluded that
based on this observed trend, regular updating of the IDF relationships used
for hydraulic design in the state was appropriate.

California

Chapter 810 of CalTrans’ Highway Design Manual, (6 Edition, 2016)'*
discusses non-stationarity as follows:

“In Index 818.1, the assumption behind flood probability and frequency
analysis is that climate is stationary. Stationarity assumes that hydrology
varies within an unchanging envelope of natural variability, so that the past
accurately represents the future. It has been a basic assumption used for

1* http://det.ca.gev/design/manuals/hdm haml.

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



EBSCChost -

64 Chapter Feur

many years in the planning and design of bridges and culverts and continues
to represent the current state of practice that serves the engineering
community well.

Climate change as well as better understanding of climate variability
have presented a challenge to the validity of this assumption.

Today, there is growing recognition that, despite its successful
application in the past, the assumption of stationarity may not accurately
represent the future. However, until a multi-disciplinary consensus is
reached on fiture trends that can be expected, stationarity will contimue to
be utilized with current procedures.

To minimize uncertainty, designers should continue to utilize existing
hydrologic tools with the most current datasets available for rainfall and
runoff. Observed trends can then be quantificd and placed in the context of
the uncertainty associated with the frequency estimates themselves.

(1) Nonstationarity and Climate Variability.

Changes in land use, changing groundwater levels, and urbanization
are examples of nonstationarity within a watershed that can affect
hydrologic response. The Intergovernmental Panel on Climate
Change (IPCC) has stated that “Climate change challenges the
traditional assumption that past hydrological experience provides a
good guide to future conditions”. Although the assumption of
stationarity is being challenged, there is no consensus within the
scientific or engineering community on a viable replacement.”

In short, a number of state D@®Ts are investing energy and resources into
the issue of climate change and its impact on wansportation infrastructure.
However, none have determined that the use of climate adjusted IDF
information is appropriate.

Selected major U.S. cities

A significant number of large U.S. cities have ongoing/developing climate
change action plans. Many of these plans focus on mitigation measures.
Many also include the evaluation of adaptation measures to address
identified climate change related threats. The author mnvestigated the
following “top 10 cities (based upon population) to determine the degree
to which any had adopted, or appeared to be considering, the adoption of
climate change-adjusted IDF curves for their drainage manuals (Table 4.1).
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Table 4.1. U.S. cities investigating IDFs and their population rankings

: Population : Population
s ra,nli(ing City ranlicing
New York City, NY 1 | Indianapolis, IN 13
Chicago, Il 3 | San Francisco, CA 14
Houston, TX 4 | Boston, MA 21
Philadelphia, PA S | Seattle, WA 22
Dallas, TX 9 | Portland, ®R 28
Jacksonville, FL 12

Seurce of pepulatien rankings: www.citymayers.cem

New York City, NY

New York City’s complex, multi-faceted climate change program is over
10 years old. In 2003 the NYC Department of Environmental Protection
(NYCDEP) established a Climate Change Task Force to identify and
characterize climate change risks and to formulate appropriate response
measures. This Task Force included technical staff from various city
departments, the Mayor’s @ffices of Environmental Coordination, and
Long-Term Planning and Sustainability, as well as technical experts from
academia (Columbia University), and technical consultants (Hydroqual).

A core component of NYC’s program was, like Boston’s, the
establishment of a panel — The New York City Panel on Climate Change
(NPCC) - charged with the development of climate change impact
projections. In fact, there have been three panels convened by NYC —
NPCC, NPCC2 and NPCC3 - each tasked with advancing the city’s
understanding of the climate risks it faces in the coming century.

In its Climate Risk Information 2013, @bservations, Climate Change
Projections and Maps (NPCC2, June 2013)!, the NPCC2 provided
predictions for the average number of days per year with rainfall at or above
1,2, and 4 inches, in the 2020s and in the 2050s (Table 4.2).

' wwwl nyc. gev/site/err/prejects/publicatiens.page.
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Table 4.2. Average number of days per vear for rainfall > 1, 2, and 4
inches for 2020s and 2050s

Low Middle High
estimate range estimate
(10%9%) | (25" %-75"%) | (90 %)

Extreme Baseline
event (1971-2000)

Days/year with
rainfall > 1 inch 13 13 14-15 16
2020s

Days/year with
rainfall > 2 inch 3 3 3-4 5
2020s

Days/year with
rainfall > 4 inch 0.3 0.2 0.3-0.4 0.5
2020s

Days/year with
rainfall > 1 inch 13 13 14-16 17
2050s

Days/year with
rainfall > 2 inch 3 3 4-4 5
2050s

Days/year with
rainfall > 4 inch 03 03 03-0.4 0.5
2050s

These predictions were generated by the NPCC2 using the outputs from
35 GCMs and 2 Representative Concentration Pathways (RCPs) — 4.5 and
8.5 — to produce outputs for temperature and precipitation. To evaluate
precipitation (and temperature) extremes, a somewhat simplified hybrid
approach was used, in which monthly changes generated by each GCM
were used to generate scaling factors that were applied to the 1971 to 2000
baseline Central Park daily data record.

While useful in suggesting the possible magnitude of the change that
might be expected in extreme precipitation events, they do not provide a
specific basis for changing drainage design.

In fact, NYC’s sewer design standard — the 3-year event prior to 1970;
the S-year event since then — was in 2013 applied using IDF curves
generated from the 1903 to 1951 rainfall record! In 2013, NYCDEP released
its NYC ITastewater Resiliency Plan; Climate Risk Assessment and
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Adapratien Xudy (NYCBEP, @cteber 2013).2 As part ef that effert,
NYCBEP carried eut an analysis ef recent rainfall recerds (1569-2019) te
see if IBF curves based en the mere recent data varied significantly frem
these in use based en the rainfall recerd frem the fust half ef the 20®
century. The results ef the analysis are illuswated in Fig. 4.3.
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Fig.4.3. NYC cemparisen of updated and baseline BBF curves

NYCBEP neted that in mest ef the City’s sewersheds time ef
cencentratien can be up te 180 minutes, and since the eriginal and updated
5-year IBF curves are very similar at duratiens up te 2 heurs, that cenfinued
use efthe existing curve te design drainage appeared te remain apprepriate.
Nete that the intensity at 5 minutes actually is appreximately a half inch per
heur higher in the updated curve than in the eriginal 5-year curve.

In April 2017, the Mayer’s @ffice of Recevery and Resiliency released
a decument that reverses the pesiien neted abeve regarding the centinued

12 http//w ww.nyc. gev/html/dep/html/abeut_dep/wastewater resiliency plan.shwml.
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applicability ef NYC’s existing IBF curves. That decument is the
Preliminary Climate Resiliency Design Guidelines, Version 1.8 (NYC,
4/21/17).12

I wrwvoes | NYSERDA

Downscaled Projections of Extreme Rainfall
in New York State

Technical Document

Arthur T. DeGaetano
Christopher M, Castellano

Northeast Regional Climate Center
Correll University
Ithaca. NY

Fig. 4.4. NYC Mayer’s ®ffice of Recovery and Resiliency decurnent reversing the
use of existing IBF curves

This decument (the Preliminary Guidelines) prevides design criteria
adjusaments te address increasing high temperatures, increased intense
precipitatien and sea level rise. Fer increasing intense precipitatien, the
Preliminesy Guidelines previde adjusted IBF curves fer 5-year, 58-year,
and 108-year events, based upen the NPCC impact predictien medeling
analyses described abeve.

The adjusted IBF curves as presented in Appendix 2 of the Preliminesy
Guidelines are presented in Fig. 4.5, 4.6, and 4.7.

B hitp//wwwlnye.gev/site/err/index.page.
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The reader will nete that adjusted curves are net previded fer duratiens
less than 6@ minutes. The Preliminasy Guideliie decument netes:

“Anether reseurce te be developed inciudes pre jected sib-heurly rainfall
intensities, which will be & primary teel in Arainage planning. While
censiderable wicertainty exists regarding prejections at this timescale, the
Cityis seeking guidance frem its academic partners te determine reasenable
estimates @ fsib-hewrly fiture rainfall intensity.”

The Preliminesy Guidelines decument indicates that these preliminary
adjusted design criteria weuld be refined threugh the remainder of calendar
year 2017, with final criteria being released by the end ef the year. The
Preliminey Guidelines alse clearly indicates that it is NYC’s intentien te
centinue te refine these guidelines as climate science advances.

NYC is repertedly implementing a number ef pilet prejects that will
cenferm te the Preliminary Guidelines te inferm the finalizatien precess.

The results of the reviews ef the U.S. municipalities were as fellews:

e @nly enc US city New Yerk City, NY was feund te have
develeped or be develeping climate change-ad justed IBF curves fer
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the design of storm drainage systems (they are still in development);
and

e The other cities reviewed range from having no formal climate
change program to very developed, detailed programs with literally
hundreds of identified actions and initiatives. These programs
display a range of foci between mitigation and adaptation.

Addendum: Canada

Finally, as part of a more general internet search regarding IDF adjustment
efforts, the author identified several Canadian cities, including Welland,
®ntario, that have developed climate-ad justed IDF information.

Canada’s Public Infrastructure Vulnerability Committee (PIEVC) was
established to conduct an engineering assessment of the vulnerability of
Canada's public infrastructure to climate change impacts. The PIEVC has
developed a protocol for the conduct of climate change vulnerability
assessments, including those impacts related to changes in precipitation
patterns. The PIEVC protocol was used to carry out the City of Welland’s
assessment.

Welland, Ontario, Canada

Welland, Canada is located in southeastern @ntario, approximately 10 miles
southwest of the Niagara Falls, immediately west of Niagara Falls, @ntario.
Welland’s population is approximately 52,000. Welland’s drainage
infrastructure is comprised of a Combined Sewer System in certain areas,
and separate storm sewers in the remaining portions of the City. Welland’s
stormwater management design standard for “minor” drainage components
is a 2-year storm.

Prior to 2000, Welland’s IDF curves were from 1963, based on data
from Buffalo, NY, from the 1930s through the 1950s. In 2000, Welland’s
IDF curves were updated based on the closest long-term record — Port
Colborne, @ntario, located approximately & miles south of Welland on the
shore of Lake Erie.

In the 2010 timeframe, a number of factors combined to cause Welland
to decide to evaluate the possible impact of climate change on its drainage
design standards. As part of its Combined Sewer @verflow (CS@®) control
efforts, Welland was in the process of separating portions of its combined
sewer system. As such, it was designing and constructing a significant
amount of new storm sewers. In addition, Welland had a history of localized
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surface flooding and basement backup'* issues. The City wanted to ensure
that new inftaswructure would perform as designed for its service life.

In undertaking this assessment; Welland interestingly decided to look at
projected futures centered on years 2020 and 2050. Such relatively near-
term timefiames appear to be unusual in assessments such as this, given the
typically long service lives of storm sewers and associated appurtenances
such as pump stations.

Welland’s assessment (Fig. 4.8) utilized downscaled climate projection
data (temperature and precipitation) from the World Climate Research
Programme’s Coupled Model Intercomparison Project Phase 3 (CMIP3)
multi-model dataset. Data ffom 16 GCMs and three emissions scenarios
(from the 2000 Special Report on Emissions Scenarios) — SRES B1, AlB
and A2 (“low”, “medium” and “high,” respectively) were included.

NATIONALENGINEE RING VULNERASILITY ASSESSMENT
OF PUBLIC INFRASTRUCTURE TO CLUIMATE CHANGE

CITY OF WELLAND
STORMWATER AND WASTEWATER INF RASTRUCTURE
Flnol Report

Developmentof
Frajected litensity-Ouration-Fraguency Curves
for Welland, Omtarfe, Canada

Prepared
AMEC Environment & InhazOuclure

February 2012

Fig. 4.8. Welland, @ntario, Canada’s assessment utilizing data from the World
Clmate Research Programme

I+ “Basement backups” occur when sanitary, combined or storn sewers surcharge to
the extent that the sewers contents backflow through floor drains and other fixtures
nto a building’s lowest level— typically the basement.
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Downscaling was carried out using a multi-step “delta” process.
Welland first used the “delta” method to produce an adjusted baseline® data
set for each model/emissions scenario combination. Deltas were calculated
from the comparison of the simulated future period (2000-2099) to that of
each simulation’s “overlap” period (1950-1999).

Projected IDF relationships were then generated using a second “delta”
process that utilized duration-specific generalized linear models, applied to
the baseline data set and the adjusted Port Colborne data set for each
duration, to generate WF information for that duration. Duration-specific
deltas were calculated based on the two sets of IF information, and those IF
deltas used to adjust the historical IDF data set.

The results from all models and all three emission scenarios were then
pooled, and the statistics of the resulting set provided. A report providing
the results of this assessment was released in February 2012.%

The author investigated, but was unable to identify, clear documentation
of the adoption of the aforementioned assessment results by Welland.
However, review of Welland’s current drainage design standards'® reveals
evidence that Welland has adjusted the IDF curves that engineers are
required to employ when designing drainage within the city.

As the city’s design standards were updated in early 2013, the updated
version could reflect the results of the assessment. The author sought the
prior version of those standards to allow a comparison of the required IDF
curves, however, he was unable to locate that earlier version of the
standards. The author then utilized information provided in the assessment
report to generate prior IDF values for the 2-year event to compare to those
in the 2013 Design Standards. The results of that comparison are presented
in Table 4.3.

!5 Welland empleyed a high-quality leng-term precipitatien data set frem nearby
Pert Celbane as its baseline data set.
16 City of Welland Wesign Standards (Welland, CA, February 2613).
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Table 4.3. Comparison of Welland, Ontario, Canada IDF rainfall depth
values (mm) for the 2-year storm

Duration 2013 Design |90% 2020
’ 1963 Values (2000 Values |Standard Projected
Hours
Values Values
1 234 229 27.0 27.2
2 273 27.6 32.8 33.2
6 31.9 34.8 42.8 42.6
12 - 42.0 50.0 46.8
24 - 48.0 58.1 57.6

mm = millimeters

This table, generated by the author, compares Welland’s 2013 Design
Standard Values for the 2-year storm with those generated from the 1963
IDF values, the 2000 IDF values and those from the 2020 90% prediction
IDF values. This table suggests that Welland in 2013 revised its required
design IDF values to reflect the 2020 98% predictions; however, the minor
differences between the 2013 standard values and those from the February
2012 update report leave some uncertainty as how and to what degree
Welland had incorporated its IDF evaluation into those 2013 Design
Standards.

Also, use 0f 2020 predictions in standards released in 2013 would appear
questionable for the design of stormwater infrastructure, given its long
service life. Revising Welland’s standards to reflect 2050 projections would
better reflect the likely long life of future stormwater infrastructure.

Conclusions

Planning and building for the future is cental to any community, big or
small, in pursuing climate adaptation and resilience to reduce risk. While
limited in scope, this study reveals some important trends in the current
application of climate-adjusted precipitation IDF curves in engineering
design. Specifically:

e In the U.S., the actual adoption of climate change-adjusted IDF
curves into mandatory design standards does not appear to have been
undertaken, or been considered, by many public entities.

e This limited consideration by public entities of modifying the IDF
curves included in mandatory design standards appears largely due

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



EBSCChost -

Adjusting Precipitatien (IBF) Curves in Engineering Besign 75

to the widely recognized uncertainties currently associated with
localized, short-duration rainfall predictions.

e Such consideration of the adoption of climate change adjusted IDF
curves appears somewhat further along in Canada, largely due to the
creation of Canada’s PIEVC.

e As climate change modeling and downscaling techniques continue
to evolve, it appears likely that continued increases in model
granularities, as well as the inclusion of additional smaller scale
precipitation mechanisms, may reduce the uncertainties currently
associated with localized, short-duration rainfall predictions. This
will likely encourage additional entities to undertake the type of
assessments discussed in this paper.
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CHAPTER FIVE

POLLUTION PREVENTION OPTIONS
ANALYSIS SYSTEM

JASON P. MARSHALL, SC.D.!

Background on alternatives assessment

An alternatives assessment looks comprehensively at the uses of chemicals
of concern and the availability of safer, technically feasible, and affordable
alternatives. These alternatives may be chemical substitutions, but are not
limited to chemicals alone. The assessment can focus on modifications to a
process or redesigning a product to facilitate the shift to safer options.

A challenge to any alternatives assessment is the availability of full and
objective information. Technical performance and cost data may be
available for well-established technologies, but much less so for emerging
ones. Similarly, the lack of envirommental, health, and safety (EHS)
information for newer chemicals reduces confidence in assessment results.

Alternatives assessment rests on a three-legged stool: the technical,
financial, and safety (including environmental, occupational, and general)
aspects of each alternative.

In considering available EHS information, there are literally dozens of
endpoints that could be selected (e.g., carcinogenicity, mutagenicity, flash

! Jasen Marshall directs the Texics Use Reductien Institute Cleaning Laberatery.
The lab werks with cempanies, cemmunities, and citizens te evaluate the
perfermance eof cleaning chemistries and equipment. Seme of Br. Marshall’s recent
prejects include: premeting the adeptien ef alternatives te trichlereethylene feor
businesses in Massachusetts and Rhede Island; premeting safer ingredients in
cleaning preducts resulting in recegnitien frem U.S. EPA’s Safer Betergent
Stewardship Initiative at the Champien Level; participating in the Texics Reductien
Task Ferce Massachusetts Executive @rder Ne. 515 that establishes an
Envirenmental Purchasing Pelicy te examine specific areas ef envirenmental
precurement; and previding targeted technical assistance and guidance te agencies.
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point), and conflicting reasons to choose many of them, or just a few.
Choosing a few criteria simplifies the analysis, but leaves the distinct
possibility that a crucial category may be neglected. @n the other hand,
using a large set of criteria increases the analysis effort concomitantly, and
introduces the new problem of aggregating and comparing the information
across all categories.

In 2012, a large group of environmental health scientists, advocates,
funders, and policy makers met to create a set of principles for chemicals
alternatives assessment. In 2013, the group worked to refine a consensus set
of principles. These principles were based on earlier foundational work by:
(1) the Lowell Center for Sustainable Production, (2) the Massachusetts
Toxics Use Reduction Institute (TURI), (3) the Envirormental Defense
Fund, and (4) the BizZNG® Working Group. These principles for alternatives
assessment, shown in Table 5.1, are designed to guide a process for well-
informed decision making that supports successful phase out of hazardous
products, phase in of safer substitutes, and elimination of hazardous
chemicals where possible.!

Included in the first principle is the reduction of chemicals that
contribute to global warming such as greenhouse gases (GHGs). Global
warming potentials (GWPs) were developed to allow for comparisons of
different chemicals relative to the emissions of one ton of carbon dioxide
(C®:=1 GWP), as fossil fuel buming is a major contributor to global
warming. The larger the GWP, the more that a given chemical warms the
Earth compared to C®; over the same period (usually 100 years). While
methane (CHs) absorbs much more energy than C®, it persists in the
ammosphere for a far shorter period, about 10 years, as compared to C@®;
emissions which can cause increases in atmospheric concentations lasting
thousands of years. Moreover, CHs is a precursor to ozone (@;), itself a
GHG.

Chlorofluorocarbons ~ (CFCs),  hydrofluorocarbons  (HFCs),
hydrochlorofluorocarbons (HCFCs), and perfluorocarbons (PFCs) are all
chemicals of concern in this regard. Known as high-GWP compounds, they
trap substantially more heat than C®: for a given amount of mass. The
GWPs for these gases can be in the thousands or tens of thousands.
Industrial applications for some high-GWP chemicals include: refrigeration
and air conditioning, solvent cleaning, the manufacture and use of foam
products, aerosol propellants, fire extinguishing, and sterilization. Perhaps
surprisingly, the history of chemicals such as HFCs and PFCs involve their
use as substitutes for ozone depleting substances (@DSs).>? ®DSs were
phased out under the Montreal Protocol, a global agreement finalized in
1989, and the United States (U.S.) Clean Air Act Amendments of 19903
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Table S.1. Alternatives assessment process*

Principle

Definition

Reduce hazard

Reduce hazard by replacing a chemical of concern
with a less hazardous alternative. This approach
provides an effective means to reduce risk associated
with a product or process if the potential for exposure
remains the same or lower. Consider reformulation to
avoid use of the chemical of concern altogether.

Minimize
exposure

Assess use patterns and exposure pathways to limit
exposure to alternatives that may also present risks.

Use best
available
information

@btain access to and use information that assists in
distinguishing between possible choices. Before
selecting preferred options, characterize the product
and process sufficiently to avoid choosing alternatives
that may result in unintended adverse consequences.

Require
disclosure and
transparency

Require disclosure across the supply chain regarding
key chemical and technical information. Engage
stakeholders throughout the assessment process to
promote transparency in regard to alternatives
assessment methodologies employed, data used to
characterize alternatives, assumptions made and
decision-making rules applied.

Resolve trade-
offs

Use information about the product’s life cycle to
better understand potential benefits, impacts, and
mitigation options associated with different
alternatives. When substitution options do not provide
a clearly preferable solution, consider organizational
goals and values to determine appropriate weighting
of decision criteria and identify acceptable trade-offs.

Take action

Act to eliminate or substitute potentially hazardous
chemicals. Choose safer alternatives that are
commercially available, technically and economically
feasible, and satisfy the performance requirements of
the process/product. Collaborate with supply chain
partners to drive innovation in the development and
adoption of safer substitutes. Review new information
to ensure that the option selected remains a safer
choice.
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Alternatives assessment shews great value as a methedelegy, but its
wiility weuld be impreved by using a censistent set of assessment criteria
frem ene assesser te anether. This precess prevides the éamewerk ferwhat
te de in an alternamves assessment, but begs the queshen abeut Few te
specifically cenduct such a chemical review.

Te assist these in the pursuit of a seund methedelegy that is repeatable,
TURI leeked te re-depley its teel frem 1995. This teel, knewn as the
Pellunens Prevensien @puens Analysis System, fecuses en a systematic
way fer users te cempare texics use reductien (TUR) changes at their
facilisies.

Histery eof Pellutien Preventien @ptiens Analysis System
(P2@ASys)

Inthe mid-1998s, TURI develeped a teel te help cempanies systemamically
determine whether the TUR eptiens being censideres may have unfereseen
negadve envirenmental, werker, er public health impacts. The eriginal
P2@ASys previded the end user with a numerical hazard scere fer the
inputted current chemical/precess as well as the identified epwens. The
resuldng infermawnen allewed the user te cembine the entered data with ether
infermasien seurces (cest ane perfermance} and prefessienal experdise te
make decisions en TUR epien implementaden. By previding the user witha
predetervined set of EHS criteria, the teel offered a censistent ana repeatable
examinawen ef the petental impacts ef TUR epwens, examining the tetal
impacts ef precess changes, rather than simply these ef chemical changes.

TOXICS USE
REDUCTION
INSTITUTE

POLLYTION PRLYCHTION V200
OPTION ANALTSIS STSTEM  For Windows

Conterit created  11/4/1936 12:29 AM

Fig. 5.1. @riginal P2@ASys
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The original system had 11 categories and utilized 61 endpoints.
Categories and subcategories are listed in Table 5.2.

Table S.2. P2OASys categories and subcategories

Category |Key criteria Units
lilAcute Inhalation LC50 parts per million (ppm)
h;):)h?ln PEL/TLV ppm
PEL/TLV (dusts/particles) mg/m’
IDLH ppm
Respiratory irritation low/medium/high (L/M/H)
®ral LD50 milligram/kilogram (mg/kg)
Dermal irritation LMH
Skin absorption L/M/H
Dermal LD50 mg/kg
@cular irritation L/M/H
2. Chronic |@ral reference dose (RfD) mg/kg/day
human | Carcinogen IARC/U S. EPA class
Bhecs Mutagen L/M/H
Reproductive effects L/M/H
Neurotoxicity L/M/H
Developmental effects L/M/H
Respiratory sensitivity/disease L/M/H
@ther chronic organ effects L/M/H
3. Physical |Heat WBGT, *C
hazards | Noise generation A-weighted decibels (dBA)
Vibration m/S?
Ergonomic hazard L/M/H
Psychosocial hazard L/M/H
4. Aquatic |[HWQC milligrams per liter (mg/1)
hazards | Aquatic L.C50 mg/l
Fish N@AEC mg/l
Plant EC 50 mg/l
@bserved ecological effects L/'M/H
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Table 5.2. P2OASys categories and subcategories (cont.)

Chapter Five

Category Key criteria Units
5. Persistence/ Persistence L/M/H
bioaccumulation BOD half-life days
Hydrolysis half-life days
Bioconcentation log kow
BCF kg/1
6. Atmospheric GHG Y/N
hazards oDs @DP units
Acid rain formation Y/N
NESHAP Y/N
7. Disposal Landfill L/M/H
hazards EPCRA reportable quantity pounds (1bs)
Incineration L/M/H
Recycling L/M/H
& Chemical Vapor pressure mm Hg
hazards Solubility in water mg/l
Specific gravity N/A
Flammability 0.1234
Flash point G
Reactivity 0.1234
pH pH units
Corrosivity L/M/H
High pressure svstem LMH
High temperature system LMH
Mixture/reaction potential L/M/H
@dor threshold L/M/H
volatile organic compound (VOC L/M/H
9. Energy and Non-renewable resources L/M/H
E?Sgluurggsucszfrbon- ik s F
based fossil fuels) Energiy use L/M/H
10. Product Upstream effects L/M/H
hazards Consumer hazard L/M/H
Disposal hazard L/M/H
11. Exposure potential | Exposure potential L'M/H
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Legend te Table 5.2 of terms net previously defined {in erder of appearance):

: = -
LCse lethal cencentratien fo‘r 50% N@AEC [P® observe! adverse effect
of an exposed population cencentratien
PEL permissible expesure limit §ECS5@ tall ma"“l?a] elifegtige
cencentratien
TLV thresheld limit value BOD biological oxygen demand

a relative indicater ef the
tendency ef an erganic
cempeund te adserb te seil
and living organism

mg/m*® |milligrams per cubic meter {log kew

immediately dangereus te

[®PHL health er life (U.S. NIOSH) BCF bie-cencentratien facter

LBD56* |lethal dese 50% kg/l kilograms per liter

Internatienal Agency fer
IARC/ |Research en Cancer/

EPA Envirenmental Pretectien Ll s sl Bl
Agency
Wet bulb glebe temperature Natienal Emissien Standards
—— (for heat diserders) RSk for Hazardeus Air Pellutants
Emergency Planning and
SV itas Secendipa EFSER 4 |Community Right-Te-Knew

Act

hardness-based water
guality criteria

HWQC mm Hg  |millimeters of mercury

Utilizing the tool required downloading from the host site and using
Microsoft Excel to run it. The download was an improvement over the
original method of requesting a 3.5” disk to be unzipped and installed.
Under these conditions, the tool did not get a lot of use outside the
Massachusetts Toxics Use Reduction Act (TURA) program and limited use
within TURI, that is, by the laboratory.

Evolution of P20OASys, 2013-2016

The TURI Lab use of the tool for comparing solvent substitution in cleaning
applications proved to be helpful for various projects.’ The consistent
endpoints from one chemical to the next allowed for simple explanations to
client companies. The tool still required internal users to enter data and
provide summaries of comparison, as the tool was cumbersome. In addition,
internal discussions about the tool brought up the need to reaffim data
endpoints and categories.

As part of a funded research project through the Society for Chemical
Hazard Communication, TURI hired a University of Massachusetts Lowell
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graduate student te cenduct a review ef the existing end peints and cempare
them te the Glebal Harmenized System (GHS). The main eutceme was the
replacement of the endpeints in P2@ASys that used basic categerizatien ef
L (lew), M (medium), H (high). Key werds fremthe GHS were added te
P2@ASys. When cemparing quantitative endpeints, these that weuld have
been censidered werst case scenarie were adepted. In additien, all wnits
listed within GHS standards were censidered fer inclusien inte the updated
teel.

Upen review eof the data cellectien and cemparisen precess, in many
cases P2@ASys endpeints previded mere restrictive values than GHS
standards. Changes were enly made if GHS standards had mere swingent
values than cumrent P2@ASys values. In situatiens where GHS had
addifenal hazard infermatien, P2@ASys added new subcategeries and
values te the assessment mawix. Subsequently, TURI investigated ether
chemical assessment teels te determine if using addidenal seurces ef
chemical hazards endpeints weuld make the teel mere universal.

@®nce the initial cemparisen ef data peints was cempleted, the biggest
remaining ebstacle was te cenvertthe P2@ASys’ cumberseme interface inte
a web-based interface, making data enwry/sclectien easier. The visien was
te refermat P2@ASys with an integrative drep-dewn menu, as shewn in
Fig. 5.2.

Moy Analysis  ieip

Ansarnatrva 1
Compomart Mamagaront FTERR, e =
Atd | Renams | Dessis

Camponnid |

Whtor Quably Codatia 10WOQ) mg
Aguatic LCSD mya
Fiah BOAEL mad
it ECS0 gt
Otserved Lcodopical ERecty -~

Fig. 5.2. Prepescd P2@®ASys enline interface

Fellewing the research preject, TURI centinucd te refine the teel.
Several members ef the review cemmittee evaluated the categeries and
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subcategeries te decide en hew best te sweamline the set-up. The initial
eleven categeries were recenfigured inte eight sectiens. A few categeries
remained unchanged (acute, chrenic, and ammespheric) and ethers were
cembined te better greup the data. Table 5.3 shews the eriginal and

prepesed changes.

Table 5.3. P2Z@ASys original and new categories

Original categories

Proposed categories

Acnte human effects

Acute human effects

Chronic human effects

Chronic human effects

Physical hazard Physical properties

Aguatic hazard Ecological hazards
Persistence/bioaccumulation Environmental fate and transport
Atmospheric hazard Atmospheric hazard

Disposal hazard Life cycle factor

Chemical hazard Process factors

Energy/resource use
Product hazard
Exposure potential

Online tool 2017

During the discussien en hew te address the varieus data types and data
inputs, the cemmittee determined te previde the end user with multiple
eptiens frem which te select. The eptiens weuld include numerical values,
key phrases, GHS phrases, and GHS categeries (Fig. 5.3).

Acute Aquatic Texicity
Units value 7 Score
Acute Fish LC50 (mg/l)
Acute Algae (or other aguatic
plant) EC50 (mg/l)
Key Phrases v

GHS HPhrases |
NetApplicable
Ne data, but seme greunds fer cencern
Ch cnicAquatic Toxici Harmful te asuatic life
Rapidly Dagrada Texic te aquatic life
T Very toxic to aguatic life

GHS Categey level

ok iodouiatin Toviait

Fig. 5.3. P2@ASys on-line, drop-down selecon
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@nc drawback ef including multiple eptiens fer ecach categery is the
increase in the number of subcategeries frem 61 te 158. Hewever, the case
of data enwy via drep-dewn eptiens makes the teel still casier te use than
the spreadsheet fermat.

How P20ASys works

@riginally, P2@ASys had just enc eptien fer the subcategery assessment.
With the new set-up, mest ef the subcategery criteria have multiple eptiens
frem which te cheese. Upen censideratien, a decisien was made te enly
cheese the werst (highest) value feor a subcategery assessment. Te illuswrate,
the eriginal chrenic human effects, Fig. 5.4A used enly ene enwy line,
whereas the new layeut, Fig. 5.4.B, uses eight pessible seurces fer input.
The new layeut teel weuld sclect the highest scere entered fer this sectien
(IARC Categery 18 er GHS Categery 19).

Threugheut the fellewing scenarie, infermatien in P2@ASys en
trichlerecthylene (TCE) will be examined. TCE is a velatile erganic
cempeund (V@C), ie., a chemical that participates in awmespheric
phetechemical reactiens, with a relatively lew GWP. Widely used in
induswial and cemmercial precesses, TCE peses significant health risks,
especially when used fer vaper degreasing.

| Carcinogen | IARC/EPA class |

Fig. 5.4A. @riginal P2@Sys carcinegen subcategery

Chronio Human Effects } 2
SubCategory Trichloroethylene
Carcinogon 10

(ARC Category 10
EPACLASS Categorty
ACGIH Category 8
OSHACaMegory
FeyPhsases
GHSHPhrases
GHS Categrory 10
Pron65s Category 8

Fig. 5.4B. New P2@®ASys carcinegen subcategery
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When conducting a full chemical analysis, the more data that can be
compared directly, the more accurate the analysis. Nevertheless, in the
short-term1 analysis, using just one subcategory (i.e., the worst-case
scenario) for the P2@ASys calculation ensures a more conservative, that is,
more cautious evaluation.

To calculate the category score, the P2@ASys tool selects the highest
two scores from the subcategories and averages them. For the chronic
human effects category in Fig. 5.5, the highest two values were 10
(carcinogen) and 8 (mutagen, reproductive or other chronic organ effects).
The category score would be calculated as 9.

Categories Trichloroethylene
#cute Human Effects ) 8
Chronic Human Effects ] g
SubCategory Trichloroethylene
Ca cinocgen 10
Mutage /Teratogen 8
Rep oducti e/Oevelopmental 8
Neurotoxicity 8
Respiratory Sensitivity/Disease
Endocringe System Effects
Other Chronic Organ Effects . a8

Fig. 5.5. P2@Asys categery scere calculatien

The final score for a chemical would then be the average of each
category that contains data (Fig. 5.8). For some assessments, if a category
has no data, that category would not be included in the firal score average.
The tool is designed to allow more emphasis on a category depending on
the user’s needs. This is accomplished using sliding-weight factors.
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Categories

Acute Human Effects

Product Score
Final Score

Chronic Human Effects
£colcgical Hazards
Environmental Fate & Transport
Atmospheric Hazard
Al
Process Factors

Life Cycle Factors

Trichloroethylene

Fig 5.6.P2@ASys final scere

In-house testing

With the new categeries and user interface n place, the next step was te
beta test the upgraded P2@ASys. Te de se, several chermcals that had been
previeusly assessed wath the enginal fermat wer e re-evaluated with the new
framewerk. ®@ne staff member cenducted the evaluatien te ensure the same
level of expertise was used dunng the new assessment 1n Table 5.4.

Table 5.4. P2@ASys old vs new ratings

Scores | Ranking

Product 0ld New | ©Old New
TCE 6.1 7.8 | 8 8
Potential alternatives

FLUOSOLY X 4.6 6.9 5 6
FLUOSOLY CX500 4.0 6.9 B &
FLUOSOLY FR110 3.8 5.6 1 1
FLUOSOLY NC786 4.6 6.4 5 3
Honeywell PF 4.3 6.1 3 3
Honeywell BF -2A 4.3 5.8 3 2
Vertrel SION 4.6 6.1 7 3
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For each chemical evaluated, P2@ASys scores were higher (more
hazardous) with the new criteria. Both the most hazardous (TCE) and least
hazardous (Fluosolv FR110) chemicals remained the same with both
versions of P2@ASys. Two chemicals had minor changes in their overall
rankings (Fluosolv CX, S to 6 and Honeywell PF 2A, 3 to 2). ®ne chemical
went from low- to the higher-end of the rating (Fluosolv CX 500, 2 to 6)
and another candidate chemical moved in the opposite direction (Vetwel
Sion, 7 to 3). With most chemicals assessed being within one ranking order
from the original rating, the new criteria settings appeared to be evaluating
the chemicals appropriately.

What the tool tells you: NOT a definitive value

The P2@ASys tool generates a score as a guide in the alternatives
assessment process. The score is meant to give the user a way to compare
their current process with possible substitutes. The values are not meant to
provide the user with anumberthat would provide a definitive “this is good”
or “this is bad” answer. The scores need to be considered in a, “How does
this compare with that?” mindset. From the evaluations that have been
made by TURI staff, a chemical comparison by two people can result in
different P2@ASys scores. This variance is due to the impact of expert
judgement as well as personal biases as to what categories are more
important (i.e., weighted).

Another interesting observation is how a chemical’s assessment can vary
when a single user evaluates the same chemical but uses different safety
data sheets (SDSs). SDSs are an integral component of the GHS, intended
to provide comprehensive information (chemical properties, hazards,
protective measures, etc.) about a substance or mixture for use in the
workplace. Differences in the information on SDSs for the same chemical
have been previously reported.®’ In Fig. 5.7, three SDSs were used for TCE
and the scores obtained were 8.4, 8.0, and 8.6. Therefore, it may be worth
identifying and using multiple SDSs to conduct a more robust evaluation.
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Fack Expaort Category Scores
xpertAll Sceses.
Expand All Collapse All Hide Hide Hide
Categorias A Fisher i ' i Sigma
= e RN A ) i B B
C!'n_m_ |_1_ic qu!\_ar\ Eﬂec.t_:‘_. ] 2 2
Ecological Hézards 7 | 8 ]
Erwirunmsr;i.:;l Fate & Transport 7 7 7
Atmospheric Hazard ) 6 8
Physical Properties ) 10 | 10 10
Process Factors 7 7 | 8 7
LifeCycleFactors N 10 10 10
Prod ct Score 8.4 8 8.6
FinalRcore B4 8 8.6

Fig.5.7. Safety data sheet (SBS) impacts en P2@®ASys scere quality

An example ef needing to investigate end peints that are relevant te the
interests of the user is included when cemparing TCE te ether selvents with
a fecus en glebal warming cencerns. Several alternatives te TCE are listed
in Fig. 5.8. If the user were te enly fecus en the preduct scere, their cheice
of an alternative may everleok negative implicatiens their cheice may have
en glebal warming. Fer example, TCE has a preduct scere abeve 8, which
weuld imply that the preduct has several areas ef envirenmental cencern. If
the end user were te cheese an alternative with a preduct scere belew TCE’s
scerc of 8.4, several cheices meet the criteria, including AK 225, 3M HFE
71BE, 1,1,1,3 3-pentafluerebutane and AcreTren CE (5.9, 6.1, 6.3, 6.3,
respectively). And when comparing this everall impact en EHS, these
cheices weuld seem te make sense. Hewever, when investigating ways te
reduce GWP, these same products all have less faverable eutcemes. TCE
was assessed at a value of 4 fer GHGs and the alternatives were at 10, 6, 6,
and 6. All of these weuld be less desirable than TCE.

In the end, the final decisien en what weuld be an acceptable alternative
needs te include mere than just a quick check of the preduct scere. Specific
end peints ef interest must be investigated te ensure the cheice made will
net beceme a regrettable ene dewn the line.
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Fig. 5.8 End-peint specific cempansen

What te de with the results

The primary geal of alternatives assessment fer chemicals of cancern is te
reduce risks te tmmans and the envirenment by identif ying safercheices.
The intended use ef the P2@ASys teel is te previde a methedical way te
assass TUR precess changes Ideally, the teel will help shed light en
envirenmental, werker, and public hcalth ceacerns that cwrently exist, or
that may erise during a change of mamifacturing precess(es). The teel is
enly 1ntendsd te previde the userwith a safety assecament, ene ef thepieces
of the three-legged alternatives assessrment precess (technical and financial
being the sther twe); P2@ASys dees net include perfenassess cntena o
scenemic cempznsens. Hewever, by providing the userwitha systematic,
critical-tluinking precess abeut the petential hazards pesed by cwrent and
altermnative precesses, better infermed decisens can be made.

Cencluding remarks

Whnle the tams glebal wanning and dimate change are eften used
interchangeably, climate change is meant e include all thesechanges (sea
level rise, glacial melting, extrame wcather events, etc.) that eccur because
of glebal wanning. Censsequently, the futwre of altermative assecament fer
high-GWP chenucalsis of great impertance, including the P2@ASys teel.
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CHAPTER SIX

PROCESS IMPROVEMENT
IN THE PHARMACEUTICAL INDUSTRY:
USING COPPER CATALYSTS

RYAN CONGER!

Background

Green chemistry is the design of chemical products and processes that
reduce or eliminate the use and generation of hazardous substances. Its
practitioners in education, research, and industry apply the following
principles in working with chemicals' (Table 6.1):

! Ryan Cenger sraduated frem the University of New England (UNE) with a
Bacheler of Science degree in chemistry in 2817, having werked as a teaching
assistant, chemistry tuter and freshman menter. He alse cenducted research at UNE
with Stephen Fex, Ph.B., synthetizing nevel dicepper cemplexes and explering their
catalytic applicatiens. Mr. Cenger presented results frem this werk at the 254%
American Chemical Seciety (ACS) Natienal Meeting in Washingten, BC. Under the
auspices of Amy Beveau, Ph.D., he develeped a “sreen” lab curricuhun fer the
heners erganic chemistry ceurse, utilizing eriginal precedures fer reactiens at the
ferefrent of synthetic literature, such as A3 Ceupling and “Click Chemistry”, aleng
with labs selected frem the American Chemical Seciety (ACS) Jeurnal ef Chemical
Educatien. He is currently a graduate student at Besten Cellege pursuing a Ph.B. in
chemistry with aspiratiens ef researching inerganic catalysts and their direct
applicatiens te the chemical industry.
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Table 6.1. Twelve principles of green chemistry?

Principle

Description

1. Preventien

It is better te prevent waste than te treat or clean-up waste
after it has been created

2. Atem
ecenemy

Synthetic metheds sheuld be designed te maximize the in-
cerperatien ef all materials used in the precess inte the
final product

3. Less hazardeus
chemical syntheses

Wherever practicable, synthetic metheds sheuld be
designed te use and generate substances that pessess little
or ne texicity te human health and the envirenment

4. Designing safer
chemicals

Chemical preducts sheuld be designed te affect their
desired functien while minimizing their texicity

5. Safer selvents
and auxiliaries

The use of auxiliary substances (e.g., selvents, separatien
agents, etc.) sheuld be made wnnecessary wherever
possible and innecueus when used

6. Wesign Energy requirements ef chemical precesses sheuld be
for recegnized fer their envirenmental and ecenemic impacts
energy and sheuld be minimized. If pessible, synthetic metheds
efficiency sheuld be cenducted at ambient temperature and pressure.
7. Use of A raw material er feedsteck sheuld be renewable rather
renewable than depleting whenever technically and ecenemically
feedstecks practicable
Unnecessary derivatizatien (use of blecking greups,
pretectien/ depretection, temperary medificatien ef
& Reduce : ¢ e
=g physical/chemical precesses) sheuld be minimized er
derivatives

aveided if pessible, because such steps require additienal
reagents and can generate waste

9. Catalysis

Catalytic reagents (as selective as possible) are superior
to stoichiometric reagents

16. Design
for degradatien

Chemical preducts sheuld be designed se that at the end of
their functien they break dewn inte innecueus degradatien
products and de net persist in the envirenment

11. Realtime
analysis fer
pellutien
prevention

Analytical methedelegics need te be further develeped te
allew fer real-time, in-precess menitering and centrel prier
te the fermatien ef hazardeus substances

12. Inherently safer
chemistry fer
accident preventien

Substances and the ferm ef a substance used in a chemical
precess sheuld be chesen te minimize the petential fer
chemical accidents, including releases, explesiens, and
fires
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This paper focuses on the potential role of copper based catalytic reagents?
(9% green chemistry principle) in the pharmaceutical industry. The goal is
to minimize the enormous amounts of waste, often hazardous, that can be
generated by other methods.

Introduction

Many important chemical feedstocks used in the production of fuels and
materials are derived from methanol (CH3:@®H). The methanol industry
generates an estimated 55 billion dollars annually in economic activity
creating over 90,000 jobs worldwide.> @ver 70 million metric tons of
methanol were produced globally in 2015, with a projected increase to 100
million metric tons by 2020.4 Methanol is derived from natural gas obtained
through onshore/offshore drilling or hydrofracking. When crude oil is
extacted from deposits, natural gas largely consisting of methane (CHa) is
brought to the surface as well.® Typically, in areas lacking transportation
infrastructure such as pipelines, copious amounts of natural gas are burned
of f converting methane and oxygen to carbon dioxide and water in a process
known as combustion or “flaring.” This is done primarily to prevent the
release of methane into the Earth’s atmosphere (Fig. 6.1). Despite this,
flaring is still recognized as a major environmental problem; about 150
billion cubic meter (m’) of natural gas is flared globally, releasing
approximately 400,000,000 metric tons (1 metwic ton = 1000 kilograms, kg)
of carbon dioxide (C@®-), the primary anthropogenic greenhouse gas (GHG),
into the atmosphere per year.® This equates to about 30.6 billion dollars of
methane flared which is approximately 4 of the airmual United States (U.S.)
consumption.

2 Catalysis is the precess of medifying a chemical reactien with the use of a catalyst.
This precess werks with chemicals that already have an existing reactien, and is used
te accelerate that reactien for cemmercial purpeses. The catalyst is net censuned by
the reactien and can centinue te act repeatedly. Censequently, enly small ameunts
of catalysts may be required.
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Fig. 6.1. Flare stacks atoil fields in Basra southeast of Baghdad, Iraq

Methodologies

One eof the best ways te reduce the envirenmental impacts ef flaring is te
implement gas te liquid (GTL) technelegies such as steam referming. Steam
referming cenverts methane gas and water (H,0) te carben menexide (CO)
and hydregen (H,), i.e., synthesis gas this precess is the first step in the
preductien ef methanel and ether chemical feedstecks.® Steam referming is
energy intensive, usually carried eut at temperatures ranging frem 1008-
1300° Kelvin (K)and pressures between 3-25 atmespheres (atm).® Synthesis
gas can be cenverted te methanel in a fixed bed reacter using an alumina
pellet catalyst ceated with zinc and cepper exides (500°K, 50-100 atm).’
While these precesses are generally efficient en a large scale, they require
industrial manufacturing plants and infrastructure which is net ideal for flare
stacks dispersed threugheut a large area, such as the Bakken Oil Fields in
Nerth Daketa (Fig. 6.2). Te address this engeing issue, many chemists strive
te find greener GTL technelegies, applicable en a small and large scale. One
pepular appreach inspired by bacteria feund in nature, is the partial
exidatien ef methane gas te methanel using exygen in the Earth’s
atmesphere.
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Fig.6.2. Satellite view of flare stacks at Bakken o1l fields in Nerth Baketa, U.S.

Methanewephic bacteria have cvelved te catalymcally fix the carben-
hydregen (C-H) bend ef methane via the particulate Methane Meneexygenase
(PMM@®) enzyme. The partial exidatien ef methane eccurs at a dicepper
center and uses awnespheric exygen (@;) under ambient cendinens (298°K
and 1 atm), preducing methanel and water as preducts ef the reactien® In
fact, research greups strive te mimic the catalytic behavier ef pMM® by
designing catalysts and materials capable ef similar partial exidanens.
Chemical reactiens invelving the breaking ef carben-hydregen bends (C-H
activatiens) previde sweamlined reutes tewards net enly basic chemical
feedstecks such as methanel, but alse cemplex erganic melecules such as
pharmaceuticals.

Fer medicinal chemists te keep pace with themyriad ef infermatien derived
frem bielegical screenings, there has been an increasing need fer reactiens
that are efficient, versatile, and selective.? It is ne surprise that reactiens
invelving C-H activafiens may be seme ef the mest rapidly grewing and
well-studied reactiens threugheut indusiry and academia.*!*!! In cemparisen
te platinum greup metals (PGMs), advantages ef cepper include its
abundancy, lew-texicity, and lew-cest.! In seme cases, cepper catalysts
may even previde suitable alternatives te PGMs.
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CuBr 10 mol%

H 1,10-Phen 20 mol% o
QR == R
Ri- J\Far Cs,CO; 2eq N
H Toluene r.t. 24 hrs H Ry

Fig. 6.3. Senegashira-type coupling ef alpha-breme amides

Recently, Nishitaka develeped a methed fer Senegashira-type ceuplings
between terminal alkynes and alpha-breme amides using a cepper catalyst
(Fig. 6.3)." The relevance ef this reactien is quite high given that the amide
functienal greup eccurs in ever 50% ef medicinal chemical patents en the
IBEX database.!? Ceupling ef the alkyne and tertiary carben generates a
quaternary carben center which are generally censidered challenging
synthetic targets. Mercever, cepper catalyzed precedures can be applicd te
hetereatem alkylatiens/arylatiens, C-C bend fermatiens, and heterecycles
fermatiens which censtitute a tetal 42.8% ef reactiens used in medicinal
chemiswy (Fig. 6.4)."

FUNCTIONALGROUP EINTERCONVERION &
ADDITION

OXIDATIONS&REDUCTIONS
PROTECYION & DEPROTECIIONS
HETEROCYCLE FORMATION
C-LBONOFOMATION
ACYLATION RECATED PROCESS 22.40%

HETEROATOMALKYLATION/ARLY ATIONS 23.10%

0.00% 5.00% 10.00% 15.00% 20.00% 25.00%

Fig. 6.4. Analysis of reactiens used in medicinal chemisiy manuscripts (2008-2089)

Anether advantage ef cepper is its ability te activate C-H bends ef terminal
alkynes. @ften referred te as “click chemiswy”, cepper-catalyzed azide-
alkyne cycleadditien (CuAAC) is censidered enc of the mest pewerful twe-
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cempenent ceupling swategies in medern synthetic chemiswy (Fig. 6.5).
Buc te its high functienal greup telerance, CuAAC can be used te
funcenalize membrane surfaces and ceuple peptides. Additienally,
CuAAC can be carried eut under mild cenditiens: reactiens eften regquire
lew catalyst leading, preceed at reem temperature, and in many cases reach
cempletien in under several heurs.

R H
A R R‘l l\
R ki ‘ Ri~
H ~ N3~ 2 N3 H N7 N
\.ﬁw - L T
=N Cufl Heat N-N /
Ry ) H Ry Rz
1.4 Substituted 1,4 Substituted 1,5 Substituted

Fig. 6.5. Cepper catalyzed azide-alkyne cycleadditien “Click Chemisty”. Under
thermal cenditiens (absence of catalyst) the reactien gives a mixture of the 1,4 and
1,5 substituted wiazeles. CuAAC gives enly 1.4 substituted triazeles under ambient
te mild cenditiens.

In additien te CuAAC, cepper catalysts are especially useful in
multicempenent reactiens (MCRs). MCRs are cascade chemical
transfermatiens that cembine three er mere reactants te assemble a cemmen
preduct. In mest cases, MCRs previde greener alternatives te multistep
syntheses because they are carried eut in a single reacien vessel thereby
reducing selvent waste. Addinenally, MCRs are much mere ccenemical
than multi-step syntheses and can save valuable time and receurses spent en
the purificaien and iselatien. ®ne challenge of MCRs is tailering the
reactien cenditiens in such a way te maximize yiclds and prevent the
fermatien ef unwanted bipreducts. @ne example ef an MCR where the
cenditiens are well-established is A® ceupling.

A? ceupling is a multicempenent, cendensatien reactien between an
aldehyde, alkyne, and amine te give prepargylamines (Fig. 6.6). These
cempeunds are impertant precursers te many pharmaceuticals and valuable
building blecks in natural preduct synthesis.!? By varying the functienalifies
of the reactants, many prepargylamine intermediates can underge further
transfermatiens inte a varicty ef bielegically active heterecycles. Fer
instance, A ceupling can be applied te the ene step synthesis ef
pharmaceuticals such as Zelpidem (Ambien).

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



100 Chapter Six

A R3\ ,R4
b Ry -Ra
H culy N
H'O H0 /\
2 R
F A &
Ry R2 Rs
B ™
Nucleophiie
.R3
HN /-Chiral Center
Eloctvopmlo'—’// Rz
R;
Yupon activetion via Lewis acid)
C - - .
Imidazopyridines Indolizines Oxazolinones
R4 o)
30N
@i? ~
N/ Rz \
™ Ry
Quinolines Benzoiurans Isoindolines
R

Fig,-6,6, Generic scheme for A’ coupling (A), reactive sites in prepargylamines (8),
and bielegically active heterecyclic framewerks prepared from A’ ceupling (C) '
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Concluding remarks

In conclusion, copper catalysts are “greener” than PGMs and present many
relevant applications in reactions used in medicinal chemistry. Furthering
our understanding of copper-chemistry will incentivize research installations
to use copper catalysts to accelerate their drug development efforts while
diminishing substantial amounts of hazardous waste. Specifically, advances
in catalysis should address:

“<the> grewing cencerns ef glebal climate changes in erder te minimize
pellutants during the precess develepment of drug synthesis.”’?

Future developments may well include a comparison of old and new
processes based on a life cycle assessment (LCA) approach, which identifies
the material, energy, and waste associated with both processes. LCAs
determine environmental impacts and potential improvements. ®ne such
method was developed by the United Nations Intergovernmental Panel on
Climate Change, PCC GWP 100a, which analyzes global warming
potentials expressed as kg C@®; equivalents. Thus, the sustainability of the
two manufacturing processes can be compared for risks and benefits.!
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CHAPTER SEVEN
DEATH BY DEGREES

SYDNEY R. SEWALL, MD MPH!

B@ARD PRESIDENT, PSR MAINE

Introduction

In 2000, Physicians for Social Responsibility Maine Chapter (PSR Maine)
in the United States (U.S.), a statewide nonprofit organization comprised of
several thousand medical and healthcare professionals and advocates,
published a groundbreaking report entitled Death by Degrees: The
Emerging Health Crisis of Climate Change in Maine (DbD) that focused
on the impact of climate change on public health. In 2015, PSR Maine
released the updated version — Death by Degrees: The Health Crisis of
Climate Change in Maine.

Representatives from PSR Maine contributed to the International
Technical Workshop on Climate Risk both in 2016 and 2017. A summary
ofthe 2016 presentation was incorporated as a chapter in the book generated

! Br. Sydney Sewall, MBD, MPH was educated at Harvard and University of
Cincinnati, and has been werking as a Pediatrician since graduating frem medical
scheel in 1975. After serving in the Indian Health Service in Arizena, he meved te
Maine in 1982 and has lived here since, raising twe new-adult children with his
speuse of 43 years. Medical activities have always included teaching  either
residents er medical students and in 2816, he left his pediatric practice te jein the
faculty at the Maine Barwneuth Family Practice Residency. Br. Sewall has been
invelved with Physicians fer Secial Respensibility Maine Chapter since 199¢. @ther
medical activities have included membership en the beard ef Maine American
Academy ef Pediatrics (fermer president), chairrnan ef MaineGeneral Hespital's
Quality Ceuncil (and fermer Chief of Staff), and Pediatric Advanced Life Suppert
instructer. Br. Sewall has a special interest in epidemielegy, and earned an MPH in
1997 while werking part time.
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by that event.? The 2017 presentatien updated and expanded the centent ef
the eriginal discussien, and is summarized in this chapter.

4 —— Highernumbers of peopleatrisk

—— Lowernumbersofpeopleatrisk

MNurmbers in population
{millions)

Risk of disease increasing

https:/Aapsweamthinking. werdpress.com/geeffrey-reses-prevention-theery/

Fig. 7.1. Biagram illuswating the public health perspective (credit te Geeffrey Rese)

Climate change as a public health issue

The public health perspective appreaches disease rates as the eutceme ef a
set ef interacting risk facters impacting the everall pepulatien. This analysis
can, at times, afferd the health care system the ability te greatly reduce
discase rates threugh public infermatien campaigns, veluntary changes
frem induswy, er legislatien. Examples include the “Back te Sleep”
campaign which reduced Sudden Infant Beath Syndreme (SIBS) by half,
labeling sedium centent ef feeds te reduce hypertensien, and the
eliminatien ef lcaded gaseline.

While clinical medicine deals with individual patients and their
preblems er risk facters, public health measures target the actual
“determinants ef discase” that cenwibute te individuals® health status. As
depicted in Fig. 7.1, the geal is te SHIFT the bell-shaped curve ef pepulatien
risk te the left, se that the area under the tail en the far right (representing
these with disease) is reduced.

2 Andrea, Karen A, Beath by Begrees: The Heaith Crisis of Climate Change in
Maine, U.S., Bemystifying Climate Risk Velnme I: Envirenmental, Health and
Secietal Implicatiens (LeBlanc, C. ed,, Cambridge Schelars Publishing, 2€17).
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Climate change, in this medel, creates cenditiens which shifts the curve
te the RIGHT (increasing risk) fer anumber of cenditiens. Fig. 7.2 describes
these categerics of disease that are impacted.

Severe Ale
Weather Pollution

\

Water and
|
| Food
A Supply

Mental
Haalth

Environmantal
Relugees

—

hitp//teelkit.climate. gov/image/S 85
Fig. 7.2. U.S. climate resilience teelkit

The remainder of this chapter will explere cach wedge ef this circle
medcls predict and epidemielegic data supperts the cencept that warming,
rising sea levels, and weather exwemes cembine te impair respiratery
health, change infecieus disecase patterns, and lead te beth physical and
mental health injuries. As described in Table 7.1, the causal pathway
between climate change and health eutcemes has a number of intermediary
steps.
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Table 7.1. Categories of climate-change risks to health, according to
causal pathway

Risk Category Causal Pathway

Primary Direct biologic consequences of heat waves, extreme weather
events, and temperature-enhanced levels of urban air
pollutants

Secondary  Risks mediated by changes in biophysically and ecologically
based processes and systems, particularly food yields, water
flows, infectious-disease vectors, and (for zoonotic diseases)
intermediate-host ecology

Tertiary More diffuse effects (e.g., mental health problems in failing
farm communities, displaced groups, disadvantaged
indigenous and minority ethnic groups)

Consequences of tension and conflict owing to climate change--
related declines in basic resources (water, food, timber, living
space)

From: McMichael — N Engl J Med 2013;368:1335-43.

Respiratory health

The American Lung Association’s 2014 State of the Air report described
groups at increased risk from poor air quality in Maine. @ut of our total
population of 1.3 million, we have over 220,000 persons over 65. Twenty-
five thousand children have asthma, along with 120,000 asthmatic adults,
plus another 80,000 adults with chronic obstructive puhnonary disease
(C@PD). When you add in persons with heart disease and diabetes, you find
that a substantial proportion of our residents are at increased risk of health
complications related to pollution.

The Maine Depariment of Environmental Protection (DEP) uses a
scoring system to warn citizens about unhealthy air. There were 17 days in
2013 where one or more areas in Maine were forecasted in the “moderate”
(yellow) zone (where at-risk individuals should consider reducing strenuous
activity), and another six days were considered “unhealthy for sensitive
groups” (orange).

Air quality dynamics are complex. While clean air legislation has
reduced the emission of ozone precursors from smokestacks, higher
temperatures promote the chemical reactions that convert precursors into
ozone, reversing the effects of legislation. Wind patterns play a role since
lack of vertical mixing inhibits dilution of ground level concentrations.
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Because ezene (@:) is an irritant, @3 levels are asseciated with emergency
reem (ER) and hespital admissiens fer respiratery ailments, and premature
death  especially in vulnerable pepulatiens. Thus: the higher temperatures
and unpredictable wind patterns expected with climate change will push the
pepulatien curve te the right and increase pepulatien merbidity frem
respiratery disease. The particulate matter (PM) level in the air, PMy s, is
similarly affected  with precipitatien and asmespheric mixing helping te
lewer levels, where prelenged dry perieds can have the eppesite effect.

There are multiple studies relating PM and ezenc te cardievascular
events due te their inflammatery nature (N Engl J Med 2017; 376:25591-
2592). Nete in Fig. 7.3 that the Nertheast region of the U.S. is expected te
have an increase in ezenc related mertality ever time, rivaling the
midwestern industeial heartland.

Projected Change in O2one-Related Premature Oeaths

Figure 3. Projected change in ozone-related premature deaths from 2000 10 2030 by U.S. region and based on CESM/
RCP3.5. Each year (2000 and 2030) s represented by 11 years of modeled data. Ozone-related premature deaths were
caloulated using the risk coefficeent from Ball et al (2004).* Boxes indicate 25th, 50th, and 75¢h percentile change over 11.
year samgle periods, and vertical ines exdend 1o 1.5 mes the nterquartile range. U.S. regions follow gecpolitical boundaries
shown in Figure 2. (Figure source: Fann et al. 2015)"

Jeurnal ef the Air and Waste Management Asseciatien, 65, 576¢-586.
hitp://dx.dei.erg/10.1088/18962247.2014 9%627¢
Fig. 7.3. @zene-related health effects

The defining features of asthma are ceugh and shertess ef breath due
te brenchespasm. While air pellutien itself can be a wigger, it alse can
interact with allergen expesure in susceptible individuals te increase the
percent of the pepulatien having symptems. An extensive literature
decuments the relatienship between air quality and ER visits. Additienally,
the density and duratien ef the pellen seasen in temperate climate zenes is
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predicted te increase as illuswated in Fig. 7.4. Maine is at the latitude where
we already experience an exwa 2-3 weeks ef allergy scasen.

Change in Ragweed Season Length (Days)
© e e

<00 004.9 5089 100-149 150-19.9 200-249 225.0

Figure 4: Ragweed pollen saxsan kengt Aas oRased in eantral Nofth Amenica between 1005 and 20 4By as much as 1116 27
mnmdmuwmmawm in respanse i fSing RsrpaRaes. [ne@aces 1 the length of this aflespenie polien

are comalatad with ingrexses in the numbec of d8ys bafore the fust fiost The lapest ncwases have dasn obzarved in
no:ﬁmcbe&(ﬁwnsmeeBoe(al 2014_ Photo cradd: Lewis Tk, USDA).*

Fann, N., T. Brennan, P. Belwick, J.L. Gamble, V. Ilacqua, L. Kelb, C.G. Nelte,
T.L. Spere, and L. Ziska, 2816: Ch. 3: Atr Quality Impacts. The Impacts of Climate
Change en Human Health in the U.S.: A Scientific Assessment. U.S. Glebal
Change Research Pregram, Washingten, BC, 69-98.
hitps://s3.amazenaws.cem/climatehealth2816/lew/ClimateHealth2016_03_Air Qu
ality small.pdf

Fig. 7.4. Ragweed pellen seasen lengthens in U.S. and Canada

Thus, we can expect individuals with “exwinsic asthma” (triggered by
allergens) te have lenger perieds where symptem centrel can be challenging

In additien te leng term wends, weather exwemes alse can centribute te
respiratery disease. Uncentrelled fires spew parficulate matter in the air, as
experienced in Calif ernia numereus times this decade (https://www3.epa.
gev/aimew/wildfire may2016.pdf). Cenversely, prelenged rainy peried
and fleeding preduce increased meld accumulatien in hemes.
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Vector borne diseases®

What used to be a medical curiosity in Maine has become a routine event
over the last decades — the diagnosis of Lyme disease. As the range of the
offending tick has spread and interactions with humans have increased, the
number of cases has skyrocketed. In addition, the same deer tick species can
carry the bacteria that cause Ehrlichiosis and Anaplasmosis, or a parasitic
organism that causes Babesiosis. All of these illnesses are weatable but
debilitating, especially in persons with weakened immune systems.

Rate of Lyme Disease
Maine 2001-2015

120
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80

60
]

Rate (per100,000)

40 L

20 _ —

0
2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015
Year

Fig. 7.5. Maine Center for Disease Control and Prevention (CDC) data for Lyme
Disease

The Maine experience parallels the wend elsewhere in the U.S.
Northeast and upper Midwest.

3 Vector bome diseases are human illnesses caused by parasites, viruses, and bacteria
that are wansmitted by mosquitoes, ticks, lice, etc. Taken together, the ma jor vector
bome diseases account for approximately 17% of all infectious diseases (United
Nations World Health @rganization).
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Maine is also not immune from mosquito borne illnesses. While
domestic cases of Zika are not an issue at this time, the southern tip of the
state is within the range of the mosquito carriers. West Nile virus was first
identified in the state in 2013, related to climate-related changes in bird
migration patterns with mosquitoes canying the virus from the avian natural
host to humans. @ur first human case of Eastern Equine Encephalitis
presented in 2014, with dozens of animal cases reported over the last
decade. Table 7.2 points out the trend towards increasing numbers in a
variety of vector-borne diseases in the U.S. (Impact of Climate Change on
Health — health2016.globalchange.gov).

Table 7.2. Summary of reported case counts of notifiable vector-borne
diseases in the U.S.

Diseases 2013 Reported Cases Median (range) 2004-2013°
Lyme disease 36,307 30,495 (19,804 38.468)
Spotted Fever Rickettsia 3,359 2,255(1,713 4,470
Anaplasmosis/Ehrlichiosis 4,551 2,187 (875 4,551)
Babesiosis? 1,792 1,128 (940 1,792)
Tularemia 203 136 (93 203)
Powassan g 7(l 16)
West Nile virus 2,469 1,913 (712 5,673)
Malaria 1,594 1,484 (1,255 1,773)
Dengue® 843 624 (254 843)
California serogroup 112 78 (55 137)
Eastern equine 8 7@ 2D
St. Louis encephalitis 1 10(1 13)
Plague 4 42 17

State Health Bepartmnents are required by law te repertregular, frequent, and timely
infermatien abeut individual cases te the CBC in erder te assist in the preventien
and centrel ef diseases. Case ceunts are summarized based en annual reperts ef
natienally netifiable infectious diseases.2:34:5,6,7:89,18

® Babesiesis and dengue were added te the list of natienally netifiable diseases in
2011 and 2009, respectively. Median and range values encempass cases reperted
frem 2011 te 2813 fer babesiesis and frem 2016 te 2813 fer dengue.
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Waterborne illnesses

Waterborne illnesses are an issue after periods of flooding or excessive
rainfall. Sewage processing has limited capacity, and separation of
rainwater runof f from wastewater is not always possible. Agricultural runoff
into surrounding waterways is an additional concern in some parts of the
country. In Maine, the shellfish industry is periodically hit with widespread
closures due to toxigenic algae contamination (related to warming oceans
as well as runoff) along with local closures due to sewage overflow.

Heat illness

Heat illness is a direct result of climate change, as evidenced by the wagic
deaths in a Florida nursing home that lost power during the 2017 hurricane.
High risk populations include the elderly, persons on medications that
impair compensation, infants, cardiovascular disease patients, et al. The
spectrum of illness ranges from heat exhaustion and mild dehydration to
heat stwroke — where the body’s homeostatic mechanism has broken down
completely, delirium or coma ensue, and the body temperature rises to 106°
Fahrenheit (F). The European heat wave of 2003 led to over 30,000
confirmed deaths (AJPH 94:9). The trend in heat related hospitalizations
has been in an upward direction in the U.S. over the last decade (MMWR
63:13).

Mental health

Mental health concemns relate to climate also in obvious ways. The
aftermath of Hurricane Katrina has been described as a “disruption of
normalcy” — repeated in 2017 in Houston with Hurricane Harvey, and in
Puerto Rico after Hurricane Maria. Entire communities, neighborhoods and
individual lives were forever changed in ways most of us could never
imagine. Loss of homes, jobs, food supplies, and power disrupt normal
routines — with associated increases in ER visits, hospitalizations and acute
and chronic illnesses. In Puerto Rico, crisis managers were overwhelmed by
both the number of calls to their suicide prevention hotlines, as well as the
number of suicide attempts (USA Today).

Sociologic impact

As an organization whose fundamental goal is to prevent wars, PSR is also
concerned about the potential increase in conflicts driven by climate change.
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Large-scale degradation of land and water resources, along with
disturbances of local ecosystems, may lead to the scarcities of staple foods
that drive political upheaval. The potential for conflicts between states over
resources looms large over our future. While local measures towards
adaptation might modify this risk, the long-term solution (push the bell-
shaped curve in the right direction) involves reducing the global production
of greenhouse gases (GHGs) — the biggest challenge of the 21 century.
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CHAPTER EIGHT

TRADITIONAL KNOWLEDGE AND CLIMATE
CHANGE CHALLENGES:
ANAMBRA STATE, NIGERIA CASE STUDY

CHIZOBA CHINWEZE!

Abstract

The study area, Anambra State, is located inthe southeastern part of Nigeria
in West Africa, with a landmass of 44,116 square kilometers (len?) and a
human population of about 4,182,032. Soil erosion constitutes the major
ecological challenge of the state.

With increases in precipitation levels and intense flooding, as indicated
by Intergovernmental Panel on Climate Change (lPCC) fourth assessment
report for the United Nations Framework Convention on Climate Change
(UNFCCC), resultant soil transport caused severe gully erosion of this area.
®ver 40% of the total land area in the state is currently severely eroded.
Anthropological factors also accelerate the development and expansion of
gullies, with attendant human vulnerability.

This paper classifies the gully erosion/flooding in the area according to
their severity and socioeconomic impact. It further analyses their consequence
and human vulnerability in the face of climate change challenges and the

! Chizeba Chinweze is Birecter of Research/Bevelepment and Chief Censultant fer
Chemtek Asseciates, Lages, Nigeria. Ms. Chinweze has 23 peer-reviewed scientific
publicatiens and is a centributing auther te the United Natiens Envirenment
Pregramme’s (UNEP’s) Glebal Envirenment ®utleek Velume 5 (GE® 5). She was
a participant at UNEP’s Cenventien en Bielegical Biversity (CBB®) liaisen meeting
en climate-related gee-engineering in Lenden in June 2811 which preduced the
CBD Technical Series 66, Geoengineering in Relation to the CBD: Technical and
Regulatory Matters. Chizeba is a Member ef the Envirenmental Regulatery
Research Greup ef the University of Swrrey, UK and a Fellew of Leadership fer
Envirenment and Bevelepment (LEAD) Internatienal, cehert 12.
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limited adaptive capacity of local people through the application of
traditional knowledge.

Study area

Anambia State in the southeastern part of Nigeria lies between latitude 5°
42" North (N) and 8° 47'N and longitude ° 37" East (E)and 7° 23" E. The
state is madeup 0f 127 commumities divided into 22 local government areas
with a population of 4,182,032 million people in a land mass of 44,116 kan?
(Fig. 8.1).

The study area lies within the tropical tegion. The area is influenced by
two climatic seasons, the dry and wet seasons. The wet season starts mid-
Jamuary/February and is in full swing by Maich, ending in November, with
a break in August. The average amnual rainfall is about 12300 millimeters
(mm) concentrating between the months of May and November. The dry
season lasts for four or five months.

Benin

N_igeria ' <
~ 3 . ‘AJ.'I.EI'HEHH -"r/U\\—’J/
o Camaroon N

Gulf of Guinea . j/
Atlantic Dcean »o1f

Fig. 8.1 Map ef Nigeria shewing the study area — Anambra State

The prevailing winds are the scuthwesterlies which bring rains during
the wet months, and the northeasterlies or northwesterlies which occur
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during the dry months and are known for the hazy, harmattan® conditions.
The wind speeds are low, less than 2 miles (4 knots) per hour, throughout
the year.

The relative humidity is high all the year round; 80% at night and
between 65-75% during the day. The ambient air temperature varies
between 25° Celsius (C) and 32°C. The mean daily temperature is 28°C,
while the average annual temperature is 27°C. However, the temperature
can go up to 32°C during the hot periods of the year.

The main drainage system for the state is the Anambra River which
empties into River Niger. The natural flow patterns ofthe river and streams
in the area form a kind of drainage pattern in the area. The area is well
drained. In general, the topography of the area can be described as; namely,
the uplifts and the basins of sedimentation.

The soil type is deep red, porous, and unconsolidated. The land surface
is covered with vegetation. There are various trees species of commercial
value found within the area.

Famming (subsistence agriculture)?, trading, and small-scale industries
are the main sources of economy of the state.

Climate facts and risks

Climate change is an emerging reality with immense concern to the
international community as it is one of the factors that adversely affect the
actualization of the UN Sustainable Development Goals (SDGs). The term
‘climate change’ means any change in climate over time, whether due to
natural variability, or, as a result of intense human activities. Africa has been
identified as the most vulnerable to the impacts of climate change,! with
dangers of extreme events, aridity, flooding, shifts in rainfall, sea level rise,
and between 1.5°-2°C warming; given its geographical position, limited
adaptive capacity, exacerbated by widespread poverty and the existing low
levels of development.

The climate facts? about Africa is that by 2050, the average temperatures
in Africa are predicted to increase by 1.5°-3°C and will continue further
upwards beyond this time. Warming is very likely to be larger than the
global ammual mean warming throughout the continent and m all seasons,

2 A dry, dusty easterly er nertheasterly wind en the West African ceast, eccurring
frem Becember te February.

> Fer mere infermatien en this tepic, see chapter five, “Climate Change and Sub-
Saharan Africa: Agriculture and Food Security Nexus” by C. Chinweze in
Pemystifying Climate Risk Volume I: Environmental, Health, and Societal
Implications (LeBlanc, C. ed., Cambridge Schelars Publishing, 2817).
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with drier subtropical regions warming more than the moister tropics.
Ecosystems are critical in Africa, contributing significantly to biodiversity
and human well-being. Between 25% and 40% of mammal species in
national parks in sub-Saharan Africa will become endangered. There is
evidence that climate is modifying natural mountain ecosystems via
complex interactions and feedbacks.

By 2080, an increase of 5% to 8% of arid and semi-arid land in Africa
is projected under a range of climate scenarios. Africa will face increasing
water scarcity and stress, with a subsequent potential increase of water
conflicts as almost all of the 50 river basins in Africa are wansboundary.?
Agricultural production relies mainly on rainfall for irrigation and will be
severely compromised in many African counties, particularly for
subsistence farmers in sub-Saharan Africa.? Africa is vulnerable to a number
of climate sensitive diseases including malaria, tuberculosis, and diarrhea®
and other stresses and vulnerabilities such as HIV/AIDS, conflict and war®,
leading to risk of malnutition for adults and children and poor health.’

Sea level rise has the potential to cause huge impacts on the African
coastline. According to a 2005 estimate, the continent has close to 320
coastal cities, with more than 10,000 people, and an estimated population of
56 million people (2005 estimate) living in low-elevation (<10 meters),
coastal zones. Towards the end of the 21 century, projected sea level rise
will affect low-lying coastal areas with large populations. About 30% of
Africa’s coastal countries shall be at the risk of partial or complete
inundation due to accelerated sea level rise, which will probably increase
the high socio-economic and physical vulnerabilities of coastal cities.
Future sea level rise also threatens lagoons and mangrove forests of both
eastern and western Africa. The projection that sea-level rise could increase
flooding, particularly on the coasts of Eastern Africa, will have implications
for health. Increases in precipitation will also increase the incidence of
flooding.

Flood and erosion challenges in Anambra State

Anambra is exposed to intense precipitation and consequently flooding
leading to ecological challenges, particularly soil erosion. The topography
of most of the area consists of pronounced rolling, long, steep slopes
(Fig. 8.2A and 8.2B) that ephances runoff velocity and results in the
washing off of top soil, leading to soil erosion and flooding on the low-lying
terrains (Fig. 8.3A and 8.3B). The major drainage chaimel of the area is the
River Niger and a few tributaries such as ®@mabala River, ®yi River, and
Ezu River.
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3-D MODEL OF ANAMBRA STATE
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Fig. 8.2B. Contour/flow model (Source: reproduced from Emmanuel et al.?)
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OVERLAY ANALYSIS OF CONTOUR, FLOW MODELS, DEM AND WIREFRAME OF ANAMBRA SATE

Fig 8.3A. Overlay analysis of wireframe Digital Terrain Model (DTM) and flow
models of Anambra?
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Fig. 8.3B. A 3-D overlay analysis of the river layer, flood layer, and DTM®
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Risk classification and vulnerability assessment

The 2014 IPCC repert en Impacts, Adaptatien, and Vulnerability highlights
the cencept ef risks (Fig. 8.4) and by its definitien, the term risk is used
primarily te refer te the risks ef climate-change impacts. In this cencept,
vulnerability censtitutes enc ef the facters that shape the level ef risk fera
particular lecatien and secictal greup. The expesure te climate-risk related
facters, such as intense precipitatien as well as the degree te which a seciety
is affected (hazard), cenwibute te the petential impacts that climate change
will have en the seciety. Risk and uncertainty are cenwal te assessing the
censequences ef climate change and fermulating respense swategies.’
Varieus cempenents cenwibute te climate vulnerability, including:
(1) expesure, (2) sensitivity, (3) petential impacts, and (4) adaptive capacity.

cunre e
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Anthropogenic Actions
Chmate Change
Gowrma®

EMISSIONS
and Landuxe Change

Fig.8.4. PCC 2814, Impacts, adaptatien, and vulnerability: New perspective enrisk
and vulnerability!

The risk clagsificatien ef gullies fermed as a result of seil cresien, in the
state are as shewn in Fig. 8.5.

e 1769.52 lan? ef the state, er 48.1% is severely gullied;

e 1316.58 lan?® er 27.8% is mederately gullied; and
e 1416.12 lan’® or 32.1% is mildly gullied.
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CLASSIFICATION OF GULLY EROSION IN ANAMBRA STATE
FROM
NIOERIASAT-t IMAOE DATA N
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Fig. 8.5. Image classificatien of gully eresien severity in Anambra State

Given that the pepulatien density ef the state is appreximately 900
persens per km?, the pepulatien expesed te gully hazard are calculated te
be:

e 1,592,568 persens er 38.08% ef the pepulatien live in the areca
identified as severely gullied; and are therefere highly expesed te the
risks of gully eresien;

e 1,184922 persens er 28.33% ef the pepulatien live in the areca
marked as mederately gullied, thus they are mederately vulnerable
te the risk ef gully cresien; and

e 1,274,508 or 30.47% ef the pepulatien living in the area marked as
mildly gullied and are mildly expesed er vulnerable te the gully
cresien hazards.
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The flood hazard map (Fig. 8.6) also indicates that populations living

&

in the low-lying terrain are most vulnerable to flooding,.
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Fig. 8.6. Flood hazard map®

The consequence of gully erosions and flooding in Anambra State
include: (1) displacement of communities, (2) loss of lives, (3) loss of
farmland, and (4) the destruction of houses, highways, and nfraswuctural
development.

Traditional knowledge in managing climate risks

Traditional knowledge is increasingly being recognized as valuable for
handling climate risk. Traditional ecological knowledge (TEK) has been
characterized as:

““a cumulative body of lmmowledge, practice, and belief, evolving by adaptive
processes and handed down through generations by cultural transmission,
about the relationship of living beings (including humans) with one another
and with their environment.”!*
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Traditional knowledge is therefore useful in defining earlier environmental
baselines, identifying impacts that need to be mitigated, providing
observational evidence for modelling, providing technologies for adapting,
and for identifying culturally appropriate values for protection from direct
impacts or from the impacts of adaptation measures themselves'..

More than anywhere else on the globe, the sub-Saharan Africans relied
on nature for sustenance. Millions of families depend on natural resources
for sustenance.!? As such, they are the custodians of these resources.
Traditional knowledge, which is handed down generations is interwoven
with culture, religious beliefs, practice and conmmunity-based decision-
making process. It has made for good forest management, conservation of
ecosystem services, biological diversity and identification/preservation of
genetic resources, as it is understood in science and international climate
policy. This dependence on and relationship with nature has helped the
people develop skills acquired over the years to manage profitable natural
resources. In the erosion prone zones of the state, the locals, through
indigenous knowledge, use native plant species and local soil management
practices to manage soil erosion and reduce the escalation of gullies within
their capabilities. In the flood plains, the people employ forest governance
which has cultural, religious, and spiritual significance to contain flooding.
It is worthy to note that the adaptive capacity of the people is low due to
(1) poverty, (2) limited access to technologies, as well as (3) poor policy
and institutional frameworks. Adaptive capacity is reflective of resiliency,
such that a resilient system has the capacity to prepare for, avoid, moderate,
and recover from climate-related risks and/or change.’> The combination of
high potential impact and low adaptive capacity makes the state highly
vulnerable to climate change and climate variability.

Conclusion

The land management measures employed by the people which are
traditionally-based seem inadequate to address the magnitude of climate-
induced erosion and land degradation in the area.

Therefore, in order to enhance their adaptive capacities, funds and
advanced technology shall be made available to assist the state and the
citizenry as gully erosion control is an expensive venture.
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MARITIME PORTS:
IMPACTS ON CLIMATE CHANGE

AMAL MAURADY, PH.D.!
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Abstract

The shipping industry continues to expand: transport of cargo to maritime
ports for distribution to a growing population is the lifeblood of global wrade.
Maritime trade begins with overland transportation, usually truck or rail,
either delivering cargo to, or receiving cargo from, a maritime port. The
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Bevelepment frem Erasmus University, the Netherlands.
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movement of cargo in a port involves the following activities: (1) the
shipping industry delivers and receives cargo, (2) port operations load and
unload cargo, and (3) the overland transport delivers the cargo to be loaded
on a ship, or, the overland transport is loaded with cargo the ship has
delivered to the port, for delivery to customers. Therefore, as will be
presented, the maritime port is a hub of activity in which the movement of
cargo results in the release of tons of greenhouse gas (GHG) emissions. In
this paper we will discuss the growing impact of the three areas of maritime
port activities on climate change. A review of current and proposed
environmental programs, established by govemment agencies, non-
governmental organizations (NG@®s), and private companies to promote
awareness of the growing impact of global trade on climate change is
discussed. Authorities at the ports of Aalborg, Denmark and Tangier Med
Port, Morocco, are interviewed and data collected. It is concluded that
although the ports are operating m different countries and cultures,
management in both ports are aware of current environmental programs and
the need for a focus on reduction of GHG emissions. A comparison of each
port’s specific activities to address climate change is presented. Results
demonstrate that no matter the type of port, or where the port is located,
enhancing and building stakeholder networks, including ship operators, port
managers, and overland transport disibutors, is needed to optimize efforts
in reducing GHG emissions.

Introduction
According to the International Chamber of Shipping (ICS):

“the international shipping industry is responsible for the carriage of
around 90% of world trade” (ICS, 2018).

Furthemore,

“World seaborne trade reached 10.3 billion tons in 2016, after a steady
increase over the last seven years. Since 2009, the volume of goods loaded
and unloaded in ports worldwide has grown by 2.4 billion tons.” (United
Natiens Cenference en Trade and Bevelepment, UNCTAD, 2816).

With the world population currently at 7.3 billion and predicted to reach 9.7
billion by 2050 (United Nations Department of Economic and Social
Affairs, UN DESA, 2016), transport by ships and the expansion of ports to
load and unload cargo will continue to grow, especially in developing
countries:

printed on 2/14/2023 11:25 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



EBSCChost -

Maritime Perts: Impacts en Climate Change 129

“With the highest rate of population growth, Afice is expected to account
Jor more than hol fo fthe world's pepulation between 2015 and 2050” (UN
DESA).

The United Nations International Maritime @rganization (UN IM@)
predicts a steady increase in GHG emissions from shipping with the
potential of 250% by 2050 (Fig. 9.1).

b’ Range of expected increase in GHG emissions from shipping

Mt CO,
3000

-
- QR 1)

500 //_/_/\A i i

[SeT—————1

1999 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Source:Third IMOGHGS tudy {2014}
Transpert& Envirenment

Fig. 9.1. Increase in GHG emissiens from shipping, UN IM®, 2814

The UN IM@® regulates shipping through flag states and port states. A
flag state is where the ship is registered, and the port state is where the ship
visits. Both have regulatory authority, but in port most port states have
pollution regulations that ship operators are required to follow (Wright,
2013, UNIM@, 2018). Ports areregulated by national and state bodies, with
ships in port being under the regulatory body of the port state (Fig. 9.2).
Although state and flag port structure are too broad to accurately discuss in
this paper, representatives of each group through the ship operators and port
managers work together to coordinate and meet UN IM@® and state
regulatory requirements.
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Fig. 9.2. Ships registered in a flag state loading and unloading in port state, Global
Shipping, 2018

An excellent system between UN IMO flag states and port states in
cooperating and understanding regulatory obligations has been established.
Integrating the existing regulatory system, e.g., sea safety and port
environmental standards, with goals and actions optimize the economic
environment, while also integrating sustainable development initiatives.

Historically, port managers have better conwributed to problem solving
by establishing and communicating through internal and external
stakeholder networks. These existing networks, however, are not solely
focused on GHG emission reductions. Consequently, they may not be able
to adequately respond to this important and sizable challenge, either by
virtue of their membership’s current expertise or, for example, by limited
resources for time and money, competing projects, and rival priorities.
Managerial and technical knowledge transfer among ports is, nevertheless,
undoubtedly crucial in determining how to reduce GHG emissions from port
operations (Fenton, 2015).

As we will discuss, ship wansport emits the least amount of GHGs (ICS,
2018) (Fig. 9.3), but while in port, a significant amount of GHGs are emitted
from ships waiting to dock or in a berth during loading and unloading
(Winnes, etal, 2015). The ICS also notes that the enormous scale of the
industry means that shipping, nevertheless, is a significant contributor to the
world's total GHGs, with continued growth as was shown in Fig. 9.1.
Depending on economic and energy developments, shipping is predicted to
increase 50% to 250% by 2050 (European Commission (EC), 2018, ICS,
2018).
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COMPARISON OF TYPICAL CO, EMISSIONS BETWEEN MODES OF TRANSPORT
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Fig. 93. “Shipmng is recegnized as the mest ejfjicient jerm ef cemmercial
transpert.” (ICS, 2018)

The UN IM@, gevernment agencies, private cempanies as well asNG@®s
understand that wade and shipping experts and imperts are a majer grewth
area. Hewever, as will be discussed, the links ef cemmunicatien and
netwerks that ensure wade geeds are delivered and wansperted are net
erganized te the peint te understand GHG reductien strategies. A study by
the UN @rganizatien fer Ecenemic Ceepcrative Bevelepment (@ECD),
peints eut thatthere is a lack ef an internatienal framewerk fer addressing
envirenmental impacts ef internatienal shipping (@ECD, 2018).

Te better understand hew the cennectiens can be better utilized between
the shipping induswy, pert epecratiens and supply chain wanspert, a case
study is presented cemparing the Pert ef Aalberg, Benmark, and Tangier
Med Pert, Merecce. The similarities and differences ef the twe perts are
discussed, which include pert size, lecatien, and the geals and ebjeciives for
cach pert linked te GHG emissien reductien frem eperatiens. The metheds
used by each pert manager te address GHG emissiens and energy use
reductien are based en different swategies influenced by ceuntry culture,
regulatiens, and ccenemic develepment geals by cach perts’ geveming
bedy. The cemparisen ef the twe perts is the beginning ef a larger study the
authers envisien will benefit the glebal shipping and pert netwerk in the
increasing grewth ef glebal wade. Within this study, a discussien is fecused
en hew cach pert assess the three arcas identified by the @ECD as
centributers te a pert’s envirenmental impact (@ECD, 1018):

¢ Preblems caused by pert activity itself’
¢ Preblems caused by ships calling at the pert; and
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¢ Emissions from inter-modal transport networks serving the port.

Although the growth in shipping is discussed as it relates to port
activities, this paper is focused on ships in port and the actions taken to
reduce the in-port ship emissions. The comparative analysis completed on
both ports in this paper will bring out not only how, and if, ports buld
networks of internal and external stakeholders with ship operators and truck
or rail transport, but will also review the similarities of how port data is used
to communicate between stakeholders.

Maritime ports and environmental impacts

There are currently 8,096 global maritime ports, which can be compared in
various ways, including volume or value of trade, cruise passengers,
revenues and storage capacity (American Association of Port Authorities,
AAPA, 2018, Ports.com, 2018), (Table 9.1). Therefore, ships are in port
daily loading and unloading cargo to distibute to growing populations of
CONSUMers.

Table 9.1. Global ports by continent, Ports.com, 2018

Global maritime ports
North America 2,293
South America 253
@cecania* 373
Africa 421
Asia 1,719
Europe 3,024
Antarctica 13

*Australasia, Melanesia, Micrenesia, and Pelynesia

There are many types of ports, ranging from small to large, but as
previously pointed out, due to population growth in all countries and
increase in wade, all ports will continue to expand and be visited by an
increasing number of ships. The most important cities in the world owe their
origin and growth to their port location. Due to the storage demands, deeper
waterways, larger terminal space for ship handling and warehousing,
inlands roads and rail access has resulted in ports becoming larger than the
cities they serve (Rodrigue, 2017).

A network of internal and external stakeholders is involved in port
operation, from the ships arriving to load or unload, terminal operations in
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the loading and unloading, and product transport using wucks and rail
(Fig. 9.4). In exchanging knowledge between port stakeholders, port
managers can develop an integrated strategic plan that includes a
stakeholder commitment to support reduction of environmental impacts
contributing to climate change.

Fig. 9.4. Container ships make about 9000 and vehicle ships 1000 calls per week,
World Shipping Council, 2018

A ship’s major impact is the emnission of carbon dioxide (CO;) methane
(CHa4) and dinitrogen oxide (N2O). While in port waiting to load or unload
a ship emits a significant amount in the port area. The most significant
contributor to GHGs is prevalent in a port’s operations:

Ships waiting to dock;

Ships in a berth;

Portcranes, wucks, other equipment; and

Trucks and rail in the transport of cargo to and from the port.

As will be discussed in the next section, there contimies to be a lack of
port stakeholder networks to focus on sirategies to reduce overall
stakeholder GHG emissions.

Infrastructure, location, and networks

As has been pointed out, the port state, port authorities, port tenants, and
onshore wansportation answer to national regulations (Paulsen, et al., 2818).
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Therefore, the port infrastructure, location, and networks underline the
actions taken by port managers on the issues addressing environmental
impacts, including emissions. In identifying significant aspects (causes) of
environmental change (effect), some port managers find the highest need in
reducing water pollution and solid waste, but exclude energy reduction
plans or programs to reduce C®; levels. This may be attributed to many
factors, e.g., financial, port location, size, infrastructure, and regulating
authorities.

However, as a collective, port operators that have established networks
of stakeholders including ship operators and on ground transporters,
increase the opportunities to learn about and include those GHG emissions
that are significant when reviewed within a network. Networks such as
transnational municipal networks (TMNs) have been established to provide
opportunities for “collective, participatory networks”, which is crucial for
ports in the fight against climate change (Fenton, 2015). Additional
networks, such as EcoPorts, established by the European Port Sector in 1997
were integrated into the European Sea Ports @rganisation (ESP@) in 2011.
ESP@® provides port managers with tools such as Self Diagnosis Method
(SDM) checklists for risks, port comparison worksheets, and the ability to
receive port expert advice and recommendations on environmental issues
and port operations.

In building upon networks to exchange data on GHG emissions, port
operators can demonstrate to stakeholders’ methods used, categories
selected, etc., to gather data to show emissions output. A 2013 GHG
Inventory Report by the New York Port Authority provides an example of
GHG emission sources (Fig. 9.5). Data shows that in 2013 the largest
contribution to port authority GHG emissions is electricity consumption,
which represents 71.5% of total emissions. The "other" category includes:
refrigeration/fire suppression, landfill gas, emergency generators, fire
pumps, and welding gases.

Exchange of data within the network and problem solving can provide
stakeholders with a look at how each port is using, or plarming to use,
alternative energy sources such as biogenic fuels and methods to reduce
fossil fuel vse (Winnes, et al., 2015).

To better build stakeholder mput, an emissions inventory is needed for
port authorities to quantify the energy use and air quality impacts, of port
operations (Fig. 9.6). An emissions tax is one method to increase revenue
for port investment in alternative energy sources, such as the N@x tax in
Norway (Maritime Cyprus Admin, 2018).
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Fig. 8.5. GHG port emissions by seurce, New Yerk and New Jersey Pert Authenity

Fig. 9.6. Trucks waiting te enter the Las Angeles pert, Richard Simon, 2016

As peinted out by the United States (1J.S.). Envirenmental Protectien
Agency (EPA): as a contributor of GHG emissions, pert inventories would
assist in assessing and develeping emission reductien strategies (EPA,
2087). In future growth estimates frem shipping as discussed in the paper’s
intreductien, port managers, and relevant stakeholders should cemplete port
inventeries and estblish baselines te frack performance measures. Port
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managers with established relevant stakeholder connections ensure climate
change and societal health issues are addressed. Not only are these issues
recognized by port managers, suppliers, and city leaders, but in addition,
key performance indicators are established to track emissions reduction.

In 2011, an EC white paper suggested that European Union (EU)
maritime transport C@®; emissions be cut by 50% of 2005 levels by 2050.
However, at the time of the EC white paper, the EU did not track emissions
from international shipping. Therefore, the EC white paper iitiated a study
that resulted in the EU establishing a strategy for integrating maritime
emissions into EU emissions reporting data (EC, 2013, 2018).

The basis of successfully integrating climate change impacts is the
foundation upon which managerial and technological methods are being
built. This is a form of benchmarking. (Puig, et. al, 2015). In the next
section, the development of management guides, tools, and incentives has
been accelerated by govemment agencies and NG@®s to assist port managers
and shipping operators in better identifying and tracking activities that
contribute to climate change. As ships increase the need for port space to
deliver cargo, so is the increase of GHGs from ships m port berths waiting
to unload cargo. A study of the Gothenburg port, Germany, in 2010 shows
the highest release of C@®; emissions by a ship in port berths at 53%, with
23% in the fairway channel, approaching the port (Winnes, et al., 2015).

Tools, guidance, and incentives

In 2007, the U.S. EPA published a guide for ports to assist in the
implementation of an environmental management system (EMS) based on
the IS® 14001 EMS standard.? This was one of the first management tools
EPA published to assist ports in environmental impact assessment. The EPA
promotes educational programs on air pollution and emissions reduction
(EPA, 2018).

The U.S. Department of Transportation’s Maritime Administration
(MARAD) provides environmental management assistance to U.S. ports in
reducing GHG emissions. The U.S. is also implementing programs that
offer financial incentives for port managers to reduce emissions. (U.S.
MARAD, 2018) (Fig. 9.7).

4 Fer mere infermatien en related elements in EMSs, see chapter eight, The Plan-
Do-Check-Act Cycle to Mitigate Climate Change in Demystifying Climate Risk
Volume II: Industry and Infrastructure Implications by P. Barnes (LeBlanc, C.
ed., Cambridge Schelars Publishing, 2017).
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Fig. 9.7. U.S. Maritime Adminiswatien prevides $§4.8 millien in pert invesument
grants, 2018

In 2013, the EC jeined ether UN greups te create werksheps te assist
Eurepean pert managers in better understanding pert impacts en climate
change (UN Ecenemic Cemmissien fer Eurepe (UNECE), 2013,
UNCTAD, 2817). Several erganizatiens have been created er have added
secters fecused en GHG frem Eurepean perts, including the Werld
Maritime University created by the UN’s UN IM®. In 1983, the UN IM®
inweduced cducatien pregrams and premeted regulatiens te assure safe,
secure, and efficient shipping en clean eceans. The UN IM®@ centinues te
adept regulatiens fecused en reducing pellutants frem ships and emissiens
¢fGHGs frem intematienal shipping (UN IM®, 2817).

“The EU is calling for « glebal appreach te redicing greenheuse gas
emissiens frem internatienal shipwing — & larse and srewing seirce ef
emissions. As & first step, large ships using EU perts will be from 2018
required te repert their verified annual emissions and ether relevant
infermatien” (EC, 2018).

The UNCTAD secretariat cempleted a survey ef perts in 2017 te assist
in:

“understanding weather and climate related impacts en pezrts and te identify
data availability and infermatien needs, as well as determine the current
levels of resilience and preparedness ameng perts” (UNCTAD, 2€17).
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The survey not only assisted port management in understanding how they
were being affected by climate change, but also provided the data to assist
ports in better understanding the “implications for effective climate risk
assessment and adaptation planning.” (UNCTAD, 2017)

Additional country programs to reduce ship, port operations, and
transport emissions include (Maritime Cyprus Administration, 2018):

e Panama Canal Authority program allows greener ships to have
priority slots;

¢ Spain includes environmental incentives;

¢ Shanghai, China, has an emission-trading scheme; and

o Norway uses a N@x tax to put additional responsibility on shippers
and port operators.

As continued global growth requires wansport of cargo to the ports in
the 222 countries listed by Port.com, port authorities will continue to
strategically align port operations with global environmental impacts. In the
next section a discussion of two ports includes a comparison of the
similarities and differences of these ports in implementing sustainable
development plans based on the UN Sustainable Development Goals
(SDGs), including UN SDG 13 Climate Action. A focus of the two ports in
this study is to review the priorities of both ports in reducing GHG
emissions.

A case of two ports

In the following case study, each port is implementing and enhancing
sustainable development plans. In developing the plans, each port
understands how port activities contribute to detwimental environmental
impacts, including energy use and GHGs. The ships at berth consume fuel
and produce noise and vibrations generating different types of pollution to
all the natural coastal elements: the water, the air, and the seabed (Borriello,
2013). Transport of cargo by trucks and rail increase the port’s GHG
emissions. In our comparison of the Tangier Med Port and The Port of
Aalborg, Dermark, we will continually go back to how each port
implements and maintains programs to reduce GHG emissions.

Methods

A description of Tangier Med Port, Morocco and The Port of Aalborg,
Denmark is provided, which includes location, infrastructure, and port
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activity. Port authorities are interviewed and environmental impact data is
collected. Similarities and differences in port environment impact data is
listed and reviewed. Significant impacts are selected and objectives and
targets for reducing emissions are discussed. Reviews of each port address
the context, stakeholders, identifying activities and significant impacts to be
tracked. Collected data is discussed and techniques used by each port
assessed, including use of indicators selected, to monitor and measure
performance.

Tangier Med Port Morocco

Tangier Med Port is a cargo port located about 40 km east of Tangier,
Morocco (Fig. 9.8). It is the largest port in Africa and the third largest of the
Mediterranean by capacity. The port went into service in July 2007. Its
initial capacity is 3.5 million twenty-foot equivalent unit (TEU) shipping
containers and will reach a capacity of 9.5 million TEUs. The port is
included as part of Morocco’s economic policy orienting Morocco toward
exports, based on eight clearly identified export sectors, with emphasis on
free trade (Tangier Med Port, 2018).

Fig. 9.8. The maritime statien of the Tangier-Med Pert

Furthermore, Tangier Med Port is an important economic base in
northern Morocco, in terms of jobs, creation of added value, and foreign

5 The twenty-feet equivalent unit, er TEU, is an inexact unit ef carge capacity used
te describe the capacity ef centainer ships and centainer tenninals.
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investment. [ts position on the Straits of Gibraltar, at the crossing of two
major maritime routes, and 15 kilometers (km) from the EU enables it to
serve a market of hundreds of millions of consumers through the industrial
and commercial free zones which will be run by well-known private
operators.

Tangier Med Port is part of a swong growth market of container
transshipment and is striving to become the leading hub for cereal
transshipment, a facility which is non-existent in the northwest African
region at present. Tangier Med Port is coordinated and managed by the
Tangier Mediterranean Special Authority (TMSA), a private company with
public prerogatives, operating under an agreement with the state and
interacting with the different ministries involved.

The Tangier Med Port sustainable development plan, which includes the
use of IS@® 14001:2015 EMS, has recently been implemented. Results and
performance progress in meeting the two objectives for prevention of air
pollution is evaluated during the EMS external audit in spring 2019.

The team at Tangier Med Port has identified two objectives for the
prevention of air pollution:

1. Putin place asystem for the management of addressing the parking
of unaccompanied freight units (to avoid idle traffic). This objective
1s currently being tested by use of wailer trucks to minimize the
maximum possible C®; emissions caused by trucks waiting to load
and unload.

2. Putin place ameasure of air quality to wack the evolution of gaseous
emissions (define the points of measurement). This objective is being
met through reduction of C®; emissions and tracking gaseous
emissions. The Tangier Med Port has contacted a laboratory to
measure emissions from activities within the port area. Tracking of
C@®; and actions plans to reduce emissions is a requirement to meet
the Port’s certification to [S® 14001:2015.

A cost/benefit study is currently being conducted on implementing solar
panels at the port as a continuing focus on alternative energy options.

Progress toward developing action plans for the two objectives is
ongoing. Baselines will be established, and measure points identified. A
solar energy plan is being integrated into Tangier’s energy use program,
including cost/benefit analysis, and best location for solar panels. The
Tangier Med Port will continue to be part of this ongoing study in maritime
port impact on climate change. As an emerging economy Tangier’s growth
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in international wade will continue to grow as North Africa continues to
develop.

The Port of Aalborg, Denmark

The Port of Aalborg is located outside the city on wide-open space. Included
for expansion of the Port of Aalborg Terminal is 4.2 million square meters
in the hinterland, where the infrastructure is closely linked to a major
highway (Fig. 9.9). Approximately 100 companies have established
facilities within this new industrial park, of which about half of the area is
situated near wharfs. The Port of Aalborg is a rational and active hub for all
types of freight and all kinds of wansport by ship, truck and rail — with
Nordic Transport Centre, integrated into the overall service, which also
includes Danish Carriers terminal and warehouse. As of March 2017, the
Port of Aalborg became the first C@®;-neutral port in Denmark, one of the
few C®;-neutral ports in the world.®

Fig. 9.9. Pert of Aalberg, Denmark

Together with Aalborg Portland A/S, the Port of Aalborg is the fifth
largest port system in terms of total cargo volume in Denmark. The Port of
Aalborg is also Europe's only base-port for Greenland and a global container
network through feeder route Rotterdam—Aalborg-Gothenburg. The

® https://aalberghavn.dk/news-(1)/pert-ef-aalberg-is-the-first-ce2-neutral-pert-in-d.
aspx.
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centainer terminal at the Pert ef Aalberg has a capacity te handle 100,000
centainers annually.

Aalberg pertmanagers have cemmitted te reducing GHG emissiens. Te
reduce emissiens, the pert built a selar pewer plant in 2014, which annually
preduces appreximately 80,000 kilewatt heurs (kWh) fer pert eperatiens.
Aalberg cenverts energy censumptien inte cquivalent C®; emissiens te
better understand where the largest eutput ef emissiens is based and fecus
en reductien ef energy use (Fig. 9.18). The gencratien of the selar and wind
turbines ge back in the elecirical grid with ne emissien cenversien. The drep
of C®; balance in 2016 is due te line selar panels and the increase of C®,
in 2017 due te the new ceal terminal and the eperatien ef cranes, wranspert,
and handling machines.

Bespite this internal pregress, the Aalberg pert decs net currently seek
GHG infermatien frem ships. Censequently, the pert needs te expand its
netwerking capabilitics te werk tegether with external stakehelders in
further decreasing GHG emissiens.

1500

Diesel for cranes and
other Tansport and
handling machines
(coal)
Black: Elecyicty

Dark gray: Distryct heating

Light gray:Dieset f or cranes,
tucks and ober

Ton COX

2010 2011 2012 2013 2014 2015 2 2017 portmachines

The pont*sproduction

on the sofar plants

500 and w'ind trbme
Line-. Ne1 CO2balance

-1000

Fig. 9.18. Aalberg wacks energy censumptien cenverted inte equivalent C®:
emissiens

Comparative analysis

Each pert identified envirenmental impact areas where initiatives have been
implemented te reduce envirenmental impact. Pert management was
interviewed and discussien ef cach pert’s decisien te address energy use
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and C@®; reduction was listed. As described in Table 9.2, each port created
objectives to focus on renewable energy sources, and reduction or
modification of activities with C®; emissions. The similarities and
differences of the ports and the methods used in each port to reduce GHG
emissions, is listed as part of environmental impacts. The comparison of
port emission reduction programs will continue to be tracked to assess
performance progress. We will also review the scope of each port’s
environmental assessment in comparison to the recommended categories by
the ®ECD for a port to collect data to encompass a complete assessment of
energy use and emission output, port activities, ship activities, and transport
activities.

Table 9.2. Significant similarities and differences between two ports in
reducing climate change impacts

SIMILARITIES
Principle Activities
e tediction Solid and liquid waste
Tangier management
Environment/habitat Establish and execute
Med . o .
protection biodiversity plan
C®, emissions reduction Implement solar energy plan
Waste reduction Solid and liquid waste
management
Aalbor Environment/habitat Establish and execute
& protection biodiversity plan

Create solar panel units and

C@®: emissions reduction : : :
install wind turbines
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Table 9.2. Significant similarities and differences between two ports in
reducing climate change impacts (cont.)

DIFFERENCES
Principle Activities
Air pollution reduction Reduce port truck idle time
Waste reduction Reduce paper consumption
Toxins reduction Mitigate dangerous materials

Tangier ¢ - :
Med Gaseous emissions reduction | Create points to measure

Authenticate identification and
listing of aspects to achieve

S IS® 14001 2015 EMS
certification
Use electric cars, natural-gas
Fossil fuel use reduction fueled trucks, and electric
cranes
Review ship Environmental | Take appropriate action(s) in
Performance Index response
Initiate facility infrastructure | Implement bunkering of
and security procedures liquified natural gas (LNG)
Aalborg Promote practices such as
Determination of best bicycling to reduce vehicle
management practices emissions and foster social
activities

Raise environmental

Produce monthly press release
awareness

Re-use waste heat for building
heat

Industrial ecology application

Both Morocco and Denmark place great importance on environmental
protection measures of port pollution as evidenced by solid and liquid waste
management and the completion of biodiversity plans.

Despite these similarities, each port has a unique pollution prevention
approach. Tangier Med has championed the prevention of air pollution, the
reduction of paper consumption, and the mitigation of dangerous materials.
The port of Aalborg would likewise benefit from these measures.

The port of Aalborg has put energy saving plans in place that will reduce
C@: emissions, including an increase in the use of renewable energies and
a decrease in the use of fossil fuels (electric cars, natural-gas fueled trucks,
and electic cranes). An assessment of selling waste heat from cooling
facilities to the district heating network is an excellent example of
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symbiosis’ within the Aalborg community. A program introduced by
Aalborg management entails differentiated port changes following review
of the ship's Environmental Performance Index. An additional program is
the creation of a facility (infrastructure and security procedures) for the
bunkering® of liquified natural gas (LNG) from truck to vessel. This would
also be an excellent objective for the Tangier Med Port.

In Morocco, two objectives that focused on air pollution and GHG were
listed and discussed. A solar energy plan was established to review the
benefits of constructing a solar panel facility. At the Tangier Med Port a
focus onusing an EMS authentication emphasizes identif ying and listing of
environmental aspects to achieve the IS® 14001, 2015 EMS certification.

The port of Aalborg, on the other hand, is not as committed to the EMS
authentication standard; instead, they give more attention to the coordination
of a combination of advanced ideas and best management practices such as
improving the conditions for cyclists between the port, the industry area and
the city, which also includes the construction of a new bicycle shed at the
port, and renting an electric bicycle for personnel use in the summer. These
programs not onlyreduce vehicle emissions but promote social activities for
employees.

Aalborg also strives to raise awareness of sustainability in local industry
and promote cooperation and innovation with a monthly press release,
among other initiatives, and to accelerate the development of a local
industry ‘cluster’ for circular economy initiatives, including material
recycling.

Results

This study demonstrates that two ports in different countries have similar
objectives in reducing their environmental impacts. The major difference in
each port’s actions on sustamability efforts such as alternative energy use is
due to the port’s established longevity in the community. Tangier Med Port
is new and located further from the city center and a community population.
Aalborg port is an established port that has grown with the city. There is an
excellent opportunity for management at Tangier Med Port to coordinate
with the Aalborg Port in implementing sustainability objectives in
alternative energy such as wind turbines.

7 In industrial ecelegy, symbiesis refers te an interaction ameng different entities in
a cemmunity meant te benefit all.

8 Bunkering is the precess ef transferring LNG te a ship fer use as fuel Itis a less
pelluting metheds ef fucling cempared te marine gas oil andheavy fuel eil.
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Through this comparative analysis, two significant environmental impacts
regarding fossil fuel use and energy consumption could be potential areas
that managers at the Tangier Med Port could target based on continual
improvement within the port’s sustainable development plan. In comparison
to the port of Aalborg’s best practices in reducing fossil fuel use and energy
consumption, the Tangier Med Port could use its [IS®@ 14001 EMS in
recognizing fossil fuel use and energy consumption as two areas that would
be significant aspects within the EMS framework. In reviewing their
operations, Tangier managers could identify those activities with significant
energy consumption and put into place an action plan to reduce energy
consumption using fossil fuels.

Discussion and recommendations

Two areas were identified by this study that has been recommended for the
Tangier Med Port management to benchmark: (1) reduction of fossil fuel
consumption, and (2) energy savings and C®; reduction. In targeting these
two areas of energy use and emissions, the Tangier Med Port will build upon
its energy and environmental management system continual improvement
cycle.

The port of Aalborg pays special attention to energy savings and thus
C®; reduction. The port has 2-megawatt (MW) wind turbine and solar
panels, from which the electricity production is transferred directly to the
grid. The electricity production is included in the port carbon account.
However, the port of Aalborg does not track ship or land wansport (idle
trucks or rail) emissions through a stakeholder network.

Both ports have an opportunity to engage in stakeholder network
development. Although each port is aware and is using environmental
programs established by intemational organizations to reduce environmental
impacts, ship operators and wruck and rail stakeholders could be included in
a productive GHG emissions reduction program.

A stakeholder network and communications channel will establish a
parmership that can focus on energy reduction, continued growth of
alternative energy methods, and develop action plans and methods to wack
GHG emissions within the shipping and wansport areas. The stakeholder
objective would be in line with the European Union’s 2018 decree that ships
report all GHG emissions at all ports of call. The study also found that the
state port and the UN IM@ flag port connection should be further developed.
There are communication charmels that ensure ship safety and other
requirements regulated by the UN IM@® are coordinated with port
operations. Nevertheless, this report has determined that more emphasis
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should be placed on GHG emissions, and environmental impacts overall, in
future strategic planning. The state and flag port connections are included
in the recommended internal and external stakeholder network.

The stakeholder network will also be a first step in meeting the ®ECD
three categories needed for ports to make a significant contribution to the
reduction of GHG emissions, as reported under the tools, guidance, and
incentives section of this paper.

Conclusion

Ship transport emits the least amount of GHGs, but when in port the amount
of GHG emissions increase due to port operation from cranes, wucks, and
other equipment using fossil fuel. In addition, the emissions of trucks and
rails to transport goods to customers continue to increase the GHG effect on
global wamming. This combination of sources that contibute to the causes
of climate change is becoming a top priority of the UN, country regulating
bodies, private organizations, and NG@®s as they realize the continued
growth of global wade.

In this paper, we have discussed programs designed to assist the shipping
industry, port authorities, and #wansport supply chains in identifying and
implementing strategies to reduce climate change impacts as well as the lack
of an international framework for stakeholder networks. The case study of
the two ports provided a look at how port internal and external stakeholder
networks can be established to better coordinate programs across global
shipping partnerships. Through a review of these ports, we conclude that
despite the similarities of their methods in managing environmental
protection, the port of Aalborg and the Tangier Med port have unique and
specialized approaches to reducing emissions contributing to climate
change. It is recommended that the Tangier Med Port increase its attention
on reduction of fossil fuel consumption, energy use, and C@®; emissions.
The port of Aalborg continues to implement its C®; reduction plans, but
should build upon internal and external stakeholder coordination.

The study of these two ports is ongoing by the authors, which include
contacts within each identified port network. Continued research into
programs such as the new EU 2018 emissions requirement in shipping, as
well as established partnerships in the Mediterranean, is ongoing. Finally,
continued research in this area will provide better understanding of how the
connections between the flag state and the port state can be better
coordinated to enhance GHG data collection within the shipping, port
operations, and transport supply chains. The authors conclude that the
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complex global maritime wade industry and its impact on climate change
will continue to be a growing area of research.
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CHAPTER TEN

CLIMATE RISK MANAGEMENT:
IMPLEMENTATION ASPECTS

ISAMU ‘SAM’ HiIGucHI!

Abstract

Implementation aspects to climate risk management require a mutually
acceptable climate database and mutually acceptable climate information
sources. These are the initial components needed for understanding and
collaboration that will lead to actionable-knowledge. These components are
all part of a program logic model leading to implementation actions.
Additionally, publications from boundary organizations? can be helpful in
deepening the knowledge needed for decision making and implementation
actions; a publication by @uranos is one cited example. Moreover, a
flowchart to United States (U.S.) and international reference sources of
climate data and information are provided to aid in the analysis needed for
implementation; an appendix cites specific URLs to access the reference
sources. Finally, a discussion ensues concerning custom scenario analysis.
The custom analysis remarks include: (1) dimensional framework,

! Sam Higuchi is an engineer at the Natienal Aerenautics and Space Administratien
(NASA) headquarters in Washingten, BC, with service in the public secter since the
198@s. He has a law degree frem the University of lewa and graduate degrees in
public administratien and science frem the American University and the University
of Minneseta, respectively. Ameng his accelades are the Brenze Medal Award frem
the Natienal @ceanic and Awmnespheric Administratien (N®AA), Envirenmental
Engineer ef the Year Hener Award Winner frem the Cenference ef Federal
Envirenmental Engineers, Partners in Quality Centracting Award frem the Ceuncil
fer Excellence in Gevernment, and Antarctic Service Medal frem the U.S. Navy.
2As classically defined, beundary erganizatiens facilitate cellaberatien and
infermatien flew. In envirenmental management, these erganizatiens can alse
premete mutual understanding ameng stakehelders.
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(2) selecting climate scenarios, and (3) temporal aspects of timescale and
time horizons. This paper provides helpful and practical remarks and hints
for climate-related risk management leading to implementation actions.

Background

At the 2™ International Technical Workshop on Climate Risk in 2017, the
subject matter of this paper was presented in a raining course using modules
from a manual that has since undergone updates and revisions. This paper
remains faithful to the core message presented at the workshop, while using
a more appropriate approach following the re-sequencing of the topics
covered.

Usable climate science is a challenge because providers of climate
science are in many cases not the end-users, that is, consumers. The motto
“build it and they will come” is woubling to many potential consumers
trying to apply the “climate science products” by “climate science
providers”. Perhaps a better approach would be if climate science providers
shifted from “output of products” to “consumer-customer service
outcomes”. The challenge of usable climate science has been discussed and
remains a current challenge.!

Program logic model approach

The objective of this paper is to start using and applying currently available
climate science. The first stage of this effort is to establish a program logic
model for usable climate science. Actionable-usable climate science
depends on two dimensions: (1) understanding and (2) collaboration. The
progressive steps within the two dimensions of the logic model are: (a) data,
(b) information, (c) knowledge, and (d) action.” Fig. 10.1 illustrates how the
two dimensions are related to the progressive four steps. In order to have
actionable-usable climate science, we need to have a basic mutual
“understanding” of the subject matter for communication. Further, if we
want “collaboration” we need to agree on a common source of “data” and
“information” to get to the goal of “actionable-knowledge”. The program
logic model presents all the necessary elements to reach that goal.
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Image medified frem Statistics, Knewledge and Pelicy 2007: Measuring and
Festering the Pregress of Secictics, ®ECD (2008), Ch34 p486, Fig. 34.3: The
Transfermatien ef Data te Infermatien and Knewledge

Fig. 10.1. Pregram legic medel: Transferming climate datainte climate infermatien,
knewledge, and actien

Pragmatically, the first challenge is to identify (1) a credible source of
climate data and (2) a credible climate database that are mutually acceptable.
Within the continental U.S., one climate database that is established as
mutually acceptable for “technical managers” for the management of large
public works programs and projects is Bownscaled CMIP3® and CMIP3
Climate and Hydrology Projections’ (U.S. Army Corps of Engineers,
Bureau of Reclamation). Internationally, the Intergovernmental Panel on
Climate Change (IPCC) has established the CMIP5 data in KNMI¢ Climate
Explorer at Climate Change Atlas as an authoritative climate database.*

3 CMIP, or Coeupled Medel Intercemparisen Preject, prevides a community-based
infrastructure in suppert of climate medel diagnesis, validatien, decumentation, and
data access. The framewerk enables multi-scientific analyses and medel
imprevements.

* Keninklijk Nederlands Meteerelogisch Instituut er the Reyal Netherlands
Meteerelegical Institute.
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These two climate databases serve as a starting point towards actionable
knowledge.

The second challenge is to identify a credible source of climate
information that is mutually acceptable. Within the U.S., one such source is
the U.S. Globe Change Research Program’s National Climate Assessment.’
Internationally, a widely acceptable source of climate information are the
[PCC’s assessment reports. For the non-climate scientist, these two
authoritative sources of climate information offer the greatest credibility and
serve as the second step towards actionable knowledge. As a foundation for
understanding and communication, we have common sources of climate
dataand climate information. Using this foundation, we have the beginnings
of actionable-knowledge for collaborative actions.

To be more successful in our collaborative actions, we need to deepen
our “knowledge”; this is the third challenge. The third challenge is more
difficult to resolve, likened to the search for a catalyst. For the non-climate
scientist, one of the best practical sources is the 2016 publication, 4
Guidebook on Climate Science Scenarios: Using Climate Information to
Guide Adaptation Research and Decisions’ by @uranos, a Canadian
“boundary organization”, bridging the gap between science providers and
science users. It is a readable guide to aid consumers in obtaining a deeper
knowledge about climate science for designing management studies and
using climate science for decision making. The @uranous document is a
free, downloadable guidebook. @ther publications® also provide a deeper
knowledge of climate science, but they are more difficult to read.

User’s perspective: Flowchart to sources of climate data
and information

Australia has published an excellent document that provides the deeper
knowledge needed by consumers of climate science. The Australian
publication can only serve as a “format” for what might be helpful for North
America because the Southern Hemisphere has different atwmospheric
weather and climate patterns. The Australian “format” is outstanding
because it is based on a flowchart of data and references to answer a
sequence of five basic questions. The basic questions are:

o “I want to leam about how climate change may affect my region,
where do I find the information?”’;

o “D’d like to lmow more about climate change science, where do I find
the information?”;
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e “I need some summary information for my report, where do I get
it?”;

e “I want to explore maps related to climate change, where do I find
maps?”; and

e “Ineed climate data, where do I find data?”?

Component parts of the five questions are illustrated in Fig. 10.2. The
author of the technical paper has taken this flowchart pattern and created a
U S. flowchart prototype that lists URLs® for climate data and climate
information. This U.S. flowchart prototype with URLs is provided in the
Appendix.

Affects My Region

-

L 4
’0

t 1) How Climate Change J

Climate Science
L 4

2
.t

3) Summary Information
for My Report

‘ 2) Learning More About ’

L 2
L 4

r

[ 4) Exploring Maps ’

-

a4

‘ 5) Need Climate Data ’

Fig. 10.2. Flewchart te climate data and climate infermatien

Doing your own custom scenario analysis

Moving beyond appraising sources of climate data and information is
performing the actual climate scenario analysis. This custom analysis
requires an understand of some fundamental elements. These elements

5> Acrenym fer Uniferm Reseurce Lecaters, er website addresses.
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include: (1) dimensional framework, (2) selecting climate scenarios, and
(3) temporal aspects — timescale. These elements are presented in a detailed
step-by-step sequence below.

Custom analysis, step 1: Dimensional framework

The goal of step 1 is to understand thatthe dimensional framework is a three
dimensional “cartesian coordinate system”. The “x-axis” and “y-axis” make
up the geospatial “plane”, and the “z-axis” is the temporal dimension; as
illustrated in Fig. 10.3. Within the geospatial plane are the sites of specific
organizational importance such as the locations of assets and capabilities
and, more specifically, sites of: (1) core operations, (2) value chain
significance, and (3) boarder network significance. Additionally, the
geospatial plane has climate data and information mapped on it.

—lp

Z-AXIS: Time

X-AXIS: Geospatial

Fig. 10.3. Dimensienal framewerk: Geespatial and temperal (time) dimensiens

The temporal dimension incorporates changes in climate over time.
Typically, the time range of the analysis is from approximately 10 years to
the end of the century. The time range is usually divided into incremental
sub-unit time periods referred to as “time-slices” by climate scientists. No
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set methodology-practice or set standard exists for the duration of these
“time-slice” periods, and their duration can vary depending on the purpose
of the analysis and/or the preferences of the analyst. Additional details
concerning temporal aspects are provided in step 3.

Custom analysis, step 2: Selecting climate scenarios

The range of commonly accepted climate scenarios under CMIPS currently
includes four climate scenarios: (1) CMIPS-RCP® 8.5 (high greenhouse gas
or GHG emissions), (2) CMIP5-RCP 6.0, (3) CMIPS-RCP 4.5, and
(4) CMIP5-RCP 2.6. According to the Climate Science Special Report, the
actual GHG emissions trend for the past 10 years follows the projections for
CMPMP5- RCP8.5.!® Further, CMIP5-RCP 2.6 is no longer thought to be an
achievable pathway climate scenario, and is only used as an historical
reference for extremely aggressive GHG emissions mitigation initiatives.
Finally, CMIP5-RCP 4.5 is an achievable pathway and is consistent with
the Paris Agreement.!!

Several groups have settled on CMIP5S-RCP8.5 and CMIPS-RCP 4.5 as
a best practice for custom scenario analysis. @ne important group, the U.S.
Global Change Research Program has taken the position from the Fourth
National Climate Assessment (NCA4) that these are the preferred climate
scenarios for analysis.'? The Task Force on Climate-related Financial
Disclosure (TCFD) also prefers to use these two scenarios in its method for
doing “scenario analysis”. The Rand Corporation, an organization
recognized for doing quality management studies, has likewise used these
two scenarios.’? Additionally, the Rhodium Group, commissioned to do a
study for the Risky Business Project (financed by Bloomberg Philanthropies),
also employed these scenarios.!* ®@ne can only conclude that using these two
scenarios is presently a good practice in conducting custom scenario
analysis. Fig. 10.4 illustrates CMIP5-RCP8.5 and CMIP5-RCP 4.5
scenarios.

¢ Representative Cencentratien Pathways. Fer mere infermatien, see chapter three “4
‘Yth W ave’ Perspective on Climate Risk M anagement” and chapter feur, “Adjusting
Precipitation Intensity-Duration-Frequency (IDF) Curves in Engineering Design’”.
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Image medified frem the Fourth National Climate Assessment, Volume 1: Climate
Science Special Report, pl6, Fig. ES 3.

Fig. 10.4. Climate scenaries: CMIP5—RCP 8.5 and CMIP5-RCP4.5

Custom analysis, step 3: Temporal aspects —
timescales and time horizons

Issues related to “time”, like timescale and time horizons, are important to
pragmatic considerations of a custom scenario analysis. Resources like
labor, time, and money from a business-management perspective are always
in limited supply. It is not practical to use an infinite set of climate scenarios
and timeframes; every different climate scenario and different timeframe
costs additional money. So, it is prudent to design the custom scenario
analysis that incorporates the screening approach using as small a finite set
of climate scenarios and timeframes as possible.

®nc prudent approach is to use a method based on a sequence of
questions, and many climate scientists have begun to do so. This has
relevance to business managers doing a custom scenario analysis. The
sequence of questions is as follows:
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e “How bad could it get?”;

¢ “How soon could it happen?”; and

e “Does climate mitigation, like the Paris Agreement, improve my
situation?”.

Pragmatically, “how bad could it get”, is taken to mean climate scenario
CMPP5-RCP8.5 (high emission) at the end of the century (2100). Given this
endpoint, the business-management analysis question is: “Can my business
survive under this extreme situation?” Business survival includes assets,
capabilities, and resources. I[f the answer to this business question is “Yes”,
no further analysis is needed. Ifthe answer is “No”, then further analysis is
necessary.

Further analysis means answering the next two questions listed above.
So, the next analysis question that needs to be answered is: “How soon could
it happen?” Again, the climate scenario used is CMIPS-RCP8.5, but several
intermediate time points, relative to the end of the century, are used. As
previously stated, there is no standard for choosing these intermediate
timeframes. However, at least two timeframes have been suggested:
(1) 10 to 30 years and (2) greater than 30 years to the end of the century.
The business question asked under these circumstances is: “Can my
business survive under these intermediate timeframe situations?”

The third analysis question can be stated as: “Does a different potential
climate scenario pathway that incorporates GHG mitigation provide a better
future at the end of the century?” The Paris Agreement is concerned with
implementing GHG mitigation for a healthier atmosphere at the end of the
century. The treaty aligns with climate scenario CMIP5-RCP4.5.
Essentially, the business questions are: (1) “Does my business benefit from
the Paris Agreement climate scenario?” and, finally, (2) “If my business
benefits from the Paris Agreement climate scenario, what climate mitigation
actions to reduce GHG emissions should my business be implementing?”

Concluding remarks

Custom climate scenario analysis has many advocates,!> including the
TCFD. Furthermore, the TCFD has published a technical supplement
devoted to the use of scenario analysis.!® This is likely the beginning of a
trend in business management to conduct custom climate scenario analyses
as part of climate-related risk management.
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Appendix

U.S. flewchart ef climate data and infermatien (as of 4 May 2018)

1) LEARNING HOW CLIMATE MAY AFFECT MY REGION

TITLE and URL

REMARKS

u.s.

4 National Climate Assessment (NCA4), Volume 2:
“Cli mate Change Impacts and Adapmtion”, {pending—
Desember2018)

URL: https://www.gobakhange.gov/content/ncad-
pianning

u.s.

NationalOceanicand Atmospheric Administration
[NOAA)-NESDIS Technical Report 144: “Regienalsurface
¢l Imate conditions INnCMIP3 and CMIPSforthe U.S.:
Differenees, similarities, and implicatio sfortheUS.
NationalClimate Assessinent”

URL:
ht:ps://repositow.llbrary.noaz.gov/view/noaa/1303

CMIPS,
RCP 8.5

u.s.

U.s. Army Corps of Engineers (ACE): "Recent U.S. Climate

~2| ChangeandHydrology Literature Applicableto USACE

Missions"
URL: http://www.corpsclimate.us/rccciareport.cfm

USACE
regions

Global

Global

Global

Intergovernmental Panelon Climate Change (IPCC) ARS—
Part 8-ReglonalAspects
URL:https://www.Ipec.ch/report/arS/wg2/

IPCC: “Annex |: Atlas of Global and RegionalClimate
Projections Supplementary Mate rial RCP8.5"
URL:hetps://www.lpec.ch/pdf/assessment-

re port/arS/wgl/supplementary/WG1ARS_AISMS.5_FINA
L.pdf

KNMI Cli mate Explorer—Climate Atlas
URL: https://climexp.knmi.nl/plot_atlas_form.py

12-km
resolution

Global

Meteorological (Met) Office: “Climate: Observations,
projections and impacts... [for va rious countries]”

URL:

https://webarchive.org/web/20160804023834/ http://w
ww.metoffice.gov.uk/climate-guide/science/uk//obs-
projections-impacts

Global

Met Office: “Climate: Observations, projections and
impacts SUMMARY FACTSHEET... [for various countries]”
URL:
https://web.archive.org/web/20161021222429/http://w
ww.metoffice.gov.uk:80/climate-
guide/science/uk/expert-advice/COP/COP18
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2) LEARNING ABOUT CLIMATE SCIENCE
TITLE and URL REMARKS

CLIMATE SCIENCE

SPECIAL REPORT

4th National Climate Assessment (NCA4), Volume 1: Climate
ScienceSpecial Report
URL: https://science2817_globalchange.gov/

IPCC 5t Assessment Report (ARS) The Physical Science Basis
URL: https://www.ipcc.ch/report/far5/wgl/
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3) INFORMATION FOR A REPORT

us.

TITLE and URL

REMARKS

CLIMATE SCIENCE

us.

4% National Climate Assessment (NCA4), Volume 1: Climate
Science Special Report
URL:https://science2017.globalchange gov/

4% National Climate Assessment (NCA4), Volume 2: “Climate
Changelm actsaind Adaptation”, (pendlng—December 2018)
URL: https://www.globalcha nge.gov/content/nca4.planning

us.

P ———

e e
2 CAE b e T b

eyt

s

NOAA-NESDISTechnical Report 144: “Re gional surface climate
conditions in CMIP3 and CMIPS5forthe U.5.:dIfferences,
simllarlties, and impliGations forthe U.S. National Climate
Assessmnt”

URL: https://repostory.lbrary.noaa.gov/view/n oaa/1303

CMIPS,
RCP8S

us.

Global

Global

Global
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U.5. Army Corps of Engineers (ACE): "Recent U.S. Climate
ChangeandHydrology Literature Applicableto US ArmyCorps
ofEngineers Missions”

URL:http://www.coipsclimate.us/ ceciareport.cfm

USACE
regions

IPCC 5 Assessment Report (ARS) Synthesis Report
URL: https://www.ipcc.ch/report/ars/syr/

|PCC 5" Assessment Report (ARS) The Phys i@l Science Basis
URL: https://www.ipcc.ch/report /arSfwel/

IPCC 5 Assessment Report (ARS) Impacts, Adaptation and
Vulnerability
URL:https://www.ipcc.ch/reportfarS/we2/
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4) EXPLORE MAPS
TITLE and URL REMARKS
us. TR e NOAA-NESDIS Technical Report 144: “Regional surface See
@ cfimate conditions in CMIP3 and CMIPS for the U.S.: cmies,
g Diferences, simifarities. and implications for the U.S. National | RCP8.5
S Climate As esseerit”
O e A URL: https://regository library.noaa.gov/view/noza /1303
Climet &
Global IPCC: “Annex |: Atlas of Global and Regional Climate
Projections Supplementary Materlal RCP8.5"
URL: https://www.ipcc.ch/pdf/assessment-
report/arS/wgl/supplementary/WG1ARS _AISMB.5_FINAL pdf
Global KNMI Climate Explorer—Climate Atlas 12-km
URL: hteps://climexp.knmi.nt/plot_atlas_form.py resolution
5) CLIMATE DATA
TITLE and URL REMARKS
u.s. . NOAA-NESDIS Technical Report 144: “Regional surface climate | See
e conditions in CMIP3 and CMIPS for the U.5.: Differences, CMIPS,
simllarities, and implications for the U.5. National Climate RCPB.5
Assessment”
B e e i, URL: https://repository.fibirary.noga.gov/view/noaa/1303
134 CUPY A O Labmd bnme Ofigme,
Sy, ard At b A T N
CEn A e
u.s. Downscde d CMIP3 and CMIPS Climate and Hydrology See
Prolection s CMIPS,
URL: https://gdo- RCPBS
dep.uclinl.org/downscaled_cmip_projections/depinterface.html
Global KNMI Climate Explorer-Climate Atlas 12-km
URL: https://climexp.knmi.nl/plot_atlas_form.py resolution
Global International Centre for Tropical Agriculture (CIAT) and The Agriculture,
CGIAR Research Program on Climate Change, Agriculture and biodiversity,
Food Security {CCAFS): GCM Downscaled Data Portaif ecology
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CHAPTER ELEVEN

IS SERIOUS CLIMATE ACTION SOONER THAN
LATER A GooD EcoNOMIC BET?

CHRISTOPHER JUNIPER!

Abstract

Is it likely to cost humanity more, or less, to address climate change today
instead of tomorrow? The many sincere attempts to estimate the answers
with economic tools fail to become determinant because of too many
variables and uncertainties. However, the preponderance of evidence backs
taking a “conservative” approach and addressing climate change
aggressively since that will minimize risks, and if done well the actions will
enhance both economic health and national/global security.?

“An eunce ef preventien is werth a peund ef cure”
Benjamin Franklin, 1706s

“The cheice we face teday is net whether or hew te act, but hew quickly we
will de se.”
Glebal Cemmissien en Climate and Ecenemy

! Christepher Juniper has been an envirenmental activist, educater, sustainability
censultant and ecenemic develepment prefessienal for 48+ years. A charter member
of the Internatienal Seciety ef Sustainability Prefessienals, he was the primary
auther ef its Asseciate-level certificatien study guide in 2016. His ether
accemplishments include: serving as sustainability and transpertatien planner fer the
natienally-award-winning sustainability pregram at U.S. Army Garrisen Fert
Carsen, Celerade frem 2003-2811; and everseeing the adeptien ef ‘sustainable
develepment’ geals by Pertland, @regen in 1994 as the city’s Ecenemic
Pevelepment Pelicy Manager. He has alse werked with Recky Meuntain Institute
and Natural Capitalism Selutiens. He presently prevides censulting threugh
SustainALegic (wwwSustainALegiccem) and serves en the beards ef the
Advanced Transit Asseciatien (ATRA) and Actien Research Plus Feundatien.

2 All cest figures are in U.S. dellars shewn by “$” unless stherwise neted.
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Introduction

Will the benefits of serious action to address climate change sooner than
later exceed the costs for humanity? It is a simple question with very
complex answers. It is akin to risky investment decisions for enterprises or
individuals, such as a family decision to stretch and buy what seems like an
expensive home, when the evidence is that home prices are likely to increase
faster than family income in coming years. The numbers that can be
assembled to guide the decision are not determinant, especially if you try to
project the resale value, and the ownership costs a century into the future.

This chapter will explore both economic cost/benefit methodologies,
and “non-monetizable” considerations, regarding the economics of climate
change strategies. It is designed to demystify enough that it helps you make
your own determinations as a citizen of your nation, and of the world.

My 40+ years as an environmental/sustainability advocate have been
witness to a crucial race about our future: between the mounting
environmental destruction of our technologies, and the potential reduction
of that destruction by development and deployment of less-destructive
alternatives. Climate change dynamics are no different: how fast do we need
to reduce the greenhouse gas (GHG) intensity of our global economy to
“win” the race — meaning not create centuries-long damages to the prospects
for future generations.

The race to better manage GHGs in a timely manner is captured by the
Dynamic Integrated Climate-Economy (DICE) model of 2018 Nobel
laureate for economics, William D. Nordhaus: GHG growth = gross
domestic product (GDP) growth plus population growth +/- GHG intensity
of the economy.’

As humanity keeps expanding both population and the economy,
managing technology development and deployment towards minimizing
“GHG intensity” is critical. Nordhaus’s 2013 model estimates that we face
a Business As Usual (BAU = not making policy changes) likelihood of
growing global emissions of carbon dioxide (C®:) about 1.3% per year.
That means 2010’s ~35 billion tons (in 2018, 37.1 billion!) becomes ~58
billion by 2050 — a 65% increase.

“Willful waste makes weeful want.”
Eliza Davisen Reckefeller, mether of Jehn B. Reckefeller, late 1 308s

3 William ®. Nerdhaus, Climate Casino: Risk, Uncertainty & Economics for a
Warming World, Yale University Press, 2013. His estimates ef the three key
cempenents: GBP per capita grews 2.1%/year (yr); C@2/GPP grews -1.6%/yr;
pepulatien grews 8.9%/yr.
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Climate change concerns are now central to our economy’s tendencies
to deplete the natural capital we need to produce wealth for good reasons,
including that climate change is driven by the energy sources that underpin
everything we do. Energy impacts are typically a significant portion or
majority of sustainability impacts of everything we make and use (unless
highly toxic materials are part of the lifecycle).

For example, a passenger car’s lifecycle climate change impacts will be
about 85% from the energy used as fuel, 10% to produce the car and 5%
from its end-of -life disposal.? This also means that successful conversion to
a low-carbon energy economy will have positive ripple effects towards
overall sustainability, which is the critical work of protecting the next
generation from this one.

We remain incredibly wasteful of energy despite nearly 50 years of
awareness by thought leaders and enlightened economists that our economic
health, globally and nationally/regionally, greatly benefits from being more
energy and water efficient, and energy service companies specifically
designed to facilitate energy savings investments.

Inefficiency remains pervasive largely because energy remains amazingly
inexpensive, especially when compared to other costs of living in developed
countries — frustrating market responses to impending climate chaos. That
< $3/gallon vehicle fuel i the United States (U.S.) can take you safely and
comfortably forup to 5@ miles; that $0.10-kilowatt hour (kWh) of electricity
can connect you to the world, make you comfy or manage your household;
both are very underpriced for the actual value they provide.*

@ur global advanced economies (@rganisation for Economic Co-
operation and Development (@ECD) countries, plus China) that produced
approx. 63% of 2016 C®; emissions’ remain incredibly wasteful of both
non-renewable energy sources and the ocean’s and amosphere’s ability to
resiliently absorb our wastes. And today, the world is on the verge of $90
trillion in economic development investment over the next 12 years that will
determine our future GHG intensity, and climate fate.?

As all human wealth begins with converting something of nature into
something of value to humanity, our wastefulness remains shameful — a

4 “Value” is a relative term  relative beth te yewr ewn reseurces, and te the
alternatives fer accemplishing the same result. Censider hew difficult it is te achieve
5@ miles travelled in geed safety, comfert and privacy, via ether means, and hew
much yeu are willing te pay befere shifting transpertatien medes. Perhaps
$10/gallen? Hew abeut $15?

> Glebal Carben Atlas website, at: http//www.glebalcarbenatlas.erg/en/C®2-
emissiens. @ECD ceuntries emitted 12,558 millien tennes (Mt); China 18,151 Mt
eut of werld tetal 36,183 Mt.
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moral affront to our most vulnerable humans: our youth and future
generations.

An important metric of our sustainability is natural capital per capita and
it is dramatically trending the wrong way. @ne indicator of natural capital
use and depletion is the ecological footprint of humankind’s demand on
Earth’s resources; it grew by 190% the past 50 years while global population
increased 115% and vertebrate population abundance declined ~60%.°

®nce it seemed that resource shortages would be the natural capital
decline that would make us “hit the wall” and embrace meaningful
environmentally-friendly changes. Instead of inputs, however, it is outputs:
the subtler inability of Earth’s systems to resiliently handle our wastes —
resilience meaning the natural capital of that ecosystem not declining.

@ur wastefulness is born not only of our technologies, and frivolities (it
now seems de rigeur in the U.S. to sit in idling cars), but also of our pricing
system that makes both wastefulness, and climate and air pollution
extremely low cost (often zero).

It would be astonishing to any alien visitor asking how we humans
decide what we do, to learn that prices determine most of it, and that they
are not anywhere close to the wuth — a fundamental requirement for prices
to play the critical role that they do.” For example, the external costs of just
air pollution and climate change from energy production and use is
estimated to be more than the actual costs of energy — meaning our existing
energy mix might be more than 100% underpriced.?

¢ Werld Wildlife Fund (WWF), “Living Planet Repert 2816 and “Living Planet
Repert 28187, at www.panda.erg. Accerding te the Werldemeters website citing UN
Pepulatien Bivisien data, glebal pepulatien in 1968 was 3.55 billien and in 2618
7.63 billien: http//www werldemeters.infe/werld-pepulatien/werld-pepulatien-by-
year/.

7 The well-established “principles of ecenemics™ are that markets are desirably
efficient (i.e., effective) under specific circumstances, including perfect infermatien
by decisien-makers. Sustainability ecenemists simply say: make prices tell the truth,
and we will make pregress. See, for example:

http://denellameadews. erg/archives/advice-frem-abread-en-restructuring-
electricity/.

8 Intl. Renewable Energy Agency ((IRENA), “The True Cest of Fessil Fuels: Saving
en the Externalities of Pellutien and Climate Change,” IRENA website, 2816, at:
http//www irena.erg/-/media/Files/IRENA/Agency/Publicatien/2¢16/ITRENA_RE
map_externality_brief 2816.pdf. The estimate of enly air pellutien and climate
change cests frem the current energy mix is $2.2-5.9 trillien/yr, whereas tetal energy

expenditure is apprex. $5 trillien/yr.
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At its core, sustainability is a moral choice’, partly because numbers
don’t provide a clear rationale for when to act, and partly because even if
the full impacts of our choices were included in prices, we might remain
wealthy enough to keep on doing what we like to do.

At the root of our strategic choices is a core calculation: will humanity
economically gain, or lose, from delays in addressing sustainability issues
like climate chaos?

There are persuasive arguments on both sides, but the “conservative”
(politically conservative, not risk-averse as a true conservative position
would be) argument, typically for BAU, is appropriately labeled a “risky
business.”* BAU proponents have virtually no financial loss if they are
wrong and future generations unnecessarily suffer — in fact, the opposite is
often true: the BAU proponents typically have a lot to gain from their point
of view being adopted.'®

This chapter will explore various perspectives on how risky is our
present BAU pathway and whether we are being pennywise and pound
foolish to not take stronger action.

Micro and macro ‘ROI’ perspectives

Climate action strategies involve whole systems that economists struggle to
model; the many varied inputs make huge differences...such that you can
get a model to say what you want and likely be within reasoned conjecture.

There are two fundamental ways to consider the Return on Investment
(R®@I) of climate-friendly nvestments, which I will call the micro and the
macro. The micro R®I is a measure of the benefits versus costs of the
specific mvestment (e.g., energy efficiency or fuel switching) to the
investors: Does it pay for itself in a reasonable amount of time and with
what risks?

The macro R®I begins with the micro and plays out the effects to an
entire economy (whether local, national, or global). This will usually require

% See, for example, Al Gere, The Assauit on Reason, 2087, Penguin Press:

“This is a meral mement. This is net ultimately abeut any scientific debate er
pelitical dialegue. Ultimately it is abeut whe we are as hunan beings and whether
or net we have the capacity te transcend eur ewn limitatiens and rise te this new
eccasien...”

1* For example, estimates of the stranded assets of fessil fuel cempanies if climate
actiens and/er technelegy reduces demand reach $108 trillien see Giles Parkinsen,
“Citigreup Predicts $10@ trillien in Stranded Assets if Paris Swnmit Succeeds,”
Clean Technica, 26 Aug. 2815, at: https://cleantechnica.cem/281 5/88/26/citigreup-
predicts-10@-trillien-in-stranded-assets-if-paris-surnmit-succeeds/.
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estimating the social costs of carbon (SCC) and/or other measures of overall
socio-economic health such as net employment impacts, and less
monetizable but important considerations such as national security impacts,
etc.

The micro R@I case largely reflects the very positive economic case for
energy/water productivity (i.e., efficiency or conservation) made by
environmental advocates since the 1970s, and refined to a climate focus in
the 1990s.!! Efficiency investments are more predictable than many private
business investments such as research and development, market or physical
expansion, or product refinements, partly because the price of energy or
water saved is likely to be predictable over the payback period. Even so,
efficiency remains under-utilized by both households and enterprises.

This has partly to do with a perceived (but not solidly calculated) higher
internal rate of retum by corporate management for investments directly
into the business operations themselves instead of input efficiency. @ther
reasons include reticence to use borrowing capacity or cash reserves that
may be needed to ride out downturns (of the company or the economy).

Serious climate action will mean dramatically more efficiency investment
thantoday. For example, the United Nations (UN) Intergovemmental Panel on
Climate Change (lPCC) 2018 report calls for increasing low-carbon and
energy efficiency investments such that by 2050, humans are investing five
times as much as in 2015.1

Micro economic analyses

A comprehensive analysis of the micro R®I in the U.S. of potential GHG
reduction strategies was performed by the McKinsey & Co. for the business-
based Conference Board in 2007. Their task was to map a suite of actions
that would achieve national annual reductions of 1.3, 3.0 and 4.5 gigatons
(Gt) of C@.¢ (where e = equivalent) by 2030, when the U.S. was projected
to emit 7.2 Gt/yr. It concluded that up to 4.5 Gt could be reduced “at a
marginal cost of less than $50/ton (in real 2005 dollars) while maintaining
comparable levels of consumer utility.”

@®ver 250 potential investment strategies “to reduce or prevent GHG
emissions” were analyzed, of which (for the 3.0 Gt “mid-range” case) many

! For example, Amery B. Levins and L. Hunter Levins, “Climate: Making Sense,
Making Meney,” Recky Meuntain Institute, 1998.

12UN I[PCC, “Glebal warming of 1.5°C  Summary fer Pelicymakers,” 2018, p. 22,
at: http//www.ipcc.ch/repert/sr15/. “The tetal annual average energy mitigatien
inveswnent fer the peried 2815 te 2658 in pathways limiting warming te 1.5°C is
estimated te be areund 90@ billien USH 2615
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primarily efficiency measures were determined to have a positive R@®I,
accounting for 40% of the GHG reductions achieved by 2030. The
remaining 60% of reductions were determined to have a net cost, beyond
benefits, to the investor.

Regarding the net effect on the U.S. economy, “the cumulative savings
generated by the negative cost options could substantially offset the
additional spending required for the options with positive marginal costs”.
The 3.0 Gt reduction effort would require capital investments of approx.
1.5% of the projected capital investments for the period.’

An updated micro-study is Project Drawdown. In 2017, it examined
potential global climate change solutions for mitigation potential 2020-2050
together with their economic effects. Projects featuring high retums on
investment and net economic benefits are summarized in Table 11.1:°

Table 11.1. Select climate change mitigation projects, modeled for
implementation 2020-2050

Project Carbon Cost Savings Benefits
Emissions
Reduction
(Gt C@ze)
®nshere Wind 84.6 $1225.37 $7325.0 $6099.63
Turbines
Selar Farms 36.9 $ -20.50 $5023.84 $5104.44
Reeftep Selar 24.6 $ 453.14 $3457.63 $3004.49
Regenerative 23.15 81 5722 $1928.10 $1870.88
Agriculture
Censervatien 17435 $ 3753 $2119.07 $2081.54
Agriculture
Geethermal 16.6 $ -155.48 $1024.34 $1179.82
Energy
Diswict Heating 938 $ 457.07 $3543.50 $3086.43
LED (light-emitting
diode) Lighting 7.81 $ 32352 $1729.54 $1406.02
Heuseheld
Truck 6.18 $ 543.45 $2781.63 $223%.09
Efficiencies
Heat Punps 52 $ 11871 $1546.66 $1427.95
Airplane 5.05 $ 662.42 $3187.8 $2525.38
Efficiencies
LED Lighting 5.04 $-205.05 $1089.63 $1294.68
Commercial
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The figures shown include the entire period of development and
operation. “Net cost” and “net savings” were calculated by Project
Drawdown. “Net benefits” were calculated by the author, subtracting net
cost from net savings. Negative net cost means the technology choices cost
less than potential substitutes.

Neither study proves that addressing climate change now instead of later
is good or bad, but rather that many solutions with major climate mitigation
impacts are very cost-effective now — so why not proceed with these “no-
regrets” actions?

Could these high R®I investments become even more cost-effective in
the future? Yes, under certain circumstances, including:

1. Higher costs of the energy or water being saved;

2. Higher rewards from carbon-emission saving investments if
regulation schemes and/or carbon taxes are imposed; and/or

3. Higher effectiveness of the technologies at producing low-carbon or
saving high-carbon energy (i.e., energy productivity).

As of this writing, these circumstances are highly speculative and not
likely worth the wait compared to the accumulating damage costs and lock-
in of carbon-wasteful infrastructure. Though important damages, such as to
agricultural productivity, are projected not to occur before an approximate
3 Celsius (C) increase’, by then it will likely be too late to cost-effectively
mitigate the climate chaos.

Micro studies have traditionally used cost-benefit analyses, and/or cost-
effectiveness analyses. However, their applicability to climate change
calculations is low, according to the PCC:?

“...cest-benefit analysis teels can be difficult te use because of disparate
impacts vs. cests and cemplex intercennectivity within the glebal secial-
ecelegical system. Seme cests are relatively easily quantifiable in menetary
terms but net all. Climate change impacts hwnans’ lives and liveliheeds,
culture and values and whele ecesystem. It has unpredictable feedback leeps
and impacts en ether regiens, giving rise te indirect, secendary, tertiary and
eppertunity cests that are typically extremely difficult te quantify.”

“Menetary quantificatien is further cemplicated by the fact that cests and
benefits can eccur in different regiens at very different times, pessibly
spanning centuries, while it is extremely difficult if net impessible te
meaningfully estimate disceunt rates feor future cest and benefits.”
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Macro economic analyses

“The central issue in the ecenemics eof climate change is understanding and
dealing with a vast array ef uncertainties. ..these range frem these regarding
ecenemic and pepulatien grewth, emissiens intensities and new technelegies,
the carben cycle, climate respense and damages, and cascade te the cests
and benefits of different pelicy ebjectives.”

Gillingham and Nerdhaus’

Macro studies began with Nordhaus’ 1991 DICE model. The various
models in use today callout the key factors for policymakers regarding
positive and negative economic effects of climate action and estimate those
costs and benefits into the future.

An important tool for a macro study is calculating the SCC, also referred
to as SC-C@®;; it provides an economic rationale for making climate-related
expenditures without a positive micro R®IL, since projects that “cost” more
than micro/direct benefits to the investors are still economically justified by
costing less than estimated damages from saved emissions.

The SCC is generally defined as:

“...the ecenemic cest asseciated with climate damage (er benefit) that
results frem the emissien of an additienal tenne of carben diexide (tC®2).!*

The U.S. National Academies of Science described the commonly used
integrated assessment model (IAM) for estimating the SCC as requiring
these four steps:!!

1. Projecting future global and regional population, output, and
emissions;

2. Calculating the effect of emissions on temperature, sea level, and
other climate variables;

3. Estimating (explicitly or implicitly) the physical impacts of climate
and to the extent possible, monetizing those impacts on human
welfare (i.e., estimating net climate damages); and

4. Discounting monetary damages to the year of emission.

SCC estimates have a wide range from $10 to $1000; some examples:!*
e U.S. Govemment Interagency Working Group (2014): Median of

$38 pertonne in 2013, but ashighas $109 using forecasts of damage
in the 95" percentile.’
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e Median value of Global Social Cost of Carbon (2018): $417 per
tonne C@®,. Selected country-specific values: India: $86; U.S.: $48;
Saudi Arabia: $47; Brazil and China: $24.10

e William D. Nordhaus (2017): Global cost of $31 per tonne C@®; as
of 2015, in 2010 international USD, growing 3% per year to over
$100 by 2050. Regional estimates range from a low of $0.91 for
Russia to $6.61 for China; U.S. and the European Union (EU)
estimated at $4.80.12

®nckey factor is whether a nation will include inits SCC global impacts
of its emissions, or only national impacts. For example, the U.S. govemment
is dramatically reducing the SCC calculations by including only costs to the
U.S. rather than global impacts.3

Because the future costs and benefits that comprise the SCC are
discounted to today’s value over decades, the discount rate chosen has a
highly determinative effect on the SCC (see the following section on
discounting).

Using a SCC as a guide for climate action results in differing levels of
emissions reduction: an SCC of about $50/tonne will likely push
decisionmakers to reduce emissions about 20%, and at about $100/tonne a
reduction of about 30-40%, but due to diminishing retums a higher SCC
results in uncertain and/or marginal effects.’

A similar but different economic calculation is the price of carbon
which, like SCC, varies according to the model and scenario used. The wide
range of estimates — from $10-200 2010 dollars in the year 2100
demonstrates the difficulty of use. The price of carbon concept reflects the
stringency of mitigation required at the margin (one additional tonne of
emissions reduced), and so increases with mitigation efforts, assuming
diminishing retums (the most favorable emissions are reduced first).®

A minority opinion

Julian Morris of The Reason Foundation assembled an argument in 2018
supporting BAU: Allow existing govemment systems (incentives and
disincentives) and markets to guide climate-affecting mvestments, largely
on a micro basis, in the absence of national or global cap and wade or similar
specific climate-addressing regulatory systems. This view was partly based
on his assessment that the steps involved in calculating a meaningful SCC
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are all “fraught with difficulty.”*?
Morris’ key findings:

e The SCC calculations rely on too many unknown and unknowable
variables beginning with future human population, deployment of
energy-using technologies, types of technologies used to create
energy, and energy efficiencies.

e “The climate is likely much less sensitive to increased emissions of
GHGs than has been presumed in most [AMs.”

e The benefits of climate change may be greater than the costs for the
foreseeable future. (Examples: (1) more deaths and energy use
results from cold weather than hot weather; (2) positive fertilization
effect of higher atmospheric C®; on agricultural productivity).

e Theresults from testing future global temperature prediction models
“cast serious doubt on the predictive ability of the models”.

o Sufficient progress will be made without explicit actions because
energy efficiency innovations occur since they are better products
and wends are toward dematerialization (e.g., books become
electronic).

Morris specifically assails “taking action now” because future required
GHG reductions will be costlier if we do not. He claims that this stategy
presumes “both significant increases in baseline emissions and a need to
dramatically reduce such emissions. Continued innovation will almost
certainly result in lower emissions per unit of output in the future, so the
costs of reducing a unit of GHG emissions m the future will be lower than
they are today.”

The majority of opinions: Act now

“We can’t afferd te ignere this crisis. It’s as if we’re watching as we fly
slew metien teward a giant meuntain. We can see the crash ceming, but
we're sitting en eur hands instead eof altering ceurse. [t’s time te tum the
wheel”

Henry M. Paulsen Jr. 281514

13 Julian Merris, “Climate Change, Catastrephe, Regulatien and the Secial Cest of
Carben,” Reasen Feundatien, & March 2818, at: https://reasen.erg/pelicy-study/
climate-change-catastrephe-regulatien-and-the-secial-cest-of -carben/.
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“@ur repert finds that the cests of achieving a fixed climate change geal
weuld be 4@ percent larger if we waited a decade te take actien. And these
cests ceuld grew expenentially with a lenger wait.”

U.S. Gevernment, President’s Ceuncil of Ecenemic Advisers, 214:1*

Morris’ view is contrary to the majority of conclusions by comprehensive
analyses, to wit:

e UN Secretary-General, 2018: “If we do not change course by 2020,
we risk missing the point where we can avoid runaway climate
change.”s

e UN Green Industrial Policy, 2017: “It is widely agreed that delayed
implementation of mitigation measures will make it much more
difficult and costly, if not impossible, to reach given climate
targets.”!¢

o Risky Business Project, 2016: “Seriously addressing climate change
requires reducing GHGs by at least 80% by 2050 in the U.S. and
across all major economies. We find that this goal is technically and
economically achievable using commercial or near-commercial
technology.”

e World Resources Institute, 2014: “Delaying action will have
significant economic impacts: climate change itself constitutes a
significant risk to the nation’s economy. With each decade that the
U.S. delays acting on climate change, it is estimated that the cost of
mitigation increases by 40%.”"’

o International Energy Agency, 2011: For every $1 not spent on
cleaner electric power by 2020, approx. $4.30 will need to be spent
after 2020 to compensate for the carbon emissions.®

e Australian National University’s Centre for Climate Economics and
Policy, 2015: “Taking it easy at first and going for stronger action
later would likely come at a high economic cost. A range of models
have found that delaying global mitigation by 15 years could double
or triple the cost of keeping to an overall carbon budget.”**

14 Executive @ffice of the President ef the United States, “The Cest of Belaying
Actien te Stem Climate Change,” July 2014, at:

https://ebamawhiteheuse.archives. gev/sites/default/files/decs/the_cest_eof delaying
_actien_te_stem_climate changepdf. See alse: Jasen Furman, Chair ef the
President’s Ceuncil of Ecenemic Advisers, and Jehn Pedesta, White Heuse Chief
of Staff, “We Can’t Wait: The Cest of Belaying Actien te Stem Climate Change,”
Huffingten Pest, 28 Sept 2814, at: https://www.huffingtenpest.cem/jasen-furman/
climate-change-cests-ef-delay b 5629796 hwnl.
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¢ UNPCC,2018:3

e Global waming is likely to reach 1.5°C between 2030 and 2052
if it continues to increase at the current rate.

e Climate-related risks for natural and human systems are higher
for global warming of1.5°C thanat present, but lowerthan2.0°C.

e Risks to global aggregated economic growth due to climate
change impacts are projected to be lower at 1.5°C than 2.0°C.

e Pathways limiting global waming to 1.5°C with no or limited
overshoot would require_rapid and far-reaching tansitions in
energy, land, urban and infrastructure and industrial systems.

®ne of many in-depth analyses favoring immediate climate action is the
2018 report by The Global Commission on Climate and Economy, a project
led by the World Resources Institute. It examined the macro economic
impacts of actions to reach the Paris Accord’s goals of a 2°C limit to global
warming by 2050, concluding that:

e “...ambitious climate action does not need to cost more than BAU
growth.”

o In the next 10-15 years, $90 trillion will be invested in human
infrastructure; ensuring it is sustainable will be a critical determinant
of future growth and prosperity and will largely determine the ability
to hold global warming to 2°C.

o The path of delayed action could result in $12 trillion of swanded
assets when actions are taken later.’

The project found that a decisive shift to a low-carbon economy would
result in multiple significant benefits compared to BAU, during 2018-2030.
The shift included a “meaningful” carbon price of $40-80/tonne rising to
$50-100. Benefits included:

¢ Avoiding over 700,000 premature deaths from air pollution;

e Raise U.S. $2.8 willion in carbon price revenues and fossil fuel
subsidy savings ($373 billion/year) to reinvest in public priorities;

e Higher global GDP growth;

o A direct economic gain of $26 trillion by 2030 and generation of over
65 million additional low-carbon jobs;

e Increase female employment and labor participation;
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¢ Climate resilient water supply and sanitation services could save the
lives of > 360,000 children under 5 years of age;

e Each $1 invested in energy efficiency is estimated to save $2 in new
powerplant and distibution costs;

e More compact urban areas improve residents’ access to

jobs/services/amenities and could reduce global infraswucture

requirements by over $3 willion to 2030; and

Sustainable food and land use business models could be worthup to

$2.3 willion and provide up to 70 million jobs by 2030.

Skewering the future by skewing damage cost estimates
via discounting

The IPCC has used a 100-year timeframe for understanding the Global
Waming Potential (GWP) of GHGs, though it noted in 2013 that there is
no compelling reason not to use a 20-year timeframe, for which it has also
computed GWP values.’> Since C®; emissions are climate damaging for 5-
200 years' (in the concentrations now emitted by humankind well beyond
the ability of Earth’s waste sinks to absorb them), economic estimates of
future damages partly rely on the value of 100-year damage estimates to use
carbon emitters today.

According to Nordhaus, “It is well known that the discount rate has an
important impact on the SCC.”'? Discounting the value of future costs and
benefits of projects with multi-generational impacts — whether dams,
climate change, nuclear waste storage, or infrastructure projects — is
accepted as arational “discounted utilitarianism” approach, but is justifiably
controversial in its effect: that the future does not count very much today.

15 C®: is ene of six GHG categeries. Accerding te the IPCC 2814 repert, beth C®:
and N2@ have reughly the same GWP fer beth the 28-yr and 108-yr timeframes.
Methane, much mere petent a GHG, has a glebal warming “lifetime” of enly 12.4
yrs and se is 84 times mere petentas a GHG than C®; in the 28-yr timeframe, and
34 times mere petent in a 1 88-yr timeframe. Perflueremethane (CF4) has a> 56,000
yr “lifetime”, se its 108-yr GWP is 6638 cempared te 4888 feor the first 2 yrs.
Seurce: UN IPCC, “Climate Change 2814  Synthesis Repert,” p. 87.

18 IPCC, Werking Greup 1, “The Scientific Basis C.1.”, at:
https://www.ipcc.ch/ipccreperts/tar/wgl/816. hwn. The [PCC neted that: “ne single
lifetime can be defined for C®; because of the different rates of uptake by different
remeval precesses.” Awnespheric lifetimes for ether GHGs: methane: 12 yrs; nitreus
exide: 114 yrs; chlerefluercarben-11:45 yrs; hydre-chlerefluerecarben-23: 268 yrs;
perflueremethane: > 56,008 yrs.
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Discount rates deploy the math of compound interest — useful at times,
but not always. Because a consistent growth rate grows each year upon
itself, so to speak, small differences become big differences over time.

For example, two discount rates, 1.4% and 2.7%, were proposed by the
first comprehensive national economic analysis of climate change impacts,
the Stern Review (2007). Though 2.7% is approx. double 1.4%, in the 100
year the difference is about 3.5 times, and over 200 years, the difference is
about a factor of 13.2¢

Table 11.2. Discount rate effects

Discount Rate Value Today of $100 Million in S0 Years

1%: $60.8  million
4%: $14.1 million
T%: $3.4  million
10%: $0.85 million

These figures apply to $100 million in benefits from climate actions, such
as energy efficiency investments, or $100 million in economic damages.’

At best, discounted costs of climate change can result in only a vague
guide for our actions today. As noted by the Political Economy Research
Institute of the University of Massachusetts Amherst:

“In cest-benefit analysis, the nermative ebjective is efficiency, defined as
maximizatien ef the net benefits minus cests cenverted inte present values
by means ef a disceunt rate. In the case ef climate change, such calculatiens
entail multiple difficulties, simplificatien and arbitrary assumptiens.”?!

For example, what is the value to us today of a projection, such as that
made by Nextgen Climate, that a BAU path will reduce the lifetime income
of the current U.S. millennial generation by $8.8 trillion??? Is it rational to
use discounting to credit that loss at just a few pennies on the dollar?

The discountrate used for climate change is called a social discount rate
(SDR) that is comprised of three components: economic growth, a human
preference for today over the future, and a human aversion to inequality.
For economist Nordhaus, it added up to 4-5%; for UK economist
Nicolas Stern 1.4%.23

Harvard economist Martin Weitzman argues for a different approach to
human-induced potential future catastrophes:?*

“The ecenemic uniqueness ef the climate-change preblem is net just that
teday’s decisiens have difficult-te-reverse impacts that will be felt very far
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eut inte the future, thereby straining the cencept ef time disceunting and
placing a heavy burden en the cheice of an interestrate...the climate science
seems te be saying that the prebability ef a disastreus cellapse ef planetary
welfare is nen-negligible, even if this tiny prebability is net ebjectively
knewable.”

There is a limited connection between how people want people in the
future considered in today’s decisions, and discount rate determinations
such as the market-based costs of money. That connection is further strained
by prices that do not tell the truth, which skews many of the economic
foundations upon whichdiscountrates are estimated. As noted in the joumal
The Future of Children:

“A cemmen ecenemic fermula recommends giving up enly 5 cents teday
fer every dellar of benefits 18@ years inte the future; we call this disceunting
the future. Underlying this appreach is the assumptien that future
generatiens will be much better off than eur ewn, just as we are much
wealthier than eur ancesters were. Weuld eur descendants agree with this
appreach?”??

The authors (economists and climate experts) found three reasons for
people today to put a higher value on future benefits from acting on climate
change now:

1. People disagree considerably about the correct discount rate. @ther
plausible interpretations of society’s preferences or observed data
could increase the weight we place on future benefits by as much as
a factor of five.

2. We may have failed to correctly value future climate change impacts,
particularly those related to the loss of environmental amenities that
have no close monetary substitutes.

3. We may not be properly valuing the risk that a warming climate
could cause sudden and catastwrophic changes that would drastically
alter the size of the population.

Ultimately, the authors conclude that many ofthe choices about how we
value future generations’ welfare come down to ethical questions, and many
of the decisions we must make come down to societal preferences — all of
which are difficult to extract from data or theory.

A far better substitute would be democratic processes, e.g., legislation
or other ways of determining how to value far-in-the-future damages. It is
an ethical choice, not something that flows from economics.?® Even the
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sliding discount scale to 1.07% after 76 years suggested by the UK
government for health,”> while an improvement, seems arbitrary and
capricious.

I personally cannot see telling my progeny that I heavily discounted the
value of damages [ was causing to the natural capital they need to thrive just
because it was accepted economic practice for cost-benefit analysis of
projects within my own lifetime. Discounting techniques are not properly
applied to climate change or other multi-generational impacts of our choices
today.

An alternative cost perspective: Costs of GHG removal

It could be simpler, though potentially misleading, to estimate the economic
costs of GHG emissions using the costs of removing emissions from the
atmosphere. [fa ton of carbon can be removed from the aimosphere for, say,
$20, is that a better guide than SCC estimates? However, estimates of how
much carbon can be removed show less than 20% of annual emissions could
actually be mitigated.

Various negative emission technologies (NETs) have been deployed or
are under development such that estimates of costs and potential capacity
have been made by the U.S. National Academy of Sciences.?® Its committee
that published a NETSs research agenda in 2018 categorized likely cost per
ton of C@®; sequestered as “Low” if < $20/tonne; “Medium” if > $20 but
< $100; and “High” if > $100.

Low costs were estimated for changes to management stategies that
would sequester carbon in ecosystems: coastal blue carbon,
afforestation/reforestation, forest management and (low to medium costs)
agricultural practices to enhance soil carbon storage. Medium costs were
estimated for bio-energy with carbon capture and sequestration (BECCS)
and medium- to high-cost carbon mineralization. High costs were estimated
for direct air capture, the least known for efficacy or ultimate deployment
potential.

The committee concluded that BECCS and the low-cost NETs are ready
for large-scale deployment, but that serious non-cost constraints can inhibit
deployment to the maximum “safe and economical” potentials shown below
by a factor or two or more.

Consider these annual maximums in the context of current emissions of
approx. 50 Gt/ C@,/yr globally. At maximum deployment, only < 20% of
current amiual emissions could be mitigated. Figures shown are
Gt/C@®,/year:
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e Coastal Blue Carbon: 0.13

o Afforestation/Reforestation: 1.0

¢ Forest management: 1.5

e Agricultural practices: 3.0

¢ BECCS: 3.5-5.2

These NETs come with co-benefits that can reduce their total social
costs, but no monetized estimates were made for either the co-benefits or
negative externalities such as:

o Increased forest productivity via changes in forest management;

o Improved agricultural productivity, soil nitrogen retention and soil
water holding capacity; and

¢ Liquid fuel production and electricity generation (BECCS).

The committee concluded that:

“...all existing safe and ecenemical NETs and mitigatien eptiens tegether
de net have sufficient capacity te meet the Paris agreement target... Any
argument te delay mitigatien efferts because NETs will previde a backstep
drastically misrepresents their current capacities and the likely pace of
research pregress.”

Where to place our bets?

“...seme peeple advecate for deing nething at all, ferever, or atleast for a
leng time...that prepesal appears te me te be a reckless gamble (the wreck
the werld appreach).”

William B. Nerdhaus, 26137

“The drep in the cest of clean technelegy has gene far beyend all
expectatiens, tipping the ecenemics in faver ef decarbenisatien.”
Laurence Tubiana, 20177

17 Laurence Tubiana, Preface te: Laurent Feurnie, etal., Artelys, “Cleaner, Smarter,
Cheaper  Respending te @ppertunities in Eurepe’s Changing Energy System”,
Energy Unien Cheices, 2817, at:

https://www energyuniencheices.eu/cleanersmartercheaper/. Mr. Tubiana is CE® ef
the Eurepean Climate Feundatien.
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Are there any conditions under which climate change action should be
delayed? Perhaps if further major cost breakthroughs in low-carbon energy
technologies were likely, waiting would make sense.

It is unpredictable how much more low-carbon energy system costs
might drop in the future. An EU analysis (Table 11.3) found that a 15% to
55% reduction in capital investment costs may be achieved for offshore
wind turbines, photovoltaic solar, solar thermal electricity and ocean energy
between 2015 and 2030 but that cost reduction may then slow down. Cost
reductions for onshore wind, geothermal, biomass combined heat-power
plants were projected to be “less pronounced”.?’

Whether these potential cost savings by waiting to act can offset the
growing volume of climate change damages is nearly impossible to
determine.

Table 11.3. Capital cost projections, renewable energy systems

Energy system 2015 2030 2050 Reductien
2015-2050
% of 2015 price
Utility-scale PV w/e tracking 10206 720 508 51%
@ftshere wind, menepele, med. distance 3500 2850 2640 25%

®nshere wind, medium specific capacity &

hub height 135¢ 1266 119¢ 12%
Flash geethermal 3548 3268 3068 14%
Baseline Prejectiens of Eurepean Cemmissien, 281827

Figures in EUR kW

The EU’s Energy Union Choices consortium found in 2017 that because
of cost reductions to date and signs pointing in the “direction of further
improvements,” the EU could increase its plaimed use of low-carbon
electricity in 2030 from 49% to 61%, concluding that among future
scenarios, “the scenario with the deepest emissions reductions is also the
scenario that can boast the best economic results.”??

Costly carbon capture and sequestation (CCS) technologies are
described as already reaching the limits of physics (though economies of
scale seem likely to reduce costs).?”’

The key factors in an analysis of whether delaying climate change action
costs us, or benefits us, are:
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e Technologies (development and more importantly, widespread rapid
deployment)

e Low-carbon technologies that reduce climate impacts of human
activities — namely energy and water efficiency and low-carbon
energy sources.

e Mitigation technologies — carbon removal or sequestation
systems — NETs.

e Impacts

e Ecological (natural capital) impacts (especially irreversible
impacts)

e Human impacts — especially on “human capital” which is the
ability of humans to do productive work based on their health,
skills, and social competence/networks.

e Economic impacts — both the macroeconomic impacts of
national/global economic growth or decline, and the distributive
impacts on people’s lives — which is likely to vary widely
according to location, wealth, and climate resilience of
communities, enterprises, and families/individuals.

For each of these considerations, recent findings include:

¢ Low-carbon technologies

e Energy efficiency investments can produce a wiple dividend:
greater energy savings, fewer emissions, and more jobs.*

e Doubling the share of renewables in the global energy mix by
2030 compared to BAU would reduce annual costs of air
pollution and climate change by $1.2-4.2 trillion by 2030 —
saving from 4-15 times the costs associated with installing the
renewables.'®

e U.S. clean energy investments required would generate $00,000
construction jobs by 2050, offsetting 270,000 job losses in coal
mining and oil/gas industries.*

e The UK National Infrastructure Commission concluded in 2018
that the same home energy services that people use today could

'8 Intl Renewable Energy Agency (IRENA), “The True Cest of Fessil Fuels: Saving
en the Externalities of Pellutien and Climate Change,” IRENA website, 2816, at:
http://www .irena.erg/-/media/Files/IRENA/Agency/Publicatien/2016/

IRENA_ REmap_externality brief 2016.pdf. The annual savings are $1-3.2 trillien
frem air pellutien and $6.2-1 trillien frem climate change impacts, cempared te the
BAU asswnptien that fessil fuel use increases 46% frem 2616-2036.
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be provided by 2050 through a low-carbon infrastucture
economy at no additional cost.*®
¢ [Ecological impacts

e At a 2°C increase, 18% of insects, 16% of plants and 8% of
vertebrates lose over half of their climatically determined
geographic range, about twice as much as 1.5°C increase.?

e “Impacts will include ocean acidification and the death of coral
reefs, and the contamination of coastal aquifers by sea-water
intrusion. These changes will have severe societal impacts and
major economic consequences.”?!

¢ Human impacts

e Security

= “Climate change is one of the most pervasive global threats
to peace, affecting security, development and peace
building.”!
e Temperature and health
= In the U.S,, BAU means the average American will
experience 45-96 days with high temperatures over 95°
Fahrenheit (F) by 2100; people lacking air conditioning or
needing to work outdoors will face health risks.*?

= Temperature increases have a large effect on the GDP of poor
countries — effects could be particularly severe for children
who already live in warm climates that will see a
disproportional rise in hot days.??

= Increasing frequency of high temperature days is likely to
diminish children’s ability to learn and adult ability to
perform mental tasks.!®

e Climate migrants and food insecurity
= “Ifno action is taken, experts predict that there may be more

than 140 million climate migrants moving within their
countries by 2050. More than half of those people are
expected to be in Sub-Saharan Africa. [fwe act now, we could
reduce the number of people forced to move due to climate
change by as much as 80%.3*

19 Jeshua Graff Zivin and Jeffrey Schrader, “Temperature Extremes, Health and
Human Capital,” The Future of Children, Spring 2016, pp. 31-56, at:
https://www.jster erg/stable/437552297ref reqid=excelsior%3Aa2511d99b2344 {38
da305c62fc23558a&seq=1#metadata_infe_tab_centents. Fer example, effice
werker preductivity is estimated te decline 5% frem a temperature increase frem
21°Cte 27°C.
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= “The main reason people are moving [north from Central
America] is because they do not have anything to eat. This
has a swong link to climate change — we are seeing
tremendous climate instability that is radically changing food
security in the region.””®
¢ Economic impacts
e Macro-economic impacts
= “By 2050, the loss in consumption relative to a utopian
scenario” [no climate action taken and no damages from
climate change] “ranges from about 0.5% to just over 5%,
depending on the depth of emissions cuts.”?
= “ _temperature may have a strong impact on economic
activity, reducing Gross Domestic Production (GDP) by as
much as 20% worldwide by 2100.7%!
e Agricultural resources
= Forthe U.S,, BAU likely means gains for farmers in the north
that are more than offset by risks to farmers in the South,
Great Plains and Midwest of 50-70% loss of annual com, soy,
cotton, and wheat yields, absent agricultural adaptation.’
e Potential costs
= In the U.S., BAU likely means $66-106 billion of existing
coastal property will be below sea level by 2050, increasing
to $238-507 billion by 2100.32 Approximately 300,000
buildings could be at risk of chronic disruptive flooding by
2047, and by 2100, 2.5 million buildings worth over $1
trillion today.>
= Sea level rise will continue well beyond 2100 even with
temperature increase limited to 1.5°C.%

2% Queted is Rebert Albre, researcher at Center fer Latin American and Latine
Studies at American University, in @liver Milman, Emily Helden and Bavid Agren,
“The unseen driver behind the migrant caravan: climate change”, The Guardian, 3@
@cteber 2818, at: https://www.thegnardian.cem/werld/261 8/ect/3¢/migrant-caravan-
causes-climate-change-central-america.

21 Bawn L. Weedard, et al., University of Califernia, [rvine, “Ecenemic carben cycle
feedbacks may effset additienal wartning frem natural feedbacks,” Preceedings of
the Natienal Academy ef Sciences, 25 @ct. 2018, at:
www.pnas.erg/cegi/dei/160.1873/pnas. 1885187115, The authers feund that the
expected decline in ecenemic activity due te climate change ceuld effset climate
change enhancing feedbacks in nature such as “decreases in carben uptake by
terrestrial and marine ecesystems.”
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e Economic growth from climate action, ie., Green Growth or

Sustainable Development

= Investments in green growth in Uganda could increase GDP
by an estimated 10% by 2020 ($3.4 billion) compared to
BAU2

= The “High” renewables investment scenario will produce 1
million more jobs by 2030, and 2 millionmore by 2050, than
BAU. Households would realize energy bill savings of $41
billion by 2050.3¢

Non-monetizable considerations

The remainder of this chapter will address important considerations
typically not dealt with by macro analyses. These factors, while critical to
humanity’s climate welfare, are hard to value in economic models, but
deserve consideration, just as in waditional cost-effectiveness analysis.

@ther important hard-to-monetize considerations, beyond those touched
upon here, include the energy-water nexus, the value to some people of
individual freedoms via unregulated capitalism, inequality of wealth and
incomes, gender and indigenous people’s rights, and advancement
opportunities, all of which are included in sustainable economic
development (green growth) initiatives.

Energy price increases

It is reasonable to expect that serious climate action would involve energy
price increases from one or more drivers, including deployment of higher
cost technologies, carbon taxes, or regulations such as a cap and trade
system. Nordhaus, for example, notes that steps to slow climate change
“will require using costlier technologies and policies and will therefore
reduce real incomes”.’

Prices are also likely to rise if climate action includes, as it should,
elimination of the $550 billion/year fossil fuel subsidies presently granted
by govemments — which results in an effective SCC of a negative $15/tonne
(the opposite of what is needed for global capital markets to work well).>’

Nordhaus summarizes:

“Ecenemics peints te ene incenvenient truth abeut climate-change pelicy:
fer any pelicy te be effective, it must raise the market price of C@2and ether
GHG emissiens...the incentive must be fer everyene milliens ef firms and
billiens ef peeple spending trilliens of dellars te increasingly replace their
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current fessil-fuel driven censwnptien with lew carben activities. The mest
effective incentive is a high price fer carben.”’

Additional price increases may result from the deployment of costly
carbon sequestration technologies that reduce powerplant efficiency 7-10%
or more (the “energy penalty”)*s.2

For example, The International Energy Agency notes that “the well-
below 2°C target” of the Paris Accord requires CCS.*® However, U.S.
levelized (lifecycle) electricity costs from state-of -the-art ultra-supercritical
new coal plants are estimated to rise from $92.46/MWh (megawatt/hour =
1000 kilowatt hours) to $152.34/MWh with CCS systems.?” The price
increases would be challenging for people already living in “energy
poverty” — including up to 15% of populations in developed countries.?

How much energy price increases might affect an economy is situational
by country, business cycle, and what economists call price elasticity — the
change in demand for a product if its price increases.

For example, in 2006 the U.S. Congressional Budget @ffice estimated
that dramatic energy price increases since 2003 had only affected national
GDP by about one quarter of one percent per year.>* A dramatically different
outcome was offered by a model created n 2015 for the U.S. National Rural
Electic Cooperative Association — it predicted a national loss of 18-31
million jobs between 2020 and 2040 if electricity prices increased just
10%.4¢

The economic effect will also depend on the predictability of the price
increases. “Energy price shocks” such as those of the 1970s can clearly
create economic dislocations and potential recessions, but gradual and/or
planned changes allow cost-effective adaptation.

If people consume less energy due to higher prices, but instead spend on
products or services more locally produced, the higher economic multiplier
of local products can counterbalance or exceed the loss to energy producing
entities (see following import substitution discussion).

22 Existing CCS systems had an energy penalty ef 20-38%  see Jehn Kemp,
“Carben capture’s energy penalty preblem: Kemp,” Reuters, 6 @ct. 2814, at:
https://www reuters.cem/article/us-carbencapture-ecenemics-kemp/carben-
captures-energy-penalty-preblem-kemp-idUSKCNOHV1VD28141086.

A lifecycle examinatien ef CCS fer a ceal pewerplant feund that an initial 85%
carben capture rate was everall a 78% capture rate because of the additienal energy
expenditures required for the CCS system see: Friends eof the Earth  Benmark
(N®AH), “Infermatien abeut Carben Capture and Sterage  CCS”, undated,
accessed 1 Nevember 2018, at: http://ccs-infe.erg/climate-efficiency hwnl.
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Energy productivity technologies allow consumers to pay higher prices
per unit of energy. If your car takes you twice as far per unit of fuel, you can
pay up to twice as much per unit and not be worse off. Thus, energy
productivity mandates can indirectly support potential fuel switching to
more expensive low-carbon fuels if needed, with little adverse impact.

Much of the economic effect of carbon taxes, for example, can be
mitigated by making the new taxes “revenue neutral”, i.e., keeping
government revenues approx. the same but changing who pays the taxes, as
was done in British Columbia when it established carbon taxes in 2008.

As “necessity is the mother of invention,” a case can be made that
increasing energy prices will stimulate development and deployment of
globally-competitive energy efficient products that can boost an economy
through global sales, as well as domestic deployment that provides cost-
effective competitiveness (i.e., the energy productivity leaps from
investments that would not otherwise be made allow products or services of
any type to have a lower cost basis than global competitors’ products).
Competitively low “unit costs” of energy (comprised of prices and
productivity) in the EU demonstrate this effect.?!

Can any of these uncertainties be accurately enough forecast such that
energy price increases from climate action would have predictable
economic effects? I believe the dynamics are too variable to monetize it.

Economic benefits of imported energy substitution

The Rocky Mountain Institute first pointed out in the early 198@s that
economic health is about both inflow and outflow of wealth; the favorite
analogy was that if you have a leak in your vehicle’s gasoline tank, fix it

2 See, for example, A. Yamakazi, “It’s net a jeb killing pelicy The case of BC’s
revenue neutral carben tax,” Sustainable Presperity Research Nete, 2816, at:
www.sustainablepresperity.ca/centent/its-net-jeb-killing-pelicy-case-bcs-revenue-
neutral-carben-tax; and Ceral Wavenpert, “After Nebel in Ecenemics, William
Nerdhaus Talks Abeut Whe’s Getting His Pellutien-Tax Ideas Right,” T/he New
York Times, 13 @ct. 2018, at:
https://www.nytimes.cem/2€18/18/13/climate/nerdhaus-carben-tax-interview.hnl.
2¢ Emmanuelle Maincent, et al, “Are high energy prices harming Eurepe’s
cempetitiveness? Assessing energy cest cempetitiveness in Eurepe,” 22 January
2015, at: https://vexeu.erg/article/are-high-energy-prices-harming-eurepe-s-cempe
titiveness-assessing-energy-cest-cempetitiveness-eurepe. The authers are ecenemic
analysts fer the EU Cemmissiens and warnthat the cempetitive advantage of energy
preductivity is slipping away as China and ether cempetiters impreve energy
preductivity and se warn against additienal energy price increases.
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instead of continually wasting unused fuel. And the biggest “leak” of wealth
out of most community/regional economies is energy expenditures.

Thus, the core components of climate action—energy efficiency and
locally-derived non-carbon energy sources — are an important swategy for
economic health. Further, the economic lifecycle of efficiency or
renewables often includes local enterprises. As noted by a study on the
economic advantages of climate action for Canada’s “Atlantic Islands™:*

“Because of the ‘multiplier effects,” every dellar spent en a lecally ewned
business creates 2-4 times mere jebs and ether ecenemic benefiw than a
dellar spent in a similar nen-lecally ewned business.”

For example, energy [in 2012] cost Bridgewater, Nova Scotia $88
million per year. Through the import replacement of energy by local
sources, the Energize Bridgewater project [comprising about CAN $500
million invested in energy efficiency and local sources] is expected to save
over $2 billion in energy costs over the next 33 years and reduce GHG
emissions by 80%.”

Consider the potential economic health benefits that can be expected via
energy import substitution for countries now heavily dependent on energy
imports, including (for 2014 or 2015):%?

¢ “Euro area” (average of 680% dependent upon imported energy):

e Austria: 64%
e Belgium: 20%
e Ireland: 86%
e Italy: 76%
e Portugal: 77%
e Spain: 1%
e Namibia: 74%
o Turkey: 75%
¢ Republic of Korea: 82%
e Jamaica: 82%
e Japan: 93%

For example, Morocco imported 95% of its energy in 2011, but has
strengthened its economy by switching to nearly one-third from domestic
renewable sources — including 15% of electricity from solar PV by 2020,
reducing GHG emissions by 3.7 million tonnes/year.
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National security/Energy security

What is energy security (or any type of security, e.g., financial security or
cultural security) worth to us as individuals, communities or nations? Like
ecosystems, we treasure it, but its value is not monetizable.

Energy insecurity can have drastic consequences. It was an important
reason the Japanese attacked Pearl Harbor in 1941 and continues to drive
foreign policies worldwide.

The concept has recently broadened from a focus on imported energy
dependence to other critical aspects such as flexible global energy markets,
internet security and terrorism* and climate change,* but monetized values
for it remain awkward.?s

Swong climate action that promotes domestic energy sources over
foreign, especially if promoting distributed sources over centralized grids,?
can greatly enhance energy and economic security as important co-benefits.
Energy efficiency does as well: The EU notes that “moderating energy
demand is one of the most effective tools to reduce the EU’s energy
dependency and exposure to price hikes.™’

What would it be worth to the economy or citizens’ peace of mind, for
example, to reduce the 93% importation of nuclear powerplant fuels of the
U.8.77

25 Envirenmental and Energy Study Institute (EESI), “Issue Brief: The Natienal
Security Impacts ef Climate Change,” 26 Bec. 2817, at:

https://www .eesi.erg/papers/view/issue-brief-the-natienal-security-impacts-ef -
climate-change. A “menepseny” premiwn paid by U.S. censumers has been
ascribed te imperted il of between $7.86 te $12.50/eil barrel (bbl).

26 See, for example, (1) Tim Buckley and Simen Nichelas, Institute fer Energy
Ecenemics and Financial Analysis (IEEFA), “Japan: Greater Energy Security
threugh Renewables Electricity Transfermatien in a Pest-nuclear Ecenemy,” March
2817, at: http://icefa erg/wp-centent/upleads/2817/83/Japan_-Greater-Energy-Security-
Threugh-Renewables- March-2817.pdf; and (2) Amery B. Levins et al., Small is
Prefitable The Hidden Ecenemic Benefits of Making Electrical Reseurces the
Right Size,” Recky Meuntain Institute, 2002, at: https//rmi.erg/wp-centent/
upleads/2017/64/@CS_SmallisPrefitable 2062 pdf.

27 In 2018, natienal security discussiens include setting a 25% minimurn demestic
centent requirement  see: Steven Mufsen, “Trump efficials weigh limits en
uraniun, inveking natienal security,” The Washingten Pest, 18 July 2818, at website
of Macemb Baily: https://www.macembdaily.cem/business/trump-efficials-weigh-
limits-en-uranium-inveking-natienal-security/article_926a42al-322e-5778-b273-3
b2621df5375 hwnl
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Environmental/Social justice

What is the value of less inequality and/or poverty? @r more equitable
distribution of environmental impacts, which are typically concentrated on
the poor? Is significant progress in these areas worth some economic
sacrifice??® How much?

It is widely recognized that the majority of climate change costs are
likely to fall upon the poor, especially those living in already hot areas such
as sub-Saharan Africa.?

The Global Commission on Climate and Economy lists humanity’s key
challenges by 2050 as:

1. Feeding a global population of approx.10 billion;

2. Providing clean and affordable electricity/water/sanitation;
3. Upgrade skills;

4. Secure better health; and

5. Closing the gender gap.®®

What is progress in these endeavors worth? Cost-effective climate action
today is very likely to support progress; BAU is likely to hinder it.

Embracing cooperative vs non-cooperative behavior?

What’s the economic value of leading by example? In the case of climate
change — that means doing the right things so that other countries will also
do so — especially when you have a lot to lose if they do not.

2% Fer example, ecenemist Themas Piketty prepesed a 2% glebal wealth tax te
reduce ecenemic inequality because of i% everall secietal ces®. Themas Piketty,
Capital in the 2I°' Century, Belknap Press, 2014.

2% Fer examples, see chapter eight, Traditional Knowledge and Climate Change
Challenges: Anambra State, Nigeria Case Sty by C. Chinweze and chapter six,
Ecological and Infectious Disease Impacts of Hydropower in Sub-Saharan Afiica
by B. Tayler in Demystifying Climate Risk Volume I: Environmental, Health,
and Societal Implications (LeBlanc, C. ed., Cambridge Schelars Publishing, 217).
3* The Glebal Cemmissien en Climate and Ecenemy (managing partner: Werld
Reseurces Institute), “Unlecking the Inclusive Grewth Stery ef the 21%* Century:
Accelerating Climate Actien in Urgent Times,” August 2818, at:
https://newclimateecenemy repert/2818/wp-centent/upleads/sites/6/2618/89/NCE _
2018 FULL-REP@®RT.pdf. These are censistent with the UN’s Sustainable
Pevelepment Geals (SBGs)  see https:/unstats.un. erg/sdgs/indicaters/indicaters-
list/.
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For example, an in-depth study of Austalia’s climate change stwategy
options found that:

“Australia stands te gain frem early and streng glebal climate actien and
needs te centribute its fair share...[t is vulnerable te climate change and all
sides of pelitics agree thatstreng glebal actien is in the natienal interest.”’4¢

Nordhaus called this dilemma “the problem of non-cooperative
behavior,” wherein “national efforts will be determined by only the national
SCCs rather than the global SCC and will therefore be much lower.”?

It is a short-sighted pathway the U.S. federal govemment appears to be
embarking upon. Will it be beneficial to citizens in the long-run, especially
if the rest of the world follows with its own non-cooperative behavior?

Conclusion

Thebest threw eof the dice is te threw them away English preverb
Queted by William B. Nerdhaus, 20137

“Climate-related risks te health, liveliheeds, feed security, water supply,

hwnan security, and ecenemic srewth increase with 1.5°C [increase ever

pre-industrial glebal temperature average] and increase further with 2°C.”
IPCC, 20188

“@vershoot and collapse” is a scary phrase developed by the Club of
Rome’s “Limits to Growth” team in the early 197@s to describe their
models’ predictions of how ecosystems will likely fare with BAU-like
scenarios. It is a haunting concept because it describes a common pattern
among individuals to create big problems in their own lives by overreach,
and because it calls out an inherent human foible: not recognizing we have
exceeded our bounds before it is too late. Nordhaus cautions that “Waiting
for the right climate change answer is a perilous course — it is like driving
100 miles per hour with your headlights off on a foggy night and hoping
there are no curves.”’

“How a society treats its most vulnerable is always the measure of its
humanity,” noted UK Ambassador to the UN Matthew Rycroft in 2015,
paraphrasing Gandhi.*! When considering multi-generational pollutants like

31 https://www.gev uk/gevemment/speeches/hew-a-seciety-treats-its-mest-
vulnerable-is-always-the-measure-ef-its-hwnanity. M. Gandhi said,

“The true measure of any seciety can be feund in hew it treats its mest vulnerable
members.”
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GHGs, the “most vulnerable” are easily identified: those not yet born. Are
we up to thetask? People living “conservatively” are risk-averse; they build
in buffers from disasters by doing things like buying insurance, having
sufficient savings, developing self-resilient and wide-ranging skill-sets,
becoming life-long learners so situational assessments benefit from the best
information available, and avoid catastophes to the extent possible, e.g.,
“don’t drink and drive”.

Climate change and other sustainability concerns have tumed political
definitions of “conservative” and “liberal” upside down. True conservatives
should be clamoring for green industrial policies and aggressive climate
action as the least risky pathways. Instead, they have become radical
chance-takers. When combined with the likely huge economic
competitiveness advantages of taking strong action now, climate change
risk reduction from strong, smart, 21-century-adept adjustments to global
BAU is close to a “no-brainer” if only we have the “guts” to get on with it.

Multiple considerations make climate action a positive economic
prospect: the generally high R@I of energy and water efficiency
investments; the crucial need for development patterns of the coming
decades to set-up people and enterprises to thrive with reduced energy/GHG
intensity; and the economic development advantages of imported energy
substitution and distributed energy systems — both nationally and regionally.
These strong economic advantages, combined with the well-documented
ripple effect of climate action on other critical sustainability goals and health
challenges from reduction of lifecycle fossil fuel air pollution (especially air
pollution), make a strong economic case for the type of serious action called
for by whole-system proposals such as those of Drawdown Project, the
Global Commission on Climate and Economy, and the Risky Business
Project.

@ur future is too important to be left to either wildly imperfect prices,
and/or markets not designed to address this problem, and/or misplaced
technological optimism.
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CHAPTER TWELVE

THE ROLE OF ETHICS AND GOVERNANCE
IN THE PURSUIT OF CLIMATE SCIENCE

CAROLE A. LEBLANC, PH.D.!

“We make a living by what we get, but we make a life by what we give”
Sir Winsten Churchill (1874-1965)

Abstract

This paper presents a brief examination of the sometimes-complicated
relationship between United States (U.S.) public policy and science. It
provides evidence of the current U.S. govemment’s attempts to keep
climate-related information from the American people, the distortion of
facts, and the perversion of federal agencies’ missions pertaining to
environmental protections. It is not without examples of political leadership
and tools to empower the average citizen, however. The purpose of this

! Carele LeBlanc is a retired Special Expert for the Bepartment ef Befense (De®),
United States Cede, Title 5, Part III, Subpart I, Chapter 99, § 99€3. In 2067,
Br. LeBlanc was awarded a Befense Special Act Award fer her part in the fermatien
of DeW’s texic and hazardeus chemicals reductien plan, mandated by Presidential
Executive @rder 13423. Prier te her 5-year appeintmnent at the Pentagen, she was
the Birecter of the Surface Selutiens Laberatery, the research facility ef the Texics
Use Reductien Institute (TURI) at the University ef Massachusetts Lewell. There,
she administered the state’s testing pregram fer premeting safer alternatives te
hazardeus selvents, based en Massachusetts’ Texics Use Reductien Act (TURA) of
1989. She was part of the TURA team that by 1998 had helped te reduce the ameunt
of texic waste generated in the state by 56%. In 1999, the TURA pregram weuld
receive the prestigious Ferd Feundatien Innevatiens in American Gevernment
Award in recegnitien ef this werk. Br. LeBlanc was the first American weman te
graduate frem Erasmus University’s decteral pregram in Sustainable Bevelepment
and Management. Teday, she is an Asseciate Research Faculty member at the
University of New England in Biddeferd, Maine, U.S.
https://www.une.cdu/peeple/carele-ann-leblanc.
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paper is to: (1) inform the reader, (2) offer recommendations to citizens
based on sound climate science and (3) provide a historical record for future
generations interested i ensuring truthfulness and #ansparency in
democracies.

Introduction

This is a difficult chapter to write because to tell the story accurately
requires more personal (i.e., first person) language than the author is
accustomed to using as a scientist. It involves narrating what it is like to do
research on climate change in the present politically-charged national
circumstance.

Swuggling even with the chapter’s title, no matter what my intentions, [
would doubtless alienate some readers whose political persuasions might
differ from my own. This is ironic, since I have served under U.S.
Republican administations, both at the federal and state levels. In the end,
I settled on using the term, ‘governance’ as opposed to ‘government’ in the
title since:

“Gevernance is the act ef geverning er ruling. [t is the set of rules and laws
framed by the gevernment that are te be implemented threugh the
representatives of the state. Simply put, gevernance is what gevernments
de”

Differencebetween.net

The distinction being that the U.S. federal government, like many
governments across the globe today, is currently not providing governance
in the traditional sense of the word. That is, the framework for #formed
decision-making, at least in some areas, is missing and, in some instances,
may be used to mislead the public, as this paper details.

“Weather is what you are wearing; Climate is what you
have in your closet.”?

During the 2018/2019 winter season, the President Trump would of ten tweet
after a bad storm, disparaging his own administration’s report on climate
change (Fig. 12.1).

2 Unattributable.
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@ Donald J. Trump © g

Well, it happened again. Amy Klobuchar
announced that she is running for President,
talking proudly of fighting global warming
while standing in a virtual blizzard of snow,
ice and freezing temperatures. Bad timing. By
the end of her speech she looked like a
Showman(woman)!

29,551 Reveets 142.993tkes A B =@ QG 2 P B

QO 6k 1 30Kk O 183k

Fig. 12.1 U.S. President Trump’s tweet en February 16,2019 disparaging climate
change

While net all ef the alinest 30,000 retweets may indicate suppert ef the
President’s claim, the tweet had ever 140,008 “likes’ in enc day. Cenflating
the twe 1ssues ef weather and climate is se cemmenplace that the U.S.
Natienal Acrenautics and Space Adminisicatien (NASA) has a website
dedicated te explaining the difference:
https://www.nasa.gev/missien_pages/neaa-/climate/climate weather.html.

Te summarize:

“Weather is what cenditiens ef the awnesphere are ever a shert peried of
tirne, and climate is hew the awxnesphere ‘behaves’ ever relatively leng
perieds of time.”

These repeated falscheeds by the President ef the United States have had
the unfertunate effect of mis-inferming the American public. Paradexically,
all ef the climate change medels ef which the auther is aware include an
increase in the number and/er intensity ef exreme weather events, like the
‘blizzard’ he mentens.
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In juxtaposition: The U.S. Senate champion for climate
action

Sheldon Whitehouse is an American lawyer and politician, serving as the
Junior U.S. Senator from the state of Rhode Island since 2007. He previously
served as a U.S. Attorney from 1993 to 1998 and as the Attorney General
of Rhode Island from 1999 to 2003. Whitehouse graduated from Yale

University in 1978 and from the University of Virginia School of Law in
1982.

®n March 17, 2018, Andrew Freeman® wrote:

“Every week the Senate has been in sessien since April 2812, ene lenely
Pemecratic senater frem Rhede I[sland, Shelden Whiteheuse, has taken te
the Senate fleer te speak abeut glebal warming. @n March 13 <2018>,
Senater Whitecheuse gave his 208th ‘It’s Time te Wake Up’ speech en
climate change.

The speech was atypical fer Whiteheuse, whe has grewn accustemed te
the unsettling feeling of standing virtually alene en the Senate fleer while
speaking abeut a tepic that he believes is of the utmnest impertance.

‘It’s a very hellew feeling. If yeu believe that this is a matter of such
censequence and that it’s geing te hit yeur heme state se hard that yeu are
geing te put in this kind ef an effert, then te have it be in an empty chamber,
it’s a little discencerting,’ he said in an interview, regarding mest ef his
climate speeches.

This time, theugh, te mark the anniversary, 19 ef his Bemecratic
celleagues jeined him te discuss the issue.

Whiteheuse’s speech was the culminatien ef years ef research and
determinatien en his part, fecused en a cembinatien ef disturbing new
scientific results as well as what he described in an interview as the ‘creepy
meld grewth’ of dark meney greupsspending milliens te stepclimate actien
and cenvince the American public that climate science is uncertain.

‘The fact that stands eut fer me, here at munber 208, is the persistent
faihire of Cengress te even take up the issue of climate change,” Whiteheuse
said. ‘@ne party wen’t even talk abeut it! @ne party is gagging America’s
scientists and civil servants, and striking eventhe term ‘climate change’ off
gevernment websites.’. ..

® Andrew Freeman is Mashable's Senier Editer fer Science and Special Prejects. A
fermer Senier Science writer for Climate Central and a reperter for Cengressienal
Quarterly, his writings have appeared in the Washingten Pest, enline at The Weather
Channel, and washingtenpest.cem in a weekly climate science cehunn. He helds a
Master’s in Climate and Seciety frem Celunbia University, and a Master’s in Law
and Wiplemacy frem The Fletcher Scheel at Tufts University.
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Whiteheuse says he’s learned a lot abeut the science preparing fer these
speeches, and alse has ceme te investigate why the pelitics of this issue are
se intractable. This has turned his gaze squarely en the Supreme Ceurt’s
2010 decisien in Citizens United v. FEC <Federal Electien Cemmittee>,
which allewed fer unlimited cerperate meney and se-called ‘dark meney’
te flew inte pelitics.

‘Climate failuwre and dark meney are twe sides eof the same cein,’
Whiteheuse said. ‘Dark meney is flewing te greups that premete the view
that climate change is net real, and alse punish Republicans that centemplate
acting te reduce the severity of the preblem.” ™.

https://mashable.cen/2818/@3/17/shelden-whiteheuse-28@-climate-
change-speeches/#5z17Zv46Esq

Withholding information: Based on a disdain for science
at the leadership level?

During the 2016 U.S. presidential campaign

“Give me a little spray...Yeu knew yeu’re net allewed te use hairspray

anymere because it affects the ezene, yeu knew that, right? I said, yeu mean

te tell me, ‘cause yeu knew hairspray’s net like it used te be, it used te be

real geed... Teday yeu put the hairspray en, it’s geed fer 12 minutes,

right...Se if I take hairspray and I spray it in my aparwment, which is all

sealed, yeu're telling me that affects the ezene layer? ‘Yes.” [ say ne way,
felks. Ne way. Ne way.”

Penald Trump

Campaign rally in Charlesten, Seuth Carelina, U.S.

May 5,2016

This was not the first time that the then-presidential candidate would
criticize the ban on chlorofluorocarbons (CFCs) once used as a propellant
in aerosol cans. @stensibly, the comments were made to disparage President
@®bama for his support of climate-related policies. CFCs were phased out by
the Montreal Protocol* in 1987, after scientists determined that the
chemicals were harmful to earth's ozone layer. The U.S. is a party to this
international treaty, whose successful implementation reduced the size of
the polar ozone hole.

* Fer an everview ef the success of this internatienal treaty see chapter ene, The
Montreal Protocol has reinvented itself as a climate protection treaty, by
Brs. Andersen and Sherman in, Demystifying Climate Risk Volume II: Industry
and Infrastructure Implicasions (Leblanc, C. ed., Cambridge Schelars Publishing,
2017).
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As te the ‘secaled aparmment’ theery: it is the nature ef a gas te flew
between indeers and eutdeers. This is chemiswry at the 70 or 8% -grade level.
@therwise, exygen (@) weuld net be available fer breathing and eccupants
of any apartment (including the Trump Tewer, the auther adds facetieusly)
weuld be asphyxiated. In 1995, Cratzen, Melina and Rewland wen the
Nebel Prize in Chemiswy fer demenswating hew ezenc (®:) ferms and
decempeses in the amnesphere. Twe ef these researchers cenducted their
werk in the U.S. They feund that CFC melecules, upen gradual wanspert te
the ezene layer, weuld be cleaved by ulwavielet (UV) light and release
chlerincatems, which decempese ezenc. In fact, a single CFC melecule can
deswey as many as 100,000 @ melecules by a precess lnewn as catalysis.®
The cemments reveal a remarkable disdain ef science.

After the 2816 U.S. presidential electien

In20817, I was reviewing a paper fer a celleague prier te its publicatien. ®@ne
of the graphics was net in sharp eneugh fecus fer print, se I went enline
searching fer a better, clearer versien. The fellewing message appeared
acress enc ef the websites in my search results (Fig. 12.2):

i
o
2
a
4
)

Envitoumental Topics Laws & Regulations About EPA _'[_&T

This page is being updated.

1 Thank you for v

Fig.12.2. U.S. EPA website with climate change indicaters remeved in 2817

3 Fermere infermatien en the precess ef catalysis, see chapter four, Precess Imprevement
in The Pharmaceutical Indistry: Using Cepper Catalysts by R Cenger.
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[ was shocked. [ was only looking for the /ist of climate change indicators:
obvious things like greenhouse gases (GHGs), weather and climate, etc. No
matter where [ looked on the U.S. Environmental Protection Agency (EPA)
website, I could not find the list. Meanwhile, a colleague at the university
where [ teach informed me that she had come across the same screen
message on a different matter in conducting her own research.

Then, on December 8, 2017, CNN reported that the U.S. EPA had indeed
removed references to climate change from its website®, according to a
study conducted by the Environmental Data and Governance Initiative
(https://envirodatagov.org/). The report gave examples of before-and-after
screen shots of the Agency’s websites where the climate-related information
had been deleted.

The withholding of scientific information is not just bad for public
education and research, it is bad for business. It puts American
entrepreneurs at a disadvantage to other competitors in the time-sensitive
development of alternative, new technologies.

Prior to his appointment by President Trump as EPA Administrator in
February 2017, Scott Pruitt (see bracketed area in Fig. 12.2) had sued the
agency over ten times to limit air and water pollution regulations as the state
of @klahoma’s Attorney General. His appointment was viewed as Trump
making good on the campaign promise to “get rid of” the EPA “in almost
every form” and leave it in “little tidbits.” Pruitt resigned July 5, 2018 amid
unrelated ethics scandals.

Every administation has the right to focus their efforts on what they
deem most important to them; that is the consequence of an election. But to
reach down so deeply into what citizens (the people who pay for the
research), scientists, and non-profit organizations routinely use, and remove
that material, is unconscionable. In the over 25 years that [ have been doing
climate-related work, this had never happened to me before. Whether by
design or by oversight, it is unacceptable in a democracy.

The battle for clean air

Besides withholding information from the American people, other attempts
have been made to change clean air protections under President Tramp’s
brief tenure thus far:

® https://www.cnn.cem/2817/12/88/pelitics/epa-climate-change-references/index html.
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e In December 2017, EPA Administrator Pruitt issued a memo reducing
the chances an energy plant will have to abide by sticter air quality
standards if it initially miscalculates its future pollutant emissions;’

e In January 2018, Pruitt issued a memo repealing a Clinton-era policy
known as “once in, always in”. The change means industrial facilities
deemed “major” sources of air pollution can once again be reclassified
as “minor” polluters and avoid tougher clean air regulations;? and

o In April 2018, President Trump issued a directive instructing the EPA
to work with states having metropolitan areas that fail to attain clean
air standards, giving them additional “flexibility” to meet them.®

@stensibly, these changes have been made to reduce regulatory burdens
and create jobs. But at what ‘costs’ and who is ‘paying’ for them? In
November 2018, the U.S. Supreme Court denied the Trump Administration’s
request for a stay in, Juliana v United States, and ruled that a group of young
people could, indeed, sue the federal govemment over its climate change
policies.!'®"!! @riginally filed in 2015, the lawsuit contends that the
government encouraged the production of fossil fuels, causing the planet to
warm and infringing on several of the plaintiffs’ fundamental rights. It lists
examples that the government knew the Earth was waming as early as
1965. The lawsuitrequests a court order for the govemment to decrease C@®,
emissions, and create a national plan to “restore Earth's energy balance”
and “stabilize the climate system”.12

“...these defendants are treating this case, ewr demecracy, and the security
of mine and future generatiens like it's a game. I'm tired of playing this
game.”

Kelsey Juliana, 22-year-eld plaintiff

@1, as the American anthropologist, Margaret Mead (1901-1978) would
say:

7 https//www.epa. gev/sites/preductien/files/2617-12/decuments/nsr_pelicy_meme
12.7.17 pdf.

8 https://www.epa.gev/newsreleases/reducing-regulatery-burdens-epa-withdraws-
ence-always-pelicy-majer-seurces-under-clean.

% https://www.whiteheuse gov/briefings-statements/president-denald-j-trump-
reducing-barriers-helding-back-american-manufacturers/.

1® https://www.supremeceurt. gov/erders/ceurterders/1 10218212 8ek®.pdf’

1 https://staticl squarespace.cemy/static/571d1 096844262781 52febe®/t/Sbdd®596f
950b72a53011c@c/1541211544365/2018.11 02+SCOTUS+Decision+x539 pdf.

2 https://static 1 squarespace.cem/static/571d1 09044262781 52 febe®/t/57a35ac5e
bbdlac®3847cece/1470323398409/Y eutbAmendedCemplaint AgainstUS.pdf.
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“Never deubt that a small greup ef theughtful, cemmitted citizens can
change the werld. Indeed, it is the enly thing that ever has.”

While some may question the validity of this lawsuit (I am notan attorney),
citizens have successfully sued tobacco companies for the harm they caused
by lying to customers about the dire health consequences of smoking
cigarettes. Most of us are not shareholders of those companies, but we are
taxpayers. A democratic govemment should be held to at least the same
standard of truth-telling for the results of publicly-supported research.

Citizen knowledge is power: Provided it is accurate
and followed by action

Scheolarship

In, Six Things That Citizens Around the 1World Urgently Need to Know
About Climate Change in Light of Several Recent Scientific Reports, posted
online November 28, 2018,3 the Scholar in Residence and Professor in
Sustainability Ethics and Law at Widener University Commonwealth Law
School Harrisburg, Pennsylvania, U.S.; divulged:

1. The enermeus magnitude of GHG emissiens reductiens necded te
prevent catastrephic wartning.

2. The speed of GHG emissiens reductiens needed te prevent catastrephic
warming,

3. Ne natien may either legally er merally use natienal self-interest alene
as justificatien fer their failure te fully meet their ebligatien under the
UNFCCC <United Natiens Framewerk Cenventien en Climate
Change>.

4. Ne natien may either legally er merally use scientific uncertainty as
justificatien fer their failure te fully meet their ebligatiens under the
UNFCCC.

5. Beveleped ceuntries must legally, merally, and practically mere
agsressively reduce their GHG emissiens than develeping ceuntries.

6. Beveleped ceuntries must legally, merally, and practically help finance
mitigatien and adaptatien pregrams in peer develeping ceuntries.”

Dr. Denald Brewn!*

13 https://ethicsandclimate erg/2 818/11/28/six-things-that-citizens-areund-the-werld-
wrgently-need-te-knew-abeut-climate-change-in-light-ef-several-recent-scientific-
reperts/.

4 Br. Brewn is alse a centributing auther te the UN IPCC Sth Assessment.
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The seminal reports on which Dr. Brown bases his six actionable items for
nations include:

United Nations (UN) Intergovemmental Panel on Climate Change
(IPCC) Special Report, Global 1T arming of 1.5°C (@ctober 2018);'°
Nature Communications, 21st-century modeled permafrost carbon
emissions accelerated by abrupt thaw beneath lake by K. W.
Anthony et al. (August 2018);! and

Proceeding of the National Academy of Sciences of the United States
(PNAS), Trajectories of the Earth System in the Anthropocene' by
W. Steffin et al. (July 2018).

These and other recent scientific reports on climate change:

“..lead te the cenclusien that the internatienal cemvmunity is facing an
urgent existential crisis that threatens life en Earth. Preventing this
catastrephe requires the entire internatienal cemymunity at all levels of
gevernment (natienal, state, regienal, and lecal) te engage immediately in
an unprecedented effert te rapidly reduce GHG emissiens te net zere in the
next few decades.”?

Tragically, those countries emitting the least amount of GHGs are the most
impacted by climate change.? In fact, as early as 2008, the UN wamed about
the impact of climate change on conflicts and refugees.*

Anatomy of ‘real’ fake news

But sound, scientific information is not always easy for the public to
distinguish from other sources of information. Reporters can also fall prey
to inaccuracies, if they do not follow through to their sources. Take the
unjustified discrediting of the International Agency for Research on Cancer:

“STEP 1: Mensante feeds a depesition ef scientist Aaren Blair te a Reuters

reperter, and accuses the scientist of deliberately cencealing key data
frem Internatienal Agency fer Research en Cancer (IARC).7

1 https://www.ipce.ch/sr15/.

18 The Anthrepecene is the current geelegical epech er age in which human activity
has had a deminant influence en the envirenment beginning, seme geelegists weuld
say, with the Industrial Revelutien.

17 Fer mere infermatien en [ARC, see chapter three, Pollution Prevention Options

Analysis System, by J. Marshall.
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STEP 2: Reuters publishes stery stating that in Blair's depesitien, Blair said
the data weuldhavealtered IARC's analysis. The reperter wrete: He said
itweuldhavemade it less likely that glyphesate weuld meetthe agency's
criteria fer being classed as ‘prebably carcinegenic.” Newhere in the
depesitien decs Blair say this, but Reuters failed te previde a link te the
depesitien, and queted Mensante saying the failure undermined IARC's
classificatien ef glyphesate. In additien te queting Mensante, Reuters
quetes a scientist whe has been paid te censult with Mensante as saying
[IARC werk was flawed’.

STEP 3: Same day Reuters stery cemes eut American Chemistry Ceuncil
issues press release premeting the Reuters stery, falsely saying Blair
‘deliberately withheld research which he admits likely weuld have
altered the cancer agency's analysis” Chemistry greup says
fundamental referm’ ef [ARC is needed. @ther chemical industry
greups repeat the false accusatiens, linking te each ether's pests, and
spreading narrative that Blair said the withheld data weuld have altered
the classificatien, which he did net say.

STEP 4: Mether Jenes magazine and ether media eutlets repeat allegatiens
in Reuters stery, alse witheut linking te actual Blair depesitien, giving
readers ne ability te see the true statements by Blair.

STEP 5: Chemical industry lebbies Cengress te investigate [ARC, queting
frem the Reuters stery and false statements attributed te Blair. Rep
Lamar Smith takes up the cause and is new threatening te strip funding
frem TARC.!® Tentative hearing <was> planned fer Feb. 6,2018.”

Carey Gillam!®

‘Spin’ on steroids: When does an exaggeration
become a lie?

To build acceptance of any policy, it is necessary to put the best public face
on it; that is understandable and commonplace. Most often, whether a policy
is eventually enacted, comes down to the fiscal cost of its implementation;
that is also understandable.

However, cost-benefit analyses can ignore or discount very real societal
costs to, for example, public health (increased rates of asthma, related

18 https://thehill.cem/pelicy/energy-envirenment/372517-gep-chairman-questiens-
us-funding-fer-internatienal-chemical.

1 Investigative reperter Gillam was the Seciety of Envirenmental Jeumalists
1st Place Winner of the Rachel Carsen Envirenment Beek Award in 2018 fer, White
Wash: The Story of a Weed Killer, Cancer and the Corruption of Science.
Rachel Carsen (1987-1964) was perhaps the best nature writer of the 20th centary
and auther ef Silent Spring (1962), which warned abeut the dangers of chemicals
like the pesticide, BBT. http://www.rachelcarsen.erg/.
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emergency reem visits, etc.), depending en whe is cenducting the analysis,
and te what end. The auther censiders the Trump Adminiswatien’s rellback
of @bama-cra prejected fuel efficiencies te be under false pretenses

(Fig. 12.3).2%

A0 Ty,

A 7 pared ¢ d B 2012
Calulased based oy "Preferred Altema tve™ Option i NPRM

.

Iincreased vehicle affordability leading to increased driving of newer, safer, more efficlent, and
jcleaner vehicles.

*  A$2,340 red uctioninoverall average vehide ownership costs for new vehides
¢ S1,850reduction tn Ihis average requiredtedhnology costs
o $450 reduction n ownership costs for finanting, Insurance, and taxes

* Quer 12,000 fewer arash fatalities over the kfetimes of ol vahides buitt through MY 2629
o Upto 1,000}ives saved annualty

|Manufacturer Impacts

Reduced regulatory costs and Increased new vehicle sates.
» $252.6 billion reduction in segutatory costs through MY 2029,

1 miltion 3dditional newvehicle s2les through MY 2029,

* Reduction fram $6%to 3% In the percentage of ydrid vehides needzd to complyinmy
2030,

* 37.0 mpg projected overdll Industry a verage required fue) ecanomy in Mys 2021-2026,
comparedtn4s.7 mpg pro jectedrequirement inMY 2025 under standardsisuedin20 12,

Under the preferved altemative, there wil! be lower costs, thousands of lives saved, and minimal
impact to fuelc ion and tihe envir 3
» OverSS0C bilfion reduction | n societs! costs over the lifetimes of vehides through MY 2029
© Technology costs: $252.6 billion
o Costs attributabletoadditiany fatalities: $77.1bilion
o Costs attributable to additional injuries: $120.4 billion
o Costs altributable to additional congestion and noise: $51.9 billion
$176 bHGan insoceta! notbene fits
2.3% increase in dally fuel consumatian
o About 0.5 million barrels per day increase in fuel sonsumption
* Increase fram 789.11 ppm to 782.76 ppm in atmospheric €02 cancent ration in 2100
o 3/1.000™ of a degree Celsius increasse in global average temperature in 2200

o 8/100% of 2 pereent increase in heric 0Oz conc ion in 2100
* No notiseable impact to net emissions o f smog-farmming or other “criteria” or taxe air
poliutaants

Fig. 12.3 The Trump Adminiswatien’s prepescd new rule fer Ceiperate Average
Fuel Ecenemy (CAFE) standards fer medel years (MY) 2021-2026

2https//www.nhtsa.gev/sites/nhisa.det. gev/files/decuments/rev_fact sheet cafe n
prm_by the numbers @83-tag pdf.
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Majer cencerns include:

¢ The decument is entitled a ‘fact sheet’ (in capital letters). Yet, it
begins with the assumptien that mere cars will be purchased under
the new (i.c., lewer) gas mileage target;

e Virtually all data peints listed thereafter are dependent en that
assumptien;

¢ The decument cerrectly uses the leges ef the Beparmment ef
Transpertatien and the Envirenmental Pretectien Agency under
which the rule was written. My greatest fear is that as all ef the facts
upen the new rule’s implementatien emerge, the public’s wust in
gevernment inswtuiens will be further ereded; and

¢ [t dewnplays the newrule’s impact en GHG emissiens (Fig. 12.4).

50MPG
5 Obama-era w—-_50 MPG
target P
40 e b
Average car fuel 4l ceen.- 35MPG
20 New Trump-era
target
10
0 .
2000 2018 2025
Source: U.S. EPA 2017 FueiEfficiency Trends Report

Fig. 12.4 Cemparisen of @bama-cra and Trump-era fuel efficiencies in miles per
gallen (mpg)

The results of the new Trump-era target are expected te be:

¢ An increase in fuel censumpmen by appreximately 560,008 barrels
of eil per day (an increase of up te 3%);

¢ Lecading te an increase in GHG emissiens at exactly the same time
we sheuld be significantly decreasing GHG emissiens.

EBSCChost - printed on 2/14/2023 11:25 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

216 Chapter Twelve

Interestingly, not all car manufacturers are in complete support of the new
rule. Based on my experience with the automotive industry, this may be due,
at least in part, to the necessary investments in production and
manufacturing design that had already begun in preparation for the ®bama-
era target. Basically, the govemment’s proposed lower, gas mileage target
will punish these companies for doing the right thing, putting them
potentially at a competitive disadvantage.

Not all states, especially California, are expected to agree to the new rule.

Recommendations for citizens

“Cencerned citizens need te meunt an aggressive educatienal pregram te
inferm civil seciety abeut aspects of the climate change threat that appear te be

peerly understeed.”
Br. Denald Brewn?

Proposed: Ten principles of climate action for citizen advocates

®nly by working together can advocates of sound, science-based public
policy for climate change prevail in the U.S. against the political power
wielded by groups like Citizens United?'. Consequently, the author
developed the following ten principles of climate action for citizen
advocates, based upon her years of work in the field and the latest climate
science detailed in this and the previous two books on climate risk
(Table 12.1):

21 In 2016, the U.S. Supreme Ceurt veted 5-4 in faver ef Citizens United v the
Federal Electien Cemmissien. The decisien extended “free speech” rights, usually
asseciated with individuals with regard te veting, te greups like cerperatiens.
Sixteen states and mere than 68@ cities and municipalities have called en the U S.
Cengress te pass a censtitutienal amendment te everturn the decisien. In 2814, an
attempt te de se, the Democracy For Al amendment failed in the Senate. See alse,
U.S. Senater Whiteheuse’ cemments en the ceurt’s Citizen United decisien and its
impact en climate change pelicy earlier in this chapter.
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Table 12.1 Ten principles of climate action for citizen advocates

1. Join forces with a group. Some organizations maype part of, or have
alliances with, national/international associations. Find the one that
best speaks to your ownm personal interests, for example, habitat
protection (Table 12.2). While emails, newsletters, etc., will keep you
updated, do not overdue this by joining several groups; otherwise, you
can quickly become overwhelmed.

2. Reward companies that practice environmental stewardship?’
with your business. Remember that not all commercial labels, and
names of companies, reflect much more than a sales pitch.
@rganizations like the U.S. Envirornmental Protection Agency (EPA)
Design for the Environment (DIE) program, and the non-profit Green
Seal, can help you make better informed purchasing decisions. You
can find these and other product labels at:
hitp:/www.ecolabelindex.cony.

3. Practice what you preach by reducing your plastic consumption.
Immediately stop using bottled water (it is not always demonstable
that bottled water is healthier to drink), and single-use plastic bags (it
takes 12 million barrels of oil to produce the amount of plastic bags
the U.S. uses every year, and most recycling facilities carmot accept
them). Support policies to dissuade the use of plastic bags.?

4. Volunteer in climate change action. Many environmental and
voting rights groups are always looking for, and very grateful for, all
kinds of help (see Table 12.2).

S. If you are working outside of the home, find out if your company
has a position or interest in climate change. Sometimes, all it takes
is for one employee to express a genuine and sincere concern for
management to consider involvement. Environmental engagement is
considered a ‘plus’ for many customers and, therefore, a competitive
advantage for some firms (see Principle 2).

22 “Envirenmental stewardship is the respensibility fer envirenmental quality shared
by all these whese actiens affect the envirenment.” U.S. EPA

23 Ireland was the first Eurepean ceuntry te tax plastic bags, decreasing their
censumptien by 9% and remeving 1.8 billien bags frem the waste stream since
2002. The tax generated $9.6 millien fer a sreen fund te suppert envirenmental
prejects. http://www.irishenvirenment.cem/iepedia/plastic-bag-levy/
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If this book has peaked your interest to learn more about climate
change, take a course at a local university, community college, or
online. If none is available in your area, suggest that your school
consider adding one to its curriculum.

If yvou have children in vour care, work to ensure that their
education includes how important a healthy climate is. It is not too
early to introduce these concepts, at the appropriate level, in grammar
school.

Consider a career in, or a career change to, a climate-related
discipline. Engineers and chemists are not the only professionals that
are needed now and in the years to come; environment, health, and
safety (EHS) specialists, communications experts, entrepreneurs, etc.,
are also needed. For some ideas, see: (1) CERES, “a sustainability
nonprofit organization working with the most influential investors
and companies to build leadership and drive solutions throughout the
economy”’, at https://www.ceres.org/ and (2) ACC@®, the Association
for Climate Change @fficers, at https://climateofficers.org/. Perhaps
attend one of their meetings.

If you are a person of faith, determine if your religious
community has a position on climate change to show respect,
care, and gratitude for creation. Ask that they consider ecumenical
efforts with other faith groups. For a list of religious communities that
have released statements on climate change, see:

https://www .interfaithpowerandlight.org/religious-statements-on-
climate-change/.*

10.

VOTE in every election. Local representation is very important to
climate change issues (for example, land management). Right now,
make sure you are registered to vote and if you need help, visit:
https://vote.gov/ (in the U.S.). If you need help on how/where to vote,
visit: https://www.usa.gov/election-day (in the U.S.). If you do not
have a computer, or you are not computer literate, your local library
may be able to help. Before you vote, make sure you understand the
issues (ballot questions, etc.) and the positions on climate change of
all of the candidates.

2% Fer instance, see the statement frem the Evangelical Lutheran Church in America
on the 2818 [PCC Repert and Caring fer Creatien at:
https://dewnlead.clca.org/ELCA%20Resource%2 8Repesitery/Envirenment [PCC
_Repert_Reseurce_1811v2.pdf.
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Table 12.2 Some organizations and environmental groups involved

with climate change

in alphabetical erder

Conservation Voters

httpsy//www.lcv.org/

Name Website Phone (U.5.)
1. 350.0rg https://350.0rg/ 646-801-0759
2. Audubon Society http://climate.audubon.org/ 844-428-3826
3. Common Cause htips://'www.commoncause.org/ 202-833-1200
M oy ey https:/Awww.edE.org/ 200-684-3322
5. Greenpeace htips://www.greenpeace.org/ 202-462-1177
6. League of

202-785-8683

7. League of Women
Voters

https://www.lwv.org/

202-429-1965

8. Natural Resources
Defense Council

httpsy//www.nrdc.org/

212-727-2700

9. Nature Conservancy

https:/fwww.nature.org/

703-841-5300

10. Public Citizen

https:/fwww.citizen.org/

202-583-1000

11. Rocky Mountain
Institute

https://www.rmi.org/

303-245-1003

12. Sierra Club

https:/fwww sierraclub.org/home

415-977-5500

13. Union of Concerned
Scientists

https://www.ucsusa.org/

617-547-5552

Another citizen tool: The Freedom of Information Act?’

In a political era when accurate, scientific data may be harder to come by, a
powerful tool for citizen advocates is the Freedom of Information Act
(F@®IA). Signed by U.S. President Lyndon Johnson and enacted in 1966, the
act generally provides (some exclusions apply, such as those issues
pertaining to national security) that:

¢ Any person has the right to request access to federal agency records
or information; and

o All agencies of the U.S. government are required to disclose records
upon receiving a written request for them. <emphasis add>

F@®I A searches undertaken by the goverrment are usually conducted within
a certain timeframe and may involve a cost. Nonetheless, as a former federal
employee who participated in such searches on behalf of an agency, I can

23 https://www feia gev/hew-te hinl.
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tell yeu that F@IA respenses must be as thereugh as pessible, and include
email searches fer the key werds previded in the request. Seme state
gevernments have their ewn versiens ef F@®IA 26

Concluding remarks

Frem 2010-2811, the auther was henered te represent the U.S. Beparament
of Befense (De®) as a member of the Nanetechnelegy Envirenmental and
Health Implicatiens NEHI) Werking Greup and a cenwibuter te the human
health sectien ef the Natienal Nanetechnelegy Initiative (NNI)
Envirenmental, Health, and Safety Research Sweategy (Fig. 12.5).27

The publicatien efthis +125-page decument required the ceeperation ef
dezens ef federal agencies, each with its ewn legitimate perspective and
agenda. But cach ef us were henest brekers; that is, all ef the representatives
understeed and respected that it was eur jeb te leek after the individual
missiens ef cach ef eur respective agencies.

National Nunonchnategy Taitiom've
ENVIRONMENTAL,
HEALTH, AND SATETY
RESEARCH STRATEGY

Nacional Science and Technology Council
Cormmiteee on Technology
Subcommittee on Nanoscale Science,
Engineenng,and Technology

Fig. 12.5The 2011 U.S. NNI Envirentmental, Health, and Safety Research Swategy,
an example effederal agency ceeperation

26 For example, the state of Maine: hitps://www.maine.gov/feaa/.
2 hitps://www.nane.gev/sites/default/files/pub_reseurce/nni_2011 ehs research
swategy.paf
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Now, imagine what would have happened if I had been asked to represent
the interests of the EPA while serving at the DoD. Neither agency would
have been served well, and all trust would have been lost in the process.

That is exactly what has happened with nominations and appointments
in the Trump Administration, most notably at the EPA under Scott Pruitt
with glaring conflicts of interest, as mentioned in this chapter, and at the
Department of the Interior under Ryan Zinke?®. These executive decisions
make a mockery of the intended functions of important govemment
institutions.

This chapter has focused on only a few of the highlights of the Trump
Administration’s efforts to unravel years of progress in environmental
safeguards. But there is some good news. While President Trump has often
repeated that he has pulled the U.S. out of the Paris Agreement?, the truth
is:

“By ceincidence or design, the precess of withdrawal can enly begin the day
after the 2020 U.S. presidential elections.”

Make no mistake about it: this is a fight. It is a fight that, along with
hundreds of thousands of others, I will continue to wage. Not for myself —
this country has been very good to me — but for the student who, one day in
the Fall semester of 2018, waited after class to thank me for how much she
had learned with a note containing a gift card to Dunkin’ Donuts (which I
treasure so much, [ may never use). It is for this young woman’s future that
we persevere.

Acknowledgements

The views expressed in this chapter are entirely the author’s.

28 Refer te the Preface for infermatien en Mr. Zinke’s brieftemure.

29 Tn Mecember 2015, Parties te the UNFCCC reached censensus en The Paris
Agreement. Its central aim is te strengthen the glebal respense te the threat of
climate change by keeping a glebal temperature rise this century well belew 2°
Celsius (C) abeve pre-industrial levels and te pursue efferts te limit the temperature
increase even further te 1.5°C.
https://unfccc.int/sites/default/files/english_paris_agreement.pdf.
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As a Jesuit'-trained scientist, [ have known for most of my professional life
that the Catholic Church has played a major role in the history and
development of the modem scientific method?, dating back to the Middle
Ages. Robert Grosseteste, Albert the Great, Roger Bacon, and Thomas
Aquinas are all part of that proud tradition. So for me, there has never been
a crisis between my faith and the practice of my profession. Stated plainly:
deliberate ignorance does not glorify God; if the Almighty gave you a brain,
he most assuredly expects you to use it.

Jesuit waining at Boston College® also provided me with an
understanding that authentic leadership requires service. This conviction
was further substantiated during my tenure at the Pentagon, where so many
people have chosen to serve and to sacrifice.

To wit, at the annual ‘Al Smith™* dinner in New York City on @ctober
28,2018, the United States (U.S.) Ambassador to the United Nations (UN)
said that she had been to some “truly dark places”, where the suffering
endured by many people would be:

“...hard fer mest Americans te imagine. [’ve been te the berder between
Celembia and Venezuela, where peeple walk 3 hewrs each way in the
blazing sun te get the enly meal that they will have that day. Whe’s giving
that meal? The Cathelic Church. I’ve been te refugee camps in Central
Africa where young beys are kidnapped and ferced te beceme child seldiers
and yeung girls are raped as a matter ef reutine. Whe was in the ferefrent of
changing this culture of cerruptien and vielence? The Cathelic Church.”
UN Ambassader Nikki Haley

! Term used te describe members of the Seciety ofJesus, an erder of Cathelic priests
feunded in 16% century Spain by Ignatius of Leyela. The Jesuits are knewn fer their
werk in educatien, intellectual research, and cultural pursuits threugheut the werld.
2 The systematic ebservatien, experimentatien, and measurement te test an
hypethesis (prepesed explanatien) fellewing the identificatien ef a preblem,
cenditien, etc.

3> Feunded in 1863 by the Jesuits, Besten Cellege (BC) is lecated in Chestnut Hill,
Massachusetts, U.S. BC’s eriginal missien was te educate the city ef Besten's
predeminantly Irish Cathelic immigrant cemmunity.

4 Al Smith was an American pelitician elected geverner of New Yerk state four
times and the first Cathelic candidate for the U.S. presidency in 1928.
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What has this got to do with climate change? {f we, as a society, decide to
address climate change successfully, it will undoubtedly involve both
(1) hard work and (2) personal sacrifice. This is not an effort to proselytize,
but rather to help make the connection between our morals and our actions
clearer. In other words, service to others can and should be joyous! How
else can we possibly hope to heal the climate risks and disparities that exist
around the world.

In 2006, the Catholic Climate Covenant was founded based on, Global
Climate Change: 4 Plea for Dialogue, Prudence, and the Comnion Good,
the 2001 statement of the U.S. Conference of Bishops. The covenant:

“Inspires and equips peeple and institutiens te care fer creatien and care for
the peer.”
https://cathelicclimatecevenant.erg/abeut/stery

The 2015 papal encyclical, Laudato Si' (Praise Be to You): @n Care for @ur
Common Home begins with a quote from the Canticle of the Creatures by
Saint Francis of Assisi, Italy (née Giovanni di Pietro di Bernardone
1181/1182-1226), founder of the Franciscan religious order.

The canticle is a hymn of praise which, according to Saint Francis,
summarizes the journey to God in and through the beautiful things of
creation manifesting God’s goodness. {t was composed one year before his
death, while laying ill in a small, dark hut The canticle reminds us that
humans are as dependent on the elements of creation as they are dependent
on us as their stewards. With his endearing respect for creatures of all kinds,
for sun, moon, stars, water, wind, fire, and earth, Francis refers to them in
human-family terms: mother, brother, sister.

The encyclical’s plea is:

“The urgent challenge te pretect eur cemmen heme includes a cencern te

bring the whele human family tegether te seek a sustainable and integral

develepment, for we freow that things can change <emphasis added>”
Pepe Francis I

How remarkably similar to the final public sentiments of U.S. Senator
John McCain recounted in the Preface.

Carole LeBlanc
Wells, Maine, USA
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Within months of my arrival at the United States (U.S.) Department of
Defense (DoD) in 2007, I was asked to put together a paper on the
depariment’s readiness for ‘REACH”, the European Union (EU) Registration,
Evaluation, Authorisation, andRestriction of Chemical Substances'. Enacted
in 2006, REACH addresses the production and use of chemical substances,
and their potential impacts on human health and the environment in the +25
member-state union.

DoD uses many products that the department does not manufacture, and
are obtained instead via commercial supply chains. Moreover, our forces
are stationed all over the world, including Europe. The products and
components bought and used by DoD still need to function properly in
extteme conditions (for example, components in a conflict area vs a
company office). The concern was that some newer alternatives, albeit safer
and greener, may not perform at the level DoD required.

When [ was given a draft of the response regarding REACH from
another DoD office, I was more than a little surprised. Basically, the draft
stated that the department was prepared, but I knew that was not exactly the
case. A previous EU directive, R®HS, the Restriction of Hazardous
Substances® had made it difficult for the department to easily identify the
contents of electrical and electronic equipment in defense supply chains,
pre- and post-passage of this law. Both REACH and R@HS are based on the
application of the precautionary principle’.

Asking why the paper was somewhat less than straightforward, I was
told: because that’s what they <management> wanted to hear (I am
paraphrasing). These were good, hard-working people who really thought
that telling the boss what s’he wanted to hear was part of their jobs. This
kind of misplaced loyalty at DoD is somewhat understandable, given that

! The text of the eriginal +808-page REACH regulatien is available at:
https://eur-lex eurepa.ewlegal-centent/EN/TXT/PBE/ Ani=CELEX:32086R1987& frem=EN.
2 The text of the eriginal R®HS directive is available at: https:/er-
lex.eurepa.eu/LexUriServ/LexUriServ.de?uri=@J:1.:2003:037:0019:0023:EN:PDF.
3 The chief characteristic of the principle is risk preventien in the face ef scientific
uncertainty, aiming te prevent harin before a hazard exists. Censider alse the medical
edict, primum non nocere (Latin for “fust de ne harm”).
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the department necessarily practices a form of hierarchical governance,
where following orders can mean the difference between life and death. It
is a culture prevalent not only in govemment, but in business as well.

I am grateful and proud that the department allowed me to re-write the
document, and the Secretary of Defense had the information he needed to
help reduce risks and better protect defense supply chains.

Here, then, is the moral of the story:

After years of working in what still amounts to a man’s field (e.g.,
chemical engineering), I am struck by the different ways men and women
solve problems, which I view as a good thing. This may be anecdotal, and [
am not speaking as a scientist, but men appear to me to be far more
competitive, obtaining much more of their identity/ego from their jobs.
Women, on the other hand, appear to me to be more inclined to network,
not caring as much, perhaps, on who gets credit for solving the problem (or
the blame for telling the wuth!); just as long as the problem gets solved.
Could this be the result of years of settling family disputes? I really donotknow.

As a Catholic, I believe that the child sexual abuse scandal involving
priests, who are all men, will not be fully resolved unless or until women
are granted positions of greater authority in the church. Likewise, I am
equally convinced that the representation of democratic goveriiments needs
to be proportionate to their male/female, whiteblack, etc., populations.
@nly then will a society’s real problems be identified and solved.

U.S. presidents face the same situation with their White House staffs,
and President Trump is no exception. Without a diverse staff and the ability
and courage to tell the Commander-in-Chief the wruth without retribution,
actual problems will not be identified, and others will only worsen. It is the
responsibility of the executive to promote a culture in which s/he can hear
and accept facts as they are revealed, and act on them for the betterment of
the country. Case in point: the real and present danger of the climate crisis
left unabated by the lack of a cohesive, U.S. federal policy to date.

In the next book, I hope to address the existential threat of climate change
with specific policy recommendations to dramatically, rapidly, and
responsibly reduce greenhouse gas (GHG) emissions. These proposals for
govemments will be postulated in much the same way, but m greater detail,
as the Ten Principles of Climate Action for Citizen Advocates presented in
chapter twelve, The Role of Ethics and Goveimance in the Pursuit of Climate Science.

Carole LeBlanc
Wells, Maine, USA
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