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About me

* Dr Franziska Arnold-Dwyer

« Senior Lecturer in Insurance Law, Contract Law and Sustainability at
Queen Mary University of London (QMUL) and UK-qualified lawyer

« Director of the QMUL Insurance, Shipping and Aviation Law Institute

» Relevant publications:
» Forthcoming book on ‘Insurance, Climate Change and the Law’ (Routledge)
» A Legal Framework for Net Zero Aligned Insurance Products (29(2) CILJ 1)
» Decarbonization and the Insurance Industry (Ain Shams Law Review 2023)

e https://www.gmul.ac.uk/law/people/academic-staff/items/fdwyer.html

e https://www.linkedin.com/in/franziska-arnold-dwyer-
00900 7950/70originalSubdomain=uk

 Email; f.arnold-dwyer@agmul.ac.uk
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IPCC, ‘AR6 Synthesis Report - Climate Change 2023’: Widespread and rapid changes in the atmosphere, ocean, cryosphere and biosphere
have occurred. Human-caused climate change is already affecting many weather and climate extremes in every region across the globe.
This has led to widespread adverse impacts and related losses and damages to nature and people. Vulnerable communities who have
historically contributed the least to current climate change are disproportionately affected.
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Climate change — socio-economic impacts

IPCC findings:

» Adverse impacts of climate change, development deficits and inequality
exacerbate each other. Existing vulnerabilities and inequalities intensify with
adverse impacts of climate change.

 Climate change increases the threat of chronic and sudden onset development
challenges, such as poverty traps, public health challenges and food insecurity.

A growing range of economic and non-economic losses have been detected and
attributed to climate extremes and slow-onset events under observed increases
in global temperature.

« Climate change threaten the achievement of the UN Sustainable Development
Goals (SDGSZ The projected number of Ipeopl_e living in extreme poverty may
increase by 122 million by 2030 as result of climate change.

Source: IPCC Report ‘Climate Change 2022: Impacts, Adaptation and Vulnerability’
(https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/)
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Addressing climate change — who is —'
responsible for taking climate action”?

 “Climate change is a common concern of humankind” (Paris
Agreement, Preamble): climate change does not respect
national boundaries and is a global problem that can only be
addressed through international co-operation

» Countries (194 signatories to Paris Agreement, including Brazil)

* Participation of all stakeholders, and in particular financial
institutions (COP27 Implementation Plan) — role of insurance
industry

« Communities and individuals: they need financial, technical and
other support to take climate action
QW FGV
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Can climate change risk be insured?

» Most insurance contracts = contracts of indemnity: insurer promises to
hold the insured harmless from loss or damage caused by an insured peril

 Climate change risks: physical, transition, liability risks

 Loss prevention: insurers cannot prevent the occurrence of the underlying
insured peril (wildfire, drought, windstorm, flood)

* Loss resilience: insurers can mitigate the financial impact of climate-
related losses from physical risks and liability risks

* Protection gaps:
* Insurability: natural catastrophe (nat cat) risk becoming increasingly difficult to insure
» Unaffordability
» Risk appetite and capacity of insurers: increasingly limited for nat cat risks

. iAcci:(es]g,tto ipsurance: reach of insurance distribution, financial literacy and awareness,
ack of trus

QW7 FGV

A




+

What else can the insurance industry do?

* Risk management: insurer and brokers can raise awareness of
and advise the insured how to manage specific climate change
risks

* Risk resilience building: insurers can require or encourage the
iInsured to make adjustments to the insured subject-matter and
its own conduct so that:

» the amount of loss likely to result from an insured peril is reduced
 the insured peril is less likely to occur

« Sharing expertise with governments, communities and other
stakeholders in managing climate change risk

QW7 FGV
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‘Shopping list’ for climate change risk -'
Insurance

* Risk transfer: financial protection against the impact of climate-
related losses

* Resilience building: risk mitigation and risk adaptation
measures to prevent or reduce losses

» Reduce protection gaps
* Make insurance more accessible
« Make insurance more affordable
* Improve insurability
* Increase capacity of insurers
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Traditional insurance

Risk + Premium —
Insured - g Insurer
«— Indemnity / Benefit

Example: standard property insurance — can my house be protected against
wildfire, drought, windstorm, flood etc. with insurance?

» Financial protection V (subject to exclusions, deductibles and limits)

* Loss prevention X

* Accessible ?

« Affordable ? / X if property is located in high-risk area

 Risk appetite and capacity: can be limited (dependent on reinsurance and

loss experience)
Q" FGV
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Climate Resilient Development Bonds

How can CRD Bonds make a difference?



A

CRD Bond — key features

* Insurance solution developed by Dr Franziska Arnold-Dwyer
(QMUL) and Julian Enoizi (Global Head of Public Sector
Practice at Guy Carpenter):
https://www.guycarp.com/insights/2023/06/the-need-for-a-sea-
change-in-climate-related-insurance.html

« Combines risk transfer and resilience building

* Provides insurance protection for climate-related loss on
community basis

» Uses stacked capital structure to attract commercial investors,
ESG investors and philanthropic investors to invest in ‘loss

prevention project’
QW FGV
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CRD Bond - structure (1)

Municipality /
community

Insurer

N

Investment in loss
prevention project

A

A 4

SPV / ILS vehicle

Trust / custodian

>

Investors Class A —
Commercial
Normal return

Investors Class B —
ESG
Lower return

Investors Class C —
Philanthropic
No return

Investment
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CRD Bond — structure (2)

Municipality M has identified, planned and approved a project that reduces or prevents a specific
climate-related loss (e.g. flood defences, irrigation / water recycle facility, reinforcing housing against
windstorms). This project may be combinable with preventive measures at household level.

M, on behalf of a community, insures with commercial Insurer | on a multi-year basis against that
specific climate-related risk (could be bundled into wider coverage).

M pays premium on behalf of community participants to Insurer |. The premium becomes more
affordable, and the insurance is more accessible as the scheme is organised on a community-wide
basis.

Insurer | reinsures the risk with an insurance special purpose vehicle (ISPV). The ISPV passes the risk
into capital markets by issuing bonds or notes to capital market investors. All investors will pay the

principal (the purchase price for a note).
QW FGV
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CRD Bond — structure (3)

* There will be different classes of investors differentiated by their philanthropic and risk
appetite — this is the capital stack. Thus, commercial investors (C) and ESG investors (E)
will pay principal that is purely risk-based, and philanthropic investors (P), will pay a
principal that has a small risk-based element and a dominantly project-funding element.

* The aggregate principal amount received from the investors and the premium received
by the ISPV are deposited into two separate accounts administered by a trustee.

* The risk-based principal amount and the premium - equivalent or exceeding in amount the

anticipated exposure to claims - are deposited into a collateral account administered by a trustee
who would arrange for those funds to be invested.

* The project-funding elements are allocated to the project fund account for immediate and
ongoing funding for the loss prevention project.
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CRD Bond - structure (4)

The investors’ coupon, (interest payments), are made up of return on the investment of the collateral. The C
investor coupon is fully donated, and the E investors coupon is partially donated, to the project fund
account.

If a qualifying event (the relevant climate-related loss) occurs, Insurer | pays a claim to M for distribution to
affected households. Where appropriate, households must use some of the compensation to build-back-
better. The ISPV will draw on the collateral to make a payment reimbursing insurer A. As the collateral
reduces, coupon payments will reduce too.

Upon the implementation of the loss prevention project, the risk profile of the structure should improve and
the risk of a triggering event and subsequent payment should diminish. The risk reduction could be
monetised by offering premium rebates and/or reducing coupon payments to C, E and P, and such saving
would be used as further funding for the project.

At the end of the term, the remaining collateral is returned to the investors. The order of priority in
repayment should be P investors, then E investors and last C investors, reflecting that the C investors should

bear the greatest risk of loss having had the greatest return.
QT FGV




How does the CRD Bond score on the —'

shopping list?

- Financial protection of the insured V (subject to exclusions,
deductibles and limits)

- Loss prevention V (loss prevention project)

« Accessible V (improved through community-based insurance)

- Affordable V (savings through community-based insurance)

« Insurability ¥ (improved through loss prevention measures)

- Risk appetite and capacity of insurer: vV (improved through
access to the capital markets and other types of investors)

QW7 FGV
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CRD Bonds — what next?

Planning the implementation of a pilot project in Brazil:

|dentify area of high climate change impact in Brazil

Develop a ‘loss prevention project’: water recycling project
Develop the CRD Bond structure to meet implementation needs
|dentify and work will local communities/ regions

Modelling risk

|dentifying investors and project partners

Professor Gesner de Oliveira Sao Paulo School of Business
Administration at Fundacao Getulio Vargas (FGV EAESP) to outline
the different elements of the project)

Q" FGV
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Three componentes to implement the a CRD ‘
experiment in Brazil...

1. Climate Resilient

Development
(CRD) Bond

2. Climate change 3. Adaptation and

and areas of
potential impact

mitigation
mechanism
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Two steps: choice of the region and adaptation an“
mitigation mechanisms...

Commercial
‘ Normal return

Municipality / Investors Class B —

communit Insurer <> SPV /ILS vehicle ESG
y Lower return

_ Investors Class C —
Trust / custodian Philanthropic

/\No return
Investment in loss Investment
prevention project
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Climate change and areas of potential impact..

Prof. Thelma Krug

Graduated in mathematics - Roosevelt University (1975), Master's in Probability and Statistics from Roosevelt University
(1977) and Ph.D. in Spatial Statistics from University of Sheffield (1992).

She also served as Deputy National Secretary at the Secretariat for Science and Technology Programs and Policies at
the Ministry of Science, Technology and Innovation, and National Secretary at the Secretariat for Climate Change and

Environmental Quality at the Ministry of the Environment.

In October 2015, she was elected vice-president of the IPCC. She is a member of the Board of Trustees of CIFOR
(Center for International Forestry Research) and accredited on the expert panel of the United Nations Framework
Convention on Climate Change to review national greenhouse gas inventories, national communications, biannual reports
and REDD+, between others. Provided technical support to the Ministry of Foreign Affairs in the negotiations of the United
Nations Framework Convention on Climate Change over the last 13 years (until 2015), mainly on issues related to
forests, land use, inventories, clean forest development mechanism and REDD+. Received the title of Knight of the Order
of Cartographic Merit from the Brazilian Society of Cartography; the Austrian Mission Award from the Board of the
Geographical Service; high distinction medal from the Legion of Merit of the Brazilian Academy of Engineering and the
Globo Award:

"'/
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The data from Adaptabrasil show an index of risk of—'
drought impact for each municipality in the country..

Forecast 2030 Drought Risk Index - pessimistic scenario  Forecast 2030 Drought Risk Index - optimistic scenario
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The data from Adaptabrasil show a risk index of the impact
of floods for each municipality in the country...

Forecast 2030 Drought Risk Index - pessimistic scenario  Forecast 2030 Drought Risk Index - optimistic scenario
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. : : PROJECT
Choice of a region to implement the PROPOSAL

CRD bond... DESCRIPTION

= Desirable characteristics for the region:

= Communal authorities willing to participate and having the ability to participdte
= Community people must be included
= Big enough for the CRD bond to be deployable

= Be affected by a specific risk or a combination of risks

* Risk can be divided into three categories
= Risk exposure
= Risk vulnerability

= Risk type (hazard) - flood, drought

W FGV
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Possible
case for a
pilot

project:
Ribeirao
Preto(SP)

Floods

2030 pessimistic scenario
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Mais sobre esse dado

2030 optimistic scenario
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0,83 Muito alto

S

Mais sobre esse dado

Droughts

2030 pessimistic scenario
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2030 optimistic scenario
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Step 2a: Adaptation and mitigation mechanism: water reuse...

Prof. Ana Silvia

She is a civil engineer graduated from the Federal University of Minas Gerais — UFMG (2003), Master (2005) and PhD (2010) in
Civil Engineering (Water Resources and Sanitation Technology) from the Federal University of Rio de Janeiro (COPPE/UFRJ).
Postdoctoral in 2020/2021 (University of Minho/Portugal). Since 2015, she has been an adjunct professor at the Department of
Sanitary and Environmental Engineering (DESMA) at the State University of Rio de Janeiro (UERJ). She was Coordinator of the
undergraduate course in Environmental and Sanitary Engineering at UERJ and acts as a permanent member of the graduate
programs in Environmental Engineering at UERJ: Master's (PEAMB) and Doctorate (DEAMB). Works on technical-scientific

projects related to water pollution control, sewage treatment and water reuse. She is the founder of reusedeagua.org

Maira Lima

M.Sc (Cofundadora e Vice-Diretor of IRJA )Environmental Engineer at State University of Rio de Janeiro / Brazil (2019) and
Environmental Manager at Federal Institute of Education, Science and Technology of Rio de Janeiro (2014) - IFRJ; M.Sc. in
Environmental Engineering. Researcher at Research Group “Water Reuse (Effluent and Rainwater): Technologies, Management
and Governance” (2022). Environmental consultant with experience in sanitation infrastructure projects, water resources

management, ESG and environmental education. Co-founder and Vice-Director of Instituto Retiso de Agua.




Step 2a: Water reuse...

/

Stage 1 — WWTP categories and flow rate
Definition of effluent categories and flow rate
estimates, according to the efficiencies of organic
matter removal and pathogenic organisms
inactivation/removal

\

4

PROJECT
PROPOSAL

DESCRIPTION

/

-

Stage 2 — Irrigation demand
Compilation the water demands for irrigation of
each Brazilian Hydrographic Region

\

= The project intends to
apply water reuse as

Stage 3 — Water reuse potential
Comparison between the production of reuse water from the WWTPs and water demand for irrigation for
each Brazilian Hydrographic Region

/) the  mitigation and
adaptation of loss
prevention

= With water reuse,

problems with droughts
can be attenuated

Source: Lima et al (2021), Water reuse potential for irrigation in Brazilian hydrographic regions.

Water Supply1 September 2021; 21 (6): 2799-2810. doi: https://doi.org/10.2166/ws.2020.280
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Water demand and potential capacity of recycled water...

Atldntico Nordeste Parnaiba
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Source: Lima et al (2021), Water reuse potential for irrigation in Brazilian hydrographic regions.
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With the installed irrigation potential, the risk of microbiological contamination is

acceptable for the reuse of water in plantations with largest water demand...

A

12 HR Atlantico.Nordeste Ocidental
/4-HR Atlantico Nordeste Oriental

1 o
HR Amazénica 7 f -
< *
: & & (HR Parpaiba
4 9 |

. . “h .
, R Tocantins
Yesreys! g HR S3o Francisco
5
Water demand for irrigation ' HR Atlantico Leste

59.81 m3/s \
3
HR Paraguai

6 11°'HR Atlantico Sudeste

““HR-Rarana- -

o
Wy g VEL

o ﬂ'l‘t‘ :
2
-

HR Uruglﬁ’m 9

%, H e.ﬂéntico Sul
Water demand for irrigation '~,. s
147.57 m3/s 5*
Water demand for irrigation

.

234.34 m3/s

Source: Lima et al (2022), Water reuse in Brazilian rice farming: Application of semiquantitative microbiological risk assessment,

Brazilian States
:'_'_'_': Tocantins

(Wastewater treatment rate = 29%)
:'_'_'_': Santa Catarina

(Wastewater treatment rate = 24%)

" "™ Rio Grande do Sul
(Wastewater treatment rate = 26%)

Water Cycle,Volume 3,2022,Pages 56-64,1SSN 2666-4453, https://doi.org/10.1016/j.watcyc.2022.04.003

 Uruguai, Atlantico Sul,
and Tocantins-Araguaia
River Basin have a high
potential for the
application of water
reuse in the irrigation of
rice crops by furrows or
by flooding

* For both the secondary
effluent and the
disinfected secondary
effluent, it was possible
to reach an acceptable

risk
QW FGV



Step 2b: Adaptation and mitigation mechanism:
Sustainable Drainage...
Ceci Caprio

Civil engineer Ceci Bueno de Caprio, with a specialization in Urban Engineering from the
Federal University of Sdo Carlos for 25 years, completed her studies at Fundacao Gettlio
Vargas, in Business Management and recently at Insper in Public Management. She
started her career as a design engineer in the sanitation area, worked at Empresa GS
Inima, in the Ribeirdo Preto concession as a new business analyst. She was at the head of
the Planning and Works Board of the municipality of Mirassol where she began her career
as a public server. At SSMAE in Sao José do Rio Preto, a water and sewage authority, she
was coordinator of capture, operation and distribution of water systems, later of technical
registration and geoprocessing and for 4 years, Manager of Planning, Projects and Works,
where she developed the planning the actions and investments of the municipality, aiming
at the adequate growth of the infrastructure, following the rhythm of the city, with lower
cost and greater efficiency. For all the experience acquired in her carcer with the
government, she now works as a consultant and engineer in projects involving social and

environmental public policies.




Step 2b - Sustainable Drainage (NBS)... ‘

Examples of water acumulation system

* Sustainable drainage consists of
creating mechanisms that
accumulate water in higher
places.

* In places that historically
accumulate water, let it Infiltrate
and enter the soil, avoiding
overflows/flooding

 Create conditions so that water
does not change its profile in the
environment
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Economic analysis and incentives..

Gesner Oliveira

Economist and Partner at GO Associados. Former President of Sabesp and Coordinator of numerous projects in the sanitation area
for national and multilateral organizations; Author of books and articles in the area of infrastructure and sanitation; Director of the
Division of Basic Sanitation of the Department of Infrastructure - DEINFRA of FIESP and member of the Superior Council of
Infrastructure - COINFRA of FIESP; President of the Administrative Council for Economic Defense/CADE (1996-2000); Secretary of
Economic Monitoring of the Ministry of Finance (1995) and Deputy Secretary of the Secretariat for Economic Policy of the Ministry
of Finance (1993-1995); Ph.D. in Economics from the University of California/Berkeley, Master in Economics from the Institute of

Economics at UNICAMP and Bachelor of Economics from the Faculty of Economics and Administration of the University of Sao

Paulo/USP.

Luccas Saqueto

Economist and Corporate Coordinator at GO Associados.

Master in Political Economy and graduated in Economics
from PUC-SP. Experience in the credit analysis sector,
education public policy sector and macroeconomic
analysis. Participates in the Corporate Governance

Committee of GO Associados.

Antonio Ricciardi Macedo

PhD candidate in Applied Economics at the
University of Sdo Paulo (USP). Bachelor in Business
Economics and Controllership from USP. Experience
in macroeconomics, economic cycles, time series

and forecast of macroeconomic variables. Internal

consultant at GO Associados and responsible for

macroeconomic forecast
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Timetable... ‘

Steps 10/2023 12/2023 02/2024 04/2024 06/2024 08/2024

Choice of Region

W FGV
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