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Reminder - Post-Event Resources Q&A
. Please keep your camera and ~ The session will be recorded. Please share your questions
——— microphone off for the entire - The post-event resources via chat box (If possible, please

duration of the event including slides and recording
will be sent out after the event

concludes.

indicate which speaker(s) to
address your question(s))



Agenda

Welcome and Introduction from the Chair

Presentation on WB - OIA work

Presentation from OIA

Presentation from UK CGFI on potential
applications for OlA's work

Q & A and closing remarks

Olivier Mahul, Practice Manager, Crisis and Disaster Risk Finance, Finance,
Competitiveness and Innovation Global Practice, World Bank

Shoko Takemoto, Disaster Risk Management Specialist, World Bank
Tokyo Disaster Risk Management Hub

Jim Hall, Professor of Climate and Environmental Risks, University of Oxford

Nicola Ranger, Deputy Director, UK Centre for Greening Finance &
Investment and Head of Sustainable Finance Research for Development,
Oxford Sustainable Finance Group

All Participants



Shoko Takemoto, Disaster Risk Management Specialist, World
Bank Tokyo Disaster Risk Management Hub




Analytics for Financial Risk Management of
Critical Infrastructure in Southeast Asia

Piloting the Next Generation Analytics for
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Ol /About Summary Infrastructure networks

Hazards Roads Rail Electricity

Select layers

Power Grid
m Railways
= Trunk Roads
m Motorways
== Primary Roads
m Secondary Roads
Tertiary and Other Roads
Coastal flood depth (m), 100yr
® Fluvial flood depth (m), 100yr

Cyclone gust speed (m/s), 100yr
Coastal flood depth (m)
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ID: 482959027 Total Expected Risk: $360-1,440
ID: undefined (no exposure calculated)

0 25 5
Fluvial flood depth (m)
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i Data Sources and Outputs

The study assembled a number of globally available datasets for SE Asia to be incorporated within the web interface and fed into the analysis.

Data type Source

Hazards

Fluvial and coastal flooding

WRI Aqueduct

Cyclones STORM IBTrACS model
Networks

Road links OpenStreetMap + OSRM
Railway tracks OpenStreetMap
Electricity transmission lines Gridfinder

Fragility estimates

Koks et al. 2019; Miyamoto et al. 2019;
Habermann and Hedel 2018

Socio economic impacts

People affected

Grided Population Density/Count
(WorldPop Population Data)

Economic impact

Gridded GDP per capita (DRYAD Gridded
GDP)

Costs

Koks et al. (2019), World Bank ROCKS
database; World Bank PPI database .

Outputs within the web interface
Infrastructure failure probability by infrastructure sector

Probabilistic estimates of infrastructure damage
« Expected annual damages (EAD) — At asset level

» Loss-probability distributions - At province level: by
hazard and sector

Probabilistic estimates of wider economic losses

» Expected annual economic losses (EAD) — At asset
level

» Loss-probability distributions — At province level : by
hazard and sector

CBA of some resilience interventions: retrofit (Vietnam only)



Next Steps

2nd Phase | 2022/2023

1. Enhancing the existing criticality risk
analysis framework

2. Validating risk analysis output for pilot
countries

3. Further develop the previous Southeast
Asia prototype platform




Next Steps

Operational support
Disaster Risk Finance for Resilient
Infrastructure Project

Global partnerships
APEC-DRFI Working Group
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Jim Hall, Professor of Climate and Environmental Risks,
University of Oxford
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‘We cannot handle anymore,’ Jamaica member
of parliament says after storms Zeta, Eta

BY JACQUELINE CHARLES
Yy f ¥ »
NOVEMBER 10, 2020 03:53 PM, UPDATED NOVEMBER 11, 2020 07:23 AM

Jamaica has beendevastated by tropical storms Zeta, Eta

.
-

Two tropical storms, Zeta and Eta, has left Jamaica devastated. Many roads and bridges have been washed out,
while flooding from swollen rivers continue. Climate change, said Member of Parliament Juliet Holness, is real.
BY JAMAICA MEMBER OF PARLIAMENT, ST. ANDREW EAST RURAL, JULIET HOLNESS OFFICE




Prime Minister Andrew Holness @COP26:
“A single disaster can set back the development of a
small island for years”

2017 Rains
* |Infrastructure damages contribute

between 15 to 90% total damages for the |EEEEESUIACES) '
seven largest storms in Jamaica from
2004

e Average annual losses related to
hurricanes are over SJ 5 billion Nicole (2010) |

|
Sandy (2012) =

I
Gustav (2008)

» Highest recorded infrastructure loss (SJ Dean (2017)

18 billion) in tropical storm Nicole
Ivan (2004)

| 5
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 ;J'

m Ports/Airport mWater mElectricity mTelecoms mTransport mInfra = Total




Questions vulnerable countries need to ask

Where are the most vulnerable infrastructure assets located?

How likely are climate hazards, like hurricanes and floods, to hit those infrastructure
assets?

What are the direct damages and indirect economic losses to infrastructures due to
climate hazards?

How might infrastructure risks change in the future due to climate change?

What are the adaptation options that can enhance infrastructure resilience to climate
impacts?

How can adaptation investments be prioritised to reduce the highest climate risks to
infrastructure assets?

UNIVERSITY OF

OXFORD




Exposure Risk Adaptation Nature-based solutions

Climate-related risk analytics for
transport, energy & water
infrastructure in Jamaica

Supported by: Oxford Programme for Sustainable
Infrastructure Systems for the Government of Jamaica (Go))

Funded by UK Aid (FCDO)

Data

About

The Jamaica Systemic Risk Assessment Tool
(J-SRAT) supports climate adaptation
decision-making by identifying spatial
criticalities and risks under current and future

climate scenarios. We focus on:

Transport

Road links and railway lines, ports and airports

Energy

Electricity transmission and distribution:
generation, lines, poles and substations

Water

Water supply and wastewater networks, wells

and irrigation canals



Infrastructure networks

Multiple Hazard
Return Period maps

Risk Methodology

Flooding, Tropical

Energy, Transport, Water

Cyclones

Infrastructure asset damage
curves

Cost Damage ratio (*

Hazard intensity

Infrastructure asset economic loss estimates|

Hazard specific and combined Direct
Damage + Indirect Loss Estimates

—=— Cydone winds damages
== Uncertainty range

Expected Annual
m Risk = J$ 13 billion

Damages + Losses (J$)

Hazard exceedance probability

Infrastructure direct damage maps

Expected Annual Damages (US$)
— o400

Infrastructure indirect loss maps

Expacted Annual Losses (1$ millan/day)




Hazard datasets

All hazard datasets have full coverage over the entire island of Jamaica

Exceedance

Intensities and spatial

Hazard type (data source) Probabilities (1/return extents Climate scenario information
periods in years)

Fluvial (river) and Pluvial . RCP 2.6. 4.5 & 8.5 emission

flooding « 1/20, 1/50, 1/100, 1/200,  Flood depths in meters over scenarios
(JBA UK global flood map 1/500, and 1/1,500 30m grid squares. . Current + future maps in 2050

| product) and 2080

. o RCP 2.6, 4.5 & 8.5 emission
Coastal flooding (storm surge) Flood depths in meters over scenarios

11,172,175, 1710, 1/50, 17100 90m grid squares. . Current + future maps in 2030,

2050, 2070 and 2100
RCP 4.5 & 8.5 emission

(Deltares NL Caribbean product)

Tropical cyclones (winds) 26 different exceedance 10 minute sustained maximum .

probabilities from 1/1 to wind speeds in m/s at 10km zcuer?:r?to+ future maos in 2050
Droughts (REGCM4) i

No exceedance probabilities  Daily rainfall and precipitation * sRc%ﬁai}g, 4.5 & 8.5 emission

(specific to water assets only)

SN L o
Coalition for
> =~
Ry & ‘\ OGREEN cca Climate Resilient
OXFORD ukaid CLIMATE Investment

from the British people FUND




Infrastructure datasets

All infrastructure datasets have full coverage over the entire island of Jamaica

Sub-sector Asset highlights Data sources

Important failure attributes

. Damage costs (J$), . NSDMD
Generation 9 Power plants . Population served . JPS
Sy . GDP disrupted (J$/day) . MSET
. 59 Substations, 30,000 Poles *  Damage costs (J$ or J$/m) *  OWR
Transmission & Distribution 11.440 kms of overhead lines . Population served o OpenStreetMap
’ . GDP disrupted (J$/day) . STATIN
. Damage costs (J$/m?2),
Airports 7 airports areas . Annual passengers,
. Annual freight (tonnes)
. Damage costs (J$/m?2),
Ports 13 Port dock areas . Annual passengers, ° NSDMD
. Annual freight (tonnes) ° “\I/?VSCC
ULl . 20 functional stations . Damage costs (J$ or J$/m) °
Railways . . ) . MTM
201 kms of functional tracks . Trade flow disruptions (J$/day) . STATIN
. Damage costs (J$ or J$/m),
Roads 572 bridges . Reopening costs (J$ or J$/m),
23,200 kms of roads . Road traffic counts
. Trade flow disruptions (J$/day)
Potable water :’:ggop:ri:; i)sfse:tselines : gg‘riﬁlgt?ozoss;sw(:g ormh
’ Al «  GDP disrupted (J$/day) «  NSDMD
178 Wells Damage costs (J$ or J$/m) . NV
Water Irrigation 248 kms of canals and 220 kms of nag ) * NWC
g Agriculture GDP disrupted (J$/day) o NIC
pipelines STATIN
L]
Wastewater 151 Point assets . Damage costs (J$ or J$/m)
2 . OpenStreetMap
Buildings Buildings 995,984 buildings . Damage costs (J$/m?) . NLA
. GDP disrupted (J$/day) . STATIN

Oxford Programme 2
for Sustainable UNIVERSITY OF

Infrastructure

Systems OXFORD

ukKaid

from the British people

Climate Resilient
Investment




J-SRAT Exposure Risk Adaptation Nature-based Solutions Data

~ Infrastructure

> B Power
> [0 Transport
> [ water

Asset type

MONTEGO
BAY

Hazards

Power Lines (High Voltage)

[J River Flooding

[ surface Flooding KINGSTON

[J Coastal Flooding

[J cyclones

» Buildings

» Regions

|
Oxford Programme
for Sustainable
Infrastructure
Systems




screencast_00009.mp4

~ Infrastructure

> [J Power
~ @ Transport
> [J Rail Network
v @ Road Network
v Roads
m Class A
= Class B
= Class C
= Metro

Track

Other
[J e Bridges
> [ Ports
» [J Airports

> [J water

Asset type

| “Oxford Programme
for Sustainable UNIVERSITY OF

Infrastructs
Systems OXFORD




J-SRAT Exposure Risk Adaptation

« Infrastructure

> [ Power

> [J Transport

v B water
> Potable Water Supply
> Irrigation

> [J wastewater

Asset type

» Hazards

» Buildings

» Regions

Nature-based Solutions

DEIE]

| “Oxférd Programme

for Sustainable
Infrastructure
Systems

UNIVERSITY OF

OXFORD




Infrastructure hazard damage possibilities

» The table below shows all instances of types of hazards exposures, which could lead to infrastructure asset
damages for the assets considered in Jamaica
+ The damages induced on the asset will be a function of the hazard intensity and asset fragility

Sector Sub-sector Fluvial, Pluvial and Coastal Flooding Tropical Cyclone Winds
Generation & Substations Y (excluding solar and wind plants) Y (excluding solar and wind plants)
Energy Transmission & Distribution
. N Y
Poles and Lines
Airports Y Y
Ports Y Y
Transport
Railways Y N
Roads Y N
Potable water Y Y
Water Irrigation Y N
Wastewater Y N

SN L o
Coalition for
> =~
Ry & ‘\ OGREEN cca Climate Resilient
OXFORD ukKaid CLIMATE Investment

from the British people FUND




SRAT failure metrics

Service area of substation
(disrupted economic activity)

Flooded substation

(directly damaged) . . ) .
The main failure metrics from the analysis

= include (shown in the figure):

- T ® =

- Infrastructure @ Q =] . ags .
5 Sl -+ Damages corresponding to rehabilitation
» B Power . costs associated with replacing assets
> [0 Transport . " ° . .
— IR ARy corresponding to different hazard return
AN * 2B .
T A periods
Asset type a|l - ot :.o AL Y .:;:3“""“9%1 e
&' "n Il (- e - : L ] .
— it MR » Losses corresponding to GDP/day
AR e . . -~ -
' Mg sl AR AL 17 4" n- associated with the buildings using the
» Buldings ® L . Jy _ services of infrastructure assets and
*regons el T TR o oy the disruption of trade and labor using

transport assets.

SN L
Coalition for
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Ry & ‘\ ‘GREEN cca Climate Resilient
OXFORD ukaid CLIMATE Investment

from the British people FUND



SRAT output metrics

The main output metrics from the analysis

include:

« Expected Annual Damages (EAD)
(direct physical risks) estimated as the
area under the direct damage vs
exceedance probability curve

[
b=}
=

Expected Annual Risk =
Area under loss probability curve

w -y
=] =]
S =)

Damages + Losses (J$)

 Expected Annual Economic Losses
(EAEL) (indirect economic risks)
estimated as the area under the
economic loss vs exceedance Hazard exceedance probability (1/return period)
probability curve

SN L .
Coalition for
> =~
e ‘\ ‘GREEN cca Climate Resilient
ukaid CLIMATE Investment

from the British people FUND




Baseline climate risks — Sector specific direct damage risks

* Roads and potable water assets are most affected by fluvial and pluvial flooding.  Observed annual

+ Ports airports are most affected by coastal flooding infrastructure damages:
+ Ports and energy assets are most affected by cyclone winds J$2-18billion
Fluvial flooding Direct Physical Risks Pluvial flooding Direct Physical Risks Coastal flooding Direct Physical Risks Cyclone winds Direct Physical Risks
I Direct Damages (Mean Value) N Direct Damages (Mean Value) N Direct Damages (Mean Value) Il Direct Damages (Mean Value)
—— Min-Max Range ) —— Min-Max Range J —— Min-Max Range —— Min-Max Range

Wastewater Treatment -

oo i 1

Railways 1 I

Potable water

Ports

— -
e

*%
*F - _ aa
=

Irrigation -
Energy
Airports | P
0 5 10 15 20 0 5 10 15 20 0 0 5 10 15 20
Expected Annual Damages (1% Billion)‘ Expected Annual Damages (J$ Billion) Expected Annual Damz!ges (J$ Bnllmn) Expected Annual Damages (J$ Billion)

~d
Coalition for
> N
UNIVERSITY OF A ‘ OGREEN ca Cllmate ReSilient
OXFORD U Kaid CLIMATE Investment

1 the Brilish peaple FUND




Damage and economic disruption: electricity lines

Energy multi-hazard Expected Annual Damages

B 133kV lines
I 69KV lines
N 24kV lines
B 12KV lines
N No risk/exposure/aperation

Expected Annual Damages (J$ million)
— 0.00-0.04
— 0.04-0.45
—0.45-1.62
— 1.62-3.77
—3.77-7.20

Energy multi-hazard Expected Annual Losses

B 138KV lines
N 69kV lines
. 24kV lines
BN 12kV lines
W No risk/exposure/eperation

Expected Annual Losses (J$ million/day)
— 012

—12-51
— 51-107
— 107-195
— 195-340

EAD and EAEL map plots here show:

* The locations on electricity lines with the
highest annual expected physical
damages and economic losses.

+ Some electricity lines have physical risks
in excess of J$ 3.7 million, with some as
high as J$ 7.2 million.

« Economic risks due to electricity line
failures can be as high as J$ 195 - 340
million/day.

* Lines with highest physical risks might not
have the highest economic risks.

] Lo '

- ‘ Coalition for

! Y éGREEN «a Climate Resilient
caid CLIMATE Investment

» Brilish peaple FUND



Damage and economic disruption: Road links

Roads multi-hazard Expected Annual Damages

Expected Annual Damages (J$ million)

——0:1:

— 13
—3-11

— EAD and EAEL map plots here show:

— 31-96

* The locations on roads with the highest
annual expected physical damages and
economic losses.

+ Some road links have physical risks in
. excess of J$ 31 million, with some as high
e oS —— as J$ 96 million.

Expected Annual Losses (s milien/day) | o Economic risks due to road link failures

—0.4-2.2

o can be as high as J$ 118 - 250 million/day.

—41.2-118.2
- 118.2-250.0

Assets with highest physical risks might
not have the highest economic risks.

|I74

; Coalition for

l, :Lﬂ GREEN Climate Resilient
i .ald CLIMATE Investment

W No risk/exposure/operation | Britsh people FUND




Damage and economic disruption: Potable water nodes

Potable water multi-hazard Expected Annual Damages

Hanover

Westmoreland

B No riskjexposurejoperation

&
St. James ®-& | ]
" Trelawny &

St. Elizabeth ,,wi- 3
. > Manti;esmr

LS4 58 Anng

Clarengon

Expected Annual Damages (J$ million)
01

12

® 5
510
1048

St Mafy™

St. Catherine

.9
@7

&
Portland
S Mot o0
Kingstong, - @ Sk Thofmas
T 25 km

Potable water multi-hazard Expected Annual Losses

k¥ Hanovar

Westmorelafid

s James

*

Trelawny

St. Elizabeth oy
. ManEhesrer

e ¥ 3. Anng

Clarengon

¢

% 5
o9 3 .
8"" *®° SE:ThBihas

Expected Annual Losses (J$ million/day)
03

310
@ 11028
- 28-29
N Rt 29.72
St Mafy
Portland
L L
St. Cathegine

25 km

> =

EAD and EAEL map plots here show:

The locations on potable water nodes with
the highest annual expected physical
damages and economic losses.

Some potable water nodes have physical
risks in excess of J$ 10 million, with some
as high as J$ 48 million.

Economic risks due to potable water
node failures can be as high as J$ 48 - 72
million/day.

Assets with highest physical risks might
not have the highest economic risks.

Coalition for

- I -

= b OGREEN ((u Climate Resilient
JKaid CLIMATE Investment
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J-SRAT Exposure Risk Adaptation based Solutions Data

~ Infrastructure
Return Period Damages

> [0 Power
> [ Transport
v B Wwater

1,000,000
Potable Water Supply

Irrigation 500,000

Damage (J$)

[0 wastewater
04 06
Probability

RCP

baseline @26 @45 @85 N

RP RCP Damages (J$) Loss (J$/day)
305,000 35,400,000

(120,000-559,000) (35,400,000-35,400,000)

362,000 35,400,000

(143,000-663,000) (35,400,000-35,400,000)

487,000 35,400,000

(192,000-892,000) (35,400,000-35,400,000)

@ All Hazards paseline 585,000 35,400,000
(231,000-1,070,000) (35,400,000-35,400,000)

1,140,000 35,400,000
(449,000-2,080,000) (35,400,000-35,400,000)

1 baseline

baseline

baseline

(O River Flooding
baseline

(O surface Flooding

O coastal Flooding Adaptation Options 3

O cyclones
Direct Damages (All Hazards)

$0 $1,000,000

Oxford Programme
for Sustainable
Infrastructure
Systems




Adaptation metrics

» Costs of adaptation options
* Initial cost of investment to implement the adaptation options
* Net Present values of Maintenance costs — Recurrent and Periodic

« Benefits — which include the avoided losses in terms of:
* Net Present Values of Avoided Expected Annual Damage (EAD)
* Net Present Values of Avoided Expected Annual Economic loss (EAEL)
over an assumed duration of disruption

- Benefit-Cost ratios (BCR) = Benefit/Cost

NS L <
¥ Coalition for
> E
el OGREEN cca Climate Resilient
U Kald CLIMATE Investment

FUND



Adaptation analysis

Avoided (EAD + (duration x EAEL/day)) .
®

Estimate Net
Present Value
of benefits and
costs

1]

Timeline —

| S O | S S Ll

Periodic
e maintenance )
costs

Initial investment in
adaESiW

Routine

maintenance costs

Coalition for
Climate Resilient
Investment



Adaptation example — Energy assets flood protection

= Two type of adaptation options:
= Protection wall: build a protective flood wall around power plants + substations

Initial investment cost Maintenance costs Discounting rate Option timeline
(for raising wall per m) (for raising wall per m)

105 J$ million/m 0.5 J$ million/m/year 10% 2019-2100

S L

<
Coalition for
> =~
Ry & ‘\ OGREEN cca Climate Resilient
OXFORD uKaid CLIMATE Investment

rom the British people FUND




Costs and benefits of adaptation: Flood protection of energy assets
Adaptation Cost

NPV of adaptation costs (J$ million)
* 11001102

® 110.2-165.4
165.4-220.5
22052756

Benefit Cost Ratios

Benefit Cost Ratio
* 0001
® 0103
0307
0716
1627

. (Q Coalition for
. GREEN Climate Resilient
ukaid CLIMATE Investment

from the British pecple FUND



screencast_00009.mp4

the Adaptation Options selection

Adaptation Options
# Cost Benefit Ratio (Building protective wall)

W 7.32x
b

Power Transmission (Substations)
ID: node_17

Adaptation Options

Energy intensity (KW/person)

0.00(
Rehabilitation cost (JS)
i 973,000,000 (584

Transmission ~ Source

2.69x

Substation
1.66x
Adaptation fol

0.605x
Haz:

0.258x
0.111x
0.0519x

0.0488x

Protection leve

© . . 0.0224x
1 1. 2 25

Cost Benefit Ratio (Building
protective wall)

| “Oxford Programme
for Sustainable UNIVERSITY OF

Infrastructs
Systems OXFORD




Exposure Risk Adaptation Nature-based Solutions Data

Sub-sector

Transmission ~

MONTEGO
BAY

Substation

Protection le

Cost-Benefit Ratio

The cost-benefit ratio is calculated using
the following formula:

(Avoided Direct Damages + Avoided
Economic Losses * No. of Days) /

Adaptation Cost
No. of

Cost Benefit Ratio
E— ]

KINGSTON

Adaptation Options
# Cost Benefit Ratio (Building protective wall)

W 108x Q@

A

Power Transmission (Substations)
ID: node_17

Energy intensity (KW/person)

0.0000779

Rehabilitation cost (J$)

973,000,000 ),000-1,360,000,000)

Source
Edson

W 39.7x

W 24.2x

W 9.05x
3.84x
0.131x
0.122x
0.0985x

0.0947x

1-20 of 21

Oxférd Programme
for Sustainable UNIVERSITY OF

Infrastructs
Sysams OXFORD




Natre based solutions (NbS) as an Adaptation option

FoncEs of BATINE Using a previous study on changes in coastal flood depths

and outlines due to mangroves in Jamaica, we have
applied similar changes to coastal flood maps in our study.

The Flood Protection Bgeﬁts This gives us changing risks due to mangroves.

and Restoration Costs-

0)
= -~ . ~
M A N R v E ( . o
- Trelawny
StAnn

Public Disclosure Authorized

= StMary
Westmoreland Aa
LA
N Portland
StElizabeth g
‘ e Mandhadiar StCatherine St.Andrew
% Clarendon -
1 ho - " Kingston St Thomas

Lead aut p ] '
g g A { o~
H iddharthyN: A 2 = f hE 1
£ N ? - ¥ -
i:‘ filiations: 1. Enviesmenrs Cantabria), Santandfifpain, \‘ ,f:
s . ek - i Via
2 I Mangroves
2
= Changes in flood depths due to mangroves (m)
a

-0.786041975021362
0.323297321796417

I 1.4326366186142

0 10  20km Bl 254197591543198

L | Bl 3.65131521224976
Parish boundaries



J-SRAT Exposure Risk Adaptation ased Solutions Data

Agriculture
Bare Rock

Bamboo and Mixed

<]

B Built-up areas

Forest

(<<

Mining

Mixed Use

(<<

Open dry forest

Plantation

(< <

Water Body

Wetland

<]

2vation (m)

Within 100m of forest

Is Protected

Is Proposed Protected
Within 50m of major river

Within 50m of large stream

Oxford Programme
for Sustainable
Infrastructure
Systems




Nature based solutions (NbS) benefits - Roads

Hanover StJames
Trelawny
StAnn
StMary
Westmoreland
Portland
StElizabeth Misitsiter St.Catherine Sif:ndr,ew
Clarendon b
> Kiﬁg;‘on St.Thomas
Roads with Negatvie benefits from Mangroves
-3468585 - -2774868
-2774868 - -2081151 4
~2081161- 1387434 NPV of mean benefits (avoided risks) to roads due to changes in
-1387434 - -693717 .
Rl coastal flooding from mangroves
Roads with Positive benefits from Mangroves ASSU m ptlonS: . ) ) .
0-820264 * All NPV are estimated over the timeline of 2019-2100 with
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Aggregated result for RCP 4.5:
» Total benefits to roads from mangroves is between 50 — 180
J$ million with mean estimate of 108 J$ million
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Achievements of J-SRAT

* An extensive database of spatial infrastructure networks and
hazards has been created.

* Systemic hazard exposure, vulnerability and physical current
and future risks mapping has been done.

* Asset criticality analysis has been done to identify locations on
network where risk concentrations are highest.

* A process for incorporating adaptation options and assessing
their effectiveness has been developed.
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Upscaling to global analytics
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The destination

Quantified spatial analysis of climate risks to infrastructure
networks... everywhere on Earth

Starter kits for national scale assessment

Estimates of economic losses in present and future scenarios to
drive prioritization and tiered risk management

Attribution of risk to assets in infrastructure networks... which
enables prioritization of resilience in planning and asset
management

Open and accessible data and analysis...
to build capacity and democratize decision-making

OXFORD
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Quantitative (Results) Verification Methodology
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What is the value-add of infrastructure
analytics for DRF decision making?

PREPAREDNESS

Financial Protection of Critical o _
1. Financial planning

Infrastructure Services for explicit and
. implicit contingent
liabilities related to

critical infrastructure
2. Requirements on
infrastructure owners |
and operators

1. Promote 1. Having business
performance-based and service continuity
contracts for planning and
infrastructure management
operators 2. Strengthening
2. Pre-arrange recovery capacity,
financing for rapid criticality analytics
recovery of services and risk monitoring
3. Pre-arrange 4’ 3.Building &
@ = R R financing }:’ redundancy into the |/
——— IS @ bt mechanisms for system
o MAGEIR post-disaster mutual 4. Having
assistance pre-arranged
4. Cat Warranty (2019 contracts and
paper) contingency plans for
recovery
1. Catastrophe 1. Investing and
Insurance Programs developing quality
Financial protection for Public Assets gnd resilient
el t (2020 paper) mfrastruqure assets

Or physical assets 2. Insurance 2. Improving asset
arrangements for management and
private assets operations and

maintenance

3. Using engineering
to understand risk
and monitor
resilience

4. Quickly responding
and repairing assets
post disaster
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More comprehensive management of
financial risk to government: Enables
assessment of the wider contingent liabilities,
beyond just the physical asset, and gives a
better sense of revenue implications, e.g.
water distribution in Jamaica. Helps create
clarity on risk ownership and incentives for
private sector to better manage risk.

Supports faster recovery of critical
services: Enables estimation of response
costs for rapid recovery of critical services
(water, power, transport, telecoms) and
informs development of preparedness plans

Financial protection & resilient
infrastructure: added information on the
costs and benefits of investing in more
resilient infrastructure
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capital markets

Rating
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Ministry of
Finance

Line
Ministries

Local
Government

' State-owned

Enterprises

3,000

Private
Infrastructure
Providers

Households
& Firms

Disaster Risk layering framework

ghioia ivoslictol

Contingent Financing
o 18 Vit

Contingency Funds/Reserves
. [

Budget reallocation

Who owns the risk? Who
holds contingent liability?

Who ‘creates’ the risk? Can
risk be reduced? Are there
incentives to reduce risk?

Where are the spillovers?
Systemic impacts?

Who benefits from risk
reduction?

Who pays? Who absorbs
the risk if it is not
managed effectively?
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Water Sector
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U | |

When supply fails (e.g., flood has affected
treatment plant operations), the utility will
pay for water tanker trucks. However, they
have a limited capacity and budget. So
private vendors come in where the utility
tanker trucks are insufficient. The costs to
the utility are roughly 100 million SJ per
year, but can go up to 300 million SJ. The
costs to society are ultimately borne by
households and businesses and are very
high, as people still must pay their tariffs,
as well as the cost of purchasing water.



Infrastructure risk and sovereign o @g} FNANCE
debt (and credit ratings)

___— 130 -
— With fluvial flooding under a high
100 - - 1204 climate scenario by 2050 (red)
% 20 7 110 1
5
E i 100 - 2
E 80 /

Projected evolution o

Debt/GDP Ratio over

time with no disasters 801 |n green — benefit of\

2046 2048 2050 2052 2054 2056 2058 hypothetical (big!) \
Years 70 -

Debt to GDP ratio

70

th : insurance (Absorbs 50% f
Ran‘ge r.eprese.nts the 80 ‘percentlle. range of losses 1 in 50 to 1 in 250) 1
projections, given uncertainty over time in 60 - . . . . . . .
2046 2048 2050 2052 2054 2056 2058

future interest rates and surpluses. Central Years
black line is 50t percentile



OXFORD T
CGFI @ geoen vase
gfe‘::ﬂtgreF!:;nce FI NAN CE A
1 H : . & Investment GROUP OXFORD
Valuing Systemic Resilience
Can we value and

Mobilize financing for adaptation monetize the

societal benefit of

resilient
For investor: infrastructure
investment?
Cost of capital
proportionate to Non-Resilient Resilient Monetizing e.g.
expected returns Infrastructure Infrastructure reduced sovereign
and probability Asset Asset and real-economy
of default Probability of loss Probability of loss credit risk? Worth
Probability of default Probability of default billions to economy!
Insurance cost Expected returns Expected returns

proportionate to Climate-related ESG

Probability of societal loss

robability of loss Probability of societal loss . 5
P Y Government revenues Government revenues |nve.s.tment..
Government debt Government debt Resilience-linked

Opportunities, e.g.
resilience-linked
lending products

sovereign lending?
Bond issuance?
Blended finance
facility?
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Please contact us for further information:

Dr Nicola Ranger, nicola.ranger@smithschool.ox.ac.uk




SCAN ME

Scan the QR code to join
the Disaster Risk Finance
Community!



Thank you for your time
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