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Bangladesh project
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Exemplary analysis of current and future financial and economic impacts
of and adaptation to climate-related extreme events consistent with
downscaled IIASA SRES GDP and population change scenarios

Addresses major questions of disaster risk and climate change research
communities:
— How do the drivers of social/economic and natural systems affect
potential extreme event impacts and risks in the future?

— Climate change versus socio-economic drivers?
— Scope for adaptation, costs and benefits?

Bangladesh: most flood-prone country in the world




Risk and Uncertainty
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 |PCCAR4, WG, Ch.2: “Risk management is a useful framework for
decisionmaking and its use is expanding rapidly in climate change impact,
adaptation and vulnerability assessment”

« Khnight: “Risk Is measured Uncertainty.”

o Degreesof risk and uncertainty:

1. Complete Uncertainty:
Outcomes unknown, probabilities unknown

2. Subjective Uncertainty (SRES?)
Outcomes known, probabilities unknown

3. RisKk: objective uncertainty (our study)
Outcomes and probabilities known (within uncertainty ranges)

4. Certainty



Extreme events and adaptation
-planned and public adaptation decision problem-
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Public Private

Adaptation to
Planned Natural Disasters

Autonomous

-> Public sector institutions as key agents,
to large extent national-evel decision-problem



Empirical evidence on economic impacts
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Fizure 4.3: Bangladesh - ADP actual and original budgeted expenditure, 1976/77-1995/99 (real 199596 billion
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Science for |
Global insight
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Classification of Vulnerability Factors

Physical factors
= technical construction!
quality of settlements

and buildings
» basic infrastructure
= population growth and
density

Environmental factors

w usable soil

» usable water

= vegetation,
biodiversity/forests

= stability of
ecosystems

Economic factars

= socic-economic status

= poverty and nutrition

= farming and land-use systems, technology,
seed and structure of cultivation

= income and economic structure

® access to resources and services
{water, energy, health, transport)

= reserves and financing

= Incentive or sanctioning systems
for prevention

w research and development

Social factors

= traditional knowledge systems

w risk perception

» education

w legal situation and human rights,
property relationship

= participation of citizens, social organisations
and institutions

» legal framework, norms, legislation

= politics, corruption

= gender aspects, minorities, old and
young people

= health status

= power structures and access to information

Vulnerability and adaptation

Source: Kohler et al. 2004.



Operationalizing vulnerability and adaptation
Physical vulnerability
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Large scaleriverine flood events in Bangladesh

Relative losses/area affected as Vulnerability proxy
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Operationalizing vulnerability and adaptation
Financial vulnerability
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Loss function: financing needs
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Bangladesh Inputs data models and modul&s
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Based on collaboration in DFID
sponsored project on climaterisk
screening in Bangladesh: ORCHID

o|nstitute of Development Studies (IDYS),
University of Sussex, UK

*CEGIS — Center for Environmental and
Geographic Information Services,
Bangladesh

*Bangladesh Institute of Development
Studies (BIDS), Bangladesh

«School of Development Studies-Overseas
Development Group, University of East
Anglia, UK

*Tyndall Centre for Climate Research,
University of East Anglia, UK

International Institute of Applied Systems
Anaysis (IIASA), Austria

*Bangladesh Unnayan Parishad (BUP),
Bangladesh

*Bangladesh Centre for Advanced Studies
(BCAYS), Bangladesh

Modul€e/input data

Source

Mean temperature change,

precipitation and change as
function of temperature

PRECISRCM for A2, B1

Max. discharge as function of
precipitation

Statistical hydrological
model

Flood impacts, Vulnerability

Bangladesh statistics

Flooded area as function of
max discharge

Statistical model

Exposure

GGl: GDP, Pop, assets

L osses as function of flooded
area

CATSIM extended

Operationalization of
vulnerability

CATSIM extended

Economic impacts as function CATSIM
of losses
Risk Management/adaptation CATSIM




Modelling: risk framework
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Exposure Physical

Vulnerability

Dynamic
Direct risk
Assessment

Stefan Hochrainer, Reinhard Mechler, Georg Ch. Pflug Catastrophe Modeling: Including Global and Climate Changes



Macro-economic Risk: Short run 2005-2015
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Stefan Hochr; Reinhard Mechler, Georg Ch Catastrophe Modeling: Including Global and Climate



Dynamic Direct Risk Assessment

Climate Change t
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Stefan Hochrainer, Reinhard Mechler, Georg Ch. Pflug Catastrophe Modeling: Including Global and Climate Ch



Climate Change

» Temperature Change

Tt = T1950 + 0.000185¢2 — 0.718t + 699

» Precipitation as function of temperature

o 3 25

T 1s
Absolte Temperature Crange

m¢/m1050 = 0.542(7¢ — T1950)° + 3.08(7¢ — T1950)

» Location/scale of Discharge distributions

wt = 131078 + 1.366, 87; /w1050, ot = 0.1751 - pup

Stefan Hochrainer, Reinhard Mechler, Georg Ch. Pflug Catastrophe Modeling: Including Global and Climate Changes



Global Change

» Exposure e; = gross domestic product

2000 2020 2040 2060 2080 2100

e = —0.0001364¢> + 0.08425t% — 1732t -+ 1186600

» Vulnerability v; = damage per Exposure and Flooded Area

x10°

¥

05 * %

70 1980 1990 2000 2010 2020 2030 2040 2050

vt = 3.8 % 10?0 exp(—0.0309¢)

Stefan Hochrainer, Reinhard Mechler, Georg Ch. Pflug

Catastrophe Modeling: Including Global and Climate Changes



Estimated future loss distributions

Let G; be the loss distribution G¢(¢) = P{L; < ¢}. We estimated
this distributions for the years 2005-2050.

Loss distribution
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Catastrophe Modeling: Including Global and Climate Changes

Stefan Hochrainer, Reinhard Mechler, Georg Ch. Pflug



: Macro-economic Risk

Exposure Physical

Vulnerability

Dynamic
Direct risk
Assessment

Stefan Hochrainer, Reinhard Mechler, Georg Ch. Pflug Catastrophe Modeling: Including Global and Climate Changes



Results: GDP Development Comparisons 2005-2050

GDP Increase from 2005 to 2050: A2 scenario
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Stefan Hochrainer, Reinhard Mechler, Georg Ch. Pflug Catastrophe Modeling: Including Global and Climate Cha
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Global insight

Sensitivity Analysis of 2XCO2 Worldwide Global Tropical
Cyclone Loss Estimates for 2050
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Discussion

Relevance of adaptation research for 2 decisions
o ——— - =— RS =

* Mitigation decision: Benefitsto mitigation (see Stern, 2007; |PCC,
2007)

— Cost of inaction of 5-20% |losses GDP/a can be avoided
— With mitigation cost of 1% GDP/a
— Global, public sector decision problem: partiesto UNFCCC

« Adaptation decision: Benefitsto adaptation
— Where and who?
— How much?
— When?
— Rather shorter term in line with decision problem
 Political cycle: 4 a
o |nfrastructure investment decisions < 30-50 a



AR Discussion
Risk management framework and adaptation and mitigation
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Discussion
Decision support
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Conclusions
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e Dynamic framework to assess future risks

o Country-level analysis responds to decision-problem of national-level
decisonmakers

e Global changes, e.g. reduction of physical vulnerability, seems more
Important for Bangladesh than threat of climate change, e.g. increasein
rainfall intensity

* Y, differences between global and climate change not as pronounced as
with top-down |IAM

o Spatially resolved climate and climate change information increasingly
avallable



Problems
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« RCM hasfocus on mean changes, no variability

o Country-level disaster risk analysis more applicable to smaller countries or
countries with simple topography

e Uncertaintieslarge, not always possible to quantify

* Few data points on disaster impacts and vulnerability

e Uncertainty in tail estimation in general — extrapolation beyond the
maximal observed value

 Highresidua (unexplained) variances



Next steps

e Journal paper

* Presentation at UN/World Bank Expert Workshop:

Integrating Climate Change Information into Disaster Risk Analysis,
Soring 2008





