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Climate risk management? 

Chris Field, Chair IPCC, Working 
Group II 
 

“Climate change is a threat 
multiplier that adds new 
dimensions and complexity to the 
development challenges we’re 
already facing. 
Fundamentally, the challenge of 
managing climate change is a 
challenge of managing and 
reducing risk. “ 



Overview 
•  Role of risk for responses to climate variability and 

climate change 

•  Risk analytics and management 

•  3 Applications  
– Dealing with climate variability 
– Managing climate-related risk 
– Dealing with risk ‘beyond adaptation” 



IPCC Working group II: Risk perspective 



Projections: changing extremes 

Increases expected in  
 
•  Warm days– virtually certain (high confidence) 

•  Heatwaves: very likely (high confidence) 

•  Heavy precipitation –  likely (high confidence)  

•  Droughts– medium confidence 
 
•  Average tropical cyclone maximum wind speed - 

likely (high confidence) 

•  Global frequency of tropical cyclones will either 
decrease or remain essentially unchanged - 
likely (high confidence) 



Unnatural disasters 

Weltbank and UN, 2012 



Climate risk 
 

Hazard  
Intensities, duration and frequencies of 
some hazards changing  (IPCC 2012&14) 
Extreme event attribution in early stages 
(James et al., 2014; Trenberth et al., 2015) 
 
 
Exposure  
Dominating Factor - currently  
(IPCC, 2012&14) 
 
 
 
 
Vulnerability 
Key driver, knowledge gaps, significant 
adaptation deficit (IPCC, 2012) 



IPCC and epistemological 
constructions of risk 
1.  Idealized risk: the conceptual framing of the problem at hand 

- dangerous anthropogenic interference with the climate 
system as dominant framing   
à informing mitigation 
 

2.  Calculated risk: the product of a model based on a mixture of 
historical (observed) and theoretical information  
à informing adaptation 

3.  Perceived risk: the subjective judgment people make about 
an idealized risk  
à informing adaptation 

 



IPCC, 2001 

Dangerous Climate Change 2001 
Reasons for Concern 
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Assessment Box SPM.1 Figure 1. 
 
  

2 degrees 
 

Idealized risk 
The 5  Reasons for Concern/burning embers diagram 

AR5 

IPCC, 2014 



Local Reasons for Concern 
ARISE 



Calculated risk 
… to climate-related risk 

 
 
 
 
 
 
 
     
 

Introduction

47Climate change, impacts and vulnerability in Europe 2012

The term risk is also interpreted in different ways 
(Coburn et al., 1994; Adams, 1995; Cardona, 2003). 
It is not defined in the IPCC AR4 even though it is 
used occasionally. The risk concept most relevant 
in the present context, which is sometimes referred 
to as disaster risk or outcome risk, is defined as 
'expected losses […] due to a particular hazard for a 
given area and reference period' (UNDHA, 1993). 

A key aspect of the approach applied by the disaster 
risk community is the clear distinction between 
two factors that determine the risk to a particular 
system: the hazard, which is a 'potentially damaging 
physical event, phenomenon or human activity 
characterised by its location, intensity, frequency and 
probability', and the vulnerability, which denotes 
the 'relationship between the severity of hazard 
and the degree of damage caused' to an exposed 
element (UNDHA, 1993; Coburn et al., 1994; United 
Nations, 2004). If a risk assessment considers several 
potentially exposed elements in different locations, 
their differential exposure to hazards has to be 
considered as well (see Figure 1.3).

It has been argued that the indicators used for 
determining vulnerability in the disaster risk context 
are often in practice quite similar to those describing 
the 'sensitivity' of the system's components to 

Hazard Qualified by intensity
and probability

Hazard potential

RiskVulnerability

Exposed elements

Susceptibility

Coping capacity

)LJXUH����� 7KH�FRQFHSWV�RI�ULVN��KD]DUG�DQG�
YXOQHUDELOLW\�LQ�WKH�ULVN�KD]DUG�
IUDPHZRUN

Note: The exposure of various elements is shown here as 
part of the vulnerability of the group of elements 
but exposure assessment may also be regarded as 
separate from vulnerability assessment (as shown in 
Figure 1.4).

climatic stimuli in the climate change community, 
and that vulnerability in the climate change 
community is sometimes used similar to risk in 
the disaster risk community (Costa and Kropp, 
2012). Note also that in practice there appear to be 
few systematic differences between national-level 
climate change assessments denoted as vulnerability 
and risk assessments, such as those in Germany 
(Zebisch et al., 2005), Austria (Balas et al., 2010), the 
United Kingdom (Defra, 2012), and Switzerland 
(Holthausen et al., 2011). 

The vulnerability concept of the disaster risk 
community has been applied in this report in the 
section on transport (Section 4.6) and generally also 
in the section on cities and urban areas (Section 5.4). 

The definition of vulnerability in the public health 
community is closely related to that of the disaster 
risk community. It emphasises characteristics of a 
population group (such as age, gender, nutritional 
status and pre-existing diseases) that determine their 
susceptibility to a specific health hazard (Stafoggia 
et al., 2006). In this report it has been applied in the 
section on human health (Section 4.4).

1.7.4 Partial integration of both approaches in the 
IPCC SREX

The IPCC recently published the Special Report 
SREX (IPCC, 2012), which focuses on the 
interconnections between extreme weather events, 
climate change and disasters. This report no longer 
uses the vulnerability definition of the IPCC AR4 
but follows largely the concept of vulnerability 
as understood by the disaster risk community: 
'Vulnerability is defined generically in this report 
as the propensity or predisposition to be adversely 
affected. Such predisposition constitutes an internal 
characteristic of the affected element. In the field of 
disaster risk, this includes the characteristics of a 
person or group and their situation that influences 
their capacity to anticipate, cope with, resist, 
and recover from the adverse effects of physical 
events.' (IPCC, 2012). However, the SREX expands 
existing concepts of the disaster risk community by 
emphasising how climate change and development 
can affect both the climatic hazards that a system or 
community is exposed to as well as its vulnerability 
(see Figure 1.4).



Risk assessment 



Modelling risk and trends 
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Losses from coastal and riverine flooding- 
Europe 

Diskussionsforum+IPCC/Bericht+AG+2+ 8+Diskussionsforum+IPCC/Bericht+AG+2+
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Assessment Box SPM.2 Table 1. 

  

Ökonomische+Schäden+durch+Fluss/und++

Küstenhochwässer+/+Europa+

(Kapitel+23.2,.23.7)+

•  “Harte”+Resilienzmassnahmen:+Dämme+und+Deiche+

•  Renaturierung+von+Flussauen,+RetenMonsflächen+etc.+
•  Mit+hohen+Kosten+verbunden+



Risk-Level 
Very 
Low Med 

Very 
High 

‘Calculated’ risk: regional level 

IPCC, 2014 



scenarios / backcasting  
interactive modelling     
mapping / Q-methods 

participatory deliberation 
democratic procedures

unproblematic

problematic

unproblematic problematic

knowledge 
about 
likelihoods

AMBIGUITY

IGNORANCE

RISK

UNCERTAINTY

burden of evidence 
onus of persuasion 
uncertainty factors 
decision heuristics  
interval analysis      
sensitivity testing

knowledge about possibilities

aggregated probabilities      
optimisation algorithms 
synthetic decision trees              
Delphi / Foresight       
predictive modelling 

precautionary appraisal ‘opens up’ appreciations of incertitude

Practical Cinderella Methods

Source: Stirling, 2014 

       knowledge about consequences 

Dealing with risk and uncertainty: 
Methods and Methodology 



Source: Schinko et al., accepted 

Dealing with risk and uncertainty: 
Methods and Methodology 

Consequences

Probabilities Known Unknown

Known
Risk

Ambiguity
(subjective	  risk)

Uncertainty

Ignorance
(deep	  uncertainty)

Unknown



Suggestions/hypotheses 

•  Risk lense with increased relevance for 
responses to climate change 

•  Extremes as game changers 
•  Understanding risk tolerance key for 

adaptation and beyond adaptation 
•  Broad socio-economic methodological 

framework can support action on risk 
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Figure 16-1: Conceptual model of the determinants of acceptable, tolerable and intolerable risks and their 
implications for limits to adaptation (Dow et al., 2013b; based on Klinke and Renn, 2002; also see Renn and Klinke 
2013). In this conceptual diagram, adaptation efforts are seen as keeping risks to objectives within the tolerable risk 
space. Opportunities and constraints influence the capacity of actors to maintain risks within a tolerable range. The 
lines are dotted to indicate that individual or collective views on risk tolerability with respect to the frequency and 
intensity of climate-related risks are not fixed, but may vary and change over time. In addition, the shape or angle of 
the lines and the relative area in each section of the diagram are illustrative and may themselves change as capacities 
and attitudes change. The shaded areas represent the potential differences in perspective among actors. 
 
 

Risk preference 



1. Dealing with climate variability: 
Refocusing disaster management 

How to inform stronger investment in 
pre-disaster management? 

 
 

Linnerooth-Bayer et al 
2005 
 

•   Leverage tight budgets 
•   More secure safety net 
•   Link to risk reduction 



22 

Losses due to disasters, part. for climate variability, can be large 

Mechler, 2009 



Disaster risk in the government 
balance sheet 

Disaster risk are unrecognised liabilities 
 

Liabilities Direct: obligation in any event Contingent: obligation if a particular 
event occurs

Explicit                       
Government liability 
recognized by law or 
contract

Foreign and domestic sovereign 
borrowing, Expenditures by 
budget law and  budget 
expenditures 

State guarantees for nonsovereign 
borrowing and public and private 
sector entities, reconstruction of 
public infrastructure

Implicit                                          
A "moral" obligation 
of the government

Future recurrent costs of public 
investment projects,  pension and 
health care expenditure

Default of subnational government and 
public or private entities, disaster 
relief



Extreme event risk management options  

Type EX ANTE RISK MANAGEMENT  EX POST DISASTER MANAGEMENT 

Risk assessment Prevention                                 Preparedness      Risk sharing and 
financing 

Response Reconstruction and 
rehabilitating   

Effect Assessing risk Reduces risk 
addressing 
underlying factors 

Reduces risk in the 
onset of an event 

Transfers risk (reduces 
variability and longer 
term consequences) 

Responding to 
an event 

Rebuilding and 
rehabilitating  post 
event 

Key 
options 

Hazard 
assessment and 
monitoring 
(frequency, 
magnitude and 
location, 
including 
climate change) 

Physical and 
structural risk 
reduction works 
(e.g. irrigation, 
embankments) 

Early warning 
systems, 
communication 
systems 

Risk transfer (by 
means of (re-) 
insurance) for public 
infra-structure and 
private assets, 
microinsurance 

Humanitarian 
assistance  

Rehabilitation/ 
reconstruction of 
damaged critical 
infrastructure  

Vulnerability 
assessment 
(population and 
assets exposed) 

Land-use planning 
and building 
codes 

Emergency 
response 

Alternative risk 
transfer 

Clean-up, 
temporary 
repairs and 
restoration of 
services 

Revitalization for 
affected sectors 
(tourism, 
agriculture, exports 
etc.) 

Risk assessment 
as a function of 
hazard, exposure 
and vulnerability 

Economic 
incentives for 
proactive risk 
management 

Networks of 
emergency 
responders 
(local/national) 

National and local 
reserve funds 

Damage 
assessments 

Macroeconomic and 
budget 
management 
(stabilization, 
protection of social 
expenditures) 

Mainstreaming 
risk into 
development 
planning 

Education, 
training and 
awareness raising  
about risks and 
prevention 

Shelter facilities 
and evacuation 
plans 

Calamity Funds 
(national or local 
level) 

Mobilization of 
recovery 
resources 
(public/ 
multilateral/
insurance) 

Incorporation of 
disaster mitigation 
components in 
reconstruction 
activities 



Risk coping 
Layering risk management to identify entry points 

Mechler et al., 2014 

Risk 
beyond 
coping Residual 
uninsurable 
risk 



IIASA has been a leader in the development of probabilistic 
models of risk management 
 
The IIASA CATSIM model assesses the economic and 
developmental risks of extreme events and supports risk 
management strategies 
 
Bridges gaps between outcome driven risk modelling and policy-
oriented methodologies respecting plural values 
 
For Mexico, CATSIM provided a clear picture of the different 
layers of risks posed by earthquakes to the public finances and 
helped identify which risks could be transferred to the 
international market at an acceptable cost. 
 

Victor Cardenas, Ministry of Finance, Mexico 
 
 

 
 
 
 
 

CATSIM model  

CATSIM informing risk management  
strategies of Caribbean countries, 

Barbados 



cons of global high level risk sharing. These ideas are being taken
forward in the climate change deliberations. One proposal for
supporting vulnerable countries for coping with climate-related
events was put forward by the Munich Climate Insurance Initiative
(MCII) in the context of the UNFCCC negotiations, consisting of a
two pillared approach: risk prevention and risk financing, which
would act together to reduce the human and economic burdens on
developing countries. The pillars would be fully financed by a
climate adaptation fund (MCII, 2008). The MCII endorses the
growing consensus that this fund would be financed in accordance
with the Convention’s principles of common but differentiated
responsibilities and respective capabilities of countries (UNFCCC,
Art. 3), and that it be disbursed to those who suffer most from
climate change. Defining risk acceptance and shifting out
acceptance is very important for this line of thought and our
discussion. In the next section, we proceed to outline our
methodology, which is based on these concepts.

3. Methodology for determining fiscal resilience and
vulnerability to extreme events

According to an early theorem by Arrow and Lind (1970),
financial risks faced by the government can be absorbed without
major difficulty. A government may pool risks as it possesses a
large number of independent assets and infrastructure so that
aggregate risk is negligible, or spread risk over the population base,
so that per-capita risk to risk-averse households is negligible. In
theory, governments are not advised to incur the extra costs of
transferring their disaster risks if they carry a large portfolio of
independent assets and/or they can spread the losses of the
disaster over a large population.

However, this assumption has been challenged in the recent
past: The Arrow-Lind theorem may not apply to governments of
countries that have high natural hazard exposure, economic
activities clustered in a limited number of areas with key public
infrastructure exposed to natural hazards, as well as constraints on
tax revenue and domestic savings, shallow financial markets, and
high indebtedness with little access to external finance (Mechler,
2004) and therefore should be risk averse in cases of extremes
(Hochrainer and Pflug, 2009). The fact that a number of countries,
such as Mexico (Cardenas et al., 2007), Colombia (Hochrainer,
2006), the Caribbean states (World Bank, 2007) and even the USA
have begun to budget for extreme event risk, and that some
countries have taken out sovereign risk financing, shows the
practical implications of these challenges.

Governments are differentially vulnerable, and in the following
we provide an indication as to what extent a government is
exposed to disasters using a probabilistic (risk)-based framework.
To start, we define fiscal resilience as a country’s ability to access
domestic and external savings for any purpose–urgent or longer
term. Combining fiscal resilience with direct risk (probabilistic
losses) allows for calculating a nation’s fiscal vulnerability, which
we define as the lack of access of a government to domestic and
foreign savings for financing reconstruction investment and relief
post-disaster. The shortfall in financing is measured by the term
resource gap. The term resource (or financing) gap has been defined
in the economic growth literature as the difference between
required investments in an economy to achieve growth objectives
and the actual available resources. One main policy recommenda-
tion and purpose of planning, consequently has been to fill this gap
with foreign aid (Easterly, 1999). Here, this tradition is followed
and the resource gap is understood to be the lack of financial
resources to restore assets lost due to natural disasters and
continue with development as planned.

Repercussions of a resource gap on public finances can be
substantial. The inability of a government to repair infrastructure

in a timely manner and provide adequate support to low-income
households can result in adverse long-term socio-economic
impacts. As a case in point, Honduras experienced extreme
difficulties in repairing public infrastructure and assisting in the
recovery of the private sector following the devastating Hurricane
Mitch in 1998. Five years after Mitch made landfall, the GDP of
Honduras was 6% lower compared to counterfactual pre-disaster
projections (see Mechler, 2004). In Madagascar, only 13 percent of
recovery and reconstruction needs due to the 2008 Cyclone season
were met by the government, which resulted in a decline in
macroeconomic performance (GFDRR, 2008; see other country
studies in GFDRR, 2013b). When considering whether Honduras
and other highly exposed countries should protect themselves
against resource gaps and associated long-term negative con-
sequences, it is important to keep in mind that risk management
measures have associated opportunity costs, which means that
they can reduce GDP by diverting financial resources from other
public sector objectives, such as investments into social or
infrastructure projects.

In the following, we outline our methodology organized around
the so called CATSIM framework (Hochrainer, 2006; Mechler et al.,
2006) to calculate fiscal vulnerability, resource gaps, and finally
derive a global cost estimate for financially supporting the most
hazard-exposed countries. The methodology is also documented
elsewhere (Mechler, 2004; Hochrainer, 2006; Hochrainer and
Mechler, 2009, 2013; Mechler et al., 2013) but for the first time is
used on a global level in this work. Fig. 2 shows schematically how
CATSIM combines risk estimates with financial resilience to lead to
an estimate of financial vulnerability, risk and cost implications.

We focus on risk to assets, economic and fiscal vulnerability,
with fiscal vulnerability as a subset of financial and economic
vulnerability. Our methodology follows the following steps.

3.1. Assessment of public sector liabilities

We calculate direct risk (potential losses and their probabilities)
accruing to a national government’s liabilities on weather events,
focusing on storms, flooding, and drought. Our basic data set
consists of the economic losses of 3709 catastrophic events in 186
countries worldwide within the period of 1960–2012 (in 2005
prices). Loss data are based on the EMDAT database (CRED, 2013).
This publicly available dataset has some drawbacks in that higher
losses may be overestimated (for example, due to the fact that the
data are based on both initial estimates released promptly
following an event, while better and typically lower, but quite
delayed estimates only become available after a thorough
assessment has been carried out e.g. by insurance companies;

Fig. 2. Illustration for calculating financial vulnerability.
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CATSIM- Methodology 



CATSIM: simulating and risk stress testing 



Simulation of  GDP projections with and without risk 
GDP effects - Honduras 

Hurricane Mitch 
1998 

Timonina et al., 2013 



Post-disaster funding USD million sources and resources 
gap - Cambodia 

Dynamic fiscal model analysis shows that over the next 5 years, 
the likelihood that the Cambodian government will face a fiscal 
resource gap is estimated to be approximately 50 %. 



Break-down on post- USD million disaster recovery and reconstruction needs 
Cambodia 



CATSIM has been interactively used by 
officials in over 20 countries 

•  Caribbean Catastrophe 
Insurance Facility (CCRIF)  

•  Disaster risk management 
pool for the Indian Ocean 
Council Islands 

 



Country-level loss distributions for 172 countries 

Data from Catastrophe Models  
 

-  UN GAR - Global Disaster   
  Assessment  Report  
- IIASA inhouse models 

Extreme Value Theory 
 

-   Statistical models 
-   Peak over threshold 
-   Block maxima 
-   Conditional value at risk 
 



Risk layering and distributions 



S&P rating 
Rating Impact Of Floods (With And Without Climate Change)  



2. Managing climate extremes 
 
 
 
 

 
Key messages 
•  A changing climate leads to changes in extreme weather and climate events 
•  There is evidence that anthropogenic climate change have changed these 

extremes 
•  Hazard attribution possible, risk attribution difficult 

IPCC 2012/14 



NATURE CLIMATE CHANGE DOI: 10.1038/NCLIMATE2124 LETTERS

To
ta

l l
os

se
s 

(€
, b

ill
io

ns
)

In
su

re
d 

lo
ss

es
 (€

, b
ill

io
ns

)

So
lid

ar
ity

 F
un

d 
cl

ai
m

s 
(€

, b
ill

io
ns

)

2000 2010 2020 2030
Year Year

Year

2040 2050

50

100

150

200

250

300

10 year

20 year

30 year

40 year

50 year

Reported
Average annual

2000 2010 2020 2030 2040 2050
10 year
20 year

30 year

40 year

50 year

Reported Average annual

2000 2010 2020 2030 2040 2050

2

4

6

8

10

12

14

16

10 year

20 year

30 year

40 year

50 year

Reported
Average annual

Present fund size

20 40 60 80 100 120 140 160 180 200
0.500

0.200

0.100

0.050

0.033

0.025

0.002

0.013

0.010

0.007

Ex
ce

ed
an

ce
 p

ro
ba

bi
lit

y Reported, year 2013

Model results excluding
basin dependence 

Model results including
basin dependence 

2000

Y
ear

2050

2025

2000

2050

2025

Y
ear

Total modelled flood losses (€, billions)

Reported, average annual 

10

20

30

40

50

60

70

80a b

c d

Figure 2 | Probabilistic projections of flood losses separated by financing source. Present and projected flood losses for di�erent return periods in the
European Union (EU-27) calculated using the probabilistic modelling framework (Methods). a–c, Total losses (a) are separated into: insured losses (b) and
Solidarity Fund claims with a maximum present budget of e1 billion (dotted line; c). d, The return periods (rp) represent statistical annual probabilities,
with the annual exceedance probability given by 1/rp. Reported losses are derived from the Munich Re NatCatSERVICE database and include lower-bound
estimates for the 2013 European floods15. Incorporating the established spatial dependencies in risk assessment, as compared with assuming full
independence between basins and countries, leads to higher overall loss estimates at lower probabilities (that is, it leads to a fat-tailed distribution).

requirements for insurers to avoid insolvency under the new EU-
imposed Solvency II insurance regulations, are projected to increase
from e116 billion in 2013 to e236 billion in 2050. In terms of
uninsured risk, we estimate present annual average claims from
flood risk to the EU Solidarity Fund (EUSF) at e258 million under
the present guidelines (Fig. 2c). The present annual depletion risk,
that is, the probability of claims exceeding the present fund size of
e1 billion, is close to 5% and increases to 9% by 2050. Overall, mean
uninsured losses for governments and households, after insurance
and EUSF payouts under the present cover, are estimated at e3.3
billion per year in the period 2000–2012 (representing 67% of total
losses; reported: e3.0 billion15) and are projected to increase by a
factor 4 by 2050, which is significantly higher than the projected
factor 2.9 growth of GDP.

Figure 2d shows that damage estimates from model runs
incorporating the established basin dependencies (Methods;
Supplementary Information) are higher thanmodel results based on
the traditional assumption of full spatial independence, especially
for low probabilities (that is, the fat tail of the distribution).
Furthermore, the graph shows that estimated probabilities of
extremely low annual losses are also higher when we introduce
basin correlations (that is, the likelihood of years with few disasters
is higher). This result demonstrates the necessity of including
correlations of peak discharges for understanding potential
flood impacts at a continental scale. Changes in precipitation
patterns could change the occurrence of floods12,13 and it would
be important to study e�ects on associated spatial correlations, as
stronger correlations will result in more frequent and larger flood

losses, whereas a weakening of correlations would decrease the
probability of losses.

Debate is ongoing at national and EU levels on how to best
manage uninsured risk, and how to allocate the respective burdens
between those at risk, the insurance industry and thewider society20.
Among others, the increasing risks can be managed by pursuing a
combination of measures aimed at increased insurance penetration;
improving physical flood protection standards; and expanding the
budget of the EUSF. To illustrate the e�ect of these measures on
flood risk financing, we have defined six adaptation scenarios and
computed their e�ects on flood losses, the details of which are
provided in Supplementary Fig. 7 and Table 3. Higher insurance
penetration rates can, in theory, be promoted at EU level by creating
favourable tax regimes for building insurers’ reserves; bymandatory
flood insurance coverage in high-risk areas (possibly backed-up
with government finance); or by furthering the integration of
the European insurance markets21. If an average of 50% of total
losses were insured across the EU (present penetration is 30%15),
which is approximately the case in the 1 per 100 year floodplains
in the United States5, the mean annual uninsured losses would
be reduced by over e10 billion (approximately 60%) in 2050
(Fig. 3a). However, equity and insurance demand become important
considerations if households are unable or unwilling to pay higher
overall premiums21, whichmay increasemore rapidly than expected
losses (Supplementary Table 3).

As an alternative to broader insurance coverage, a larger part of
losses could be shared amongst EU member states by increasing
the size of the EUSF (ref. 10), which is capped at present at e1
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Figure 2 | Probabilistic projections of flood losses separated by financing source. Present and projected flood losses for di�erent return periods in the
European Union (EU-27) calculated using the probabilistic modelling framework (Methods). a–c, Total losses (a) are separated into: insured losses (b) and
Solidarity Fund claims with a maximum present budget of e1 billion (dotted line; c). d, The return periods (rp) represent statistical annual probabilities,
with the annual exceedance probability given by 1/rp. Reported losses are derived from the Munich Re NatCatSERVICE database and include lower-bound
estimates for the 2013 European floods15. Incorporating the established spatial dependencies in risk assessment, as compared with assuming full
independence between basins and countries, leads to higher overall loss estimates at lower probabilities (that is, it leads to a fat-tailed distribution).

requirements for insurers to avoid insolvency under the new EU-
imposed Solvency II insurance regulations, are projected to increase
from e116 billion in 2013 to e236 billion in 2050. In terms of
uninsured risk, we estimate present annual average claims from
flood risk to the EU Solidarity Fund (EUSF) at e258 million under
the present guidelines (Fig. 2c). The present annual depletion risk,
that is, the probability of claims exceeding the present fund size of
e1 billion, is close to 5% and increases to 9% by 2050. Overall, mean
uninsured losses for governments and households, after insurance
and EUSF payouts under the present cover, are estimated at e3.3
billion per year in the period 2000–2012 (representing 67% of total
losses; reported: e3.0 billion15) and are projected to increase by a
factor 4 by 2050, which is significantly higher than the projected
factor 2.9 growth of GDP.

Figure 2d shows that damage estimates from model runs
incorporating the established basin dependencies (Methods;
Supplementary Information) are higher thanmodel results based on
the traditional assumption of full spatial independence, especially
for low probabilities (that is, the fat tail of the distribution).
Furthermore, the graph shows that estimated probabilities of
extremely low annual losses are also higher when we introduce
basin correlations (that is, the likelihood of years with few disasters
is higher). This result demonstrates the necessity of including
correlations of peak discharges for understanding potential
flood impacts at a continental scale. Changes in precipitation
patterns could change the occurrence of floods12,13 and it would
be important to study e�ects on associated spatial correlations, as
stronger correlations will result in more frequent and larger flood

losses, whereas a weakening of correlations would decrease the
probability of losses.

Debate is ongoing at national and EU levels on how to best
manage uninsured risk, and how to allocate the respective burdens
between those at risk, the insurance industry and thewider society20.
Among others, the increasing risks can be managed by pursuing a
combination of measures aimed at increased insurance penetration;
improving physical flood protection standards; and expanding the
budget of the EUSF. To illustrate the e�ect of these measures on
flood risk financing, we have defined six adaptation scenarios and
computed their e�ects on flood losses, the details of which are
provided in Supplementary Fig. 7 and Table 3. Higher insurance
penetration rates can, in theory, be promoted at EU level by creating
favourable tax regimes for building insurers’ reserves; bymandatory
flood insurance coverage in high-risk areas (possibly backed-up
with government finance); or by furthering the integration of
the European insurance markets21. If an average of 50% of total
losses were insured across the EU (present penetration is 30%15),
which is approximately the case in the 1 per 100 year floodplains
in the United States5, the mean annual uninsured losses would
be reduced by over e10 billion (approximately 60%) in 2050
(Fig. 3a). However, equity and insurance demand become important
considerations if households are unable or unwilling to pay higher
overall premiums21, whichmay increasemore rapidly than expected
losses (Supplementary Table 3).

As an alternative to broader insurance coverage, a larger part of
losses could be shared amongst EU member states by increasing
the size of the EUSF (ref. 10), which is capped at present at e1
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Total and insured losses 

Jongman et al.,2014 Climate scenario: SRES A1B scenario (high emissions)  
 



Methodological advances: Studying dependency 

Dependency of flood risk on a pan-European scale 

Jongman, et al, Nature 
Climate Change, 2014  



Managing climate risks: 
Risk allocation 
 •  Increasingly, roles and responsibilities of the public sector in flood 
risk management are receiving  attention in research and policy 

•  How can the public sector reduce and manage risk efficiently 
while considering equity considerations? 



Tackling multiple challenges 
IIASA Integrated Assessment Framework 

CATSIM 
Risk and 

development 



Linking risk to scenarios 

Mochizuki, 2015 
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Fiscal Risk and Scorecard  

Mochizuki, 2016 



Iterative risk management: when 
and how to act? 



Budgetary implications of flooding 
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Projection of flood risks and 
catastrophe fund reserves 
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Source: Schunkjo et al., under review 

Dealing with risk and uncertainty: 
Methods and Methodology 

Consequences

Probabilities Known Unknown

Known
Risk

Ambiguity
(subjective	  risk)

Uncertainty
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(deep	  uncertainty)
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Iterative climate risk management process: 
People and knowledge shaping the process and its outcomes 

APPROVED SPM – Copyedit Pending     IPCC WGII AR5 Summary for Policymakers 
 

WGII AR5 Phase I Report Launch   37     31 March 2014 
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Iterative Climate Risk Management 
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3. Dealing with risks “beyond 
adaptation” 

•  2013 Establishment of the “Warsaw 
international mechanism for loss and 
damage:” 
to deal with and provide support for climate-
related damages after adaptation 

 
•  Contested terrain 

§  ‘Southern countries’ at risk (such as 
AOSIS countries) demand climate justice 

§  OECD negotiators willing to support good 
risk management, but liability and 
compensation considered red lines 

 
 



Positioning Loss & Damage in the 
climate justice debate 

 

Political(principles Capacity &)needs Liabilities &)rights

Policy &(Implementation Needs(&(rights6based
Climate Risk Management

Time(horizon Short)to medium)term Medium)to long term

Ethical approach Non:Consequentialism Consequentialism

Justice(principle Distributional)justice Compensatory justice



Methodological elements – needs based perspective  

•  Identify country-level risk  

•  Identify country level adaptive capacity: stress-testing 

•  Risk layering principle:  
–  risk reduction for more frequent risks 
– Risk financing and assistance for infrequent risks 

•  Support from national to local  



Disaster risk can be reduced and it makes 
good financial sense. In fact, investing in 
disaster risk reduction is a precondition for 
developing sustainably in a changing climate. 

Making Development Sustainable

Reforming
governance

Moving from risk 
information to risk knowledge

Assessing the costs 
and benefits

Strengthening
accountability

Managing risks, rather than managing 
disasters, now has to become embedded in the 
very DNA of development, Prospective risk 
management, which seeks to avoid the 
accumulation of new risks; Corrective risk 
management, which seeks to reduce existing 
risks;  Compensatory risk management to 
support resilience  in the face of residual risk.

Annual global investment of US$6 billion in 
appropriate disaster risk management 
strategies would generate total benefits in 
terms of risk reduction of US$360 
billion. 

This is equivalent to an annual reduction 
of new and additional average annual 
loss by more than 20 per cent.

Can disaster risk be reduced?

Over the last 10 years, there has been significant progress 
in developing institutions, policies and legislation for disas-
ter risk reduction. 
Further, capacities for risk assessment and identification, 
disaster preparedness, response and early warning capaci-
ties and in reducing specific risk have been significantly 
strengthened.

Progress has been limited in most countries, however, in 
managing the underlying drivers of risk.

Governance Risk Assessment
Level of progress [1 to 5]

HFA Progress Review Cycle
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Many countries would not pass a stress test of their fiscal 
resilience to a 1-in-100-year loss event.

Countries as diverse as Algeria, Chile, Greece, Indonesia, 
Iran, Nicaragua, Pakistan and the Philippines would be 
severely challenged.
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Climate Change modifies disaster risk

In most cases, climate change will increase the risk of disas-
ter loss. In the Caribbean basin, climate change will contri-
bute an additional US$1.4 billion to the expected average 
annual losses from cyclone wind damage alone.

Estimated future losses from tropical cyclones compared
to capital stock, investment and social expenditure in SIDS

Countries will be affected in different ways: while for 
Greece, the potential of economic growth will be affected, 
the challenge facing middle income countries like the Phil-
ippines is one of social development.

Implications of disaster risk for development capacity
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Future losses represent a substantial
opportunity cost

Losses are expected to increase in the future, unless disas-
ter risk is managed more successfully.
Expected annual losses are now estimated at US$314 
billion in the built environment alone.

Global multi-hazard average annual loss

<146
147-244
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Multi-Hazard 
Average Annual Loss (AAL)
[million US$]  
Earthquake, flood, cyclone wind, 
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The disaster burden is real

The total direct cost of disasters is equivalent to that of 
major diseases. An average of 42 million human life years 
are lost in disasters each year, equivalent to the number of 
years lost to tuberculosis. This burden is shouldered by 
those with lower incomes: of all the life years lost, more 
than 80 per cent are lost in low and middle-income coun-
tries.
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Life Years Lost

Damage due to extensive risk since 1990

A large amount of damage occurs in small disaster events; 
constantly eroding essential development assets.

This is a particular problem for low and middle income 
countries that already struggle to maintain and invest in 
new public infrastructure and services.
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Losses from Disasters remain high

Disasters continue to cause significant damage, both in 
terms of lives lost and assets destroyed. Mortality is con-
centrated in very intensive disasters; therefore, it is diffi-
cult to perceive trends over relatively short periods of time.
However, mortality from smaller-scale events continues to 
increase.

Extensive mortality, 1990-2013 (65 countries, 2 states)
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at a Glance
•  How much are disasters costing us?

•  Is disaster risk going to increase in the future?

•  Have we made progress in reducing risk over 
the last years?

•  What continues to drive disaster risk?

•  Where do we go from here?

Managing disaster risk for sustainable 
development with: Is it possible?

Distributional justice 
needs based perspective 

Global disaster risk today 



Portfolios: Layering risk management 

Mechler et al., Nature Climate Change 2014 

Risk prevention 

Insurance 

Government risk bearing 
and compensation 

Loss and Damage? 



Distributional justice 
Capacity & Needs 

Disaster risk can be reduced and it makes 
good financial sense. In fact, investing in 
disaster risk reduction is a precondition for 
developing sustainably in a changing climate. 

Making Development Sustainable

Reforming
governance

Moving from risk 
information to risk knowledge

Assessing the costs 
and benefits

Strengthening
accountability

Managing risks, rather than managing 
disasters, now has to become embedded in the 
very DNA of development, Prospective risk 
management, which seeks to avoid the 
accumulation of new risks; Corrective risk 
management, which seeks to reduce existing 
risks;  Compensatory risk management to 
support resilience  in the face of residual risk.

Annual global investment of US$6 billion in 
appropriate disaster risk management 
strategies would generate total benefits in 
terms of risk reduction of US$360 
billion. 

This is equivalent to an annual reduction 
of new and additional average annual 
loss by more than 20 per cent.

Can disaster risk be reduced?

Over the last 10 years, there has been significant progress 
in developing institutions, policies and legislation for disas-
ter risk reduction. 
Further, capacities for risk assessment and identification, 
disaster preparedness, response and early warning capaci-
ties and in reducing specific risk have been significantly 
strengthened.

Progress has been limited in most countries, however, in 
managing the underlying drivers of risk.
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Many countries would not pass a stress test of their fiscal 
resilience to a 1-in-100-year loss event.

Countries as diverse as Algeria, Chile, Greece, Indonesia, 
Iran, Nicaragua, Pakistan and the Philippines would be 
severely challenged.
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Climate Change modifies disaster risk

In most cases, climate change will increase the risk of disas-
ter loss. In the Caribbean basin, climate change will contri-
bute an additional US$1.4 billion to the expected average 
annual losses from cyclone wind damage alone.

Estimated future losses from tropical cyclones compared
to capital stock, investment and social expenditure in SIDS

Countries will be affected in different ways: while for 
Greece, the potential of economic growth will be affected, 
the challenge facing middle income countries like the Phil-
ippines is one of social development.

Implications of disaster risk for development capacity
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Future losses represent a substantial
opportunity cost

Losses are expected to increase in the future, unless disas-
ter risk is managed more successfully.
Expected annual losses are now estimated at US$314 
billion in the built environment alone.
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The disaster burden is real

The total direct cost of disasters is equivalent to that of 
major diseases. An average of 42 million human life years 
are lost in disasters each year, equivalent to the number of 
years lost to tuberculosis. This burden is shouldered by 
those with lower incomes: of all the life years lost, more 
than 80 per cent are lost in low and middle-income coun-
tries.
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Damage due to extensive risk since 1990

A large amount of damage occurs in small disaster events; 
constantly eroding essential development assets.

This is a particular problem for low and middle income 
countries that already struggle to maintain and invest in 
new public infrastructure and services.
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Losses from Disasters remain high

Disasters continue to cause significant damage, both in 
terms of lives lost and assets destroyed. Mortality is con-
centrated in very intensive disasters; therefore, it is diffi-
cult to perceive trends over relatively short periods of time.
However, mortality from smaller-scale events continues to 
increase.
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at a Glance
•  How much are disasters costing us?

•  Is disaster risk going to increase in the future?

•  Have we made progress in reducing risk over 
the last years?

•  What continues to drive disaster risk?

•  Where do we go from here?

Managing disaster risk for sustainable 
development with: Is it possible?

IIASA for GAR, 2015 
Hochrainer-Stigler et al., Global Environmental Change, 2014 

•  Compensating all countries 
for loss and damage 
beyond their coping 
capacity 

•   ~ USD 10 billion annually 

•  Increasing over time 

•  Signal for mitigation 
challenge 



Global costs to cover gaps 

For example: 
 50-100 year  layer: 

~ $ 4.5 billion [2.7-6.7] /a 
necessary for absorbing 

risk beyond adaptive 
capacity 



Option space? 

•  Regional and national: Risk pooling and financing- Sovereign insurance 
and regional pools:  
 à Caribbean, Pacific, Africa 

•  National to community level: Public-private  partnerships for risk 
reduction 

•  National funds to bolster community-level risk management 
partnerships (Peru) 
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Climate risk layering 
Example Bangladesh 
 

 

Layering risk management Risk layers with climate change  
(B1 scenario and no additional risk 
reduction)  

Risk prevention 

Insurance 

Government risk bearing 
and compensation 

Loss and Damage? 

Based on Mechler and Bouwer, Climatic Change 2015 



Bangladesh- modelling risks from 
riverine flooding 



Final remarks 

•  As climate change has become real, real action 
required 

•  Risk perspective useful to inform decisions on 
– short-medium term adaptation,  
–  iterative risk management 
–  long term transformation, 
– Mitigation  

•  Efficiency and responsibility as two linked 
dimensions (e.g., see Loss and Damage) 
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