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1. Climate Change Challenges



A CHANGING WORLD

WIDESPREAD
OBSERVED IMPACTS 





ALREADY OCCURING

ADAPTATION IS





IPCC, 2019



PLAN A
EFFECTIVE CLIMATE 
CHANGE MITIGATION AND 
CLIMATE RISK MANAGEMENT

A MORE VIBRANT WORLD



2. Perspective on risk

IPCC  risk framework



Knight (1921): Uncertainty and risk

• Deep uncertainty

• Subjective uncertainty: subjective risk

• Quantified uncertainty: objective risk

• Certainty

11



IPCC and construction of risk

1. Idealized risk: the conceptual framing of the problem at 

hand - dangerous anthropogenic interference with the 

climate system as dominant framing  → informing mitigation

2. Calculated risk: the product of a model based on a mixture 

of historical (observed) and theoretical information →

informing adaptation

3. Perceived risk: the subjective judgment people make about 

an idealized risk 

→ informing adaptation

After Jones et al., 2014

IPCC AR5, chapter 2



Constructing of risk in the IPCC

• Historically focussed on idealized and calculated risk- expert 

orientation

• Calculated risk: much stronger emphasis and embracing 

downside and upside risks

• Perceived risk: receiving more recognition also in terms of 

relevance for decision-making- towards more bottom-up 

decision-making

→ All are relevant and being taken up, integration by way of 

iterative risk management



Idealized risk

Responds to UNFCCC Article 2, 1992
Art. 2: “[…] prevent dangerous anthropogenic interference with the 

climate system.”

Art. 3: “[…] specific needs and special circumstances […] especially 

those that are particularly vulnerable to the adverse effects of climate 

change [...].”

• Thresholds and tipping point perspective: 5 

reasons for concern

• Also understanding of large and deep 

uncertainty key: 

halfway between risk-based and precautionary 

decision-support
IPCC, 1990



The 5  Reasons for Concern/burning 

embers diagram

IPCC, 2001



1. Unique and threatened systems: Some unique and threatened systems, including 

ecosystems and cultures, are already at risk from climate change (high confidence). 

Example: coral-reef systems. 

2. Extreme weather events: Climate-change-related risks from extreme events, such as heat 

waves, extreme precipitation, and coastal flooding, are already moderate (high confidence) 

and high with 1°C additional warming (medium confidence)

3. Distribution of impacts: Risks are unevenly distributed and are generally greater for 

disadvantaged people and communities in countries at all levels of development. 

Example: water availability

4. Global aggregate impacts: Risks of global aggregate impacts are moderate for additional 

warming between 1-2°C, reflecting impacts to both Earth’s biodiversity and the overall global 

economy (medium confidence). 

Example: biodiversity loss 

5. Large-scale singular events: With increasing warming some physical systems or 

ecosystems may be at risk of abrupt and drastic changes.

Example: Wet Antarctic Iceshield

Idealized risk

5  Reasons for Concern- the ‘Burning embers’
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Assessment Box SPM.1 Figure 1. 

 

  

2 degrees!  COP16

2014 version

Current warming

1.5 degrees! COP21

IPCC, 2014



Message 5: The 2°C limit should be seen as a defence line.

The ‘guardrail’ concept, in which up to 2 °C of warming is considered safe,

is inadequate and would therefore be better seen as an upper limit, a

defence line that needs to be stringently defended, while less warming

would be preferable. 

Informing the Paris Agreement

UNFCC stocktake on long-term goal before COP21

UNFCCC, 2015



Calculated risk

From Climate Vulnerability…

Vulnerability to climate 

change is the degree to which 

geophysical, biological and 

socio-economic systems are 

susceptible to, and unable to 

cope with, adverse impacts of 

climate change

EEA, 2012



Example

Economic Climate Vulnerability in Europe

Source: ESPON, 2011; EEA, 2012

Combined potential impacts of changes in annual mean 

evaporation, summer days, snow cover days, frost days, 

changes in inundation heights of a 100 year river flood event and 

a sea level rise adjusted 100 year coastal storm surge event on 

agriculture, forestry, summer and winter tourism, energy supply 

and demand.



Calculated risk

…to Climate-related Risk

The potential for consequences where something of human value (including humans themselves) is at stake and where the 

outcome is uncertain.

Risk is often represented as probability of occurrence of hazardous events or trends multiplied by the consequences if these 

events occur  (IPCC, 2014)



Impacts from weather and climate events 

depend on:

nature and severity of event

vulnerability

exposure



Socioeconomic development interacts with natural

climate variations and human-caused climate change 

to influence risk 

Vulnerability:

the predisposition of a 

person or group (exposure) 

to be adversely affected

Disaster Risk:

the likelihood of severe 

alterations in the normal 

functioning of a community 

or society due to weather or 

climate events interacting 

with vulnerable social 

conditions 



Increasing vulnerability, exposure, or severity and 

frequency of climate events increases risk



Increasing vulnerability, exposure, or severity and 

frequency of climate events increases risk



Entry points to the solution space
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Figure SPM.8. 
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Figure SPM.8. 
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Figure SPM.8. 

  IPCC, 2014



3. Modelling and assessing risk



Risk appraisal



Hazard 

intensity

Eg water level

Probability of occurrence

or recurrency period

Damages

Hazard intensity

Eg water level

Damages

Step 1: Hazard analysis

Step 2: Vulnerability analysis

Step 3: Risk analysis: 

Probability * Damages

Step 4: Analysis of benefits 

of risk reduction: 

Probability * Damages    

reduced
Benefits of risk reduction

Original loss-frequency curve

Loss-frequency curve with risk reduction

Damages

Exceedance probability

(inverse: recurrency period)

Exceedance probability

(inverse: recurrency period)

	

Exposure

People&Assets

From hazard to risk



Risk appraisal

Normal vs. extreme value distributions

5%

5%



Calculated risk

10 year

(10%)

20 year

(5%)

50 year

(2%)

200 year 

(0.5%)



Calculated risk

Projecting riverine flood risk in Bangladesh

Mechler& Bouwer, 2015
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Benefits from reducing risk

Mechler et al., 2014



Climate variability or change?
River gauge in Passau, Germany

Return period:

~ 100 years

Return period:

~ 50 years

Source: Zurich, 2014



Calculated risk

IPCC, 2014



Losses from coastal and riverine flooding-

Europe
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• 
• 

• 



Coral reefs: Impact on biodoversity, fisheries, 

coastal protection

Diskussionsforum+IPCC/Bericht+AG+2+ 10+Diskussionsforum+IPCC/Bericht+AG+2+

Korallenriffe:+Verluste+für+Biodiversität,+
Fischbestände,+Küstenschutz++

(Kapitel+5,6,30)+

• Wenig+Evidenz+für+rasche+natürliche+Anpassungsfähigkeit++
• Geringe+Wirkung+menschlich+induzierter+

Anpassungsmassnahmen+(RedukMon+Tourismus,+Verbesserung+
Wasserqualität)+
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Adaptation limits



Perceived risk

• Consider actors’ values, objectives, and planning horizons 

as they make decisions under uncertainty. 

• Some risks may be routine and/or the consequences so 

minor that they are accepted. 

• Other risks may be judged intolerable because they pose 

fundamental threats to actors’ objectives or the 

sustainability of natural systems. 

• A key objective of adaptation is to avoid such intolerable 

risks. Yet, the capacity of societal actors and natural 

systems to adapt is finite, and thus there are limits to 

adaptation 



FINAL DRAFT IPCC WGII AR5 Chapter 16 

Do Not Cite, Quote, or Distribute Prior to Public Release on 31 March 2014 

Subject to Final Copyedit 76 28 October 2013 

 
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. 

 

 

Perceived risk

Risk acceptance 



4. Risk assessment: Challenges



Challenges with risk assessment

Downscaled climate 

projections with 

climate variability 

Understanding socio-economic

Vulnerability

Spatially explictit or aggregated population 

and asset information



Challenges

Hazard



Projections at 1.5°C and 2°C

Guldberg et al., 2019 

building on IPCC, 2018



Attribution

James et al., 2019



Challenges

Exposure



Exposure maps

Soure: https://kartopics.com/portfolio/flood-exposure-risk-map-templates/



Liu et al., 2018

Mapping the unmapped



Mapping the unmapped: Mapathons

Rimac Valley, Peru

Karnali river basin, Nepal



Challenges

Vulnerability



Looking for a good example here. 

▪ Africa’s largest 

recorded cholera     

outbreak

▪ over 90,000 affected

▪ over 4,000 killed

▪ began following onset 

of seasonal rains

▪ vulnerability

and exposure 

increased risk
Zimbabwe 2008

Vulnerability important

IPCC, 2012



Danube 
flooding, 

June 2013

Vulnerability important



Risk Assessment (flood)
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Understanding risk and trends
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Case study Bangladesh



Case study Bangladesh

• Hotspot: Riverine flood risk 

dominating-1 large riverbasin

• Good probabilistic data

• Good experience in reducing  

risk

• What can be said about 

dynamic risk at country 

levels-macro analysis?

• How to capture vulnerability?

Tanner et al., 2007



Case study Bangladesh-

impacts from riverine flooding
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Case study Bangladesh-

impacts from major riverine flooding

Section 6: Assessing vulnerability to climate hazards 
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Flooded Area in Bangladesh
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Types of Flood Range of flooded 
area (km2) 

Range of percent 
inundation 

Probability of 
occurrence 

Normal Flood 31,000 21 0.50 

Moderate Flood 31,000-38,000 21-26 0.30 

Severe Flood 38,000-50,000 26-34 0.10 

Catastrophic Flood 50,000-57,000 34-38.5 0.05 

Exceptional Flood > 57,000 > 38.5 0.05 

Table 3: Flood Classification in terms of area flooded and likelihood of occurrence. Source:  

Mirza (2002). 

About 26 percent of the country is subject to annual flooding and an additional 42 percent 
is at risk of floods with varied intensity (Ahmed and Mirza, 1999). The 1998 flood 

inundated about 100,000 km2, the 1987 flood about 57,000 km2 and the 1988 flood 
89,000 km2. The 1998 flood affected 68% of the country, seriously impacted the 
livelihoods of 30 million people and lasted for over 10 weeks (MDMR/UNDP 2000). 

Flooded area versus water volume (June to August [JJA], total for GBM) and a 

classification of flood types are shown in Figure 7. If the total volume in JJA exceeds 558 
000 Mm3 floods are classified as above normal, severe over 577 000 Mm3 and exceptional 
over 615 000 Mm3.   

 
 

Figure 7: Flooded area and classification of flood types in Bangladesh. 

The major flood events were analysed in-terms of area and percentage of total area 
flooded, exceedance probability of occurrence, and total discharge from the Ganges and 

Brahmaputra (Table 4). Historic data on flooded area and total water flow were estimated 
against return periods as shown in Figure 8.   
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Year Probability Flooded area  

(000 sq km)

Fatalities Losses (million 

current $)

1998 1% 100 1,050 2,128 

1988 2% 90 2,440 1,424 

2007 7% 62 405 1,100 

1987 8% 57 2,280 1,167 

2004 9% 58 761 1,860 

1974 11% 53 28,700 936 

1984 53% 28 1,200 378 

Tanner et al., 2007



Bangladesh- modelling risks from 

riverine flooding



Bangladesh- modelling risks from 

riverine flooding



Bangladesh- modelling risks from 

riverine flooding
Hazard 

intensity

Eg water level

Probability of occurrence

or recurrency period

Damages

Hazard intensity

Eg water level

Damages

Step 1: Hazard analysis

Step 2: Vulnerability analysis

Step 3: Risk analysis: 

Probability * Damages

Step 4: Analysis of benefits 

of risk reduction: 

Probability * Damages    

reduced
Benefits of risk reduction

Original loss-frequency curve

Loss-frequency curve with risk reduction

Damages

Exceedance probability

(inverse: recurrency period)

Exceedance probability

(inverse: recurrency period)



Projecting flooding

Change in frequency of area flooded 
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Figure 13: Spatial Distribution of Flood extent and depth for mean IPCC SRES A2 and B1 
Scenarios for the year 2020s and 2050s excluding the coastal area of Bangladesh.   

Tanner et al., 2007



Measuring economic vulnerability

concept of stage-damage curves

Mechler and Bouwer, 2015



Projecting riverine flood risk in 

Bangladesh
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Projections: average losses
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Putting things into perspective…

Observed vulnerability, exposure and risk

Mechler and Bouwer, 2015



Implications

• Absent quantifications of vulnerability, studies on future 

losses under climatic change are not robust 

–> important for risk planning questions

• Analysis suggests substantial benefits to supporting 

vulnerability-reducing measures

--> important for tailoring support for risk management

• Need for taking a truly risk-based perspective on 

modelling extremes: Drivers and outcomes



Conclusions

• As climate change has become real, real action 
required

• Risk perspective useful to consider

– Question of ‘danger’: idealized risk

– Calculated risk: actionable metric

– Perceived risk: perceptions of those at risk

• IPCC impactful with climate risk analytics: 
Reasons for Concern and Key Risks



• Climate risk assessment with challenges

• Hazard: projections and attribution

• Exposure: what about the unmapped

• Vulnerability: how to operationalize at 

relevant scale (as input to risk)?

Conclusions


