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IHCAP – Indian Himalayas Climate Change Adaptation Programme

Capacity building programme “Cryosphere” Level-2, 2015

Integrated climate impact 

assessment in mountains
Context, concepts and terms

Dr. Christian Huggel and Dr. Mario Rohrer
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International context

International climate policy – 2015 is a decisive year

COP-21 Paris
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Global warming and carbon budgets

Projections of 21st century temperature increase

IPCC WGI AR5, 2013
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Global warming and carbon budgets

IPCC WGI AR5, 2013

The world’s carbon budget
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Glacier lake outburst floods

Glacier lakes (Peru)
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Glacier lake outburst floods

Kedarnath flood disasters 2013
tibetsun.com
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Floods
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Landslides
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Snow avalanches

1997 Brenva rock-ice-snow avalanche (M. Fonte)
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Snow avalanches

Kashmir, Photo AP
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Rock and ice avalanches
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Debris flows

Debris flow Swiss Alps, Transitgas
AG / Kt. Bern
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Debris flows

Debris flow Kazahstan, 
Kazhydromet

Debris flow Swiss Alps
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Debris flows

Debris flow Swiss Alps, Kanton
Graubünden
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Heat wave

wxedge.com

tldm.org Inblive.in
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Droughts
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Cold waves
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Warming and risks

Increasing temperatures - increasing risks

IPCC WGII AR5, 2014
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Climate impacts

Effects on crop yields

IPCC WGII AR5, 2014
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Climate impacts

Effects on flood frequency

IPCC WGII AR5, 2014

Flood frequency 
change in 2080’s 
relative to 20th

century return 
periods, under 
RCP8.5
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Climate impacts

People exposed to floods

IPCC WGII AR5, 2014

Global exposure to 
floods (to 20th

century 100 year 
return period 
floods)
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Impacts, risks and adaptation

The risk – adaptation nexus

IPCC WGII AR5, 2014
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Adaptation

Framing processes for adaptation

IPCC WGII AR5, 2014
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Adaptation

National Action Plan on Climate 
Change (NAPCC)

National Mission on Sustaining 
Himalayan Ecosystem (NMSHE)

8 National Missions

State Action Plan on Climate Change 
(SAPCC)

Indian Network of Climate 
Change Assessment” (INCCA) 

provides input to NATCOM

National 
Level

Sub-National 
(State) Level

Indian Himalayas 
Climate Adaptation 
Programme (IHCAP)

1. How to adapt to climate change 
2. How to make a transition to a 

low carbon growth path

Assessment of the impacts of 
climate change in 2030s on key 
sectors of the economy.

Institutional setting in India
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Impacts, vulnerability and risk

IPCC SREX 2012 / AR5 2014

Impacts
Effects on natural and human systems. Impacts refer to the effects on natural 
and human systems of extreme weather and climate events, and of climate 
change.

Hazard
The potential occurrence of a natural or human-induced physical event
that may cause loss of life, injury, or other health impacts, as well as
damage and loss to property, infrastructure, livelihoods, service provision,
and environmental resources.

Vulnerability
The propensity or predisposition to be adversely affected. Vulnerability 
encompasses a variety of concepts and elements including sensitivity, or 
susceptibility to harm, lack of capacity to cope and adapt.
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Impacts, vulnerability and risk

IPCC AR5 2014

Vulnerability index
A metric characterizing the vulnerability of a system to a change in climate. A 
vulnerability index is typically derived by combining, with or without weighting, 
several indicators assumed to represent hazards or physical impacts, exposure, 
sensitivity, resilience, or adaptive capacity.

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 a hazardous event(s) multiplied by the 
consequences if the event(s) occurs. 
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Vulnerability definitions

IPCC (2007) defined vulnerability according to 3 dimensions:

Exposure
Physical exposure of a system to character, frequency, magnitude and rate of 
climate effect, climate change and variability.

Sensitivity
Sensitivity is the degree to which a system is affected, either adversely
or beneficially, by climate variability or change. The effect
may be direct (e.g., a change in crop yield in response to a
change in the mean, range or variability of temperature) or indirect
(e.g., damages caused by an increase in the frequency of
coastal flooding due to sea-level rise).

Adaptive capacity
The ability of a system to adjust to climate change (including
climate variability and extremes) to moderate potential damages,
to take advantage of opportunities, or to cope with the consequences.
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Vulnerability definitions

IPCC (2007):

Vulnerability
Vulnerability is the degree to which a system is susceptible to,
and unable to cope with, adverse effects of climate change, including
climate variability and extremes. Vulnerability is a function
of the character, magnitude, and rate of climate change and
variation to which a system is exposed, its sensitivity, and its
adaptive capacity.
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Adaptation definitions

IPCC (2012, 2014):

Adaptation
In human systems, the process of adjustment to actual or expected
climate and its effects, in order to moderate harm or exploit beneficial
opportunities. In natural systems, the process of adjustment to actual
climate and its effects; human intervention may facilitate adjustment to
expected climate.
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Schools of vulnerability

Adger, 2006
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Schools of vulnerability

Adger, 2006
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Vulnerability definitions

Adger, 2006
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Schools of vulnerability

Birkmann et al., 2009

Community: Disaster risk reduction Community: Adaptation to climate change
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Schools of vulnerability

Birkmann et al., 2009

Similarities / differences Recommendations for the use of 
terminology
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Schools of adaptation

Birkmann et al., 2009

Community: disaster risk reduction Community: adaptation to climate change

Birkmann et al., 2009
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Schools of adaptation

Birkmann et al., 2009

Similarities / differences Recommendations for the use of 
terminology
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Integrated risk concepts

IPCC WGII AR5, 2014
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Detection and Attribution of Climate Impacts
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D&A: a system perspective

Stone et al., 2013 / IPCC WGII AR5, 2014
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Climate

Glacier shrinkage

Water resources

Agriculture

Local livelihoods

Cascading impacts
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D&A: water resources

Marzeion et al., 2012

Oerlemans, 2005

Global glacier volume / sea level
equivalent change

Temperature reconstruction based
on observed glacier changes
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D&A: water resources

Barear et al., 2012

In 7 out of 9 catchments ‚peak water‘ has likely been passed in Peru
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D&A: water resources

Zhang et al., 2008

River runoff changes in Yangtze
catchment
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D&A: water resources

Grafton et al., 2013

Runoff changes in the Colorado and Yellow River

Influence of humen interventions and river management on runoff
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D&A: socio-environmental impacts (Arctic)

Decline in Arctic Sea ice

NSIDC
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D&A: socio-environmental impacts (Arctic

Shipping in the Bering Strait

• Reduction in sea ice 
• Increase of shipping
• Affects a large no. of species 
and their habitats 
• Affects indigenous subsistence 
communities 

Transit traffic on the Northern Sea Route 1990-2012

Arctic Council, 2013
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D&A: socio-environmental impacts (Arctic

Shipping in the Bering Strait

Increasing air temperatures
Warming ocean

Decreasing sea ice

Increasing shipping

Negative impacts
on sea mammals

Negative impact
on hunting/subsistence

livelihoods of local
indigenous people

?

?

?

confounding
factors /
drivers
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D&A: socio-environmental impacts (Arctic

Reindeer herding

Arctic Council, 2013

• Sami and other reindeer herding indigenous
people heavily rely on snow conditions
• Over past 30 years increasing frequency of
weather events causing negative impacts on 
reindeer feeding (ice layers due to rain on 
snow), and thus on herders‘ economy
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D&A: socio-environmental impacts (Arctic

Reindeer herding

Climate drivers
Political drivers
(legal regulations)

Economic drivers Technological drivers

Galdu

Social and
cultural drivers

Observed
impact / change
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D&A: social conflicts

Hsiang et al., 2011

Annual conflict riks (ACR) in relation with El Niño Southern Oscillation (ENSO, index: NINO3)
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D&A: extreme events

Hansen et al., 2012

Percent area covered by temperature anomalies in categories defined as hot 
(>0.43σ), very hot (>2σ), and extremely hot (>3σ). Anomalies are relative to 1951–
1980 base period; σ is from 1951–1980 data.

Climate observations on temperature extremes
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D&A: extreme events and disasters

Observations vs. climate model runs with different forcings

IPCC, WGI AR5 SPM, 2013
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D&A: extreme events and disasters

• Due to their rarety, it is difficult to establish trends for extreme weather events with 
sufficient statistical power
• Approaches to circumvent attribution of unmonitored changes in extreme events to 
climate change: 

• Analyze another variable that is linked to the extreme event but better sampled 
in the observational record. Comparison of observed trends in this variable vs
simulations (with and without anthropogenic forcing) (Stott et al., 2004; Pall et al., 
2011)
• Global data pooled to provide statistical power for local analysis how the chance 
of the event has changed (caution if local and global trends are inconsistent) 
(Hansen et al., 2012). 

=> Generally, slowly accumulating evidence and increasing confidence that 
anthropogenic climate change was a contributor to some, but certainly not all, major 
recent extreme weather events (e.g. 2003 European heat wave, 2000 UK floods).

D&A approaches in physical climate science
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D&A: extreme events and disasters

Attribution of 2000 UK floods
to antrhopogenic greenhouse gas emissions

=> Anthropogenic greenhouse gas emission increased the risk of flooding 
(UK 2000) in two out of three cases (model runs) by 90% 

Pall et al., 2011



IH
C

A
P

 –
In

d
ian

 H
im

alayas C
lim

ate C
h

an
g

e A
d

ap
tatio

n
 P

ro
g

ram
m

e: L
evel-2 co

u
rse

55Integrated Climate Impact Assessments Dr. Christian Huggel

D&A: extreme events and disasters

Repeated heavy floods in Bolivia

2007 Floods, AFP/BBC

Affected are often areas of recent uncontrolled
urbanization: 
 Can climate change be blamed ? (in case the
event could be reliably attributed to climate
change) 
 Are Annex 1 countries responsible for the
losses in Bolivia? 
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D&A: extreme events and disasters

An attribution framework

Huggel et al., 2013
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D&A: extreme events and disasters

Superstorm Sandy in New York City (2012): 

Nydailynews.com

Largest Atlantic Hurricane on record
Damage and loss: ~300 people killed in total, 
~65 billions of USD damage in the US

Attribution:

Intensity & frequency: complex interactions of
the climate system involving sea surface
temperature, atmospheric pressure systems, 
and related northern jet stream
Exposed asset values: very high concentration
of high values
Vulnerability: complex and vulnerable urban 
infrastructure, but heavy investment in reducing
vulnerability over the past years

Reuters
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D&A: extreme events and disasters

Example Typhoon Haiyan, Philippines (2013) 
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D&A: extreme events and disasters

Example Typhoon Haiyan, Philippines

Before and after the typhoon assessment:

http://www.washingtonpost.com/blogs/worldviews/wp/2013/11/15/8-maps-
that-explain-why-typhoon-haiyan-hit-the-philippines-so-hard/
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D&A: extreme events and disasters

Example Typhoon Haiyan, Philippines

Atkinson et al.

Affected by storms 2001-2010

Distribution of money for disaster
preparedeness
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D&A: extreme events and disasters

Example Typhoon Haiyan, Philippines

UNOCHA
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Wrap-up

Climate (change) impacts --- vulnerability --- risks --- adaptation

Terms and definitions: risk is now (IPCC AR5) the dominant concept

Mitigation --- risks --- adaptation

Strong mitigation efforts can contain risk. Adaptation can reduce risks
but there are limits of adaptation

Climate impact cascades

The sequence of impacts needs to be reasonably understood, as a basis
for adaptation/risk reduction


