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Introduction

• AR4 (Schneider et al. 2007: 782):
– An impact describes a specific change in a system 

caused by its exposure to climate change. Impacts 
may be judged to be either harmful or beneficial. 

– Vulnerability to climate change is the degree to 
which these systems are susceptible to, and unable 
to cope with, the adverse impacts. 

– The concept of risk, which combines the 
magnitude of the impact with the probability of its 
occurrence, captures uncertainty in the underlying 
processes of climate change, exposure, sensitivity 
and adaptation
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Introduction (cont.)

• Layers of vulnerability

– Everyone is vulnerable to climate change to some extent, it is 
an issue that cuts across socioeconomic status, settlement type 
or degree of development. Someone or something is 
vulnerable just by virtue of  being present at the place and 
time of occurrence of the particular hazard. This is the 
external dimension of vulnerability, that of exposure. 

– However, not everyone in a specific situation shows the same 
degree of vulnerability, and this is related to the internal 
dimension, that of defenselessness. Multiple layers of 
vulnerability may be added because of the influence of group, 
household and individual characteristics such as age, gender, 
race or ethnicity, education, household composition, life 
cycle, etc. 
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IPCC AR4 Observed Effects
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Climate Changes Are Under Way 

From IPCC AR4 
Summary for 
Policymakers
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Melt 
descending 
into a 
moulin, a 
vertical 
shaft 
carrying 
water to ice 
sheet base

Source: Roger 
Braithwaite, 
University of 
Manchester 
(UK).  Slide 
courtesy 
James Hansen

Rapid Deglaciation of Greenland 
Ice Sheet?

• Greenland ice could raise sea levels up to 7 m

Jakobshavn Ice 
Stream in 
Greenland. 
Discharge from 
major Greenland 
ice streams 
is accelerating 
markedly. 

Source: Prof. 
Konrad Steffen, 
Univ. of 
Colorado. Slide 
courtesy James 
Hansen
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Collapse of the West Antarctic Ice Sheet?

• Wilkins Ice Shelf 
disintegrated recently

• One of a string of ice 
shelves that have 
collapsed in the West 
Antarctic Peninsula in 
the past thirty years.

– Larsen B in 2002

• West Antarctic ice 
could add 5 meters to 
sea level rise

• Remainder of 
Antarctic ice ~50 m

7



World Data Center for Human 
Interactions in the Environment

Impacts of Climate Change, Examples
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On Ecosystems:
Over the course of this century, net carbon uptake by terrestrial 
ecosystems is likely to peak before mid century and then weaken 
or even reverse, thus amplifying climate change

On Industry, Settlements, and Society:
The most vulnerable industries, settlements and societies are 
generally located in coastal and river flood plains, with economies 
closely linked to climate-sensitive resources and in areas prone to 
extreme weather events, esp. where rapid urbanization is 
occurring

Poor communities can be especially vulnerable, particularly those 
concentrated in high-risk areas

(AR4 Synthesis Report, p. 48)
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In view of the fact that climate change impact 
and resulting vulnerability is inherently spatial, 

we now look at three challenges faced by 
national statistical offices in integrating data 

from a variety of sources to assess 
vulnerability 
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Challenge 1 

• 1) National census units are not well-
delineated in geographic space, making it very 
difficult to locate human populations with 
respect to climate risks; this is especially 
problematic concerning coastlines and sea-
level rise risks.
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Integrating data to assess vulnerability

Hazard

= RISK!

Hazard

Exposure (location) + 
defenselessness (individual, 
household and community 
characteristics)
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Early studies assessed potential impacts 
of sea level rise

• Potential impacts of 5- to 8-m rise on Washington 
DC and southern Florida

13
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10-m LECZ: New York City
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Units of Analysis Differ

• Earth and social scientists use 
different units of analysis and have 
different ways of aggregating data

– e.g., pixels vs. individuals, physical 
features vs. households, 
physiographic vs. administrative 
regions, grids vs. countries

• Linking such data requires conversion 
of data between geographies

– e.g., grids to administrative units or 
vice versa
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Converting Units of Analysis
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AdminId

Source: Deichmann 1996: 24

• Administrative boundaries and population information in 
raster format.
– Physio-geographic variables (climate, vegetation, soils) 

are frequently stored in raster format (Deichmann 1996).

AdminId
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Need access to data before it can be 
integrated

• Increased concerns about national security, intellectual property rights 
leading to reduced access to data

• Example: U.S. has not released 30-m SRTM for world, despite 
significant potential benefit for applications
– Comparison of 30- and 90-m SRTM for Blue Ridge Mountains, VA:

90 m 30 m

Comparison courtesy of Y. Gorokhovich, CIESIN
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Black shoreline: ESRI
Red shoreline: Administrative Units, BPS

Conflicting boundary data
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Challenge 2

• Inter-annual change in the spatial distribution 
of population is almost impossible to 
characterize with precision, because of 
incommensurate administrative boundaries 
across censuses.
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BOLIVIA: Change in boundaries 
between censuses
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Challenge 2, cont.

• Tracking changes in the spatial framework 
permits comparisons over time

• Changes in census spatial units are more 
common at higher resolution (census tract 
level and higher)

• These higher level resolutions are the ones 
needed for vulnerability assessment
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Challenge 3

• Intra-annual variation in population 
distribution is not systematically tracked, 
making it hard to characterize exposure to 
highly variable climate risks
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Recommendations

• Greater spatial precision in census units 
(boundary data)

• Commitment to "spatial backcasting" when 
census units are redrawn, to permit spatial 
census time series (which are now impossible)

• Discourage redrawing census units unless 
necessary

• Use of surveys to pinpoint inter- and intra-
annual population movement 
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Recommendations, cont.

• Capture information about place of work, daily 
displacements including shopping and schools, 
seasonal movements, etc. in surveys/other 
ways(?) 

• More attention to spatial mobility, including 
migration
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