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CIESIN and the Earth Institute

• The Earth Institute’s overall mission is to harness science for 
environmental sustainability and poverty alleviation

• CIESIN is a unit of the Earth Institute focused on research and data 
related to human interactions in the environment

• CIESIN operates the NASA 
Socioeconomic Data and 
Applications Center, which 
provides socioeconomic data sets 
that are complementary to 
NASA’s remote sensing products

• CIESIN has been involved in data 
and research on climate change in 
conjunction with the IPCC and the 
National Climate Assessment



SEDAC’s Strategic Plan
• Identify 

community data 
needs for climate 
impacts, 
vulnerability & 
adaptation

• Develop new 
data and 
applications that 
address those 
needs



Initial Assessment of Needs

• More depth in spatial demographic data, including information about 
poverty, age structure, literacy, and other measures relevant to 
impacts and vulnerability.

• Improved spatial time series data, for integrated analysis with 
climate time series data.

• Spatial data on observed impacts potentially relevant to climate 
stress and climate change, such as political conflict, food security 
crises and so on.

• Scenarios of socioeconomic conditions relevant to impacts and 
vulnerability, such as per-capita income and poverty, that are 
sensitive to the patterns of cross-national and temporal variation that 
affect outcomes and structured in a manner that permits 
straightforward integration with climate scenarios.

• Gridded population projections and possibly a gridded GDP product.



Why do we need spatial data?



Definition of Vulnerability
“Vulnerability is the degree to which a system is susceptible to, or 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.”     - IPCC Working Group 2

Population’s Vulnerability = f (E, S, A)

Where

•E = exposure — size of the area and/or population affected (does the event 
occur there?)
•S = sensitivity — the intrinsic (age, sex, SES, ethnicity, livelihood strategies, 
etc.) and extrinsic (institutions, entitlements, etc.) characteristics of a population
•A = adaptive capacity — capacities of the population, place or system to resist 
impacts, cope with losses, and/or regain functions



The Spatial Element
• Climate change impacts are spatially differentiated 
• Vulnerabilities are spatially differentiated
• Adaptive/coping capacities are spatially differentiated 

Georeferenced data on population, 
poverty, land use types, hazards, 
and climate change scenario 
outputs, together with ancillary 
biogeophysical data, can help us 
to understand climate change 
impacts and vulnerability, and in 
turn inform where adaptation may 
be required

Drought Frequency

Poverty Levels

Cropping System

Societal Impacts



What are the risk management challenges?

•Warmer and more frequent hot days and nights over 
most land areas (likelihood: virtually certain)

•Increases in heat wave frequency over most land areas 
(very likely)

•Increases in heavy precipitation events over most areas 
(very likely)

•Increases in areas affected by drought (likely)
•Increasingly intense tropical cyclone activity (likely)
•Rising sea level (likely)

Source: IPCC AR4 Working Group 2 Report



The “Where?” Questions

• Where will different climate impacts be greatest?
– Drought freqency
– Water scarcity
– Cyclones

• Where are the vulnerable located today?
– Poor people
– Aged
– Immigrants

• Where do we need to invest in adaptive capacity?



Hotspots Mapping Efforts





Current Data Availability and Sample 
Analyses



Hazard Data



Landslides Triggered by Precipitation Today

Source: ISDR (2009) Global Assessment Report on Disaster Risk Reduction. 
United Nations, Geneva, Switzerland. Viewed in TerraViva! SEDAC Viewer



Heavy Precipitation and Flooding Today

Source: ISDR (2009) Global Assessment Report on Disaster Risk Reduction. 
United Nations, Geneva, Switzerland. Viewed in TerraViva! SEDAC Viewer



Exposure to Cyclones

Source: Dilley, M., R.S Chen, U. Deichmann, A. Lerner-Lam and M. Arnold (2005), Natural Disaster Hotspots: A Global 
Risk Analysis, World Bank, Washington DC. 





Population Data





Integrating Data to Assess Vulnerability: An Example
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Exposure (location) and 
sensitivity (individual, 
household and community 
characteristics)



Blue Areas Will See Increases in River Runoff

Source: Adamo and de Sherbinin (2009). The impact of climate change on 
the spatial distribution of populations and migration. Proceedings of the 
Expert Group Meeting on Migration. New York: UN Population Division.

>400m people live in areas where river 
runoff will decline by more than 20%



Heat Waves & the Urban Heat Island Effect

Combined with 
population 
ageing, 
mortality risk 
increases 
greatly

Source: Ganguly et al. 2010 



SEDAC Viewer
http://sedac.ciesin.columbia.edu/tv

http://sedac.ciesin.columbia.edu/tv�


Poverty Data





Compared with the non-poor, poor people are more likely to be found in 
drought-prone areas with shorter growing seasons 

Non-poor Poor



US Census Grids



Child Malnutrition



Adaptive Capacity Data



Adaptive Capacity

“Determinants of coping capacity are awareness, ability, 
and action” – Lucas and Hilderink 2004

• A function of national income
• A function of human and social capital
• A function of past infrastructure development
• A function of good governance
• A function of political stability
• And many other issues…



Water Storage Capacity an Important Indicator of Drought Resilience: 
Global Map of Irrigated Areas

Source: Siebert et al. 2007



Black = Runoff projected to decline by >20%

Sources: UNISDR Global Risk Update and Lehner et al. (2010) Global Reservoir and Dam Database (GRaND)

Hydroelectric Dams and Runoff Decline



Accessibility (and Spatial Poverty Traps)

Source: Nelson 2009, available at 
http://bioval.jrc.ec.europa.eu/products/gam/





Bringing it All Together and Telling A Story



Mekong Delta

Source: UNU, CARE, CIESIN. (2010). In Search of Shelter.



Mexico and Central America



Glacier melt – A quarter of the world´s population



Spatial Data on Adaptive/Coping Capacities

• Gridded income data (Nordhaus, Sutton)
• Radio/TV ownership, Internet access (UNESCO)
• Water holding capacity of dams (GRaND, UNH WSAG)
• Governance indicators at the national level (World Bank, 

Transparency Int’l, POLITY proj.)
• Conflict areas (PRIO, CRED CE-DAT, CIESIN)
• Atrocities data (CIESIN) 
• Refugee camps (UNHCR)
• Health infrastructure (WHO)
• Age structure (CIESIN forthcoming)



The Temporal Element

• Vulnerability is not static; depends on:
– Economic cycles
– Pre or post disaster
– Government policies (which change)

• Impacts will also vary temporally – by season and at 
decadal time scales

• Many of our data sets do not adequately capture this 
dynamism 



Questions

• What data are needed?
– What scales are most useful?
– Where do gaps need to be filled?

• Is hotspots mapping useful?
• How do we get beyond static portrayals?



Proposal for a Global, Spatially Explicit, Open 
Source Data Base for Analysis of Agriculture, 

Forestry, and the Environment 
• We propose new infrastructure to support researchers 

working in this area that will: 
1. gather national and sub national statistics from various 

statistical agencies around the world to put together a 
consistent global data set, along with regional companion data 
sets, on agriculture and land use; 

2. employ spatial disaggregation methods, including the use of 
satellite remote sensing technology and spatial statistics to 
develop geographically-explicit gridded data on a global scale; 
and 

3. develop a data portal, including new tools for providing data in a 
variety of convenient formats to the global research community. 



Closing Remarks

• Mapping of impacts and vulnerability can provide important insights
• There is an increasing amount of spatially disaggregated data on 

hazard exposure, aspects of vulnerability, and adaptive capacity
• Researchers need to target decision support for adaptation and risk 

management through a co-production of knowledge
• Risk assessment, planning, and management need to be integrated
• Recognize that adaptation measures that can be justified for other 

reasons (current hazard risk, pop growth) are likely to be received 
more favorably

• The US is moving towards a climate services approach – similar to 
agricultural extension, to familiarize stakeholders with climate data 
and future projections



Thanks!

amd155@columbia.edu
www.ciesin.columbia.edu

www.populationenvironmentresearch.org

http://ciesin.columbia.edu/�
http://www.populationenvironmentresearch.org/�


Agricultural Adaptation to Climate 
Variability from Regional to Local Scales

Meha Jain, Ph.D. Student

Ecology, Evolution, and Environmental Biology

Columbia University



Issues of  Scale

• Case study vs generalizeability

• Understand findings within a broader 

context

?



Nested Hierarchical Approach

• Identify the factors 

influencing adaptation 

(across regional to 

household scales)

• Agricultural communities

• India

• ~60% livelihoods

• 20% GDP

• 50% rain-fed



Measures of  Climate 

Responses

• Short-term responses

• Crop type

• Planting date

• Number of  crops grown annually (cropping intensity)

Water-intensive
Drought-tolerant



• MODIS EVI (250 m from 2000-present)

• Cropping intensity

• Planting date

First 

Planting 

Date

Remote Sensing Product



Single Crop Double Crop

Plantation/Forest Urban



Urban

Plantation

Single crop

Double crop

86.2% 

Accuracy



Correlations with Rainfall
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Household-level Responses



Main Monsoon Crops

Cotton Cash-Crop

Short Duration

Castor Cash-Crop

Long Duration

Sorghum Cereal

Millet Cereal

W
a
te

r 
In

te
n

si
v
e



Crop Planting Date by Rainfall
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Adjusted R2= .173



Conclusions

• Climate factors are playing a significant role in 

decision-making even after controlling for irrigation 

access 

• Multi-scale hierarchical approach may help 

understand the generalizeability and 

representativeness of  household-level research on 

adaptation
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Observations = 193



Factors Influencing Adaptive 

Capacity

Access to capital

Soil fertility
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