
SEDAC: Bridging 
Earth & Social 
Sciences
SESAC Symposium – 5 March 2026

Alex de Sherbinin, PhD
CIESIN Director
Former SEDAC DAAC Manager



Table of Contents

1. CIESIN Mission
2. SEDAC History & Rationale Within NASA
3. Sample Data Products and Applications
4. Remote Sensing Use by Social Scientists



CIESIN history and mission
• Established in 1989 

in Saginaw, 
Michigan as a 
Consortium of 
universities

• Joined Columbia 
University’s Earth 
Institute in 1998

CIESIN's mission is to harness cutting edge 
geospatial technologies to support integrated 
analysis of the human-environment system and to 
empower decision-making through collaborative 
research, teaching, and data production, 
stewardship and dissemination



NASA Socioeconomic Data and Applications Center 
(SEDAC) – 1998-2025

• Set up by NASA with the express purpose of bridging 
earth and social sciences

• >300 data sets comprising many >60k granules, 6 TB 
total archive size

• Approximately 800 citations of SEDAC data per year in 
the peer reviewed literature, including 38 in the Nature
family of journals, 6 in Global Change Biology, 4 in 
PNAS, and 6 papers published in Science or Science 
Advances.

• A large use by applied users in disasters, humanitarian, 
development, planning and other fields

Project Summary
The SEDAC was a $30m 5-year 
contract to run a data center that is 
part of the Earth Observation System 
Data and Information System 
(EOSDIS). SEDAC provides the data 
that put “people” in the pixel.



SEDAC History & 
Rationale Within NASA



Mission to Planet Earth (MTPE) built on early thinking about Earth System 
Science and the importance of the human dimensions of global change

6

“The “Bretherton Report” was the crucible for both the 
interdisciplinary field of Earth System Science and NASA’s 
Earth Observing System.” – G. Williams, 2009

https://news.climate.columbia.edu/2013/03/04/a-road-
map-towards-better-understanding-of-global-

environmental-change/

Missions planned or 
operational in the 1990s:
• Landsat 7
• TRMM
• Terra & Aqua (MODIS, 

MISR, CERES, MOPITT, 
and ASTER)

• SeaWiFS

https://news.climate.columbia.edu/2013/03/04/a-road-map-towards-better-understanding-of-global-environmental-change/


Box on Human 
Dimensions 
Research from the 
Earth Science 
Enterprise Strategy
(NASA, 2003, p. 8).

NASA recognized the need for integration of Earth science and socioeconomic 
data and information to support applications and decision making

 The 1998 NRC report, People and Pixels, 
had a strong influence on the importance 
of data integration and on SEDAC’s 
mission and focus

 SEDAC Statement of Work, June 1998
◦ The mission of SEDAC as an institutional 

element with EOSDIS encompasses two areas of 
equal priority:

• Development and consequent operation of 
applications which support the user 
community

• Improvement of the exchange of data and 
information between Earth scientists and 
socioeconomic data users

Ronald Rindfuss
SEDAC UWG Chair, 1998-2001 

https://doi.org/10.
17226/5963

https://doi.org/10.17226/5963


Sample Data Products 
and Applications



SEDAC distributed many different data sets across a range of topics and 
application areas
Current SEDAC Mission Areas
 Population Land-Use and Emissions (PLUE)
 Mitigation, Vulnerability and Adaptation (MVA)
 Hazard Vulnerability Assessment (HVA)
 Poverty and Food Security (PFS)
 Environment and Sustainable Development (ESD)



PLUE
Population, Land 
Use and Emissions



SEDAC’s flagship data product, Gridded Population of the World, has evolved 
significantly since 1995, building on improved data and tools

 GPWv1: total population on a 5 arc-
minute grid, 19,000 admin units

 GPWv4: total pop, age, sex on a 30 arc-
second grid, >12 million admin units

 GPWv5: under development

Waldo Tobler            Uwe Deichmann
(deceased)



A global dataset of ~124k 
urban settlements with place 
names and population for the 
years 1975-2030 in five year 
increments. It includes a 
hierarchy of settlements, from 
urban center, dense urban 
cluster, to semi-dense 
urban cluster. GUPPD uses 
open data sources and 
automated algorithms to 
assign city names to 
polygons.
• Key inputs: GHS-SMOD, 

Global Urban Centres
Database, GHS-POP R2023

Global Urban Points and Polygons Dataset (GUPPD), v1
https://doi.org/10.7927/brq1-xc29

https://doi.org/10.7927/brq1-xc29


MVA
Mitigation, 
Vulnerability, and 
Adaptation



https://doi.org/10.7927/
4hgr-db70
The Low Elevation 
Coastal Zone (LECZ) 
Global Delta Urban-
Rural Population and 
Land Area Estimates, 
Version 1 data set 
provides country-level 
estimates of urban, 
quasi-urban, rural, and 
total population (count), 
land area (square 
kilometers), and built-up 
areas in river delta- and 
non-delta contexts. 
• Key inputs: MERIT-DEM, 

SRTM, LECZv3, Delta 
Boundaries

The Low Elevation Coastal Zone (LECZ) 
Delta Population and Land Area Estimates, v1 
(1990, 2000, 2014, 2015)

a. Global densities of population and built-up area, outside LECZ10 and in and out of deltaic areas of LECZ10 (and LECZ05), 2015; b. 
Countries of the world shown by the percentage of the population in the Low Elevation Coastal Zone (LECZ10), overlaid with land area of the 
LECZ10 and deltas; c. Global quantities of land, population and built-up area, in and out of deltaic areas of LECZ10 (and LECZ05), 2015. 
Percentages above columns are of LECZ quantities as a % of total quantity (i.e. including outside the relevant LECZ); d. Global annual growth 
rates of population and built-up area, outside LECZ10 and in and out of deltaic areas of LECZ10 (and LECZ05), 1990–2015

https://doi.org/10.7927/4hgr-db70


HVA
Hazard Vulnerability 
Assessment



PFS
Poverty and Food 
Security



Global Relative Deprivation Index v1.10
• Child Dependency Ratio (CDR): 

Higher CDR implies higher 
dependency on working population.

• Infant Mortality Rate (IMR): 
Common indicator of poverty at the 
low end of the development 
spectrum.

• Subnational Human Development 
Index (SHDI): Assesses human 
well-being through education levels, 
life expectancy, and GDP

• Ratio of built-up area (BUILT): 
We assume rural populations are 
more likely to experience higher 
degrees of multidimensional 
poverty compared to urban 
populations

• Nighttime Lights (VNL 2020): 
Stable night lights are closely 
associated with anthropogenic 
activities, economic output, and 
infrastructure development.



ESD
Environment and 
Sustainable 
Development



Data available at:

https://www.earthdata.nasa.gov/topics/human-
dimensions/data-access-tools

&

https://dataverse.harvard.edu/dataverse/SEDAC

DOI: 10.5334/dsj-2026-009

https://www.earthdata.nasa.gov/topics/human-dimensions/data-access-tools
https://dataverse.harvard.edu/dataverse/SEDAC
https://doi.org/10.5334/dsj-2026-009


Applications
POPGRID Viewer

Population Estimation Service (PES)

SEDAC Hazards 
Mapper



Analysis of SEDAC data 
citations



SEDAC sought to support social scientists in the use of EO data…

1998 2002 2016 2018



Analysis of 75 peer-reviewed articles that cited 
SEDAC data (2021-2022)

0 2 4 6 8 10 12 14 16 18 20

Agriculture
Biodiversity & Conservation

Business & Economics
Computer Science

Development Studies
Energy & Fuels

Engineering
Environmental Sciences & Ecology

Genetics & Heredity
Geography

Geology
Infectious Diseases

Information Science & Library Science
Mathematical & Computational Biology

Medical Informatics
Meteorology & Atmospheric Sciences

Mining & Mineral Processing
Physical Geography

Physiology
Public, Environmental & Occupational Health

Remote Sensing
Science & Technology Other Topics

Social Sciences Other Topics
Water Resources

Zoology
Randomly 
selected 75 
articles of 1,434 
that cited SEDAC 
data during 2021-
2022

We were 
interested in 
characteristics
of current SEDAC 
data users, data 
integration and 
scientific tools 
and workflows

Lead 
author 
discipline



Thematic areas and EO instruments cited



Commonly used tools for analysis

0 10 20 30 40 50

None reported
Stata

SPSS
R used to produce data plots

R and Python
R and its extensions, Python (Numpy,…

R and its extensions
R

Python (Numpy, ArcPy)
Principal Component Analysis (PCA) no…

MaxEnt
Matlab

Marxan Connect GUI (uses python within)
JMP

Gephi
Excel or Google Sheets, R and its…

Excel or Google Sheets

R & Python

0 10 20 30 40 50 60

None reported
QGIS, Trends.Earth…

QGIS
PhotoScan Professional v.1.3.0

Grass, SAGA
Google Earth Engine (javascript)

Google Earth Engine
FRAGSTATS v4: Spatial Pattern…

DIVA-gis
C++ (maybe?)

ArcGIS, KNMI Climate Explorer
ArcGIS, Google Earth Engine (GEE)

ArcGIS

Workflow tools reported: Python 
Notebook; Jupyter Notebook 
(Python); Jupyter/Python 
Notebook 2



Sixty participants 
convened to 
address 
applications 
cloud-based and 
open data and 
code to human-
environment 
research

SEDAC Open Science Workshop, 9 January 2024

https://zenodo.org/records/10636022

https://zenodo.org/records/10636022


Examples of EO-
Socioeconomic Data 
Integration 



The Satellite Derived Indicators Collection
• Based on a NASA ROSES research 

grant SEDAC developed a collection 
of easily interpreted EO-derived 
data sets describing environmental 
changes

Global Changes in Freshwater Availability based on GRACE Global Urban Heat Island Data Set combining MODIS LST & GRUMP



Decision support: Mali climate vulnerability mapping using EO 
and socioeconomic data 

Interannual Coefficient 
of Variation in 

Greenness (NDVI) –
Derived from GIMMS

Flood Extent (events 
per 100 years) –

Derived in part from 
MODIS flood extent 
data @ Dartmouth 
Flood Observatory Soil Carbon – Derived 

in part from MODIS 
data (available from 
http://africasoils.net/) 

For USAID, 
CIESIN compiled 
spatial indicators 
across the three 
dimensions of 
vulnerability –
exposure, 
sensitivity, and 
adaptive capacity 
– including EO 
and spatially 
explicit data on 
poverty and 
related indicators

de Sherbinin, A., et al. (2015). Data Integration for Climate Vulnerability Mapping 
in West Africa. ISPRS International Journal of Geo-Information. 4, 2561-
2582. http://dx.doi.org/10.3390/ijgi4042561.

Vulnerability

http://http/africasoils.net/
http://dx.doi.org/10.3390/ijgi4042561


Global Gridded Relative Deprivation Index v1 (GRDIv1)

Data Citations: GRDIv1

https://doi.org/10.1038/s41586-023-06963-z

Impact Factor: 64.8 

https://doi.org/10.1038/s41586-023-06963-z


Gridded Population of the World (GPW), v4.11, 
Global Human Settlement Layer-Population (GHS-POP), High 

Resolution Settlement Layer (HRSL), DMSP-OLS (Defense 
Meteorological Satellite Program Operational

Linescan System) and VIIRS-DNB (Visible Infrared Imaging 
Radiometer Suite Day/Night Band)

Data Citations : Remote Sensing Integration

https://doi.org/10.1016/j.joule.2024.05.001

Impact Factor: 39.8 

https://doi.org/10.1016/j.joule.2024.05.001


Gridded Population of the World (GPW), v4.11, 
NASA Gravity Recovery and Climate Experiment (GRACE), and 

Global Land Data Assimilation System (GLDAS)

Data Citations: Remote Sensing Integration

https://doi.org/10.1038/s41893-023-01247-w

Impact Factor: 27.2 

Fig. 1.b: Surface water deficits and the groundwater required to meet them.

Fig. 2.b: Groundwater recharge and trends.

https://doi.org/10.1038/s41893-023-01247-w


Gridded Population of the World (GPW), v4.11 and 
NASA Moderate Resolution Imaging Spectroradiometer (MODIS)

Data Citations: Remote Sensing Integration

https://doi.org/10.1021/acs.est.3c06421

Impact Factor: 11.4

https://doi.org/10.1021/acs.est.3c06421


Collaboration with StormCenter Communications, Inc. 

Integration of Data and Services for Disaster Response 



Example SEDAC data 
use: Predictive analytics

Geraldine Henningsen and David Wells of UNHCR’s predictive analytics team 
reported to SEDAC that they use SEDAC’s gridded population data and 
Global Urban Polygons and Points Dataset (GUPPD) in a project seeking to 
predict the risk of forced displacement at the grid cell level across Africa, with 
a special focus on climate change. The data help to overcome challenges 
related to the paucity of up-to-date population data for Africa.



Thanks!
Contact: Alex de Sherbinin, adesherbinin@ciesin.Columbia.edu
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