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What is SEDAC?
• SEDAC is one of 12 NASA Distributed Active Archive Centers (DAACs) under the Earth Science Data and 

Information System (ESDIS) 

• SEDAC has been managed by the Center for International Earth 
Science Information Network (CIESIN) at Columbia University since 1998

• CIESIN’s offices are in the Geoscience Building on Columbia’s Lamont Campus in Palisades NY

• SEDAC has a staff of social and natural scientists, GIS specialists, data scientists, data management experts, 
programmers, and systems engineers
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• SEDAC data provide the ground level context for 
NASA’s remote sensing data

• Serve as a gateway/bridge between Earth and social 
sciences with focus on human-environment interactions

• Big emphasis on integration of RS & SE data

• Direct support to scientists, applied and operational 
users, decision makers, and policy communities

• Strong links to geospatial data community

SEDAC’s mission?



SEDAC distributes 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)



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
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Outline

• SEDAC LCLUC Data Sets

• SEDAC Urban and Settlements Data Sets

• SEDAC Data Use in LCLUC Analyses



Note: All maps in this presentation are under 
Creative Commons Attribution Only licenses:

The data are available as map services:
https://sedac.ciesin.columbia.edu/maps/services

Web processing services for Gridded population 
of the World v4 are available at: 
https://sedac.ciesin.columbia.edu/data/collection/
gpw-v4/population-estimation-service

All DOIs available from the prefix: DOI: 10.7927/

Consider disseminating your 
(particularly global & regional) data 

via SEDAC!

https://sedac.ciesin.columbia.edu/maps/services
https://sedac.ciesin.columbia.edu/data/collection/gpw-v4/population-estimation-service


SEDAC LCLUC Data Sets



Land-Use Data Sets

Ramankutty, N., et al.. 2010. 
Global Agricultural Lands
https://sedac.ciesin.columbia.
edu/data/collection/aglands

Jain, M., et al. 2017. India Annual 
Winter Cropped Area, 2001-2016. 
https://doi.org/10.7927/H47D2S3W

https://sedac.ciesin.columbia.edu/data/collection/aglands
https://doi.org/10.7927/H47D2S3W


Human Pressures on Land

Venter, O., et al. 2018. Last of the Wild Project, 
Version 3 https://doi.org/10.7927/H46T0JQ4

First version: WCS & CIESIN. 2002. Last of the 
Wild Project, Version 1, 2002

Oakleaf, J. R., et al. 2019. Development 
Threat Index. https://doi.org/10.7927/61jv-th84

https://doi.org/10.7927/H46T0JQ4
https://doi.org/10.7927/61jv-th84


Development Threat Index (components)

https://sedac.ciesin.columbia.edu/data/set/lulc-development-threat-index

https://sedac.ciesin.columbia.edu/data/set/lulc-development-threat-index


Anthropogenic Biomes

Version 1: Ellis, E.C., and N. 
Ramankutty. 2008. Anthropogenic Biome 
s of the World, Version 1. 
https://doi.org/10.7927/H4H12ZXD

Version 2: Ellis, E.C., K.K. Goldewijk, S. 
Siebert, D. Lightman, and N. Ramankutty. 
2014. Anthropogenic Biomes of the 
World, Version 2: 
https://doi.org/10.7927/H4D798B9

https://doi.org/10.7927/H4H12ZXD
https://doi.org/10.7927/H4D798B9


Coming Soon! Anthropogenic Biomes
Converted from Discrete Global Grid to
WGS1984 Geographic Projection



Other Land Related Data

Giri, C., et al. 2005. Global Mangrove Forests Distribution, 2000. 
https://doi.org/10.7927/H4J67DW8.  

Global Agricultural Inputs 
https://sedac.ciesin.columbia.edu/data/collection/ferman-v1

https://doi.org/10.7927/H4J67DW8
https://sedac.ciesin.columbia.edu/data/collection/ferman-v1


Data rescue!

https://sedac.ciesin.columbia.edu/
data/collection/ma

https://sedac.ciesin.columbia.edu/ddc/

https://sedac.ciesin.columbia.edu/data/collection/ma
https://sedac.ciesin.columbia.edu/ddc/


SEDAC Urban Data Sets



Global Human Settlement Layer: Built Up 
(GHS-BUILT), 1975-2014

https://sedac.ciesin.columbia.edu/data/set/ghsl-population-built-up-estimates-degree-urban-smod

https://sedac.ciesin.columbia.edu/data/set/ghsl-population-built-up-estimates-degree-urban-smod


Global Human Settlement Layer: Settlement Model 
(SMOD) and Urban Centres Database (UCDB)

JRC & CIESIN. 2021. Global Human Settlement Layer: 
Population and Built-Up Estimates, and Degree of 
Urbanization Settlement Model Grid.  
https://doi.org/10.7927/h4154f0w

JRC. 2019. Urban Centres Database. 
https://ghsl.jrc.ec.europa.eu/ucdb2018visual.php

https://doi.org/10.7927/h4154f0w
https://ghsl.jrc.ec.europa.eu/ucdb2018visual.php


New! Global Urban Points and Polygons Dataset (GUPPD), v1

Soon to be released!

A global dataset of 123,058 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 (level 30), 
dense urban cluster (level 23), to semi-
dense urban cluster (level 22). GUPPD 
uses open data sources to check and 
validate the names that JRC assigned to its 
UCDB polygons and to label the newly 
added settlements.
• Key inputs: GHS-SMOD, Global Urban 

Centres Database, GHS-POP R2023



Derived product: Global High Resolution Daily Extreme Urban 
Heat Exposure (UHE-Daily), v1 (1983 – 2016)

https://doi.org/10.7927/fq7g-ny13

High-resolution, longitudinal global record of geolocated urban extreme heat events and urban 
population exposure estimates for more than 10,000 urban settlements worldwide for 1983-
2016.
• Five combined temperature-humidity thresholds: two-day or longer periods where the daily maximum 

Heat Index (HImax) > 40.6 oC; one-day or longer periods where HImax > 46.1 oC; and one day or longer 
periods where the daily maximum Wet Bulb Globe Temperature (WBGTmax) > 28 oC, 30 oC, and 32 oC.

Source: Tuholske, C., K. 
Caylor, C. Funk, A. Verdin, S. 
Sweeney, K. Grace, P. 
Peterson, and T. Evans. 2021. 
Global Urban Population 
Exposure to Extreme Heat. 
Proceedings of the National 
Academy of Sciences 118(41), 
e2024792118. https://doi.org/1
0.1073/pnas.2024792118

https://doi.org/10.7927/fq7g-ny13
https://doi.org/10.1073/pnas.2024792118


GMIS and HBASE

Brown de Colstoun, E. C., et al. 2017. Global Man-made 
Impervious Surface (GMIS) Dataset From Landsat.. 
https://doi.org/10.7927/H4P55KKF. 

Wang, P., et al. 2017. Global Human Built-up And 
Settlement Extent (HBASE) Dataset From Landsat. 
https://doi.org/10.7927/H4DN434S. 

https://doi.org/10.7927/H4P55KKF
https://doi.org/10.7927/H4DN434S


Urban Expansion Projections

Seto, K., et al. 2016. Global Grid of Probabilities of Urban 
Expansion to 2030. https://doi.org/10.7927/H4Z899CG. 

Gao, J. and B. C. O'Neill. 2021. Global One-Eighth 
Degree Urban Land Extent Projection Grids by SSP 
Scenarios, 2000-2100. https://doi.org/10.7927/nj0x-8y67. 

https://doi.org/10.7927/H4Z899CG
https://doi.org/10.7927/nj0x-8y67


Other Urban Data

Frolking, S., et al. 2022. Global Monthly and Seasonal Urban 
and Land Backscatter Time Series, 1993-2020. 
https://doi.org/10.7927/gr2e-dh86

Reba, M. et al. 2018. Historical Urban Population: 3700 
BC - AD 2000. https://doi.org/10.7927/H4ZG6QBX. 

https://doi.org/10.7927/gr2e-dh86
https://doi.org/10.7927/H4ZG6QBX


SEDAC Data Use in 
LCLUC Analyses





Uses of SEDAC data in analyses

Population grids are used with remote sensing data to:

• Identify drivers of deforestation / biodiversity loss / land cover change 
/ fire activity / environmental change

• Control for the influence of population variables in  regression models

• Assess population exposure to hazards / infectious disease / 
pollutants

• Develop population weighting of exposure to create indices for 
health / hazards research

• Identify vulnerability of populations exposed to natural hazards / 
climate impacts

• Mask areas based on population density / human influence thresholds

See: de Sherbinin, A. 2016. “Remote Sensing and Socioeconomic Data Integration: 
Lessons from the NASA SEDAC”, In: Integrating Scale in Remote Sensing and GIS, 
D.A. Quattrochi, E.A. Wentz, N. Lam, and C. Emerson eds. Boca Raton FL: CRC Press.



How to pick a population grid?

• The POPGRID viewer can help 
with population grid comparisons

• The article below is also an 
excellent overview article

Leyk, S., A. Gaughan, S.B. Adamo, A. de Sherbinin, et al. 2019. Allocating 
people to pixels: a discussion of gridded population data products. Earth 
Systems Science Data. https://doi.org/10.5194/essd-11-1385-2019

www.popgrid.org

https://doi.org/10.5194/essd-11-1385-2019
http://www.popgrid.org/


Global Relative Deprivation Index, v1

The first global data set on relative deprivation, useful 
for environmental justice and vulnerability assessment 
applications

This data set defines relative deprivation on a 1-km grid-
cell basis incorporating the following layers:
1. Subnational human development index (from Smits & 

Permanyer 2019)
2. Child dependency ratios (from SEDAC’s GPWv4 Basic 

Demographic Characteristics)
3. Infant mortality rates (from SEDAC’s Global 

Subnational Infant Mortality Rates, v2.01)
4. Building footprints as a proportion of each grid cell 

(from HRSL, Microsoft, and Geofabrik/OSM)
5. Current nighttime lights (from VIIRS DNB)
6. Change in nighttime lights (from VIIRS DNB)

https://sedac.ciesin.columbia.edu/data/set/povmap-grdi-v1

https://sedac.ciesin.columbia.edu/data/set/povmap-grdi-v1


Groundswell Spatial Population and Migration Projections at One-Eighth Degree 
According to SSPs and RCPs, 2010-2050
Maps the effect of slow-onset climate change impacts on water availability and crop productivity, coupled with 
sea-level rise and storm surge, on future population distribution and climate-related internal migration in low to 
middle income countries.
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Based on:
Rigaud, K.K., A. de Sherbinin, B. Jones, J. Bergmann, V. Clement, K. Ober, J. Schewe, S. 
Adamo, B. McCusker, S. Heuser, and A. Midgley. 2018. Groundswell: Preparing for Internal 
Climate Migration. Washington DC: World Bank. 
https://openknowledge.worldbank.org/handle/10986/29461

Clement, V., K.K. Rigaud, A. de Sherbinin, B. Jones, S. Adamo, et al. 2021. Groundswell 
Part 2 : Acting on Internal Climate Migration. Washington, DC: The World Bank. 
https://openknowledge.worldbank.org/handle/10986/36248

North Africa

https://openknowledge.worldbank.org/handle/10986/29461
https://openknowledge.worldbank.org/handle/10986/36248


US Social Vulnerability Index Grids and U.S. Climate Risk Projections by County, v1 
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https://doi.org/10.7927/6s2a-9r49 and https://doi.org/10.7927/abr8-v666. 

1) Gridded version of CDC’s SVI data sets for 2000-2020
2) Projected county-level climate risk for 2040-2049. Includes frequency 
of heat waves, cold spells, drought, and heavy precipitation events along 
with anomalies of temperature and precipitation using high resolution (4 
km) downscaled climate projections.

https://doi.org/10.7927/6s2a-9r49
https://doi.org/10.7927/abr8-v666


SEDAC Impacts and Applications



Recent Citations: Bioscience

 Susannah B Lerman, Kelli L Larson, Desirée L 
Narango, Mark A Goddard, Peter P Marra, 
Humanity for Habitat: Residential Yards as an 
Opportunity for Biodiversity Conservation, 
BioScience, 73(9) 671–689, Sept. 2023, 
https://doi.org/10.1093/biosci/biad085.
 Cites: U.S, Census Grids (2010)

2022 Impact Factor: 10.1

Fig. 1: Residential lands are a 
significant proportion (estimated 
at 30%) of the conterminous US 

landscape. (a) The high-
resolution map (1 square 

kilometer resolution) shows 
detached housing density and the 
extent of residential yards based 

on the 2010 US Census for the 
conterminous United States 

(CIESIN 2017).

https://doi.org/10.1093/biosci/biad085


He, W., Li, X., Zhou, Y., Shi, Z., Yu, G., Hu, T., . . . 
Gong, P. (2023). Global urban fractional changes at a 1-
km resolution throughout 2100 under eight scenarios of 
Shared Socioeconomic Pathways (SSPs) and 
Representative Concentration Pathways (RCPs). Earth 
System Science Data, 15(8), 3623-3639. doi: 
10.5194/essd-15-3623-2023.

• Global Man-made Impervious Surface (GMIS) Dataset From 
Landsat, v1, NASA Moderate Resolution Imaging 
Spectroradiometer (MODIS), and Shuttle Radar Topography 
Mission (SRTM)

Obermeier, W. A., Schwingshackl, C., Bastos, A., 
Conchedda, G., Gasser, T., Grassi, G., . . . 
Pongratz, J. (In press).  Country-level estimates of 
gross and net carbon fluxes from land use, land-
use change and forestry. Earth System Science 
Data. doi: 10.5194/essd-2023-281.

• GPWv4.11

Impact Factor (2023): 12.2

Recent Citations: Earth System Science Data



SEDAC data and services are available through data analysis tools and decision 
support systems, e.g., Global Forest Watch and Google Earth Engine

https://www.globalforestwatch.org/

https://developers.google.com/earth-engine/datasets/catalog/

https://lpdaac.usgs.gov/tools/appeears/

https://www.globalforestwatch.org/map/3/-20.33/16.63/ALL/grayscale/viirs_fires_alerts,forest2000/609?tab=analysis-tab&geostore=6e1415646a65a56ec03b460b96564f2e&begin=2018-05-31&end=2018-06-01&threshold=30&dont_analyze=true
https://developers.google.com/earth-engine/datasets/catalog/
https://lpdaac.usgs.gov/tools/appeears/


SEDAC Guide to Remote Sensing for Social Scientists: Tools to Facilitate the 
Use of Remote Sensing Data in the Social and Health Sciences Research

http://sedac.ciesin.columbia.edu/binaries/web/sedac/thematic-guides/remote-sensing-
tools-for-social-scientists.pdf

http://sedac.ciesin.columbia.edu/binaries/web/sedac/thematic-guides/remote-sensing-tools-for-social-scientists.pdf


SEDAC Impact: Training Young Professionals

 SEDAC’s contract includes a HBCU/MSI 
subcontracting/spending goal
 SEDAC collaborated with faculty from Lehman 

Colleges’ MS in Geographic Science program
 Team of 5 students used machine learning (Amazon 

Turk) to characterize features of built infrastructure 
from imagery for flood hazard assessment

 Paper published in IEEE journal
 Two students hired by NASA MSFC: Natalia 

Bermudez and Lauren Carey; another student now  
works for the U.S. Census Bureau

 Similar goal in new contract; working with Lehman  
to identify additional students and data projects

https://doi.org/10.1109/OJCS.2022.3166887

Juan Martinez from SEDAC 
with students from Colombia 
at AmeriGEO 2023

https://doi.org/10.1109/OJCS.2022.3166887


Open Science Efforts at SEDAC
 K. MacManus is leading a 2-year TOPS project on “Science Core Heuristics for Open 

Science Outcomes in Learning” (SCHOOL).
 R. Chen and R. Downs helped organize the GEO Open Data & Knowledge Workshop 

in Geneva in June 2023.
 R. Downs served on the organizing committee for the NASA SMD Open Source 

Science Data Repositories Workshop in Boulder CO on 27-29 September 2023.
 S. Adamo virtually attended the first meeting of the Committee on Science and Open 

Data of the InterAmerican Institute for Global Change Research (IAI) on 5 Sept 2023.
 SEDAC organized a workshop on open science for the human dimensions of 

environmental change community on 9 January 2024 in New York. Topics included:
 Introductions to NASA Open Science Initiatives
 Interactive sessions with pioneers in the field showcasing their workflows and techniques
 Discussions on ethical considerations, cloud data providers, and open access practices
 Breakout sessions focusing on specific themes like environmental justice, climate impacts, 

and remote sensing and socioenvironmental data integration
 Networking opportunities to connect with fellow researchers and professionals

K. MacManus at NASA 
booth, AGU 2022

R. Downs with ESIP’s 2023 
Martha Maiden Lifetime 

Achievement Award



Thanks!

Alex de Sherbinin
Reach out at amd155@columbia.edu

mailto:amd155@columbia.edu

	NASA SEDAC Land Cover and Land Use Change products
	What is SEDAC?
	Slide Number 3
	SEDAC distributes many different data sets across a range of topics and application areas
	SEDAC’s flagship data product, Gridded Population of the World, has evolved significantly since 1995, building on improved data and tools
	Outline
	Slide Number 7
	SEDAC LCLUC Data Sets
	Land-Use Data Sets
	Human Pressures on Land
	Development Threat Index (components)
	Anthropogenic Biomes
	Coming Soon! Anthropogenic Biomes
	Other Land Related Data
	Data rescue!
	SEDAC Urban Data Sets
	Global Human Settlement Layer: Built Up �(GHS-BUILT), 1975-2014
	Global Human Settlement Layer: Settlement Model (SMOD) and Urban Centres Database (UCDB)
	New! Global Urban Points and Polygons Dataset (GUPPD), v1
	Derived product: Global High Resolution Daily Extreme Urban Heat Exposure (UHE-Daily), v1 (1983 – 2016)
	GMIS and HBASE
	Urban Expansion Projections
	Other Urban Data
	SEDAC Data Use in �LCLUC Analyses
	Slide Number 25
	Uses of SEDAC data in analyses
	How to pick a population grid?
	Slide Number 28
	Groundswell Spatial Population and Migration Projections at One-Eighth Degree According to SSPs and RCPs, 2010-2050
	Slide Number 30
	SEDAC Impacts and Applications
	Recent Citations: Bioscience
	Slide Number 33
	SEDAC data and services are available through data analysis tools and decision support systems, e.g., Global Forest Watch and Google Earth Engine
	Slide Number 35
	SEDAC Impact: Training Young Professionals
	Open Science Efforts at SEDAC
	Thanks!��Alex de Sherbinin�Reach out at amd155@columbia.edu�

