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Gridded Population of the World
• Raster data product developed to provide a spatially-disaggregated 

population surface that is compatible with data sets from social, economic, 
and Earth science fields.

• Census population data are transformed from their native spatial units to a 
global grid of quadrilateral latitude-longitude cells (Balk et al. 2010)

• Free and openly available

GPW version 3, 2000 population density Transforming census units to a grid
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History of GPW

• GPWv1 was an outgrowth of a 
Global Demography Workshop 
held at CIESIN in 1994 

• Consensus that a consistent global 
database of population totals in 
raster format would be invaluable 
for interdisciplinary study 
(Deichmann et al., 2001)

• Produced by Waldo Tobler, Uwe 
Deichmann, Jon Gottsegen, and 
Kelly Maloy at the UC Santa 
Barbara
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Publication 
Year

Years of 
Estimation

Grid 
Resolution

Number of Input 
Units 

(subnational 
geographic units)

Census 
variables Population Density Grid

GPWv1 1995 1994
5 arc-minute 

(10 km) 19,000

Total 
Population

GPWv2 2000 1990, 1995
2.5 arc-minute 

(5 km)
127,000

Total 
Population

GPWv3 2005
1990, 1995, 

2000
2.5 arc-minute 

(5 km)
~ 400,000

Total 
Population

GPWv4 2015
2000, 2005, 
2010, 2015, 

2020

30 arc-second 
(1 km)

~ 12,500,000

Total 
Population, 

Sex, Age, 
Urban/Rural 

status

Development of GPW

2010

2000

1995

1994
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Adjust boundaries to 
global framework and 

mask inland water 

Estimate the population 
for target years (2000, 

2005, 2010, 2015, 2020)

Adjust estimates to UN 
World Population 

Prospects for target years

Match to geographic 
boundaries (census or 

administrative)

Proportionally-allocate 
population to 1 km grids using 

an areal-weighting method

GPWv4 Workflow
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Find 2010 round tabular 
population counts and 
geographic boundaries
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GPW is minimally-modeled

• GPW uses the areal-weighting method
– Uniformly distributes population based on 

land area

– Does not incorporate ancillary data (e.g. land 
use/land cover, transportation networks, 
elevation, etc.)

• Maintains fidelity to input data

• The accuracy of GPW pixel estimates is 
directly related to the size of the input 
census units

Higher resolution boundaries in eastern China 
lead to more accurate population distributions
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Improvements to GPWv4

Increased resolution of input census units

Addition of gridded census variables
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GPWv3 GPWv4

Global 399,747   12,497,563 

USA 60,884 10,608,747 
Rest of 
World 338,863 1,888,816 

Number of Input Census Units

Increased resolution of input census units

Smaller (~1km)
grid cell

Increased 
availability of 
census data and 
cartography 

13



GPWv4 Administrative Level

GPWv4 alpha
release

14

Highest resolutionLowest resolution



Demand to include demographic information in global 
population grids

GPWv4 will include detailed global grids for:
• Sex
• Age (single year or 5-year age groups)
• Urban/Rural status

Addition of gridded census variables
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% Rural population, 2010, Panama % Urban population, 2010, Panama 

Addition of gridded census variables
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Improvements to GPWv4

Increased resolution of input census units

Increases the accuracy of the data product

Extends the applicability of GPWv4

Addition of gridded census variables
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GPWv4 Data Collection
• Population Density

• Population Count

• Land Area

• Data Quality Indicators:
• Water Mask

• Data Context

• Mean Admin Unit Area

• National Identifier 
Grids

• Centroids

2010 estimated 
population density 

(persons/km2) 18



2015 GPWv4, GRUMP, LandScan, 
WorldPop, Geostat…

Many gridded pop products

1994 GPWv1
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Many gridded pop products

1994 GPWv1

2015 GPWv4, GRUMP, LandScan, 
WorldPop, Geostat…

Coverage Resolution Population Method
Ancillary data 
used

Method 
consistency

GPWv4 Global 1km Residential Areal-weighting None
Globally 
consistent

GRUMP Global 1km Residential
Dasymetric
mapping

Nighttime lights, 
settlement points

Globally 
consistent

LandScan Global 1km Ambient
Dasymetric
mapping

Roads, slope, elevation, 
land cover, urban
boundaries, nighttime 
lights

Varies by 
country

WorldPop
Africa, Asia, 
Central and 
South America

100m - 1km Residential
Dasymetric
mapping

Land cover, settlement 
boundaries, roads, 
nighttime lights, health 
facility locations

Varies by 
country

Geostat Europe 1km Residential

Aggregation of 
microcensus;
disaggregation and 
spatial modelling

Land cover, roads
Varies by 
country
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Different products for different uses



Additional GPWv4 Modeling

• GHSL
• Integration of GPW and GHSL via a joint project with JRC

• VIIRS
• Day-Night band from the joint NASA-JAXA Suomi NPP 

satellite

• Relationship between high resolution census data 
(population density) and emitted lights

• Use relationship to reallocate population in areas of low 
resolution census data
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Population-Light Relationship
GPWv4 population density

VIIRS brightness

Scatterplot

Linear transfer functions
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VIIRS Test Case: Guinea

Proportional Allocation (GPWv4) VIIRS Reallocation
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Overall, GPW is a census-based 

global population grid that is: 
• Highly used

• Widely applicable

• Free and open source

• Well-documented

• Transparent

How to access data:
• GPWv3: http://sedac.ciesin.columbia.edu/data/collection/gpw-v3

• GPWv4:  Email gpw@ciesin.columbia.edu to request alpha data

Erin Doxsey-Whitfield
edwhitfi@ciesin.columbia.edu
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Improvements in Input Data Resolution

98 countries11 countries 132 countries
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GPWv4 alpha
release


