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The development of GPW v3 was the effort of many CIESIN staff, Columbia University 
students, and colleagues in various like-minded institutions throughout the world.  The 
data were produced with primary support from National Aeronautics and Space 
Administration under Contract NAS5-03117 for the Continued Operation of the 
Socioeconomic Data and Applications Center (SEDAC) at CIESIN at Columbia 
University and from the Inter-American Development Bank under Contract ATN/SF-
5206-RG and the International Food Policy Research Institute to the Centro Internacional 
de Agricultura Tropical (CIAT). A full set of acknowledgments may be found at: 
http://beta/sedac.ciesin.columbia.edu/gpw/credits.jsp and in the country-specific 
pages of the GPW website: http://beta.sedac.ciesin.columbia.edu/gpw.  Data are freely 
available for download from this site.  
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Introduction 

 

Global or broad-scale inquiry on the relationship between population and the 

environment is intrinsically spatial, however, much of the analysis occurs in a spatial 

vacuum. While notable exceptions exist, especially at the local scale two key barriers 

have contributed to the lack of spatially-oriented analysis: (1) the methods of analysis 

require some knowledge of geographic data and tools for analysis; and (2) population 

data, at a global scale, tend to be recorded in national units rather than those that would 

permit cross-national, subnational analysis.  These barriers have been slowly eroding. 

On the demand side, demographers are becoming more familiar with geographic 

constructs, data and technology (and the technologies are becoming more relevant—e.g., 

in terms of spatial analysis—to demographers). On the supply side, data and tools are 

becoming increasing available. This paper describes recent developments in rendering 

global population data at the scale and extent require to facility broad-scale population-

environment inquiry, and in particular as applied to the third revision of the Gridded 

Population of the World (GPW) dataset (CIESIN et al., 2004).  

Nearly ten years have passed since the first efforts to render population data, 

primarily from censuses, on a latitude-longitude grid on a global scale (Tobler et al., 

1997; Clark and Rind, 1992). In those ten years, several key advances have been made: 

The spatial resolution of administrative boundary data is improving; national statistical 

offices and spatial data providers and related institutions are becoming more open with 

their data; population and spatial data providers are increasingly aware of (or 

collaborate with) one another; and lastly, computing capacity to manage, manipulate, 

and process increasingly large data sets is continually expanding.  

The basic methods, developed for GPW v1 (Tobler et al., 1997) and modified 

slightly for GPW v2 (Deichmann et al., 2001), remain more or less the same here: 

population data are transformed from their native spatial units which are usually 

administrative and of varying resolutions (see Figure 1 below) to a global grid of 

quadrilateral latitude-longitude cells at a resolution of 2.5 arc minutes. Slight 

modifications have been made to the processing, and the increases in input resolution 

have meant that the new version of GPW has relied more heavily of interpolations of 
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population data that rely on spatial hybrids (e.g., growth rates between states in 1990 

and 2000 are applied to the spatial distribution of population in municipalities in the 

year 2000; such changes are discussed in below).  To the extent that the method has been 

enhanced or altered, these will be discussed here. 

GPW is an effort to amass information on the distribution of human population 

without modeling. However, there are many good reasons for modeling. For example, 

census data typically represent a decennial, residential picture of population distribution. 

It does not indicate daytime or seasonal distribution, non-residential patterns such as 

transportation zones, or built-up industrial and commercial areas. Another reason for 

modeling is that GPW’s accuracy is closely related to that of the accuracy of census data. 

If these data are old (i.e., no new census in many years), coarse (national or coarse-level 

only), or believed to otherwise be of poor quality, additional information may be very 

useful in estimating the distribution of human population. Thus, over the past decade, 

many efforts have focused on efforts to model population distribution. These have 

ranged from lightly modeled approaches, with urban areas (CIESIN et al., 2004) or roads 

(UNEP et al., 2001) or heavily modeled with these and other inputs to reallocation 

population (e.g., LandScan, see Dobson et al., 2000). We argue that these modeled 

datasets are complementarily to GPW’s heuristic method. Discussion of the suite of 

complementary approaches is deferred to the end of this paper.   

Each of the above-mentioned improvements has significantly impacted the 

continuing development of global population data and its ability to render it at scales 

useful for integration with environmental and other geographic datasets for the purpose 

of interdisciplinary data analysis. Lastly, a few key recent findings from analysis of 

GPW are reviewed.  

 

Key Improvements 

Both significant spatial and temporal improvements were made.  

 

Spatial resolution:  

Table 1 highlights some of the major changes in the development of the first data 

product to the most current one. In 1994, the first GPW database was developed using 
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about 19,000 units, and rendered at an output resolution of 5 minutes; whereas the 

second version had nearly 120,000 input units, about half of which were due to the 

inclusion of tract-level data for the United States. The third version has over 375,000 

inputs units, with no improvement to the resolution of the inputs for the United States 

(although higher resolution data are available)1, but substantial improvements for other 

countries including both geographically large and small entities: South Africa (80,000), 

Indonesia (60,000), France (36,000), Malawi (9,000) and Brazil (5,500)2.  These along with 

the U.S., account for 70% of the units in the database, 17% of the global land area and 

roughly 13% of the population.  

Table 1. Summary Information on Input Units, by Continent 
 

 
Continent Modal 

Level* 
Total Number of 

Units 
Average 

Resolution 
Average Persons 

per Unit 
Africa 2 109,138 73 166 
Asia 2 88,782 53 276 
Europe 2 91,086 25 112 
North America 2 74,421 29 83 
Oceania 1 2,153 25 27 
South America 2 10,919 68 49 
Global 2 376,499 46 144 

 

Figure 1 (below) showing the level used for each country, reveals the greatest variation in 

Africa. The level available for Malawi, Uganda, and South Africa was the highest 

possible, whereas the level available for much of the rest of the continent was suboptimal. 

Similar heterogeneity is seen among the Eastern European, Middle Eastern and West 

Asian states.  Figure 2 (below) reveals the number of units used, and while it looks in 

broad strokes much like Figure 1, it also indicates countries where although the level is 

good, the number of units is less good, comparatively. For example, India a 

geographically large country, and Ecuador, a much smaller one, both have boundary data 

for the third administrative level, representing about 5,100 and 950 units respectively. 

These types of discrepancies have led to the calculation of an average effective resolution. 

                                                 
1 At the output resolution of 2.5 km, the costs of using block or block group data for the US would far 
outweigh the gains. 
2 Subsequent to completion of the beta version, we received the next higher level data for Brazil, with 
roughly 10,000 units. They will be included in the next update. 
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This country-specific average resolution can be thought of as the “cell size” if all units in 

a country were square and of equal size. It is calculated as follows:   

Mean resolution in km = )  /() ( unitsofnumberareacountry  

 

A closer look at the varying resolution (or area) of the administrative units 

reveals other key improvements in the database. The average resolution of all 

countries went from 60 to 46, as shown in Table 2, with improvements of 10 times or 

more for particular countries. 

Table 2.  Improvements in effective resolution, GPW version 2 vs. 3 
GPW 3 GPW 2 

Level Used 
Frequency Average 

Resolution Frequency Average 
Resolution 

0 24 22 43 46 
1 64 56 63 79 
2 95 55 81 59 
3 41 27 19 31 
4 5 19 1 76 
5 1 9  -- 

Overall   46   60 

 

Efforts to improve GPW v3 included attempts to acquire higher-level data for 

countries with coarse resolution inputs and islands. Earlier versions of GPW had less 

motivation to do this, because the output resolution of 2.5 minutes rendered finer input 

resolution redundant. GPW v3, however, was also used as an input to a population 

surface that includes reallocations towards urban area and whose output resolution is 30 

arc seconds; at this resolution, the effort to find higher resolution spatial inputs was 

justified.  Often, these new inputs had to be heads-up digitized, since digital versions of 

these data were not available. For countries that are comprised of island chains, the 

improvements consisted of collecting island-level population data, and then assigning 

population to existing spatial inputs. GPW v2 had 41 level-0 countries, 31 of which were 

islands, which had an average resolution of 46. In version 3, fewer than half of these 

countries remain (with a slightly smaller share of them being islands) with an average 

resolution of 22.  
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  The ideal resolution for GPW administrative units is somewhere close to the size 

of a few grid cells (i.e., for a 2.5 arc-minute cell at the equator, this would be an 

administrative unit area of 85 square kilometers). For CIESIN’s urban area data in it’s 

Global Rural Urban Mapping Project (GRUMP), which has a resolution of 30 arc-

seconds, the ideal administrative unit would have an area of only 4 square kilometers 

(CIESIN et. al., 2004). Where high- level boundary data (level 4 or greater) are available, 

the area of administrative units in densely populated areas exceeds the GPW ideal 

resolution and, in some areas, even that of the urban data. In low-density areas, even 

where the highest- level boundary data are available, the administrative units are much 

larger than these ideal sizes. However, administrative units this detailed over sparsely 

inhabited regions would be inefficient to process (they would comprise over 2 million 

units for GPW), they would add little or no additional information to the distribution of 

population, and they would be infeasible to maintain.  

 

Temporal updates: 

Most countries of the world have now experienced two census in their recent history 

(Figure 3, below) and with the exception of Africa and some parts of the middle East, 

West Asia and East Europe, most countries have had a census taken recently, since or in 

the year 2000 (Figure 4, below).  

When higher resolution data become available, often the associated population 

are only available for a single (recent) time period, although in some exceptional cases 

population (e.g., France) estimates are given for a range of dates. It is not uncommon for 

the relevant statistical offices to not know how the current thematic population map 

matches to one from a prior time period. Thus, much of the work of preparing this 

database is to reconcile such differences in geographies resulting from temporal change. 

Aside from war torn countries, which often to lack current data altogether, countries 

undergoing periodic and medium to large-scale political or administrative 

reorganization pose the greatest challenge. This is a more general issue, however, 

because it is a normal part of geographic and administrative change, and it tends to 

occur most commonly at a fine-scale (i.e., state boundaries change much less frequently 
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than higher-resolution boundaries like municipios or counties). To the extent future 

efforts to amass data at the current scale are undertaken, it will persist.  

 

Methodological improvements 

 
All information is couched on correspondence between geographic units, which means 

if there were large changes in spatial units (e.g., Namibia or the former Soviet Republics) 

that some of the spatial specificity of population change over time may be lost. For 

example, new boundaries in 2001 that differ from most of those for in 1991 require 

construction of artificial regions to generate growth rates to interpolate and extrapolate 

to the target years. Transformations of this nature are clearly documented on a country-

by-country basis. Although we create a correspondence between the two geographies 

(where available) for interpolating population values to target years, we only use one 

year of boundary data for creating the population grids. In this manner, the best spatial 

resolution can be retained while incorporating sub-national population change 

information via the correspondence. In cases where the two geographies are at the same 

level (e.g., Canada and the United States), only the most recent geography is used for 

gridding. This reduces the labor in preparing the data and the amount of processing 

time required for gridding.  

Because countries vary between each other and internally on the size of the 

administrative areas, analysis of the data may benefit from more information about the 

administrative area underlying each unit in the output grid. Thus, for GPW version 3 we 

constructed a population-weighted administrative unit area layer. This layer allows the 

determination, on a pixel-by-pixel basis, of the mean administrative unit area that was 

used as an input for the population count and density grids. For grid cells (pixels) that 

are wholly comprised of one input unit, the output value is the total area of the input 

unit. Where grid cells are comprised of multiple input units, the output value is the 

population-weighted mean of all of the inputs. 

There have also been improvements in production methods. Quality in 

production has become more standardized, thus allowing for the identification of 

anomalies and errors introduced in processing.  
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Barriers to improvements: 

War and redistricting  

Most of the former Soviet republics underwent redistricting in the past 10 years, but few 

of them make their spatial data available, either freely or for a fee.  Recently war-torn 

countries take a while to implement new censuses, although they may be the places 

most susceptible to population movements.  In some instances, official population data 

are available while official boundary information are not. In such instances, if unofficial 

boundary information is available (e.g., Bosnia Herzegovina) is incorporated, if at all 

possible. 

 

Pricing policies 

Several countries were just outright too expensive to purchase census or spatial data.  

Many of the former British colonies sell licenses to use their fine-resolution census data 

rather than release it freely. This meant that it would have cost thousands of dollars to 

update Australia and New Zealand at the level that we had undertaken for GPW v2. 

Because the last reference year for population data for version 2 were in 1996 at high 

resolution for these countries, they were updated at a coarser resolution—using the 

hybrid method described above—for which the data were publicly available.  

 

Conclusions 

In 10 years, many barriers to data collection and processing have been overcome to 

enhance our understanding of population distribution.  Figure 5 shows the current 

distribution of human population. This map could also been seen as evidence of 

increasing international technical capacity and interest in census taking, map making, 

and data sharing. The role of international technical assistance for population census 

taking and georeferencing enumerator area maps, has no doubt played an important 

part. Along with these improvements come the possibility of new data streams and 

integrations, such as using satellite information to detect urban areas along with 
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population information from censuses on human settlements. Such new efforts (see Balk 

et al., 2004) build strongly on GPW’s efforts. Undoubtedly, there will continue to be the 

need for information at different scales, extents, and resolutions, and that which is 

simple and that which is modeled. GPW—and its underlying data infrastructure—are 

critical foundations for future efforts.  
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