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ABSTRACT:
Open access geospatial data represent a range of metrics relevant to global human population mapping at fine spatial scales. Detailed
and contemporary spatial datasets that accurately describe population distributions are vital in order to measure impacts of population
growth, monitor change, and plan interventions. To construct such datasets the harmonisation of geospatial data layers is a prerequisite
because layer specifications differ widely.
To this end the WorldPop Project is producing an open access archive of 3 and 30 arc-second (~100m and ~1km, respectively) resolution
gridded data in a predominantly open source environment, using OSGEO4W utilities. Five tiled raster datasets form the basis of the
archive: (i) Viewfinder Panoramas topography clipped to CIESIN national level administrative coastlines; (ii) a matching ISO 3166
country identification grid; (iii) country area; (iv) pixel area; (v) and slope layer. Further layers will include transport networks,
landcover, urban extent, nightlights, climate, travel time to major cities, forest stand change, livestock densities, vegetation indices,
and waterways. We here describe the base datasets and the production methodology in development. The alpha version of the archive
can be downloaded both from the WorldPop Dataverse Repository and the WorldPop Project website. The improved and expanded
beta version of the archive is in development for release next year, and will offer significantly improved standardisation of country
boundaries, and inland water boundaries (forthcoming), to global census unit data.

1. INTRODUCTION
Detailed and contemporary spatial datasets that accurately
describe human population distribution can support the
measurement of the impacts of population growth, the
monitoring of changes, environmental and health applications,
and the planning of interventions (Tatem, Noor, von Hagen, Di
Gregorio, & Hay, 2007). Spatial databases of human population
have found use in disease burden estimation, epidemic
modelling, resource allocation, disaster management,
accessibility modelling, transport and city planning, poverty
mapping and environmental impact assessment amongst others
(Balk et al., 2006; Bhaduri, Bright, Coleman, & Dobson, 2002;
Salvatore, Pozzi, Ataman, Huddleston, & Bloise, 2005; Hay,
Guerra, Tatem, Atkinson, & Snow, 2005; Snow, Guerra, Noor,
Myint, & Hay, 2005).
Previous population mapping work (Tatem et al., 2007; Gaughan,
Stevens, Linard, Jia, & Tatem, 2013; Linard, Gilbert, Snow,
Noor, & Tatem, 2012; Bhaduri, Bright, Coleman, & Urban, 2007;
Dobson, Bright, Coleman, & Worley, 2000; Azar et al., 2010;
Stevens, Gaughan, Linard, & Tatem, 2015; Alegana et al., 2015;
Deville et al., 2014) has shown that incorporating multiple spatial
datasets into population mapping approaches can improve
accuracy. Consequently, to support population mapping
applications in the future there is a need for standardised grid
definitions, standardised (contiguous) country boundaries and
coastlines, and covariate layers representing different time
periods that match these and that are regularly updated - all
created at fine spatial resolutions (Lloyd, Sorichetta, & Tatem,
2017). To begin to meet such needs, the WorldPop Project is
producing a beta version open access archive of 3 and 30 arcsecond spatial resolution gridded datasets. The 3 arc-second
datasets are tiled (hereafter referred to as 100m tiled datasets).
The 30 arc-second datasets are produced as global grids. A
predominantly open source production environment is utilised,
and a semi-automated workflow.

We here describe the five ‘base’ standardised 100m tiled datasets
that have been generated, as well as the production methodology
used to create them. Further, we summarise some of the
additional layers that are being incorporated into the archive, to
be used to construct covariates for population modelling. The
methodology for base and further datasets will be explained in
full in a forthcoming paper on the topic.

2. METHODS
Five 100m resolution datasets form the basis of the archive
outlined here: topography, standardised, gridded, and clipped to
country coastal boundaries; a slope layer derived from the
topography; a country identification (ID) grid (to the ISO 3166
standard (ISO, 2015)); and a pixel area (m2) and a country area
(km2) grid derived from this. The base topography, slope, country
id, and country area grids are supplied as 100m tiles and 1 km
resolution derivatives, the latter for convenience. Pixel area tiles
are supplied as 100m tiles only. Additional spatial data layers that
are incorporated into the archive are similarly standardised to
match the grid definition and coastlines of the country ID base
grid (Lloyd et al., 2017).
Country ID, country area, and pixel area grids provide essential
basic metrics upon which to build population analyses. The
construction of the slope layer is useful to human population
studies because population densities tend to be much lower on
steep slopes. Similarly, the construction of the topography layer
is useful because population densities tend to be lowest at the
highest elevations (Lloyd et al., 2017). Moreover, population
densities are all related to landcover, infrastructure and climatic
regimes, and therefore the additional layers are also potentially
valuable inputs as covariates to population modelling efforts
(Lloyd et al., 2017).
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2.1 Source base datasets and archive formatting
The topography data consists of the Viewfinder Panoramas
dataset (de Ferranti, 2015a), which is primarily US NASA Shuttle
Radar Topography Mission (SRTM) data (US NASA, 2015)
collected in the year 2000, with amendment and correction by the
dataset developer, Jonathan de Ferranti (de Ferranti, 2015a). The
country boundaries used are the national level 0 administrative
boundary data produced by the Center for International Earth
Science Information Network (CIESIN) (G. Yetman, personal
communication, December 2016).
Viewfinder Panoramas data are provided as raster tiles in hgt
format. Hgt is the raw SRTM digital elevation model data file
format (US NASA, 2015). The CIESIN country ID data are
provided as raster tiles in geo-tiff format, gridded to Viewfinder
Panoramas tile extents, with cell values corresponding to the
three digit numerical ISO 3166 country code standard. Both have
3 arc-second horizontal resolution. The former has 1m vertical
resolution.
Viewfinder Panoramas tiles are provided filled and corrected
from the best available alternative sources where SRTM data are
unavailable (i.e. north of 60° 2'N and south of 56° S), or for some
mountain and desert regions between these latitudes where there
are voids and areas of phase unwrapping error (de Ferranti,
2015a; 2015b). Alternative sources are topographic maps,
Landsat images, and ASTER GDEM data (de Ferranti, 2015a).
These sources are much more accurate than simple interpolation
of SRTM data (de Ferranti, 2015a). CIESIN country boundaries
ideally follow population censuses, where these align between
countries, but are otherwise aligned to a global framework based
on the Global Administrative Areas version 2 (GADMv2). The
former is preferable as census boundary data are usually highly
accurate, whilst the latter is utilised selectively as an alternative
because it is publically available and widely used in the research
community (CIESIN, 2016).

package is predominantly used due to better handling of large
raster datasets and more effective semi-automation of workflow,
and is preferred unless specific algorithms or functions are
unavailable or significantly harder to implement than in the
commercial proprietary software. The ‘nibble’ ArcGIS tool
(ESRI, 2017) is an example of an algorithm of which functions
are not wholly available elsewhere. The nibble tool is to be used
in the production of some further spatial datasets. Further, ESRI
proprietary software are employed in the first part of the country
area gridding workflow (for practical reasons described later) but
are otherwise not utilised in the production of base grids.
The processing of OSM data requires additional software. An
Ubuntu Linux OS (14.04 LTS, Trusty Tahr) installation is
utilised, with PostgreSQL 9.1 (PostgreSQL GDG, 2016) and
PostGIS 2.0 (PostGIS PSC, 2016) database software from which
spatial relational data can be exported. Osm2pgsql (OSMF, 2016)
is an OSM specific software that is used to load OSM data into
databases (Lloyd et al, 2017). Subsequent database access,
processing, and filtering (on the Windows platform) is provided
by QGIS 2.18.4 (QGIS project, 2017) and Spatialite v4.3.0a,
including the Spatalite graphical user interface (GUI) 2.0.0
(Furieri, 2016) software. QGIS, GDAL, and SAGA GIS 4.1.0
(SAGA, 2017) software are used to extract database attributes,
and to convert to raster format for subsequent tiling and
mosaicking as consistent with the workflow for other datasets.
The alpha version of the Archive (Lloyd et al, 2017) has been
produced using a methodology that more frequently employs
proprietary software (i.e. ESRI ArcMap). For production of the
beta and subsequent versions there is an ongoing effort to
redesign workflows to migrate as fully as possible to open source
alternatives. This is for reasons of both better automation in batch
scripting and for greater efficiency. As GDAL (in particular) and
other open source software develops so this migration becomes
more viable.
2.4 Production of base 100m tiled datasets

Viewfinder Panoramas and CIESIN data are provided as 1,201 ×
1,201 pixel tiles with frequent but irregular one pixel tile overlap,
in geographical coordinate system (GCS) with WGS 1984 datum
(EPSG:4326). These characteristics are maintained in output
datasets, which otherwise utilise as efficient a data type/depth as
is commensurate with the numerical values inherent in each
dataset, with nodata taking the maximum value possible for the
data type/depth, in geo-tiff format, with a 3 arc-second (i.e.
0.00083333333 decimal degree) cell size.
2.2 Incorporating further spatial datasets into archive
Further spatial datasets are currently being incorporated into the
archive: Open Street Map (OSM) waterways, highways, railway
network, railway stations, and airports (OSMF & Contributors,
2016); DMSP nightlights v4 1992–2013 (US NOAA, 2014); ESA
CCI landcover 1.6.1 (ESA CCI, 2016); Travel time to major cities
2000 (Nelson, 2008); MERIS water bodies (G. Yetman, personal
communication, March 2017); ViiRS nightlights 2012-2016 (US
NOAA, 2017); Global Urban Footprint (DLR EOC, 2017); and
Global Human Settlement Layer 1990-2014 (European
Commission JRC, 2016); with additional datasets to follow.
2.3 Data processing software
Open source OSGEO4W64 Geospatial Software (OSGF, 2015a),
the included Geospatial Data Abstraction Library (GDAL) v2.1.3
package (OSGF, 2015b), and (on occasion) proprietary ESRI
ArcMap v10.3.1 and ArcInfo Workstation v9.3 GIS software
(ESRI, 2016) are employed to produce output datasets, using a
Microsoft Windows 7, 64 bit operating system (OS). The GDAL

Program code is implemented as windows batch files within
OSGEO4W64. Individual tile extent is specifically defined
where necessary within relevant programing loops throughout
the workflow, in order to ensure that consistent base tile extents
are maintained and so that end products are aligned (Lloyd et al.,
2017).
All Viewfinder Panoramas topography tiles are first batch
converted to geo-tiff format for ease of processing in GDAL. A
virtual raster table (VRT) is produced, and topography tiles
mosaicked into one global image using gdalwarp. A calculation
is performed to remove the few erroneous elevation data values
that fall outside of the plausible global range of elevation (i.e. 450m to 8900m). To remove nodata pixels at coastal edges (due
to inconsistencies in coastline location between topography and
country data) and within the continental interior (due to the
previous operation, or pre-existing voids), a calculation is made
to produce a mask of the area to fill, using a mosaicked and
reclassified global country ID grid. The gdal_fillnodata utility is
then implemented. The topography data is clipped to CIESIN
coastlines using a reclassified global country ID grid.
Interpolation artefacts (-32768 value), generated by the fillnodata
utility where there is a large expanse of zero values in the source
data, are changed to zero values; and inland zero elevation values
are reasserted where unnecessary but unavoidable inland
interpolation of these values has taken place during the fillnodata
operation. The global 100m resolution topography layer is then
tiled.
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A global slope layer at 100m resolution is created from the
topography 100m mosaic using the gdaldem utility, prior to
assertion of the correct nodata value and data type. The slope
layer is then split into tiles (Lloyd et al., 2017).
To create the country area grid, an ARC Macro Language (AML)
script (modified from Santini, Taramelli, & Sorichetta, 2010)
calculates the surface area of cells in a regularly spaced
longitude-latitude (geographic) grid of the Earth’s surface at 60
arc-second resolution, using ESRI ArcInfo (Arc) software. Our
approach to the surface area calculation is based on the spherical
approximation of the Earth’s surface described by Santini et al.
(2010). Prior to the calculation, country ID tiles are converted to
ESRI grid raster format, aggregated (ESRI, 2015a) to 60 arcsecond resolution, and mosaicked into a global grid. The AML
script is run on the global grid. A calculation is run on the
resulting cell area grid to convert cell area values within each 60
arc-second cell to that for a 3 arc-second cell size (the area of
each cell is divided by 400). The grid is then resampled (using
‘nearest neighbour’ method in order to maintain cell values) to 3
arc-second cell size (Lloyd et al., 2017). This produces the pixel
area global grid. GDAL is used to convert the grid to geo-tiff, clip
to coastlines using a reclassified country ID grid, and tile the data.
Subsequently, a zonal statistic (sum) calculation (ESRI, 2015b)
is performed on the resampled output of the AML script (using
ArcMap) with the global country ID layer as zone indicator. This
creates a global output layer that expresses country area. After
the adjustment of cell values from metres to kilometres the grid
is tiled using GDAL (Lloyd et al., 2017).

3. CONCLUSION
The forthcoming beta version of the WorldPop Archive is a
refinement of the previous alpha version in large part due to the
new CIESIN country ID base gridding, which offers significantly
improved standardisation of country boundaries (and inland
water boundaries – forthcoming) to global census unit data.
Further, the beta will offer a substantially expanded range of
datasets that it is hoped will assist researchers by providing a
uniform base upon which analysis of population distributions can
be performed. Such analysis will in turn allow measurement of
the impacts of population growth, the monitoring of changes,
environmental and health applications, and the planning of
interventions (Tatem et al., 2007).
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