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Measuring progress towards international health goals requires a reliable baseline from which to measure change
and recent methodological advancements have advanced our abilities to measure, model and map the preva-
lence of health issues using sophisticated tools. The provision of burden estimates generally requires linking these
estimates with spatial demographic data, but for many resource-poor countries data on total population sizes,
distributions, compositions and temporal trends are lacking, prompting a reliance on uncertain estimates.
Modern technologies and data archives are offering solutions, but the huge range of uncertainties that exist
today in spatial denominator datasets will still be around for many years to come.
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The field of health metrics has grown substantially in recent years,
with new studies on the estimated national, regional and global
burden of communicable and non-communicable diseases
appearing every week. Methodological approaches to deriving
such estimates have become increasingly sophisticated, especial-
ly for infectious diseases, where the high resolution mapping of
subnational-scale risks, integrated with transmission models
are becoming standard practices adopted by international organi-
zations.1–6 These approaches are generally based on samples,
often from household surveys, to produce prevalence estimates
at point locations or aggregate areas that are then modelled to
produce complete large area coverage using covariates in spatial
or space-time frameworks.7 Such approaches typically require the
use of population count data at similar spatial resolutions to
provide a denominator, enabling conversion from estimated preva-
lences to numbers at risk or clinical cases, breakdowns by vulner-
able groups and change estimates. Three issues exist, however, in
terms of these input population data, relating to the estimation
of country population sizes and distributions, population composi-
tions and population change.

First, the question exists on whether we really know how many
people there are living in many countries today, or a decade or
more ago. The answer for some of the highest burden countries
in terms of disease and general ill-health is a clear no. Without
censuses undertaken in, for example, Pakistan for 16 years, Mada-
gascar for 21 years and Nigeria for 8 years, current estimates are
based on models that rely on multiple assumptions. In contrast,

many other high disease-burden countries have undertaken
regular and recent censuses (e.g., Chad 2009, India 2011 and
Niger 2012). The uncertainties that these variations in availability
of data leads to are well illustrated by the size of the variations in
population size estimates produced by two of the leading and
most widely used sources of country population data, the
United Nations Population Prospects8 and the Central Intelligence
Agency World Factbook.9 In terms of some of the worst cases,
estimates made by the two organizations of the population sizes
in 2014 of Angola (last census 1970), Democratic Republic of
Congo (last census 1984) and Sierra Leone (last census 2004),
for example, differ by 16%, 12% and 8%, respectively, while for
other countries with more recent censuses, estimates are almost
identical. This is also simply the estimation of national population
totals, so when subnational distributions are required, the task of
producing estimates becomes even more challenging for those
countries with outdated or non-existent data. Thus, while uncer-
tainty quantification has become sophisticated in estimating the
prevalences of health conditions, only this side of the equation
is generally considered when estimating the size of populations
at risk, and uncertainty in reality is likely to vary depending on the
country, and be substantially larger for some countries when
those in the denominator are accounted for.10,11

Modern technology is offering solutions to tackling these wide
variations in our knowledge of population numbers and distribu-
tions in resource-poor regions. High-resolution satellite imagery,
processed using sophisticated image analysis techniques, are
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enabling the large-scale mapping of built-up areas and individual
buildings at unprecedented detail.12,13 When combined with esti-
mates of occupancy from ground surveys, these offer a ‘bottom-up’
approach to population-size estimation and mapping that poten-
tially circumvents the requirement for census data. Further, the
proliferation of mobile phones across the world provides opportun-
ities for anonimized usage data to form the basis for rapid assess-
ments of population distributions.14 Finally, those countries that
are implementing population censuses are increasingly making
use of GPS technology to provide demographic data of unprece-
dented spatial detail.

Beyond estimates of population counts and distributions, the
second major sticking point in the use of spatial demographic
data is that of population composition. Vulnerable groups such
as children under 5 years, women of childbearing age and the
elderly remain the focus of the majority of international health
studies, and are central to the Millennium Development Goals.
Here, however, producing estimates of the numbers and spatial
distributions of these vulnerable groups results in uncertainties
to increase further, as input data becomes even sparser. Previous
approaches to estimating vulnerable populations at risk have
been limited by data availability and have simply taken existing
spatial population count data and applied national level multi-
pliers.4–6,15–17 Analyses have shown that, on top of the existing
issues with total population counts and distributions, such an
approach leads to significant differences in vulnerable population
at-risk estimates over accounting for the subnational variations
that are universal in population age structures.11 Solutions to
these issues are less clear, but the growth in national household
surveys, including the availability of cluster-level GPS coordinates
are providing new contemporary and more spatially detailed data
for improving estimates of vulnerable population distributions.

Measuring change and providing reliable denominators across
multiple years represents a final challenge. Substantial population
changes in terms of urbanization, migration and demographic shifts
have taken place over the past decade and longer, particularly in
those countries with the greatest burdens of ill health, yet reliable
spatial data on these aspects remains sparse and inconsistent
between countries and time periods. Ongoing projects are attempt-
ing to assemble what comparable information exists over multiple
time points in terms of census, surveys, urban growth and migration
data (e.g., The WorldPop project, Internal Migration Around the
Globe and Integrated Public Use Microdata Series, International),
while health and demographic surveillance systems are providing
valuable information on trends over time in high disease-burden
countries, and covering a range of geographies through efforts
such as the INDEPTH network.18 However, the reality remains that
another significant source of uncertainty comes into the denomin-
ator equation when measuring progress in terms of changes in
populations at risk, vulnerable groups covered by interventions or
numbers vaccinated.

Spatial demographic datasets and production methods are
rapidly improving, fuelled by improvements in technology and
computing, but substantial limitations and uncertainties remain,
particularly for those regions of the world where little data
exists on how many people there are and where they live. Such
uncertainties inherent in the demographic datasets used to
provide denominators and processing steps taken are rarely
acknowledged or accounted for, resulting in hidden uncertainties
in many high impact disease-burden studies that are guiding

international policies. If we want to be able to measure progress
in tracking international health issues effectively, we need both
methods to quantify the uncertainty inherent in spatial demo-
graphic data, and reliable denominator baselines from which
to measure from. At present, for many of the resource-poor
regions of the world these are still lacking.
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12 Esch T, Taubenböck H, Felbier A et al. The path to mapping the global
urban footprint using TanDEM-X data. Proc ISPRS 2011:34.

A. J. Tatem

154



13 Pesaresi M, Ehrlich D, Caravaggi I et al. Toward global automatic
built-up area recognition using optical VHR imagery. IEEE App Earth
Obs Rem Sens 2011;4:923–34.

14 Bengtsson L, Lu X, Thorson A et al. Improved response to disasters and
outbreaks by tracking population movements with mobile phone
network data: a post-earthquake geospatial study in Haiti. PLoS Med
2011;8:e1001083.

15 Gething PW, Kirui VC, Alegana VA et al. Estimating the number
of paediatric fevers associated with malaria infection presenting

to Africa’s public health sector in 2007. PLoS Med 2010;7:
e1000301.

16 Murray CJ, Rosenfeld LC, Lim SS et al. Global malaria mortality between
1980 and 2010: a systematic analysis. Lancet 2012;379:413–31.

17 Schur N, Vounatsou P, Utzinger J. Determining treatment needs
at different spatial scales using geostatistical model-based risk
estimates of schistosomiasis. PLoS Negl Trop Dis 2012;6:e1773.

18 Sankoh O, Byass P. The INDEPTH Network: filling vital gaps in global
epidemiology. Int J Epidemiol 2012;41:579–88.

International Health

155



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


