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ABSTRACT The success of area-wide interventions aimed at suppressing or eradicating insect popu-
lations rests largely on appropriate project planning and implementation - and this is as true in the context
of vector-borne diseases as it is within the wider context of insect pest management. In either context, a
successful control programme requires accurate knowledge of pre-existing distributions of insects (disease
vectors) in time and space, on the appropriate design of insect control strategies, and on the development
of suitable frameworks for monitoring and evaluation. Standard disease control operations, such as indoor
residual spraying of insecticides or insecticide-treated bed nets for malaria, and the aerial application of
insecticides or use of baited traps against the vectors of human and animal trypanosomosis, often include
elements of area-wide planning because they target particular disease strata. Genetic control strategies
(including the sterile insect technique (SIT)) are more intrinsically area-wide because they target specific
vectors over delimited geographical areas delineated by biological criteria associated with colonization or
dispersal potential. In either case it is argued that a strong geographical basis to planning and implementa-
tion is likely to improve the chances of programme success, as well as making more efficient use of
resources and increasing cost effectiveness. Geographic information systems (GIS), global positioning sys-
tems (GPS) and remote sensing (RS) are allied technologies that together provide a means of gathering,
integrating and analysing spatial data. To date, the application of these tools within traditional and area-
wide programmes has been relatively limited, but this seems likely to change, particularly as GIS and GPS
are already being used extensively in other areas of agroecological management and research. This paper
examines potential areas for the application of GIS and associated spatial tools at various stages of plan-
ning and implementation of area-wide programmes integrating the SIT as a primary example, before going
on to look beyond the SIT and to a number of examples of infectious diseases where GIS and spatial analy-
sis have, to a greater or lesser extent, been employed within disease control efforts. With the help of these
case studies the paper attempts to evaluate the extent to which the hype surrounding spatial tools has been
(or can be) justified, and examines the barriers that remain in terms of further expansion of their use.
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1. Introduction

Geographic information systems (GIS),
remote sensing (RS) and the Global
Positioning System (GPS) together represent
a set of spatial tools that has commonly been
touted as being vital for the proper planning
and management of disease control pro-
grammes. Proponents of these tools suggest
that a strong geographical basis to planning

and implementation can improve the chances
of a programme’s success and increase its cost
effectiveness by (1) providing more accurate
information on pre-existing distributions of
diseases and/or vectors in time and space, (2)
contributing to the appropriate design of vec-
tor and disease control strategies, and (3) the
development of suitable frameworks for mon-
itoring and evaluation.
As a means of assessing the validity of
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these claims, this paper provides an overview
of the specific contributions that GIS and
associated spatial technologies can make
within area-wide efforts to control vector-
borne diseases, and assesses the degree to
which this potential is being realized. The
paper begins with a clarification of what is
meant by the term “spatial tools” and
describes briefly the core technologies it
encompasses. The paper goes on to examine
potential (and real) areas of application of spa-
tial tools within a context of area-wide inte-
grated pest management (AW-IPM) pro-
grammes integrating the sterile insect tech-
nique (SIT) and examines the extent to which
spatial tools can aid the process of programme
planning and implementation. The paper then
goes on to look beyond the SIT, and to a num-
ber of examples of infectious diseases where
GIS and spatial analysis have, to a greater or
lesser extent, been employed within disease
control efforts. With the help of these case
studies the paper attempts to evaluate the
extent to which the hype surrounding spatial
tools has been (or can be) justified, and exam-
ines the barriers that remain in terms of further
expansion of their use.

2. Spatial Tools for Control of
Vector-Borne Diseases

Today’s spatial “toolkit” includes three main
components: GIS, GPS and RS. These are
allied and overlapping technologies but are
also separate tools in their own right. Within
this toolkit, GIS can be defined as computer-
based systems capable of capturing, cleaning,
filtering, integrating, storing, retrieving,
analysing and displaying spatial data. GIS
incorporate spatial data and descriptive
(attribute) data linked to the mapped features.
What makes GIS distinct from other types of
database is its ability to analyse data based on
their location and spatial characteristics. Thus,
while GIS may often be used solely for visu-
alization, their functionality is likely to extend
to much more sophisticated forms of spatial
and statistical analysis. In this context, spatial
analysis refers to the manipulation and trans-

formation of GIS data as a means of extract-
ing additional meaning from them. Common
examples of spatial analysis include buffering
map features (e.g. to define areas of exposure
around vector breeding sites), interpolating
between points (e.g. to produce climate “sur-
faces” from a network of weather stations)
and overlaying a number of individual geo-
graphical coverages to produce derivative
maps (e.g. suitability analysis and risk map-
ping).
There are a number of ways of getting spa-

tial data into GIS, but arguably GPS and RS
offer the most cost effective and flexible
approaches. GPS receivers allow the collec-
tion of spatial and attribute information for
points or more complex features on the
ground with an accuracy of between 15 metres
and a few centimetres depending on the hard-
ware used. GPS receivers are often used sim-
ply to collect spatial data (coordinates) for
geographical features, with associated attrib-
ute data being recorded separately and manu-
ally on survey forms. However, in many cases
GPS receiver software now includes program-
mable data dictionaries, which can be used to
capture attribute information directly.
Alternatively, some GPS receivers can be
linked up to personal digital assistant (PDA)
devices or tablet computers. Both approaches
greatly increase the speed and efficiency with
which GPS data can subsequently be incorpo-
rated into existing GIS (Cox and Vreysen
2005).
RS is the process of gathering information

about the earth’s surface using electromagnet-
ic sensors, typically on board satellites.
Sensor data can be used in a relatively raw
form, for example to derive land cover classi-
fication maps, or can be transformed into
indices that constitute direct proxies for envi-
ronmental variables such as rainfall, land sur-
face temperature and vegetation status.
Satellite images give objective, up-to-date
assessments of surface conditions over large,
sometimes inaccessible areas. Moreover, the
repeatability of RS measurements makes RS
particularly suitable for monitoring environ-
mental conditions over time. There is now a
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large variety of multispectral sensor data
available – with each sensor offering different
advantages in terms of spatial resolution
(pixel size), temporal resolution (revisit time)
and spectral resolution (the number, width and
spacing of the spectral bands used by the sen-
sor). With a number of new satellite sensors
due for launch in the next five years it should
become increasingly easy to match the specif-
ic data requirements of individual disease or
pest control programmes with appropriate
sources of satellite imagery.

3. The Utility of RS, GIS and
GPS in Area-Wide Programmes

Integrating the SIT

As set out at the beginning of this paper, the
three areas where spatial tools are thought to
offer most utility in terms of area-wide pro-
grammes are: (1) providing more accurate
knowledge of pre-existing vector/disease dis-
tributions in time and space, (2) contributing
to the appropriate design and implementation
of vector/disease control strategies, and (3)
facilitating the design of suitable frameworks
for monitoring and evaluating control strate-
gies. The following section seeks to translate
these somewhat general areas of utility into
specific activities relevant to area-wide pro-
grammes.

3.1. Knowledge of Pre-Existing Vector
and Disease Distributions

Insect pest intervention (and pre-intervention)
programmes require accurate, up-to-date
information on the spatial and temporal distri-
bution of target insects. GIS-based analysis
can be used to bring together a wide range of
information sources. These include climate,
RS, land use and topographic data, historical
data on vector distribution and abundance,
disease prevalence, etc. It can also be used to
develop modelled or empirical estimates of
the temporal and spatial distributions of the
pest or disease of concern (Cox and Vreysen
2005). The nature of this GIS exercise, and the
data sources used for it, will reflect the stage

to which pre-intervention planning has devel-
oped. At the very early stages of planning, for
example, GIS modelling will almost certainly
focus on identifying areas of relatively high
risk at the national or regional level, using low
spatial resolution environmental data in com-
bination with available historical information
on the insects and/or diseases of interest. In
other cases, these broad assessments may be
more suitable for directing more detailed risk
modelling efforts using higher resolution geo-
graphic datasets and, possibly, prospective
sampling of vectors, to specific areas of inter-
est.
The use of low spatial resolution RS data

to predict disease vector distributions at the
regional scale began in the early 1990s to cor-
relate distributions of tsetse and incidence of
trypanosomosis to spatial variations in climate
and vegetation indices – and later also to sur-
rogates of land surface temperature and rain-
fall (Rogers 1991, Rogers et al. 1996,
Robinson et al. 1997, Hendrickx et al. 2001).
The outputs of these types of models consti-
tuted an important first step in terms of the
spatial targeting of the SIT and other area-
wide interventions. However, resource and
technical constraints may mean that more spe-
cific information is required to identify prior-
ity areas for intervention or guide future sam-
pling efforts to address levels of genetic vari-
ability among target insects, etc.
Regional or national-scale vector distribu-

tion models may fail to capture the often
localized, patchy distribution of many insect
pests in areas where the overall insect popula-
tion density is low. Locating pockets of high-
density populations, while vital for successful
insect intervention campaigns, is a major chal-
lenge from a spatial analysis perspective. This
is because the climate and RS datasets used to
predict insect distributions over specific areas
are rarely appropriate for work at larger
scales. Although a limited number of studies
have successfully used high spatial resolution
RS data (e.g. from Landsat and Satellite pour
l’Observation de la Terre (SPOT) satellites) to
identify habitats associated with high insect
densities (Rejmankova et al. 1995, Roberts et
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al. 1996, Kitron et al. 1996), estimates of risk
derived from this approach tend to be rather
static as in the past it has either not been pos-
sible or practical to conduct multi-temporal
analysis using these RS products. In future,
however, the availability of multi-temporal
RS data at respectable spatial resolutions (e.g.
Moderate Resolution Imaging Spectro-
radiometer (MODIS)), should assist the devel-
opment of dynamic population distribution
models for predicting temporal and spatial
population dynamics and to link spatial pat-
terns with heterogeneity of habitat.

3.2. The Design and Implementation of
Vector/Disease Control Strategies

The availability of temporal and spatial distri-
bution models of the target species at a large
spatial scale has implications beyond the
design of efficient sampling frames. In partic-
ular, such models should facilitate a more effi-
cient deployment of suppression tools as well
as a better-targeted release of sterile insects.
This increased efficiency should also translate
into considerable economic savings in terms
of logistics, personnel and sterile insects. A
fuller discussion can be found in Cox and
Vreysen (2005), but a brief summary of some
of the main potential areas of utility for spatial
tools is presented here.
In terms of selecting appropriate pre-

release population suppression methods, it is
worth noting that a variety of methods are
often available for different species, but the
appropriateness and effectiveness of each will
depend on the characteristics of each target
area. Spatial analysis can help identify the
most appropriate suppression method (or
combination of methods) for a given target
zone – although the nature of this exercise will
vary depending on the target species in ques-
tion. In the case of tsetse, for example, spatial
analysis could be used to (1) evaluate the like-
ly impact of topography, wind velocity and
direction, density of tree cover, etc. on the
suitability of the sequential aerosol technique
(SAT), (2) assess relative livestock and tsetse
population distributions and densities in terms

of likely impact on the efficiency of the live
bait technology, or (3) use demographic data
layers and tsetse population distribution mod-
els to evaluate likely efficiency or suitability
of stationary bait technology (insecticide
impregnated targets and traps). Alternatively,
it may be possible to model the outcome of
different combinations of suppression meth-
ods in target areas that are heterogeneous in
terms of habitat composition, species compo-
sition, host distribution, demography and
environment (Cox and Vreysen 2005).
Once an appropriate suppression method

has been selected, spatial analysis can be
employed directly to guide the suppression
strategy, through, for example, determining
appropriate sites for the deployment of traps
and targets and by indicating required
target/trap densities per surface unit in relation
to environment and insect distribution. Spatial
analysis may also obviate the need for uni-
form application of control measures such as
the SAT over heterogeneous target areas and
thereby reduce costs and any associated nega-
tive environmental impacts (Cox and Vreysen
2005).

3.3. Suitable Frameworks for Monitoring
and Evaluating Control Strategies

Monitoring and evaluation are essential com-
ponents of any area-wide programme but are
time consuming and expensive in terms of
materials, logistics and personnel. A careful
balance has to be found between “cost effi-
ciency” and the collection of “reliable data”,
which in most cases equates to restricted mon-
itoring at carefully selected sites (Vreysen
2005). Spatial analysis can assist with the
identification and selection of appropriate
fixed monitoring sites. Mobile GIS and GPS
technology can also make monitoring systems
more efficient by allowing data entry in the
field, for example using barcode scanners.
Perhaps less obviously, spatial analysis can
also be used to get “better value” out of avail-
able trap data – and a range of spatial analysis
techniques employing both geo-statistics and
GIS may be valuable at a landscape scale.
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Interpolation procedures, for example, are
ideally suited to the analysis of trap data, with
output taking the form of contour maps or
“surfaces” of insect density.
To date, examples of the application of

spatial tools in programme monitoring are
rare, but in principle the suitability of GIS for
managing and interpreting data from a variety
of sources makes it suitable for providing
timely feedback on a large number of moni-
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Figure 1. An illustration of the use of GIS and RS for monitoring abundance of Anopheles ara-
biensis larvae in northern Sudan (Cox, unpublished). In this exercise the task was to generate
a sampling approach to yield reliable baseline data on mosquito abundance within two defined
reaches of the Nile River. (a) For each monitoring area, high resolution Quickbird RS data
were processed using image segmentation and object-based classification techniques to derive
land cover maps at sub-metre resolution, (b) which were then generalized to 100 × 100 metre
cells conforming to a predefined sampling grid and a limited number of land cover mosaic
types. Using these inputs it was possible to generate a random sample of grid squares, strati-
fied by predominant land cover type, to be sampled over the course of a calendar year. (c) For
each visit to the study area, field workers were able to upload maps of the specific grid cells to
be sampled and use a pocket PC-based GPS/GIS system to navigate to and within the target
cells.
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toring indicators (Cox and Vreysen 2005).

3.4. Uptake of Spatial Tools within Area-
Wide SIT Programmes

From the information in previous sections it is
evident that much of the potential utility
attributed to spatial tools remains unproven in
the sense that few published examples exist
that demonstrate real uptake of the tools them-
selves. An exception – and an area where GIS
and RS have been shown to have most impact
– is the modelling of vector, disease and envi-
ronmental datasets to produce spatial esti-
mates of vector distributions or disease risk
(Section 3.1). Of course, not all of this model-
ling effort has been carried out with SIT-based
approaches in mind, and some of the early
work was concerned more with methodologi-
cal development than the utility of the outputs
of models themselves. However, the academ-
ic nature of this work did ensure that the incre-
mental development of modelling approaches
could be tracked through the scientific litera-
ture. In contrast, it has been more difficult to
assess the uptake of spatial tools with respect
to project design, implementation, monitor-
ing and evaluation within AW-IPM pro-
grammes (Sections 3.2 and 3.3) because the
emphasis on the practical application of the
tools, as distinct from their research applica-
tion, usually precludes widespread publicity
of experiences. In other words, in a properly
designed programme, spatial tools should ide-
ally be fully integrated tools that operate
“under the hood”.
That said, it would appear that even anec-

dotally there are relatively few cases where
spatial tools have been explicitly incorporated
into ongoing SIT-based programmes. The
exceptions are most notably within pro-
grammes against the New World screwworm
Cochliomyia hominivorax (Coquerel) (Philips
et al. 2004), tephritid fruit flies (Orankanok et
al., this volume), the painted apple moth Teia
anartoides Walker (Suckling et al., this vol-
ume), and most recently, in the development
of SIT against Anopheles mosquitoes. In such
cases, spatial tools have been used primarily

to provide navigational guidance and tracking
for releases of the sterile insects and for navi-
gation on the ground. In some cases GIS have
also been used for mapping trapping sites and
monitoring invasion routes (sometimes in real
time), such as in the Mississippi boll weevil
Anthonomus grandis Boheman eradication
programme. Less commonly, spatial analysis
has been used for selecting trapping sites,
most commonly by overlaying grids on topo-
graphical maps or satellite images either man-
ually (as historically in the case of the
Zanzibar tsetse SIT-based AW eradication
project), or more formally within GIS (as in
the case of the ongoing SIT feasibility study
for Anopheles arabiensis Patton in northern
Sudan (Fig. 1). This approach is particularly
well suited to situations where there is a
strong justification for weighting sampling
effort according to a priori assumptions about
the effect of different land use and land cover
types on insect distributions. In Panama, for
example, Phillips et al. (2004) derived an opti-
mal design of trap networks for monitoring
adult New World screwworm flies based on
RS-derived forest maps.
There generally seems little evidence for

the widespread use of spatial tools for moni-
toring and evaluation, although within the
Programa Moscamed (Guatemala-Mexico),
work is ongoing to analyse sterile
Mediterranean fruit fly Ceratitis capitata
(Wiedemann) performance under different
environmental conditions, identifying hot
spots of persistent high insect density and
exploring insect behaviour. Otherwise, the use
of GIS/RS as a decision support tool in AW-
IPM programmes with an SIT component has
so far largely been limited to the spatial dis-
play of data and has seldom been applied for
planning, implementation of suppression and
release programmes or analysis and modelling
of the data.

4. Spatial Tools in Non-Genetic
Approaches to Disease Control

Much scientific work has gone into geograph-
ical modelling of the distribution, abundance



and prevalence of diseases and their vectors at
a variety of spatial scales (Hay et al. 2000,
Lindsay and Thomas 2000, Malone et al.
2001, Elnaiem et al. 2003), while there has
been rather less emphasis on incorporating
spatial tools directly into control programmes.
Arguably, this has particularly been the case
for “high-profile” diseases such as malaria,
where projects such as the Mapping Malaria
Risk in Africa (MARA) collaboration have
produced scientific outputs that have reached
academic audiences through journal publica-
tions (e.g. Craig et al. 1999, Kleinschmidt et
al. 2001) and have appeared to play important
advocacy roles at international level.
However, there is no clear evidence to suggest
that these types of products have been used
explicitly for planning control activities.
There are probably a number of reasons for

this lack of uptake of risk model outputs. Most
fundamentally, it is probable that in many
cases decision makers simply do not trust the
veracity of the models. In view of the method-
ological and data-related limitations of some
published models, in some instances they are
probably right not to. In other cases good
models may have been produced, but decision
makers simply do not find them useful, or
even relevant. This is most often the case
where modelling has been data-driven, rather
than demand-led. Nevertheless, even in situa-
tions where researchers have attempted to
“second-guess” the needs of policy makers,
the results are not always fruitful. In other
cases it may be that model results are too gen-
eralized from a geographical perspective to
influence local-level planning or, conversely,
it may be that models using data from specif-
ic geographical areas cannot be extrapolated
in a reliable way to produce robust predictions
of disease and/or vector characteristics over
wide areas. It is of course also true that plan-
ners may be resistant to new sources of evi-
dence in terms of their decision-making, in
which case even highly reliable and pertinent
models are likely to be ignored. In this respect
it is important that the intended users of risk
models are not viewed as “passive” con-
sumers, but are instead brought in as active

players in designing and carrying out risk
mapping projects.
In reality, direct and productive use of spa-

tial tools has tended to be limited to situations
where planning is focused on coordinated dis-
ease eradication, or where a single, efficacious
intervention is available for a disease and
requires targeting. For human onchocerciasis
(river blindness), for example, the Rapid
Epidemiological Mapping of Onchocerciasis
(REMO) developed by the Special
Programme for Research and Training in
Tropical Diseases/World Health Organization
(TDR/WHO), has emerged as an important
spatial tool for control planning (Ngoumou et
al. 1994, Katabarwa et al. 1999). The Rapid
Epidemiological Mapping of Onchocerciasis
allows quick and cheap identification of com-
munities at high risk of onchocerciasis using
spatial information such as the locations of
river basins. High-risk communities are then
subsampled and rapidly assessed by screening
individuals for onchocercal nodules. This
enables communities to be classified into
three categories: (1) priority areas which
require community-directed treatment with
ivermectin, (2) areas which do not require
treatment, and (3) possible endemic areas
needing further investigation. Results of the
Rapid Epidemiological Mapping of
Onchocerciasis have been incorporated into
GIS to visualize priority areas for community-
directed treatment with ivermectin and esti-
mate the number of people needing treatment
(Noma et al. 2002). This in turn has allowed
the African Programme for Onchocerciasis
Control to prioritize allocation of resources
according to need.
Rapid mapping method approaches have

also been developed for lymphatic filariasis,
which is currently being targeted for eradica-
tion through the Global Alliance for the
Elimination of Lymphatic Filariasis. As with
onchocerciasis, identifying endemic localities
is an essential first step to carrying out treat-
ment programmes, and the Rapid
Geographical Assessment of Bancroftian
Filariasis (RAGFIL) was developed by
TDR/WHO for this purpose. The Rapid
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Geographical Assessment of Bancroftian
Filariasis uses a spatial sampling grid with
either 25 or 50 kilometres between sampled
communities, together with rapid prevalence
assessments using immunochromatographic
card tests and geostatistical methods (WHO
1998, Gyapong et al. 2002). However, subse-
quent analyses have suggested that a smaller
sampling grid may be required to successfully
identify all high-risk communities (Srividya et
al. 2002).
Perhaps the most impressive and most up

to date example of the use of spatial tools in
disease control planning comes from the
Schistosomiasis Control Initiative, which is
currently assisting the implementation of
national programmes for schistosomiasis and
geohelminth control in six African countries.
In Uganda, where Schistosoma mansoni
Sambon is widespread, GIS and RS have been
employed to classify the country according to
treatment strategy. Communities are classified
according to three strategies: (1) annual treat-
ment of schoolchildren and high-risk groups
with praziquantel and albendazole where
schistosomiasis prevalence is above 50%, (2)
treatment every second year in communities
with moderate prevalence (more than 20%
and less than 50%), and (3) health facility
based treatment of suspected cases in low
prevalence (less than 20%) areas. Spatial
analysis using RS data and climate surfaces
showed that S. mansoni typically occurs only
where average annual rainfall is more than
850 millimetres or where altitude is less than
1400 metres (Kabatereine et al. 2004), allow-
ing remaining areas to be excluded from the
control strategy. Modelling also showed that
prevalence consistently exceeded 50% in
areas within five kilometres of major lakes,
justifying mass-treatment in villages within
these areas without the need for further sur-
veys. In intermediate areas individual commu-
nities are surveyed using lot quality assurance
sampling (Brooker et al. 2005).
Elsewhere, the Schistosomiasis Control

Initiative has used Bayesian geostatistical
models to produce validated prevalence sur-
face maps for both Shistosoma haematobium

(Bilharz) and S. mansoni infections in north-
western Tanzania with the similar aim of guid-
ing spatially mass-treatment with praziquantel
(Clements et al. 2006). Bayesian spatial meth-
ods, although rarely applied in the context of
vector-borne diseases, offer the distinct
advantage of being able to incorporate spatial
auto-correlation, as well as uncertainty
through the modelling of both observed data
and any unknowns as random variables. In
this way, Clements et al. (2006) were able to
use parasitological data from 143 schools to
develop RS-based models for the two infec-
tions. Significantly, they were also able to
investigate the confidence of the prevalence
predictions and thereby inform decision mak-
ers on whether sufficient data were collected
to exclude areas from mass-treatment.

5. Realizing the Potential of
Spatial Tools within Disease

Control Programmes

Although this paper in no way constitutes a
thorough survey of ongoing area-wide pro-
grammes, the process of putting this review
together has revealed that, to date, the applica-
tion of spatial tools within area-wide pro-
grammes appears to have been relatively lim-
ited. Where spatial tools have been used, work
has focused on using existing disease or vec-
tor datasets in combination with environmen-
tal data to model distributions of vectors
and/or their associated diseases. It is likely
that these products represent useful first steps
in the planning of area-wide programmes (and
particularly those aimed at tsetse). However,
there is much less evidence for the direct use
of GIS, GPS and RS in the planning, imple-
mentation, monitoring and evaluation of area-
wide programmes. This is somewhat surpris-
ing given that these tools have been used
extensively in other areas of agroecological
management for many years.
Within non-genetic approaches to disease

control there has also been a fairly research-
oriented focus on spatial modelling of vector
and disease risk. Nevertheless, as section 4
demonstrates, there are now a growing num-
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ber of instances where an explicit spatial
framework is being used for targeting public
health interventions, and spatial tools have
been critical in the development of these
approaches. There are now validated instances
where spatial tools are providing governments
with a relatively low-cost approach to survey-
ing and programme design. This can signifi-
cantly reduce the cost of practical pro-
grammes through more precise geographical
targeting and simplifying the processes of
monitoring and evaluation. Spatial tools can
reduce both the upstream (e.g. survey and
design), and downstream (e.g. targeting, mon-
itoring and evaluation) costs of programmes,
while enhancing programme effectiveness. At
the same time, it should be recognized that the
uptake of spatial tools has been far from uni-
versal and that, in many cases, this uptake has
occurred only very recently.
These findings beg the question of why it

has taken so long for spatial tools to be incor-
porated within disease control programmes.
Traditionally, the answer to this has lain in the
large economic costs involved in obtaining
GIS, RS and GPS hardware and software, in
the need to generate spatial datasets from
scratch and in a shortage of the necessary
skills. However, spatial tools are now becom-
ing increasingly accessible to non-specialists,
while increases in computing power mean that
even high-level GIS systems can be installed
on a standard personal computer. Software
costs, once a major disincentive, are now
rarely prohibitive, and GIS and RS data are
more widely available than ever before.
Perhaps it is also significant that some of the
“data vacuum” that has hindered the develop-
ment of spatial disease models in the past is
slowly being filled as basic mapping of public
health infrastructure improves (e.g. through
WHO’s Public Health Mapping and GIS
Programme (http://www.who.int/health_map-
ping/about/en/)) and surveillance systems for
vector-borne diseases are increasingly incor-
porating an explicitly spatial dimension
(Abeku et al. 2004, Gosselin et al. 2005).
It seems probable therefore, that the uptake

of spatial tools will increase markedly over

the coming years, and that much of the “hype”
surrounding GIS, GPS and RS will be seen to
be justified. Indeed, it could be argued that the
potential benefits of spatial tools in terms of
increasing programme effectiveness and,
importantly, cost effectiveness, make it imper-
ative that geographers and others continue to
advocate the use of spatial tools for disease
control.
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