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The spatial information associated with epidemiological data is 
important for decislon-makers developing planning scenarios. 
GIs (Geographic Information Systems) procedures to input, 
store, manipulate, analyze, and output spatial data have great 
potential as tools for health policy and management. 

GIs can be used to achieve any of five goals for a project: 1) 
data collection and storage; 2) data management; 3) data 
querying; 4) modelina 5) decision-making. The latter goals 
require that the earlier goals be met to a high level of accuracy. 

Information for data layers in a GIs can come from two major 
types of sources: administrative data from standard record- 
keeping activities and survey data collected to address specific 
questions. Regardless of the source, the quality of the data 
collection and verification is critical to project success. 

Remotely sensed data, such as satellite imagery, represent a 
useful source of survey data. They are especially useful for 
areas where recent data on land use pctterns, transportation 
patterns, or human population distributions are lacking. 
However, they are not necessary for a GIs. 

Difficulties with the technology transfer of remotely sensed data 
to developing countries are outlined as a lesson for attempts to 
transfer GIs technology to these areas. 

Implementation of GIs for an organization is outlined. The first 
step involves substantial effolm to analyze the requirements of 
the system users prior to system acquisition. 

Possible approaches for the use of GIs to monitor AIDS, 
malaria, and onchocerciasis are discussed. The major focus of 
these approaches is to improve medical surveillance and 
reporting by using GIs to store, manage and manipulate 
surveillance data. Using GIs, managers should be better able to 
identify areas in need of control efforts and study the effects of 
various intervention strategies. 



of technical speciiists. Although simplified sistems can be 
made to work on computers commonly available to public health 
workers, such systems have limited flexibility and require the 
services of highly-skilled people. 

Increased accessibility of CiIS is likely because of the trend 
toward computer systems that are more powerful & easier to 
use. As more powerful computer hardware and software become 
more widespread, public health decisioil-makers will have 
increased opportunity to make use of the analytical power and 
presentation capabilities of GIs technology. 

- 
Whether the tools ws use to address public health problems 
involve GIs or any other discipline, it is well to keep in mind 
the importance of integrated assessment, and continually ask and 
re-ask the same basic questions: precisely, what are the problems 
we're trying to solve?; are we asking the right questions?; can 
we communicate our answers to the people who make decisions? 
Following these rules makes for better decisions and effective, 
efticient use of analytic resources. 

RECOMMENDATIONS 

GIs (Geographic Information Systems) should continue to be 
explored as a tool for monitoring the epidemiology and control 
of infectious diseases in Africa. Research is needed to detern~ine 
the appropriate level of geographic detail for specific diseases 
and for specific types of questions. 

GIs should be explored as a tool for presenting data at policy 
briefings. Research is needed to develop GIs software interfaces 
that can be used with very little training. 

Data collected on projects supported by USAID should be 
collected with geographic references to support incorporation 
into GIs at a later date. 

vi GIs Technology 



Geographic Information Systems (GIs) are, In the broadest sense, 
manual or computer based sets of procedur;.~ that permit a user to input, 
store, retrieve, manipulate, analyze and output spztid data (Aronoff, 
1989). The advent of computer hnrdware and software with the power 
and storage capabilities to manipulate and analyze luge databases has 
driven the development of computerized GIs during the past twenty 
years. Currently, GIs are being applied in nearly 511 fields that utilize 
spatially related data. GIs's advantages are that they permit large 
amounts of data to be maintained and retrieved at greater speeds, and at 
a lower per unit cost than manual systems. They also provide the means 
of manipulating spatial data and the corresponding attribute information, 
and integrating these different typa of data in a single analysis. 
Although GIs can be used primarily to archive data, the ability to 
perform complex spatial analyses rapidly distinguishes them from other 
computerized systems. Thus, GIs can be critical in developing planning 
scenarios and decision models involving spatial data. 

GIs have not been used extensively in the study of disease 
distributions, although epidemiological data clearly have spatial 
components (Pyle, 1979). The absence of GIs applications in infectious 
disease studies is striking. In a recent 1096 page treatise on GIs and 
their applications, not a single paper examined GIS and infectious 
diseases (Maguire et al., 1991). 

Spatial patterns of disease distribution can provide important 
evidence to the underlying disease process. Pin maps or chloropleth 
maps, in which disease patterns are .associated with one or at most a few 
environmental factors, have been standard epidemiological adjuncts since 
the field's inception (Pyle, 1979). 

The ability of GIs to utilize simultaneously numerous strata of data 
from a variety of sources suggests that GIs should bb an appropriate tool 
for analyzing complex spatial patterns of diseases in which a multitude 
of factors may interact. If the spatial distribution of a disease is well 
characterized and data for specific environmental risk factors exist, GIs 
may be applied in a fairly straightforward manner to show the 
distribution of the disease, to identify other likely sites of infection, and 
to provide a useful visual representation for mariagers designing - 
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3.  7 - 
Thus, ia theory, GIs are useful tools for studying the distribution - 

of disease, and ought to be helpful to managers in designing, 
implementing, and evaluating control strategies and interventions. But -. 

it is critical to consider carefully several issues before committing to such 
a program. These issues are: 

1) What is the GIs's function in organizing the 
information? Will they be primarily for archiving data? 
Will they be used to interactively query the database 
about current changes in disease patterns? Or will they 
be used for modeling/expert systems for decision- 
makers? 

2) What spatial scaie of data is appropriate? As the level 
of detail (resolution) increases, so does the effort 
required to maintain and manipulate the data. 

3) If the spatial scale is determined, do the data exist at that 
scale? Detailed, up-to-date databases often do not exist, 
and must be generated. Generating databases can be 
extremely time- and labor-intensive, and represent the 
greatest single cost in developing GIs (Aronoff, 1989). 

4) What will be the cost of implementing and sustaining the 
project? Staff training is a considerable expense. If 
databases must be generated, the costs are substantially 
higher than would otherwise be the case (as much as 10- 
fold). Also, the infrastructure for gathering health care 
data must be maintained and must interact with the GIs 
staff in a productive manner. 

This report will outline the issues involved in implementing a GIs: 
how GIs are structured; how GIs projects are designed; and what factors 
should be considered in implementing a GIs program, not the least of 
which is determining if the appropriate data exist to answer the desired 
question. While much of the discussion will be generic, this report will 
also describe current efforts to utilize GIs capabilities for infectious 
disease epidemiology in Africa and will suggest how GlS'might be 
utilized in malaria, AIDS, and onchocerciasis programs in sub-Saharan 
Africa. 

2 GIs Technology 



Types of GIs 

a Current GIS incorporate many types of hardware and software, but 
can be subdivided into four major systems depending on the purpose of 
the analysis: engineering mapping systems (CAWCAM), geographic 
base file systems, image processing systems, and generalized thematic - 
mapping systems. Computer-aided designlcomputer-aided mapping 
(CADICAM) systems often are used in GIS for the preparation of base 
maps, such as topographic or cadastral (property) maps. Their primary 
value is in data preparation or acquisition when the data are not already 1 available in digital form. CAD/CAM systems are often critical in 
generating the databases for GIs programs, particularly in the initial 
stages, but generally lack many of the analytical programs necessary for 
detailed studics and modeling of spatial data. 

Geographic base file systems process digitally stored spatial data- 
typically information such as street networks and the areas they define. 
These include such systems as the U.S. Bureau of the Census 
Topologically Integrated Geographic Encoding and Referencing WGER) 
system, which shows the transportation and hydrology networks and 
census block numbers for the United States, Puerto Rim, the Virgin 
Islands, and outlying areas of the Pacific over which the U.S. has 
jurisdiction. TIGER also includes feature names, political area codes, 
and potential address ranges and ZIP codes for 350 major citim and 
suburbs across the United States (Aronoff, 1989). Similarly, the U.S. - 
Geological Survey supports a Digital Line Graph @LG) system for the 
entire country that includes transportation system, hydrography and 
political boundaries. Thus, geographic base file systems often provide 
the underpinning for detailed modeling of spatial data by providing I 

demarcation of the areas to be studied, as well as political or 
development features. 

Image processing systems are intended for processing remotely 
sensed data, such as satellite imagery or aerial photography. Such data 
often require substantial processing to enhance certain features, and 
remove distortions to permit interpretation. The data from image 
processing systems rarely are used independently in GIS; rather they 
update earlier geographic data, or generate data that have not been 
obtained by other means. In that sense, image processing systems are a 

Uses of GIs 3 



i 

to forecast geographic patterns of crop production, or disease outbreaks. 
Generalized thematic mapping systems function to generate new 

spatial data by manipulating existing information. These are the systems 
that many people consider when they think of GIs. Thematic mapping 
systems may input data from the previous three systems and then obtain - 
information in response to specific queries. Thematic mapping systems 
permit a variety of operations such as overlaying different data to 
identify spatial p:dtterns. For example, the EROS Data Center's 
'Geographic Modeling of Human Carrying Capacity from Rainfed 
Agriculture: Senegal Case Study' for USAID generated maps of potential 
crop distributions that relied on overlaying maps of rainfall and soil 
suitability (Moore et al., 1891). - 

The distinctions between these types of GIs systems are, to some 
extent, blurred and many software packages currently can perform two 
or more of tlme functions. For example, IDRISI, a thematic mapping 
system supported by the IDRISI Project at the Graduate School of 
Geography at Clark University, also contains components of an image 
processing system. However, most systems have a primary focus and 
secondarily support the other functions. The ability to move data 
between the various systems is often critical to the success of GIs 
projects and needs to be considered in selecting software. 

Uses of GIs in projects 

The particular type of GIs that will be utilized depends on the 
project's goals. There are five different gods that might be sought for 
a project using GIs and they are hierarchical, in t h t  the latter ones 
usually depend on the existence and quality of the former ones. These 
goals are: 1) data collection and storage (archiving), 2) data 
management, 3) data querying, 4) modeling, and 5) decision-making. 

Archiving data primarily involves taking data that arc in malog 
form and storing the data digitally. Exm~:?les include sheet maps andlor 
attribute data that are associated with spatial data, such as crop yields, 
census tract population data, and disease case reports. In this approach, 
the purpose is to store data from a variety of sources in 'a compatible 
format-which can be an end in itself for some programs such as the 
Senegal's integrated resource inventory (Stancioff et al., 1986). It is 
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1 r assurance of the database. Data must be verified to accepted levels of 
I 

tolerance and must be documented as to source, purpose of collection 
and method of collection. Archived data can come from many sources 
such as base maps, satellite imagery, and gxgraphic base files, and can 
be input by a variety of methods including manual digitizing, scanning, 
or through CADICAM systems. 

GIs also can be used as a data management system. The nature 
of geographic data is such that there are four basic components that must 
be addressed by the data management system: 1) the geographic position 
of the feature in question, such as a medical center; 2) attributes about 
the feature, such as the numbers of cases of various infectious diseases 
that are observed; 3) the spatial relationship of the feature to other 
features, such as the medical center's spatial relationship to other 

A facilities or to transportation networks, which may determine the 
catchment area for treatment; and 4) time. Geographic information is at 
least implicitly referenced to a specific time when the data were 
collected. The time of data collection may be critical to the 
interpretation of the data and resultant decision-making. 

- 

The Schistosomiasis Control Unit of WHO has utilized GIs as a 
database management scheme for organizing information about the 
distribution of schistosomiirsis (Yoon, 1993). Data from the Atlas of 
Schistosomiasis were put into a GIs aatabase that includes the locations 
of villages and towns where schistosomiasis occurs in 76 endemic 

- countries (component 1). Alsc included, as attribute data, was 
information on the prevalence, case detection method, and sources of 
data (component 2). For several countries, regions of major agricultural 
development were indicated (component 3). The dates of publication of E 
specific data are in the database to make it possible to compare historical 
trends in infection (component 4). The data are intended to be used by I 
managers to identify regional and temporal changes in disease 
distribution and intensity. With historical data already in a GIs database, 
new information can be used to update trends in disease patterns. I 

A data querying approach to GIs involves obtaining information 
from existing databases. This approach is concerned with such questions 
as how much, where, and how close are specified phenomena. 
Databases of soils may be queried to determine how much land might be 
susceptible to erosion, or how much land is classified as swamp or 
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mapping systfims. Such queries, however, may become very complex. - 
To determine how much land was available to grow sorghum in Senegal, 
it was necessary to determine how much land received at least 700 mm 
of rainfall, had at least moderate agricultural potential (based on soil 
maps) and was not in preserve areas (Mooue et al., 1991). These data 
sets were then queried to determine how much land met all of the 
criteria, and thus was deemed suitable for sorghum agriculture. 

Modeling from GIs databases has received less attention in the past 
than storage, retrieval, and query functions, However, it is anticipated -- 

that modeling of spatial data will become an increasingly important task 
for GIs and will play a significant role in decision- making, Models can 
be of several forms: 1) empirical models; 2) capability vs. suitability 
models; 3) statistical models; and 4) black-box models. 

Empirical models are those in which specific, measurable 
parameters are known or thought to influence some specified outcome, 
such as the presence or abundance of vectors. The parameters are - 
measured and the outcome determined by a rule that describes how - 
interactions of the parameters produce outcomes. For example, the 
Universal Soil Loss Equation is an empirical model that relates soil loss 
to rainfall, soil erodabiiity, length and steepness of the tcrrain, vegetation 
cover, and management prwtices. Ey measuring these parameters, it is 
possible to predict how much soil is lost in an arm in a given period of 

C 

time. Similar models have been developed to predict vector population - 
abundances (Mount and Haile, 1989). 

Capability vs. suitability models have been used frequently in 
making decisions for rand use planning. Capability models consider 
whether the environment is physically able to support a specified 
function. Suitability models, which involve political decisions as to what 
factors are most important to consider, evaluate whether the use is 
appropriate. Thus, areas may be capable but not suitable for specific 
activities. The EROS (Moore et al., 1991) study in Senegal contains 
capability vs. suitability models. The capability models are those that 

- define where certain food crops can be grown. Suitability models 
involve those that determine what combinations of crops can be grown 
so that Senegal can achieve food independence, under various alternative 
strategies. In this study, capability models indicated that many cash 
crops can be grown, while the suitability models indicated that food self- 
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Statistical models have only rarely been used with GIs in deciuion- 
making for infectious disease programs. In these models, thu spatial 
patterns of disease and environmental factors are oxamined using 
statistical methods to identify those factors associated with disease. 
These factors are then used to assess risk of either exposure or disease. 
This information can be used to guido decision-making on intervention 
strategies. These models differ from empirical models in that empirical 
models assume that the relevant parameters and their means of 
interactions arc known a priori, while statistical models use the current 
data. Glass and colleagues (1993) used GIs and statistical models to 
identify environmental risk factors for Lyme disease in Maryland. Once 
these factors had been identified, GIs was used to locate areas of high, 
medium and low risk of disease. 

Black-box models are frequently designed for use in the decision- 
making process. These models require the user to input specific 
information for a padicular question, and provide an answer without the. 
user explicitly knowing how the answer was determined. Such models ' 

can be used at the management level by individuals who are generally 
unfamiliar with the actual workings of processes they are trying to study. 
For example, such models could be built to predict the effects of control 
measures on malarial vectors without the user knowing what the vector 
is, or even how the transmission of millaria is maintained. The model 
might simply request information from the user about geographic 
location, time of year, rainfall, temperature, and the htervention to be 
used. The model would output the impact on vector abundance, disease 
in the human population, and other related parameters, The primary 
difficulty with such models is that the naive user frequently has no way 
of evaluating whether the model is producing reasonable results. The 
utility of the model is strictly determined by the skill of the original 
model-builder, and the accuracy of the underlying assumptions--many of 
which may not be evident. 

Airhough GIs has had little application in decision-making with 
infectious disease control, GIs clearly has the potential to be used in 
planning and resource allocation. For example, Marks et al. (1992) 
demonstrated the utility of GIs in choosing sites for health care facilities 
under various constraints. However, applications in resources allocation 
must consider operations research (OR) methods that have a long I. 
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history of use for these problems, OR metbods, like aIS, involve 
mathematical tools of various sorts, but these have a distinctly different 
flavor. Most importantly, the explicit linking of dda manipulation with 
cartographic functionality is usually not a part of most OR modcls. With 
OR models, cartographic functions are usually performed exogenous to - 
the OR models themselves. 

The term OR is generally synonymous with optimization, which in - 
turn usually implies the minimization or maximization of a performance 
measure subject to resource constraints. An OR model might, for - 
example, attempt to minimize intervention costs, subject to restrictions 
on control program size and scope. Parker (1983) provided a very 
informative treatment of OR applied to the, control of malaria and related 
parasitic diseases. He employed a multiobjective optimization model, 
recognizing that decision-making in disease control problems is 
inherently driven by multiple, competing objectives--the intent was to 
examine the nature of the tradeoffs between these objectives. More - 
specifically, Par,'., r considered objectives relating to both malaria control 
and agricultural programs: reduction in pest density; avoidance of pest 
resistance; and increased crop yield. The constraints in the model 
included: dependency of expansion/reduction programs on existing 
programs; mutual exclusivities between existing and expansion/reduction 
programs and new programs; mutual dependencies between existing and 
new programs; maximum number of existing and new clinically-based 
malaria intervention strategies; overall system budget; required 
resources; limits on foreign exchange; sectoral budgets; and, number of 
programs developed within contributing ministries. Whether GIs and 
OR methodologies can be integrated for decision- rnaking remains an 
avenue of research. 

GIs DATABASES AND FORMATS 

Databases for GIs systems have historically been structured in one 
of three ways; hierarchical, network, or relational. Most current GIs 
use a relational structure for their databases, but each structure has its 
advantages. To understand the differences in the structure it is important 
to recopize the differences between data records, fields and keys. A 
data record is a small group of related data items that are stored 
together, much like one line of a table. Thus, a data record for a 
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rn m a corm ler, a 
reporting period date, the nrrmber of patients examined, the number 
infected, the number ill, the x~umber treated (by various methods), the 
number of deaths, and the number of days lost to illness, Each clinic 
would represent a separate record during each reporting period. Records 
art; divided into fields, each field containing an item of data (ago  number 
of deaths at the clinic during a period). 9ecords are retrieved from the 
database by means of a key, which is a label made by specifying one or 
more fields par record (e.g. clinic number and reporting date). Fields 
that are not identified as parts of the key are attribute fields and contain 
the data that may be analyzed. 

Mierarchial databases are organized in typical tree structure. In 
a hierarchical data structure, every lower level data record is associated 
with only one higher level record. The organization of the hierarchy b 
encoded within the data records at each level, and one field is used as the 
key field to organize the hierxchy. Data retrieval can be very efficient 
with a hierarchical structure; however, many data searches involve two- 
step processes utilizing two separate keys. Additionally, hierarchical 
structures do not permit data searches to be conducted on attribute fields 
without restructuring the database. Hierarchical structures are useful 
when the database is large, and the types of searches to be performed are 
known. However, this is unlikely to be the case for many public health 
applications where database inquiries may be needed to identify 
previously unrecognized health patterns. 

Network systems overcome some of the difficulties of the 
hierarchical data structure. Unlike the hierarchical datsbase, the network 
database may tie 'lower' level records to multiple 'higher' level records 
rather than to only a single higher level record. As a consequence, 
searches can be made more directly without traversing the entire 
hierarchy of the data structure. Thus, network structures retain the 
relationships among data elements by encoding them in the database, but 
add a more complex linkage pattern for data retrieval. This may be a 
difficulty when attempting to store and update the data as signililcant time 
and effort must go into updating the interrelationships among the various 
levels. 

Currently, most GIs structure data as relational databases. In this 
type of database, there is no hierarchy of the data fields within a record 
that is inherent to the structure of the database. Any field can serve as 
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a key. e 
stored as a separate file. Searches of reldoed attribute fields that are 
stored in separate tables can be done by linking two or more tables 
together using any attribute fields they share in common, This ability to 
join t a b h  provides tremendous flexibility for performing various 
inquirfa of the database that might not have been anticipated by the 
original developers. Thus, a clinic number might servo as a key for 
Jinking the number of people treated for one disease with another table 
of the number or' lost work days, and a third table of the population size 
for a region, permitting the user to determine the percentage decrease in 
work days due to the specified disease. The flexibility of the structure, 
however, tends to reduce performance relative to the hierarchical and 
network models, although, with the increased speed of cornputus, this 
appears to be of minor concern except with the largest databases. 

Regardless of how the database is structured, the GIs presents the 
spatial data in one of two ways: vector format or raster format. Neither 
is inherently better than the other, although one may be preferred ovur 
the other for specific applications. Most software programs have raster- 
vector and vector-raster conversion algorithms to permit users to convert 
data to the most suitable form for a given analysis. 

111 vector format, the precise location of points, lines and polygons 
are specified in space, where the points, lines and polygons (enclosed 
areas formed by connecting straight lines) represent the features of 
interest s:.~ch as health centers, roadways, and political boundaries, 
respectively. The vector format assumes the position coordinates are 
geodetically correct, and the coordinates are referenced to some standard 
geographic coordinate system, such as latitude-longitude. In the case of 
features represented by polygons, it is assumed that all of the area to the 
interior of the polygon is uniform for the feature being represented. 

In raster format, the spatial data are gridded into regular square 
or rectangular cells (although advanced methods do not require this). 
The location of each cell in space is defined by its row and column 
number. The value of a cell defines the value of the attribute in that 
space. As such, there are no points or lines per s. Rather, what is 
known is that a feature, such as a health center, is located somewhere 
within the cell. The accuracy of the placement is determined by the cell 
size. For example, digital satellite imagery produces a data file with the 
brightness value of light reflected from the earth's surface in various 
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wavelengths of light, The brightness values are recorded for each 
picture element (pixel) which Is identified by a specific row and column 
number, For LANDSAT TM data, the spatial accuracy is 30 meters, 
while, for SPOT panchromatic data, the resolution is 10 meters (Table 
1). 

Vector formats, which only specifj the boundaries between 
different features, usually produce a more compact data structure than 
raster formats, Raster formats have to identify the data at each point in 
the map regardless of whether the feature changes between adjacent cells. 
However, when there are high levels of spatial variability, raster formats 
may be more efficient than vector formats, Vector formats also are more 
efficient at encoding the spatial relationships (topdogy] between features 
than raster formats. In addition, vector formats providn visual maps that 
more closely approximate handdtawn maps and are considered more 
aesthetically pleasing. 

Raster formats hwc advantages in that the data structure is 
inherently simple, and combining data from different sources, such as 
soils, population, weather, and land use maps, by overlaying procedures 
is more efficient. Raster formats also are required for efficient 
manipulation of digital images such as remotely sensed data. 

Vector formats tend to be used for archiving phenomenologically 
structured data such as land use units, soil areas, or cadastral data 
(property records). They also are used for network analyses, such as 
transportation networks. Raster formats tend to bc used when map 
overlay procedures and spatial analysis are needed, and are used in 
modeiing when it is necessary to work with surfaces (Burrough, 1986). 
Raster formats also have been used extensively in natural resource GIs 
because the boundaries between features, such as forest edgc?, are not 
well defined but are inherently 'fuzzy.' As mentioned above, the 
benefits of each type of format have led many software systems designers 
to incorporate structure conversion algorithms to allow data manipulation 
in the more appropriate format. 

SOURCES OF DATA FOR GIs 

Data to establish a database for a CIS can come from numerous 
sources, but generally fall into two categories-administrative and survey 
data. Administrative data are those data that come from record-keeping 
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i IOUS agencies, usua , le government sector, These 
records include such information as birth and death registration, crop 
production, and land transactions, and are tied to geographic data by 
being keyed to a particular abdress, or region (hence the utility of r_ 

relational databases). These @ ..A are just beginning to 38 used in GIS, 
primarily because of the drive to computerize record-keeping in many 
agencies. They represent a tremendous source of potentially useful data. - 
For example, tying together administrative case report records from a 
Ministry of Health with vector control/surveillance data from the 
Ministry of Agriculture .might provide the database for tracking cases of 
malaria, and identifying environmental factors associated with outbreaks. 
It is critical at this point to emphasize that data regarding prevalence or - 

incidence of wrious infectious diseases, such as malaria, often are 
severely r-nderreported in developing countries. This is due to ii number - 

of factors, including failure of cases to reach treatment facilities, lack of 
proper record-keeping or timely reporting, and in some cases, intentional 
underreporting of disease (Oaks et al., 1991). Thus, these data, which 
represent the outcome to be evaluated when GIS-associated management 
strategies are implemented, must be carefully evaluated. 

Survey data, which hdve made up the n~ajority of data used in GIS 
to date, are collected for a specitic purpose, often as a one-time-only 
procedure. Updating of the data requires significant efforts and may be 
performed only occasionally. For example, the integrated resource 
inventory of Senegal resulted from a single threeyear study to produce 
detailed national level resource maps (Stancioff et al., 1986). In some 
cases, specific programs have been established to maintain a survey. The 
U.S. Department of Agriculture Soil Conservation Senrice periodically 
updates the soil surveys of counties throughout the United States. 

One of the major difficulties with survey data is that the 
information becomes rapidly out of date, especially in countries where 
development and popula,tions are increasing rapidly. In fact, given the 
length of time necessary to get Esld data interpreted, analyzed and 
available for use, si1rve:;r data are usually out of date by the time they are 
published. 

The spatial data available for most of A*ea are typically small- 
scale (1:5,000,000 i.e. approximately 1" = 80 miles) generalized maps 
so that analyses and conclusions drawn from them tend to be crude 
generalizations that limit accurate decision-making. The Ulniied Nations 
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Economic Commission for Africa noted that the data for national 
resources and the enviro~rnent are in a very rudimentary state, if 
available at all (World Bank, 1989). 

Satellite imagery 

Remotely sensed data from satellite imagery is a possible source of 
survey data for ally project that is routinely supported by the Uniled 
States or several European nations. Satellite imagery provides a method 
for obtainiull up-to-date information throughout the globe and can be 
uoed to evaluate a variety of conditions such as lmd use patterns, crop 
condliio.ns, rainfall patterns, and insect outbreaks. They offer some of 
the best sources of data for the African coritinent. Remotely sensed data 
come primarily from three types of sensox LANDSAT, supported by 
NASA, EROS and EOSAT; NOAA, supported by the U.S. National 
Oceanic and Atmospheric Administration; aid SPOT, supported by the 
French national space agency. Data from these and other sources vary 
widely in their detail and applications, with SPOT having the highest 
resolution (10 meters in panchromatic), and NOAA having the lowest 
resolution (1.1 kilometers) (Table 1). 

It is important to emphasize that satellite imagery data are not a 
GIS. Rather, they can be part of a database in a GIS. Moreover, 
effective use of satellite imagery presents some significant challenges. 
Satellite imagery requires a substantial amount of effort before it can be 
used in decision-making processes. The information gathered by 
satellites must be processed to remove errors due to sensor malfunction 
or satellite movements that distort images. Th.5 data then must be 
corrected for spatial distortions that result from representing the earth's 
surface as a twozlimensional surface. 

Once the data are geodetically correct, they must be interpreted. 
The data from the sensors are often manipulated to increase the ability 
to interpret the data, but, ultimately, it is necessary to evaluate the 
interpretation of the image by visiting a variety of sites and assessing 
error rates in the classification of various land types or conditions 
(ground truthing). These are not necessarily overwhelming difficulties 
and the procedures for accomplishing these goals are fairly well 
established. They are outlined merely to emphasize that substantial 
efforts are required to utilize these types of data. In addition to the 
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O For Landsat T M  data, the thermal infrared sensor has a resolution of 120 m on a side. 
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Repeat cycle 

18 days 

16 days 
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79 m 

30 m 
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20 m 
(10 rndJ 

Swath 

186 km 

186 km 

60 km 

Usesa 
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obtain real time information, as might be needed for a surveillance 
system, it is possible that cloud cover will obscure target areas. This is 
especially true in tropical regions when rainfall that is associated with 
vector activity is the variable of interest. If remotely sensed data are to 
be used to provide more up-to-date information on the location and 
degree of development, transportation systems, and land uselland cover, 
then these difficulties are less of an issue. The most useful images can 
be obtained from previously collected data, or can be timed to minimize 
visual difficulties. 

Previous institutional experiences with remote sensing 

Several organizations have decided that, despite the problems 
w outlined above, the potential value of remotely sensed data in decision- 

making is worth an investment of resources. Substantial effom have been 
made for more than 15 years to provide the technology transfer and r 

infrastructure for utilizing satellite imagery in many African nations. 
Within a few months of the launching of LANDSAT 1 (=ERTS l), 
USAID, through the U.S. Geological Survey's Office of International 
Geology, began sponsoring training in Africa a? well as other regions 
throughout the globe (Morain, 1991). By the late 1970s, the first 
Regional Remote Sensing Center was created in Nairobi, Kenya. The 
purpose of this center, and its associated activities, was to train local and 
regional scientists and engineers so that they could process, interpret and 
apply satellite data to specific problems. The strategy was to combine 
locally trained individuals, the proper facilities, and some economically 
and politically attractive projects in the expectation that the host 
governrnects would adopt the new technology. The strategy was 
successful in some cases but not in most (Morain, 1991). 

The mechanism for implementing the strategy was to use consultant 
teams, retained by donor agencies, to train local individuals using 
imagery obtained by the regional satellite receiving station. In Nairobi, 
the host government supplied the physical facilities although this was not 
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cooperative agreement and the results provided to the appropriate 
Ministry. Morain (1991) proposes that a significant flaw with this design 
was that the technology drove the problems selected for study rather than = 

having the technology tailored to the questions most in need of answer. 
He did not consider this a fatal flaw but one that diminished donor I 

enthusiasm because it was felt the technology did not directly address 
those problems the donors viewed to be of primary importance. He tied 

- 

the major transfer problems to: 1) a lack of quality control in the training - 
prbgrams; 2) a lack of institutional and national infrastructure to support 
the hardware necessary to maintain the technology transfer; 3) a resultant 
loss in continued training for local individuals leading to a loss of interest - 
and a lack of exposure to the potential of the technology by national 
policy makers. 

The lack of quality control in training was felt to exist at both the 
level of the consultant teams, who ofen arrived ". .. without a clear 
understanding of their aims and goals ...," and at the level of the local - 
individuals selected for training. The lack of infrastructure meant that 
locally manufactured supplies and hardware frequently did not exist, so 
that maintenance contracts and spare parts were nonexistent or extremely - 

expensive. Thus, much of the equipment became unusable. As a 
consequence, it was often not possible to meet the expectations of Ulose 

rn 
individuals in various government ministries who might have made use 
of the data, leading to a general feeling that the technology was not able 
to deliver on its promise in a sustainable manner. 

In response to this experience, the approach has been modified with 
the emphasis towards incorporating the technology into programs. This 
also has been true for the United Nations Environmental Programme 
(UNEP) and the United Nations Institute for Training and Research 
(UNITAR), which together began developing the Global Resource 
Informati 1r2 Database (GRID) in 1985. GRID'S main tasks were to 
collect and disseminate data about the environment through imagery, 
maps, and tables collected by a variety of means including satellite 
imagery (Mooneyhan and Azimi, 1991). GRID also supported research, 
training and technology transfer. The GRID experience with training 
programs supports Morain's findings and identifies similar needs for the 
future: a sufficiently large nucleus of workers from selected institutions 
for training; identifying specific institutions that will support (or can be 
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curriculum; carefully screening the applicants; and the necessity of using 
a complete program approach to training. 

4 Other donors have moved towards the applications-type program. 

- - These include the Sahara Sahel Region Observatory supported by the 
French government to reinforce existing anti-drought and desertification 
programs. GRID continues to be developed by UNEP with a focus on 
thematic applications. The UNIFAO is involved in developing its Africa 
Rsal Time Environmental Monitoring Information System (ARTEMIS). 
Substantial efforts are ongoing to utilize remotely sensed data, despite the 
many difficulties in making the information available. Its value is that 
it provides a wide array of data with numerous applications for areas 
where such data are difficult or impossible to obtain by other methods. - - However, implementing such an approach entails substantial costs in 
money, time and training that need to be evaluated. If remotely sensed 
data are to be used, GIS represents an additional technology that then - 

must be implemented to store, manage, and evaluate the data necessary 
for decision-making. GIS might best be implemented by coordinating 
with groups in targeted regions that currently use remotely sensed data. 
If other valid data sources are available, or if remotely sensed data have 
been already collected, processed and verified, as in the case of Senegal, 
then implementing GIS may be greatly simplified. If, however, the 
database is to be developed in the absence of local infrastructure, 
substantial costs will be incurred even prior to the development of any 
useful information. 

Taylor (1991) suggests that many of the problems with 
implementing remote sensing capabilities in developing countries also 
have occurred during the past 5-10 years with GIS in the very same 

- countries. Again, the major issue is that the developments are 
technology driven, rather than being focused on answering problems of 

- 
particular concern for the countries involved. He emphasizes that it is 
critical that GIS be introduced to these countries but then modified and 
controlled by residents who understand the social, political and economic 
context of the country, as well as the technical capabilities of GIs. 
Clearly, the introduction of GIS will require substantial input of time and 
effort for training, as well as sufficient infrastructure within the host 
country to support the development of the system. 
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The first step in implementing a GIs in an organization is to 
- generate awareness and support for the methodology among the ultimate 

recipients and users of the system. This may require substantial time 
investme.~ts in identifying the program team, analyzing the requirements 
and needs of the users, and evaluating the feasibility of the project. 
Feasibility assessment includes cost-benefit analyses, a technical 
assessment of the likelihood of the organization using the system once 
complete, and identification of organizational goals from the perspectives 
of decision-makerstmanagers and staff workers. 

The cost of using remotely sensed data should also be assessed in - 

comparison with the cost of improving other mechanisms for collecting 
data. For a malaria surveillance system, for example, these other 
mechanisms include medical surveillance and reporting of disease, vector 
surveillance, and collection of weather station data. In order to identify 
conditions likely to produce outbreaks of disease, it may be more 
efficient to invest resources in traditional programs instead of remotely 
sensed data. GIs wouid then serve to manage the data, display the data 
graphically, and apply appropriate models to identify areas at high risk 
for outbreaks of disease. In this situation, much of the program cost 
would go into supporting the labor necessary to obtain, and organize the 
data, while GIs would serve as an adjunct service uniting the information 
from medical surveillance, vector control and weather service operations. 
Such an approach has been used in Canada to monitor grasshopper - 
outbreak potential in various crops (Johnson, 1988). A study area of 
200,000 km2 in Alberta was monitored for grasshopper abundance by 50 
permanent field personnel and assistants who used a standard roadside 
counting procedure developed by the Alberta Agriculture Service Board. 
Data on grasshopper abundance were combined with information on soil 
type, soil structure, crop type, rainfall, temperature, and day length to 
generate a model that predicted the locations of grasshopper outbreaks 
the following spring and summer with a high degree of spatial accuracy. 
Satellite imagery was not used at all in the study. 

Cost-benefit analyses typically show a positive balance in GIs 
implementation in developed countries (Aronoff, 1989), primarily due to 
the decrease in the number of staff necessary to maintain and update the 
database, prepare documents, and analyze data. Additionally, if data are 
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of redundant information may be reduced and decision-making 
capabilities may be improved. However, a positive balance may not be 
attained until several years after the initial implementation of the GIs and 
the database, The benefit of reducing labor costs may be of less concern 
in developing countries, 

Once a decision has been made to implement a GIs, the next step 
involves coordinating activities within the program group, designing the 
database structure, and setting timetables for the various stages of the 
program. Ideally, during the period of system development, users at all 
levels should receive training in operational procedures of the system that 
are appropriate to their positions. When the system development process 
is complete, the most efficient strategy for training is a pilot project 
aimed at achieving an immediate goal. This strategy helps to identify 
problems with the GIs and demonstrates the utility of the GIs to 
decision-makers who are not directly involved in the system development 
process. 

In the final phase of implementation, databrlse development and 

-m 
conversion must be undertaken in earnest to fully establish the system 
wid maintain the data. Activities include importing data from a variety 
of sources, identifying appropriate themes (e.g., soil maps, land uselland 
cover data, demographic data, health information, vector distributions, 
transportation networks) and selecting appropriate scales and projections 
for their display. Because the data are derived from multiple sources, it 
is often necessary to expend substantial effort in editing and matching the 

-. data so that they are spatially consistent. The accuracy of the data 
should be evaluated in terms of geographical locations and the underlying 
data records. 

The formality with which these procedures are carried out may be 
reduced for demonstration projects that can make use of existing 
hardware and software systems In these cases, coordination is 
automatically defined by the project's existence, system design is 
determined by the current system, and training is often informal. 
Demonstration projects also try to utilize existing databases instead of 
devoting resources to generate data, because database construction 
represents the major time and cost constraint of GIs projects. 
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Published studies that have utilized CIS specifically to examine 
infectious diseases are few in number. The implementation of remote 
sensing and general GIs, such as GRID, have already been described in 

- this report. Remote sensing has received most of the attention in the - 
-1 study of disease patterns and will be described here, as these data could 

easily be used in a GIs framework. Most of the uses of GIs in 
infectious diseases in Africa have involved veterinary diseases and 
several currei~tly unpublished studies are underway. Most studies are 
demonstration projects that are designed to assess the utility of a GIs 
approach to studying infectious diseases. Many of these projects 
ultimately may, not be completed due to the various logi!;tical difficulties 
outlined in this report. 

Vcctor distribution studies 
- 

Two of the major early studies examining vector distributions give 
- a flavor for the potential of using remote sensing to detect either aspects 

of the vector population abundance (as an indicator of disease 
potentiallrisk), or disease outbreak. The first study examined the 
association between outbreaks of Rift Valley Fever, a viral disease 

E 

transmitted by mosquitoes, and satellite imagery data on vegetation status 
(Linthicum et al., 1987). The Rift Valley Fever virus is maintained in 
mosquitoes whose breeding is extended under conditions of heavy 
rainfall, so that the virus is amplified to high enough levels in the L 
mosquito vector populations to cause epidemics in both humans and 
domestic animals. Linthicum and colleagues (1987) were able to 
demonstrate thbt, at two study sites in Eastern Africa (South-Central 
Kenya), NOAA satellite imagery could be used to identify areas of lush 
vegetation as an indicator of recent raisfall. They showed that these 
conditions were correlated with detectable levels of virus activity in the 
mosquito vectors and concluded that detection "...at this point in the 
RVF viral life cycle would allow time for specific control operations 
before an epizootic occurs." This project did not specifically include 
GIs, but a program to monitor likely sites for mosquito breeding could 
be incorporated into a GIS, so that disease control managers could 
identify these areas, coordinate control measures with vector control 
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experts, 
disease outbreaks, 

- A second study utilizing remote sensing has examined the - relationship between tsetse fly mortality, population Ccnsity and satellite 
imagery data (Rogers and Randolph, 1991). Tsetse flies transmit 

- trypanosomes which cause trypanosomiasis, or sleeping sickness, 

Animal trypanosomes are major constraints on animal husbandry 
throughout much of subSaharan Africa, while human trypanosomes - place up to 25 million people at risk for disease. Rogers and Randolph 
showed that fly survival and abundance (as measures of potential disease 
transmission) were correlated with a measure of vegetation quality 
obtained from satellite imagery along a 700-km transect in Cote d'lvoire - 
and Burkina Faso. Again, the purpose was to show that it was feasible 
to use remotely sensed data to help predict high-risk areas. Rogers 
(1990) notes that preliminary case studies of human sleeping sickness in 

- Uganda and Kenya show that remotely sensed characteristics of the 
vegetation are associated with the numbers of cases of disease, but the 
patterns vary between sites. This is apparently because different species 
of vector flies exist in these sites, and the species respond in different, 
but predictable, ways. Thus, he warns that remote .;ellsing (and by 
extension GIS) cannot be done in vacuo, but rather must be integrated 
into vector control/public health management systems. 

Similar projects evaluating tsetse fly habitat are underway in several 
areas of Africa. The International Laboratory for Research on Animal 
Diseases (ILRAD) is examining a remote sensing approach to study 
tsetse fly distribution in regions of Kenya. Collaborative research 
between members of the Illinois Natural History Survey and several 
Kenyan ministries is attempting to combine remote sensing with GIS to 
study animal trypanosome distribution as related to veterinary disease 
(Elizabeth Cooke, personal communication). In an analogous manner, 
ILRAD, in collaboration with several U.S. universities, UNEP, and the 
ODA (England) are establishing a GIS database to include information 
on vector tick distributions, tick-borne disease distributions, cattle and 
other host distributions, and climatic patterns so that the GIs can be used 
to assist in animal disease control strategies (Perry et al., 1991). 

UNICEF is currently funding a study that combines remote sensing - with GIs to improve control of dracunculiasis (guinea worm), a human - disease that occurs in 18 African countries (Clarke et al., 1991). In this 
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study, 
lccate remote settlements in endemic areas so that these nites can bo 
targeted for control, The remotely uensed data are combined with other 
data in a GIs in order to focus the eradication program. Initially, the 
GIs has served to store and manage the data in a unifled form but is now 
being used to structure decision-making. The authors conclude that ",,, 
a combination of remote sensing and GIs technologies offers the 
epidemiologist a new and important means by whlch to effectively 
implement solutions to public health managenrent problems." 

WHO also was involved with a demonstration project to examine 
the applicability of GIs to infectious diseases with wildlife reservoirs. 
This study examined the global distribution of schistosomiasis. 
Schistosomiasis is a constellation of diseases caused by parasitic worms 
that use fresh-water snails as hosts for part of their life cycle prior to 
infecting people. As such, they have been associated with large-scale 
water development programs in many developing countries (Hunter et 
al., 1982). Schistosomiasis is associated with high levels of morbidity, 
especialiy among young children. WHO utilized data from the WHO 
Schistosomiasis Control Unit's Atlas of Schistosomiasis to produce a 
database for a GIs. These data included such information as: the 
location of each townlvillage studied; the prevalence of infection in each 
townlvillage studied; the date the study was conducted; and the methods 
used to detect infection. Schistosomiasis in Egypt was selected as a case 
study. In addition to the data outlined above, information on major 
agricultural development areas was included. It, therefore, was possible 
to generate for managers a unified database that could visually 
demonstrate the areas of high schistosomiasis endemicity (Yoon, 1993). 
The data from Egypt indicated spatial clustering of disease in areas 
around agricultural development and could be used by managers 
developing strategies for surveillance and vector control. At this time, 
the GIs is primarily used for data storage and management, but the study 
date information might per.nit studies of changes in the disease patterns 
over time. GIS also was used by WHO L the Pemba Island 
Schisbsomiasis Contcol Programme. GIs was more effective than large 
tables of data for presenting the results from population-based 
interventions. Much as with the Egyptian study, the data could be used 
to assess the distribution of morbidity among the population. However, 
because GIs was incorporated into the control program, GIs could also 
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effective, no that'olternative stratogles could be targeted (l)uppenthaIor, 
1990). It is reported that the French government is supporting the 
continuation and expansion of the WHO schistosomiasis project in West 
Africa, espeuially in Senegal where the databases hsvo been well 
developd, and information on dlserrse distributions are being recorded 
with OIS development in mind (Yoon, 1993). 

Future studies 

Malaria, onchocerciasis, aad AIDS are three infectious diseases that 
represent significant burdens on populations in sub-Saharan Africa. T I I ~  
first two diseases are vector-borne, in that insects transmit the parasite 
responsible for disease from an infected individual to uninfected 
individuals after some developmental time in the insect. AIDS IS a 
directly communicable viral disearie:, with a long infectious period, and 
is transmitted through sexual or blood product contacts, 

As s h w n  above, vector-borne diseases have been successfu~ly 
monitored through the use of remote sensirrg in many places in Africa, 
although a long-term effort to monitor, predict and control vector or 
disease distribution has not yet been accomplished. It can Be anticipated 
that both malaria and cnchocerciasis wiil be amenable to monitoring by 
cither GIs or a combination of GIs and remote sensing. In contrast, 
AIDS is a directly transmitted infectious disease so that it is unclear that 
the general approach used with vector-borne diseases will be useful in 
predicting the pattern of disease spread for AIDS. However, the 
flexibility of GIs permits an alternative approach for monitoring the 
epidemiology of AIDS, that might be equally useful for initial efforts in 
malaria and onchocerciasis control. This is especially true if part of the 
initial strategy is to evaluate the utility of GIS without a major 
commitment of resources. 

AIDS epidemiology could make use of GIS to monitor AIDS and 
HEV infection by utilizing a variety of data sources, depending on the 
desired level of dztail. For example, at a country-wide level, it might 
be desirable to monitor geographic trends in infection prevalence. With 
a properly designed surveillance system, it would be possible to monitor 
changes in infection prevalence. A geographic key could be added to 
each record to some desired level of detail (e.g. home address, clinic 
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01s  would allow eilsy update of records, and, over time, would permit 
monitoring of spatio-temporal changes in infection and disease. This 
approach would uso GIS primzrily in data archival and data management 
functions that might ease redundant efforts and systematize data 
structure, However, this structure would also permit queries, such as 
how tho nuinbet of cases have changed in an area over time. This 
approach is simila'r to the strategy utilized by WHO to monitor the 
schistorromiasis control program on Pemba Island (Dupperlthaler, 1980), 
The primary effort in such a system would be in the medical surveillance 
program, in order to ensure that the data are properly collected, materials 
for testing and reporting are available, and the information is transmitted 
in a timely fashion, with a minimum of effort to censor the data. 

A more comples use of GIS in AIDS epidemiology would involve 
a GIs modeling ccmponent that might be used to predict changes in the 
distribution of disease. Many standard epidemiological models for 
studying the growth of epidemics have been developed but relatively few 
explicitly model the spatial pattern of disease dynamics. GIs, in 
principle, could provide this capability. Data on transportation networks 
could be combined with data on commercial or agricultural networks, 
demographic patterns, and epidemiological data to model the spread of 
the AIDS epidemic as a capacitated network of lines and connected 
points with measures of flow through the system. In the language of 
graph theory, the transportation network would serve as the edges 
(lines), and loading/unloading facilities as the vertices (points). A 
varkty of parameters might be available to measure the flow through the 
network, such as the number of employees, the amount of road taxes 
paid, amount of materials transported, etc. These models might be 
combined with diffusion models, locally, to predict patterns of disease 
transmission. 

The utility of such models would rely heavily on the accurc., of Ihs 
information on disease prevalence, population distribution and 
transportation network flow. The spatial distributio.1 of LC 
transportation network could be derived from satellite imagery if no up- 
to-date maps are available. However, the use of the trmlportation 
network must come from administrative data collected by national or 
local agencies. If these data are inaccurate because of insufficient staff, 
equipment, or reporting mechanisms, the analysis will suffer. 
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strategy similar to the one oullined above for AIDS. GIs could be 
developed for infectious disease and vector-borne disease agencies as a 
tool to monitor the spatial distribution of disease and the Impact of 

- control measures. As before, the primary emphasis with this approach 
- is to correct defidencies in the staffs ability to perform their functions 

in terms of testing, treatment, and timely, accurate reporting of cases, 
including spatial data. The GIs would be the mechanism for organizing, - - 

y storing and reporting the data in a form that could be used by the 
managers, This strategy would allow the GIS technology to be 
implemented within the organizational structure at a relatively low cost, 
and with substantially less training, while, focusing on the problems ctf 
most importance to the managers, i e ,  developing a useful 
reportingimonitoring system of disease. A decision always could be 
made later to incorporate remotely sensed data from satellite imagery to 
provide real-time information on climatic factors that might precede an 
outbreak of disease. The major emphasis must be to allow the problem 
to be solved to drive the selection of technology rather than allowing 
access to the technology select the problem and method of study. 

Pemotely sensed data will play a larger part in the GIs for malaria 
and onchocerciasis because both diseases are frequent problems in 
developing areas where maps are unavailable or, if available, are rapidly 
out of dab\: and because both diseases are transmitted by insects that are 
affected by the local environment. As with AIDS, remotely sensed data 
can be used to delineate physical bounliaries and transportation networks. 
Remotely sensed data can also be used with GIs to establish land 
uselland cover characteristics that are important for the insect vectors, 
such as irrigation fields, streams, and rivers. Selection of the 
appropriate manipulations of the remotely sensed data would permit users 
to identify soil moisture and vegetation cor~ditions that can be used as 
surrogate variables for vector breeding sites (Jensen, 1986). 
Additionally, repeated sampling over time would permit identification of 
areas where land use patterns had changed, perhaps due to development, 
where more individuals might be at risk. 

 malaria is transmitted by some mosquito species of the genus 
Anogheley. In sub-Saharan Africa, it is estimated malaria is responsible 
for more than halt' a million deaths per year, wd accounts for a third of 

: all hospjtal admissions (Oaks et al., 1991). Despite its public health 

Projects in Africa 25 



I 9 

nature depending as it does on the interactions between the mosquitoes 
and the human population (Oaks et al., 1991). The types and 
characteristics of mosquito vector species vary across different ecological - 
zones such as forest, savanna and seacoast. The Institute of Medicine in 
its report on 'Malaria: obstacles and opportunities' recently proposed that - 
research should focus on innovative vector surveillance strategia for - - 

measuring risk of exposure in country-wide efforts to improve malaria 
management capabilities, and that malaria survr:illance techniques for 
monitoring morbidity, and the incidence of severe disease or epidemic rn 
outbreaks must be improved (Oaks et al., 1991),, 

GIs could be used to organize the national vector 
surveiliahce/control system by serving as the database structure for 
mosquito control. Teams of collectors from the regional centers could 
collect mosquitoes from pre-selected sites. The mosquitoes could be - 
returned to a central laboratory for identification and testing for infection 
with malarial parasites. Attack rates on human populations could then 
be calculated to develop an index of human exposure risk. Additionally, - 
the teams could gather simple meteorological information of local 
conditions, such as rainfall, that might presage an outbreak of mosquito 
populations. This information could be coordinated through a central 
facility to monitor mosquito population patterns over a large region. If k 
coordinated with the ministry of health, additional data layers concerning 
human disease rates, mortality rates, human population size and 
distribution could be used to correlate the patterns observed in mosquito 
populations with the patterns of disease in the human populations. This 
system also could be used to monitor the effects of vector control and 
other epidemiological interventions on the outcome of disease over wide 
regions, and to identify locations where alternative control strategies 
might be implemented. 

Such a system would only require satellite data to obtain initial 
physical data. It would rely instead on bolstering current institutions to 
gather the data using local field workers and training a small cadre of 
workers to input and analyze the data. Remotely sensed data might be 
obtained every few years to update land use patterns in rapidly 
developing areas but would not need to be gathered continuously. This 
system would be similar to the grasshopper survey utilized by the Alberta 
Agricultural Service Board which monitors 1500-2000 sites over an area 

26 GIs Technology 



? 

it might be desirable in the future to incorporate remotely sensed data 
from satellites, such as NOAA, that could be correlated with ground 
collections to extend predictions to other areas, but this need not be an 
integral part of the GIs. 

Onchocerciasis, much like malaria, is a vector-borne disease. In 
this case, however, the vector are flies of the genus Simulislm rather than 
mosquitoes. The major morbidity that inhibits development is due to 
blindness that may occur after infection. In subSaharan Africa, there 
are ten species of mulium that transmit the parasite responsible for 
disease, Onchocerm volvrrh. All species of Simulium lay their eggs in 
moving water, especially rtreams and rivers. After the eggs hatch, the 
nymphs emerge as adults and disperse from these water sources looking 
for a blood meal. The parasite is transmitted to people when an infected 
f ly  bites an individual. Each species of fly differs in the habitat that it 
prefers to occupy, with some selecting forested areas, while others prefer 
open grasslands, and yet others areas with mixtures of both (ecotonal). 
These differences are significant because the disease severity depends 
upon where the disease is contracted. Onchocerciasis contracted from 
forest species tends to be the least severe with little ocular involvement 
while the frequency of blindness caused by the parasite increases in the 
ecotonal species and is highest in the savannah species. 

As outlined above, GIS may simply play a role in organizing 
information on the distribution of disease within a region, serving as a 
data storage system to display where cases have occurred, and to identify 
where control efforts or treatments can be focused. If coupled with 
census data, this information could be used to delimit local areas of high 
transmission. If land uselland cover data are obtained, these might be 
utilized to identify areas where severe disease is likely to occur by 
demarcating human populations in savannah areas within the flight range 
of streams, rivers and other water sources wkre  the flies may breed. 
Such information would be incorporated into the vector control programs 
for fly control. The flies tend to breed in swiftly moving water. 
Combining topographic data with information on water distributions 
would identify the most likely breeding sites for the flies. This would 
substantially reduce the extensive efforts at fly control, &d allow them 
to be more intensively focused on the breeding sites presenting the 
greatest risk to people. 
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to identify arem that have undergone substantial land use changes, such 
as forest clearing. Remote sensing algorithms can identify changes in 
cover. Areas that had undergone significant clearing might be targeted 
for control efforts if clearing will favor vectors that transmit the more 
severe forms of onchocerciasis, Early detection of potential shifts in the 
epidemiology of disease could be valuable in preventing situations such 
as occurred near Mount Elgon in Uganda and Kenya. S. neavgj had been 
eradicated from mountain streams by standard control measures. 
Afterwards, substantial development occurred and much of the forest was 
cleared. Subsequently, S, damnosum, a savannah species, invaded the 
area leading to an outbreak of severe onchocerciasis (Milan Trpis, 
personal communication). 

CONCLUSIONS 

me overall message is that in addressing problems in health 
management for infectious diseases, there exist a number of promising 
tools available for use. GIs and remote sensing methods are enormously 
promising, as are the more traditional tools such as operations research. 
Regardless of the tool being used, the fundamental modeling problem is 
the same--the continual interplay and internal conflicts associated with the 
need to balance aggregation with disaggregation. Stated colloquially, 
realistic modeling of spatial and temporal phenomena generally demands 
disaggregation (i.e., large detailed models andlor databases)--but in 
terms of decision-making, such levels of disaggregation are usually 
counterproductive. Decision-making demands aggregation, and therein 
lays the dilemma. From a scientific '2wpoint, we must disaggregate 'to 
be real'--from a decision-making viewpoint, we must aggregate 'to be 
real'. In that sense, GIs methods are, fundamentally, methods of 
aggregation. Moreover, how one aggregates, usually determines, in 
large measure, how successful a modeling effort will ultimately be. 

On a final note, we can do well to look beyond obvious disease- 
related applications in our search for better tools with which to address 
public health problems. Many large-scde public health and 
environmental management problems share the same attributes and 
challenges and the methods used to address these problems may indeed 
serve overlapping purposes. With this notion in mind, certain of the 
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rogram 
(NAPAP, 1991) could prove useful to those charged with finding 

- solutions to problems in infectious disease control. One of the important 
take-home messages from NAPAP was the critical role of integrated 

- assessment, that is, integrating science and policy--specifically, 

attempting to ensure that policy-relevant science is, in fact, being 
conducted. NAPAP noted that integrated assessment has to begin early, 
and remain a part of the analysis and management process. A quote 
from a NAPAP summary document perhaps speaks best to the 
importance and role of integrated assessment, and what goes wrong when 
integrated assessment is not kept a high priority: 

"In peFfonnance, somewhere along the way the assessment 
focus arh*culated earlier was lost and priorities appeared to be 
set by scienh3c and technical &her than assessment needs, 
leaving mqjor questions such as those involving economic 
effects and distributional equily both late in the process and 
underfunded. Important assessment questions, such as the 
implications of the timing of controls on social, economic, 
and ecological paremeters, were not given enough attenhbn. " 

Whether the tools we use to address public health problems involve 
GIS or any other discipline, it is well to keep in mind the importance of 
integrated assessment, and continually ask and re-ask the same basic 
questions: precisely, what are the problems we're trying to solve?; are 
we asking the right questions?; can we communicate our answers to the 
people who make decisions? Following these rules makes for better 
decisions and effective, efficient use of analytic resources. 
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As discussed in this report, geographic information systems (GIs) 
are being increasingly used to incorporate detailed spatial information in 
studies of the distribution of disease, GIs technology has great potential 
for broader impact on decision-makers in public health. For example, 
health district management information, such as the number of health 
workers, the inventory of drug supplies, or the prevalence of disease, can 
be more readily understood if it is displayed on a road map, 

However, this report has also described difficulties with technology 
transfer that limit the diffusion of GIs technology. Some of the 
difficulties arise from the high degree of technical expertise required to 
use GIs, Learning to use GIs software packages on the market today 
requires a considerable investment of time. Ease of use is critically 
important for adoption of GIs as a standard tool by public health 
workers. 

The purpose of this appendix is to examine how some barriers to 
use in public health might be overcome by appropriate design of the GIs 
software interface. The expectation that these barriers will eventually be 
overcome is based on the general trend that software for desktop 
computers is simultaneously becoming more powerful and easier to use. 
The replacement of electronic typewriters by microcomputers using word 
processing software is but one example of this trend. 

In order to overcome barriers to use, it is necess=y to redesign GIs 
software interfaces. A standard approach for tailoring sot! ware packages 
for specific uses is the creation of a shell. In computer terminology, a 
shell is a new interface for an existing commercial software package. 
This appendix describes a demonstration that was designed to provide 
information about the use of a shell as a geographic information dtcision 
support system (GIDSS). 

Only packages that operate on IBM-compatible personal computers 
were consadered because public health workers are most likely to use this 
type of computer. Six major GIs packages illustrate the variety of 
features available (Table A-1). Most of these packages provide 
programming languages that allow the construction of shells. All of the 
packages can read data from and write data to other software packages. 
Some packages offer additional features such as the capability of 
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packages are more difficult to learn. In addition to features, the 
minimum hardware required for operation is an important consideration 
(Table A-2). Software packages that use WINDOWS or OSl2 rather 
than DOS require a greater investment in hardware. Mapld'o for DOS 
was chosen for the demonstration in order to minimize the resources 
required to set up the computer system and to train potential users. 

GEOGRAPHIC INFORMATION DECISION SUPPORT 
SYSTEM (GIDSS): 

Extending a Commercial GIs Software Pdckage 

MapInfo, a DOS-based commercial GIs software package, uses , 
vector format, in which the precise locations of points, lines and 
polygons (i.e., enclosed areas formed by connecting straight linzs) are 
specified. These data structures permit the representation of many types 
of public health data (Table A-3). A point can be used to represent the 
hation of a village on' a house, depending on the scale of the map. A 
polygon can be used to represent a political unit like a province or an 
ecological entity like a lake. A concatenation of line segments can be 
used to represent a road. Of course, the quality of the data underlying 
the map is limited by the resources available for collecting and verifying 
data. 

A geographic information decision support system can be 
constructed using the MapCode programming language that allows a 

- shell program to tailor menus for examining specific types of data. The 
shell menus lead the user through a series of narrow choices instead of 
the full range of options in the MapInfo package. The main menu 
provides choices for epidemiology, demography, economics and simple 
"what-ifl" scenarios. For example, if the user chooses epidemiology, 
the next menu shows malaria, HIVIAIDS and other. Successive choices 
might lead to prevalence and then dl villages or an option to select some 
villages. This technique works by limiting the user to familiar subjects 
and preventing the user from issuiug commands that may cause the 
system to crash or delete important files. 
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Wle A-I. Fidms of GIS So- Fackages 

- --- - - - - - - 

dB.M. ASCII, Lotus ASCII. TIGER. Lotus ASCII. TIGER, DXF 
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Table A-3. Use of Data S t m m  in MapInfo 

Strucmre 

Data Point I pdygon @red 

Prevalence I Wage - average prevalence of a village I District or province - average 
prevalence of a distfct or a 11 

I I province n 

Vector 

Incidence 

Average income 

Health centers 

Village - average incidence of a ullage 

Village - list of different species present in  
a wiags 

Wage - number of cases per year 

Village - average income level for a village 

Village - number of schoois and their 
location in  each village 

Village - number of health centers and 
their location in  each village I list of 
personnel for each health center 

District or province - average 
incidence of a district or a province 

Geographical area with a particular 
species 

District or province - average 
incidence of a district or a province 

District or province - average 
income in a district or a province 

District or province - number of 
schools and their location in each 
district or province 

District or province - number of 
health centers and their location in 
each district or province I list of 
~ersonnel for each health center 



- - - - A major drawback to this approach Is that people with technical 
- knowledge of both the software and the public health issues must set up 

the choices. Technical support would always need to be readily available 
to make changes to the shell when conditions changed, For example, if 

L 
the primary diseuse problems changed, then the menu choices for 
diseases would also have to change, Thus, the shell provides 
simplification at the expense of flexibility. 

LESSONS LEARNED FROM GIDSS - 

- 
- 

Geographic information systems (GIs) can be made easy to use on 
computers commonly available to public health workers, though there are 
some drawbricks. Technically, the approach is to disguise a GIS 
software package using the DOS operating system with a shell program 
that provides menus with a highly structured set of choices. However, - 
although this approach works, it substantially limits the flexibility of the ~r 
software. Moreover, creation and maintenance of the shell program 
require the services of highly-skilled people. For these reasons, the use 
of GIs in public health remains primarily in the hands of technical 
specialists. 

Increased accessibility of GIS is likely because of the trend toward 
- 

computer systems that are more powerful easier to use. The 
- 

transition underway from DOS ?o the WINDOWS graphical user 
interfacs is part of this trend. The GIs manufacturers are actively 
marketing systems for WINDOWS. As more powerful computer 
hardware and software become more widespead, public health decision- 
makers will have increased opportunity to make use of the analytical 
power and presentation capabilities of GIS technology. 


