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ABSTRACT

The Programme against African Trypanosomiasis (PAAT) was established in 1995 and is managed by a joint secretariat composed of FAO, OAU/IBAR, IAEA and WHO.  The programme aims to provide direction and focus to the control of trypanosomiasis within the broader context of food security, human health, rural development and sustainable agriculture.  This paper describes the PAAT-Information System (PAATIS) which aims to assist decision-support for prioritisation of tsetse control areas and control strategy, thereby facilitating direct contact between programmes and providing a common source of information on tsetse and trypanosomiasis. The system is aimed at a broad range of users and will be available as a beta on a packaged CD-ROM.  It will then be widely distributed for evaluation and to generate feedback. The final version will be upgraded on a regular basis and will be complimented by the activities of the PAAT email forum and the PAAT website.
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INTRODUCTION

The Programme against African Trypanosomiasis (PAAT) was established in 1995 and is managed by a joint secretariat composed of FAO, OAU/IBAR, IAEA and WHO. The programme aims to provide direction and focus to the control of trypanosomiasis within the broader context of food security, human health, rural development and sustainable agriculture.

Development of the PAAT Information System (PAATIS) has been driven by the need for decision support at a continental and regional level to guide strategic decisions on tsetse and trypanosomiasis control in sub-Saharan Africa.  This paper reviews the objectives, design, contents and outputs of the system and explores options for the future.
The development of the PAATIS was based in FAO, Rome supported by technical inputs from: the Environmental Research Group Oxford Ltd. (ERGO), the Trypanosomiasis and Land Use in Africa (TALA) Research Group, Department of Zoology, Oxford University and the Natural Resources Institute (NRI), Chatham, UK. Members from African Government Departments, Tsetse Control Divisions, Universities, NGOs, Researchers, Consultants and Donor Organisations were consulted at the design stage as were a wide range of stakeholders attending a variety of international seminars, workshops and meetings.

 
OBJECTIVES AND DESIGN

Decisions on system design and requirements evolved from the following objectives: to identify areas where the impact of tsetse and trypanosomiasis on agriculture is greatest; to provide decision-support on control strategy at regional and national level; to improve co-ordination between organisations involved in control of tsetse and trypanosomiasis; and to provide data for research & development.
The Information System is made up of three interacting components.  The Geographical Information System (GIS) providing the capability for storage, display and analysis of layers of spatial data; the Resource Inventory containing country level tsetse and trypanosomiasis information; and the Knowledge Base allowing the user to query an extensive database of accepted literature. 

Complementary to the Information System, has been the formation and moderation of the PAAT Link (PAAT-L) email forum.  With over 250 subscribers, this has evolved into a focal point for the release of general announcements and scientific debate. There is also a web site, hosted by FAO, which provides digests of the data held in the Information System, as well as details of the PAAT program and its activities (http://www.fao.org/paat/html/home.htm)
The system requires the user to have Arcview and Spatial Analyst and can be downloaded from ftp://ergodd.zoo.ox.ac.uk/paatiszips (view the readme txt). However, all components will be distributed on a CD to a range of stakeholders.
THE GIS

The GIS component of the PAATIS allows display and detailed analysis of geographical information related to African trypanosomiasis, providing an integrated common platform for continental scale data. Data available in PAATIS (Table 1) were compiled from a wide variety of sources as detailed below. Raster data have a 0.05 degree resolution.

The tsetse distribution maps have been derived from those produced by Ford and Katondo in 1977, using remotely sensed satellite imagery of climatic indicators (such as temperature, rainfall and vegetation cover) to provide predicted distributions of the three species groups (Morsitans, Palpalis and Fusca). A background layer of the number of tsetse species present is also provided. Details of the prediction methodology can be obtained from FAO (2000) or ergodd.zoo.ox.ac.uk/tseweb/index.htm.

Table 1: Data currently available in PAATIS Beta (v 1.0).

	Data Description
	Predicted
	Source

	Layers (Vector Polygons)
	
	

	Continental Regions
	No
	PAAT/ERGO

	Countries
	No
	UNEP/GRID, Nairobi

	Administrative Level 1 and 2
	No
	UNEP/GRID, Nairobi

	Major Rivers
	No
	NRI

	River Basins
	No
	USGS/EROS Hydro1K

	Major Roads
	No
	NRI

	Major Towns and Cities
	No
	NRI

	National Parks
	No
	PAAT/ERGO

	Forest Types
	No
	FAO

	Lakes
	No
	PAAT/ERGO

	Tsetse fly Distributions
	No
	ERGO/TALA/ILRI/FAO

	Background (Images)
	
	

	Annual Rainfall *†
	No
	Cramer and Leemans

	Human Population *†
	No
	Various – See text

	Elevation *†
	No
	USGS

	No Tsetse Species
	No
	ERGO/TALA/ILRI/FAO

	Morsitans group
	Yes
	ERGO/TALA/ILRI/FAO

	Fusca group
	Yes
	ERGO/TALA/ILRI/FAO

	Palpalis group
	Yes
	ERGO/TALA/ILRI/FAO

	NDVI *
	No
	TALA

	Observed Cattle *
	No
	Various – See text

	Observed Cultivation *
	No
	Various – See text

	Predicted Cattle *†
	Yes
	PAAT/TALA/ERGO

	Predicted Cultivation *†
	Yes
	PAAT/TALA/ERGO

	Length of Growing Period *†
	Yes
	FAO/AGL/ERGO/TALA

	Mammal Biodiversity
	Yes
	PAAT/TALA/ERGO

	Farming Systems
	Yes
	PAAT/TALA/ERGO

	Ecozones
	Yes
	PAAT/TALA/ERGO

	Data Reliability, Cattle
	N/A
	PAAT/ERGO

	Data Reliability, Cultivation
	N/A
	PAAT/ERGO


Raster data layers marked * are accessible for local statistical calculations and those marked † are available for statistics tabulated by Country and/or Ecozone and/or Farming Systems (Mean, Max, Mean and Total when applicable).

The human population data given is combined from three sources: a global coverage of population number per image pixel from University of California at Berkeley provided by FAO; a population density coverage at the same resolution from the Consortium for International Earth Science Information Network (CIESIN: www.ciesin.org), derived from data collated by the National Centre for Geographic Information and Analysis (NCGIA: www.ncgia.ucsb.edu); and data from the Intergovernmental Authority on Drought and Development (IGADD). 
Two sets of cattle density and cropping percentage data are provided: ‘observed’ and ‘predicted’ (Figure 1). The former represents the national and sub-national census data covering the period between 1985 and 1999, available from a wide range of sources.

For cattle these include: the International Livestock Research Institute; ERGO aerial survey archives and Government Agricultural Census data. The observed cropping data were obtained from: the Africa Data Dissemination Service; FAO AGDAT as used in the FAO GEOWEB service, produced by FAO GIEWS (geoweb.fao.org/); ERGO/TALA aerial survey archives; transcribed Government Census data; and FAO GIEWS reports.

This ‘observed’ information is largely at the level of administrative units, some of which are very large (Figure 1, bottom). This resolution has been increased by using stepwise multiple regression to establish statistical relationships between these observed data and a range of predictor variables including: satellite imagery, provided by the TALA Research Group, related to rainfall, temperature, vapour pressure deficit, vegetation cover and elevation; potential evapotranspiration; length of growing period; human population; and the number of tsetse species present. These data were extracted for some 12,000 sample points covering sub-Saharan Africa, and a separate relationship established for each of a number of ecozones (see below) occurring within each country. The resulting equations were then applied to the high resolution imagery to provide predicted maps of cattle and cultivation at a resolution of 5 kilometres. Full details can be found in FAO (1996c, 1997, 1998 &1999). All the predictive equations used were formally significant to at least the one percent level (p<0.01), and most substantially more so. The predicted distributions can thus be taken to be statistically acceptable, providing, of course, that the underlying training (‘observed’) data are accurate.

The cattle prediction mirrors the observed distribution well (Figure 1 top), and picks out both major foci (e.g. East African and Zimbabwe highlands, Tanzania, semi-arid and dry sub-humid West Africa) and smaller concentrations such as in the Gezira, the Mali Delta, and south eastern Zambia. Relatively high resolution spatial data that exist in the observed survey data for Nigeria and Botswana tend to be smoothed out by the regression methods used to generate the predicted map. Some of the contrasts between observed and predicted maps are due to minor differences between observed and predicted values falling into different mapping classes. There are also some minor anomalies in northern Chad, where very high predicted densities are obviously false, and are [image: image2.emf]Number per sq.km.
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Figure 1:  Observed and Predicted Cattle Densities (PAATIS, 2000)





PAATIS provides two zoning layers - ecozones (used to subdivide the predictive analyses described above) and farming systems. Both are intended to show areas with similar (eco-climatic or agricultural) characteristics. They were produced using a statistical clustering technique available within the ADDAPIX software produced by FAO. The ecozones were defined using elevation, and remotely sensed imagery relating to temperature, rainfall, vegetation cover and vapour pressure deficit. The farming systems were identified using cattle, cropping and human population levels as well as elevation. 
The layers for Forests and for National Parks and Reserves were obtained from FAO and NRI. The latter boundaries are for IUCN categories I to IV and supplemented by ERGO archive data for Botswana and Nigeria. It is stressed that these data are incomplete – for example neither the gazetted areas of South Africa, nor the forest information for the SADC countries are included.

Major rivers and river basins were obtained from USGS EROS (edcdaac.usgs.gov/gtopo30/hydro/africa.html), and roads and administrative boundaries FAO, and NRI.
Digital Elevation Model (DEM) data were obtained from the GTOPO30 1km resolution surface for Africa, produced by the Global Land Information System (GLIS) of the United States Geological Survey, Earth Resources Observation Systems (USGS, EROS) centre.

The length of growing period (LGP) and mammal bio-diversity layers are derived from low resolution data by the same predictive procedures used for cattle and cropping levels. The training data for LGP were provided by FAO AGL, whilst those for mammal distributions were extracted from the African Mammal Database compiled by the Istituto di Ecologia Applicata in Rome. Rainfall is derived from the maps published by Cramer and Leemans, provided by the Environmental Change Unit of Oxford University.

PAATIS also provides a background layer the Normalised Difference Vegetation Index (NDVI), a widely used measure of ‘greenness’ allied to vegetation cover. This layer is derived from Advanced Very High Resolution Radiometer (AVHRR) satellite imagery, from the Pathfinder Program, initially supplied by the NASA Global Inventory Monitoring and Modelling Systems (GIMMS) group, and further processed by the TALA research group.


Design and functionality 

The GIS was designed using ArcView® (v 3.1) with the Spatial Analysis® Extension (v1.1) for analysis and data manipulation of raster images.  This software was chosen because of its object-oriented scripting language (Avenue®) that allows complete customisation of the Graphical User Interface (GUI). The PAATIS design is modular which facilitates updating existing layers, the addition of new layers and customisation of the user interface to incorporate new modelling and statistics options.  
The GIS was organised into three layers which correspond to three stages of the decision pathway: i) defining and focusing on the study area, ii) mapping priority control areas defined by cattle and crop levels and presence or absence of tsetse and iii) mapping and evaluating predicted impact of control. At each level, the user is provided with various options: mapping tasks to customise the view;  analysis tasks to extract geographical information and statistics; navigation tasks to personalise the overall decision pathway;and export tasks to produce graphical or tabular outputs for use in external software. 

Statistics, priority control maps and impact maps can be generated or calculated for a geographic area or for a shape defined by the user. Local statistics can be calculated for all data layers marked * in Table 1 and cross tabulated statistics by Country and/or Ecozone and/or Farming System can be calculated for all those marked †. All tabular results can be exported to table format files or straight to an Excel spreadsheet. 
Table 2: Content of the Resource Inventory at the national level.

	Category
	Sub-categories

	Contacts
	Contact details of FAO Liaison Officer

	
	List of Institutes involved in tsetse and trypanosomiasis

	
	Details of staff resources

	Overview
	A brief overall report on the tsetse-trypanosomiasis situation during reporting period

	Cattle
	Total cattle; Overview map of cattle distribution; Number of cattle at risk; Total average meat production ('000 mt); Total average milk production ('000 mt); Estimate of cattle not kept because of tsetse

	Cropping
	Total land area (sq km); Total arable land (sq km); Total permanent crops (sq km); Overview map of land in cultivation

	Tsetse
	Total area of tsetse (sq km); Proportion of tsetse area (as % of total land area); Overview maps of fly distribution & control operations; Details of current tsetse control programmes

	Animal trypanosomiasis
	Description of present situation of trypanocidal drug use and pour on applications

	Human Sleeping Sickness
	Brief description of present HSS situation

	Financial
	Annual financial input to all projects; Proportion of funding from internal/external sources; List of funding Institute(s)/Organisation(s); List of receiving Institute(s)/Organisation(s)

	FAO Liaison Officer Report
	Annual report with tables and figures, if applicable

	Broader Issues
	Historical perspective, Terrain, Climate, Natural hazards, Environment and Land use

	Economy 
	Overview of recent economic situation


KNOWLEDGE BASE AND RESOURCE INVENTORY

The Knowledge Base consists of over 6000 records, with abstracts where applicable,  extracted from the last 8 years of the Tsetse and Trypanosomiasis Information Quarterly (TTIQ).  The Resource Inventory has been compiled from miscellaneous sources, with notable assistance from the annual reporting of the FAO Liaison Officers Network.  Table 2 outlines the categories available at the national level.
The Knowledge Base and Resource Inventory components are stored in Microsoft Access 97 files and are accessed within the customised user interface of the GIS through query windows designed in Microsoft VisualBasic 6. The process of retrieving information from the Knowledge Base and Resource Inventory can either be completely independent of the GIS or linked to the selection of a country. Queries of the Knowledge Base can be made by Author, Country, TTIQ Categories, Keywords, and publication year. Queries of the Resource Inventory are country-based.
PAATIS OUTPUTS

Simultaneous display of the three primary PAATIS components presents the user with a novel and powerful approach of combining spatial GIS information, and complimentary text based information.  Both the Knowledge Base and Resource Inventory are geo-referenced by country allowing for cross referencing relevant material.


	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	







Two methods of calculating tsetse impact are provided in the GIS Level 3. Users have been provided with a means of setting their own impact levels (both positive and negative) which the programme then applies to the cattle and cultivation data. Secondly, a predicted impact of the removal of the fly on cattle (Figure 3) and cropping levels, is provided. This is derived using the predictive equations for cattle and crops, within which the number of tsetse species is set to zero, giving an estimate of the levels of these parameters in the absence of tsetse. This is subtracted from the original prediction to give a predicted impact.
It is fully appreciated that this is a rather simplistic way of calculating impact, as it assumes that all tsetse species have a similar effect on agriculture, and that this is constant for all areas and agro-ecological zones. The method does not take into account any possible increase in human population (and its possible impact on agricultural levels), nor does it predict any new agriculture where there is currently none. As such the predicted impact is likely to be an underestimate. The method does, however, highlight the areas where some agriculture is already found within the tsetse belt - and thus likely to be most immediately affected by tsetse control operations.  In West Africa such areas are exemplified by parts of Burkina Faso and Mali; and in the East, Ethiopia, Tanzania and the Lake Victoria Basin.
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Figure 3:  Predicted impact of tsetse removal on cattle densities (PAATIS, 2000)


Whilst an estimation of the possible change in cattle and cultivation due to the removal of tsetse is central to the definition of impact, it is the economic value of these changes that often determines the feasibility of control operations. It was impractical to assign fixed ‘dollar values’ to the impact predictions provided so users have been provided with the facility for assigning their own (currency independent) values to a hectare of cultivation and a cattle density of one animal per square kilometre, which are then applied to the impact predictions, thereby providing an indication of economic impact that may be adjusted to local conditions.
Results from these impact maps can be extracted by any geographical region or shape, but for the purposes of comparison, Figure 4 provides a country inventory of predicted change in cattle numbers assuming the removal of all tsetse species.  For the 37 countries included in the analysis, present data indicates that there are approximately 175 million head of cattle, of which 45 million are within the area of tsetse infestation.  From the predicted cattle impact map the PAATIS calculates that there would be an increase of approximately 50 million head of cattle (effectively a 100% increase in actual numbers) if all tsetse were removed.
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Figure 4: Predicted increase in cattle numbers if tsetse removed. (PAATIS, 2000)


DISCUSSION AND POTENTIAL IMPROVEMENTS

Future improvement in decision support for tsetse control strategies

The cattle and cultivation impact predictions represent the agro-economic dimension of one approach towards rational decision support for tsetse control strategies.  Improved methodology, better quality training data and observed changes in cattle/cropping after control campaigns would lead to improved impact modeling, as would the incorporation of socio-economic information.  However, it is clear that at least two additional factors require consideration - agro-ecological setting and an index of the technical feasibility of tsetse control.

The agro-ecological setting reflects the suitability for mixed farming development which can partially be defined by the length of growing period.  This layer could be refined into a land pressure index defined using the number of cattle or cultivated hectares per 100 people. Preliminary attempts at this type of analysis are given in FAO (1999).

Definition of a technical feasibility score would be more difficult.  Analysis of the degree of isolation of tsetse pockets and spatial patterns could provide an insight into fragmentation of tsetse populations, but this would be dependent on better tsetse species distribution and maps, such as those presented at ergodd.zoo.ox.ac.uk/tseweb/index.htm.  This in turn could lead to the creation of cattle/cropping impact maps by individual tsetse species or groups, thereby addressing the problem of the current approach that assumes all tsetse species have a similar impact on agriculture.  In effect, this would lead to the creation of a scoring index for each tsetse species which could be generated for individual ecozones, farming systems and/or land pressure indices.

Future of the PAATIS software package.

Continental scale information could simply be replaced by a country or project specific geographical area with associated higher resolution data layers. Existing cattle layers could be supplemented with data for other animal species or trans-boundary disease occurrence, such as addressed by the EU funded PACE and FAO EMPRES.  The economic importance of, for example, production systems, milking and calving offtake, could be incorporated into the analysis and impact modelling. A prototype of this approach has recently been tested for Kenya by FAO AGAH.

Whilst there are limitations in the validity of existing continental tsetse maps, it must be noted that there are currently developments in the field of predicting tsetse distribution and abundance using satellite imagery, which in turn would lead to more detailed and accurate analysis of impact by single tsetse species or groups.

A distinct advantage of the spatial approach within this customised environment, is the ability to obtain statistics, not only from administrative boundaries, but from a user defined shape reflecting a more realistic trans-boundary approach.  For example, the extraction of any of the statistical outputs provided in the PAATIS menu could be applied to a natural watershed or some other terrain related system.  In addition, statistics can also be calculated by selecting a cross-tabulation output by LGP category, Ecozone or Farming System. This not only allows more flexible data queries than available in the majority of information systems, but provides a decision tool that can be targeted precisely to specific project requirements. There is thus substantial potential for expanding the PAATIS to incorporate additional data, utilising its modular construction, to become more widely applicable as a source of agro-ecological and epidemiological information.

Finally, PAATIS is intended to provide an extensive and standardised set of agro-ecological and tsetse related data to a wide audience. It is hoped that this will stimulate recipients of the system to assist PAAT in updating and revising the many data layers included, as well as to refine and improve the capabilities of the system itself.
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