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1 Introduction and Background

The tsetse fly (genus Glossina) is found throughout the continent of Africa and is the primary vector of human and animal sleeping sickness. It is of substantial significance to human health and, through its impact on livestock, the economic welfare of rural farmers and stockowners. It is estimated that eradicating the disease would lead to as much as a threefold increase in cattle numbers within the afflicted areas
 (PAATIS) and to economic benefits of billions of dollars per year. 

As a result, the distributions of the various tsetse species are of significant interest to those concerned with rural poverty in developing Africa. Reliable assessments would permit planned disease prevention programmes through the suppression or control of the disease vector. 

Though substantial efforts have gone into mapping tsetse distributions, much of the currently available information dates back to the late sixties and early seventies.  Limited resources have prevented any systematic updating for the continent as a whole, although a significant number of sub-national surveys have been carried out.

Much of the most accessible data on tsetse are in the form of presence or absence maps, and provide little information on the fly abundance that is more closely allied to disease risk. Unfortunately, the extensive collection of fly abundance figures is well beyond existing resources, and such data are rare. 

Two solutions present themselves: either to extrapolate from comparatively few, and small area abundance surveys, or to use alternative measures of fly population levels. Whilst the first is inappropriate for continental or regional predictions, the second is made more feasible by estimating the probability of presence, rather than just presence or absence.  It may be reasonable to assume that fly abundance is related to the probability of fly presence, although it will eventually be necessary to test this assumption by careful field surveys.
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Previous work
 has generated continental maps of tsetse species and species groups using remotely sensed satellite imagery to predict the distributions. These were comparatively low (5 kilometre) resolution. The major objective of the present study is to provide sub-continental fly distribution maps at a resolution of one kilometre, to contribute to the process of planning tsetse reduction efforts in the Lake Victoria Basin and in a substantial portion of West Africa (see inset), and to provide a basis for identifying and locating fly survey transect lines. 

The objectives are encapsulated in the following Terms of Reference: 

“To supply colour maps of predicted probability of presence for each of five tsetse fly species: G. f. fuscipes, G. pallidipes, and G. morsitans for the area of East Africa between 40N and 30S and 300E and 350E; and for G. palpalis and G. tachinoides for the area of West Africa between 140N and 80N; and between 110W and the Meridian of 00 (Greenwich). Five laminated A2 copies of each map will be provided, as well as digital versions, compatible with Arcview and Spatial Analysis, on a CD which will also contain a brief report summarising the methodology used to produce the maps.”

2 Methodology

Over the past twenty years it has been shown that the distribution of tsetse flies is related to climatic conditions (Rogers and Randolph, 1993
), and that satellite imagery can provide reliable surrogates for a range of climatic parameters (Hay et al., 1996
). More recently, tsetse distributions have been quite accurately mapped for a wide range of ecological conditions, using Fourier processed time series of satellite imagery of various types –  especially those relating to vegetation cover, rainfall, temperature and elevation discussed by Rogers et al., (1996
) and Gilbert et al., (1999
).

These techniques have largely been based on discriminant analytical and maximum likelihood methods which use known presence and absence distribution data to ‘train’ the prediction process – in essence by establishing statistical relationships between the predictor (satellite image) variables and the observed fly presence/absence data. Output is given as the probability of presence for each sample point in the training dataset. The modelled data can be then compared with the known data to provide various indices of accuracy, such as the proportion correctly modelled, and the proportion of false negatives and positives produced. Typically, the technique gives accuracies of better than 85 percent. These relationships can then be applied to the entire images from which the samples were extracted, to provide a predicted probability of presence for the every pixel in the image. The resolution of the predictions thus depend on the resolution of the available predictor variable imagery. 

The use of discriminant analysis to produce distribution maps is, however, extremely labour intensive, and requires substantial customised programming to provide the required output. Logistic regression modelling of presence absence training data gives equivalent or slightly greater predictive accuracies than discriminant analysis by relaxing the assumptions of multi-variate normality of the predictor data set. Recent comparisons show that there is little to choose between these alternative methods (Manel et al., 1999
), though logistic regression tends to over-estimate the absent category, whilst discriminant analysis tends to over-estimate the present category.  Though it is more difficult to interpret the results biologically, logistic regressions are also much quicker to implement within current commercial software. Thus a substantially larger series of predictions can be run using logistic regression methods than would be the case with discriminant techniques, and it is therefore possible to perform a wide range of exploratory and sub-regional analyses, thereby increasing the accuracy of the predicted maps.

These methods were initially applied for FAO and DfID’s Animal Health Programme in 1999
 to produce five kilometre resolution predicted distributions for twenty three tsetse species and three species groups for the whole African Continent. A number of adaptations have been made to accommodate the one kilometre resolution required in the present work. 

· A larger predictor data sample was taken from than was used previously (see Appendix).  Sample points were taken at regular c. 5km spacings throughout each region, resulting in approximately 17,000 and 27,000 data points for East and West areas respectively. 

· The range of predictor variables was extended to include a series of additional parameters as shown in the Appendix. 

In addition, exploratory analyses were run at series of levels to identify the most appropriate relationships to generate mapped predictions:

· Two geographical levels were used to produce predictive equations: single equations for each region (east or west Africa); and equations for each of a series of subregions (multiple equations). Two types of subregions were briefly investigated: a series of 20 satellite derived ecozones (described in FAO 1999
); and a series of level 3 river basins (see Figure 1). These indicated that analyses by river basin provided predictions which corresponded more closely to the training data (as shown by specificity and sensitivity levels) than did those by ecozone. As a result the final predictive procedures involving multiple equations used river basin analytical divisions. 
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Figure 1: Analysis Basins

· Three sets of training data were used: the unmodified Ford and Katondo distributions; modified Ford and Katondo presence absence maps, as used to produce 5 kilometre resolution predictions in earlier work; and the 5 kilometre predictions themselves, which were available as binary presence absence maps and as calculated probability of presence. Logistic regression was used to model both sets of presence absence training data, whilst multiple stepwise regressions were run to model the probability of presence training set. 

Because of the large number of predictive variables available (see Appendix), logistic regression techniques are prone to achieving a perfect fit (i.e. 100% predictive accuracy) if the number of present or absent sample points is close to the number of predictors. This is clearly a methodological artefact, and if found to occur, was avoided by extracting the requisite relationships from the penultimate step. 

Such ‘over prediction’ was further minimised by reducing (where possible) the number of predictors used to produce an acceptable modelling accuracy – set at 90% specificity and sensitivity. This was done by assessing three relationships for each analysis run: 

· one using only the first ten predictors (if more than 10 were used in the complete procedure); 

· one using all the predictors available; and

· one using a combination of the two levels: the reduced predictor set if that relationship correctly modelled 90% of both present and absent categories, and, if not, then using all the variables. 

The mapped results of all these alternate analyses have been provided on the data CD accompanying this document, and are listed in Appendix Table 3. It was, however necessary to select one for each species to use for the printed distribution maps required. The maps derived from the unmodified Ford and Katondo distributions for East Africa (which suggest somewhat wider fly presence than the main predictions, as many of the modifications made to the training sets reduced the extent of the original distributions) were excluded from the selection process on the assumption that the more recent assessments
 are the most reliable. 

The selected equation was the simplest relationship that provided a modelling accuracy of 90% or more, and produced predicted presence in all major islands and spurs of each training distribution. These are highlighted in the Table. 

The selected maps were then overlain with species specific zero value masks reflecting thresholds for low vegetation and high elevation. For East Africa, the vegetation threshold has been set at an NDVI of 0.25, and the elevation limit at 1900 metres. For palpalis in West Africa the NDVI threshold is also set at 0.250, but for tachinoides it is somewhat lower, at 0.20.

The predominance of very high probability of presence in the maps of the West African species suggests an ubiquitous distribution over a large area, but gives no indication of possible abundance. It is likely that these areas designated as present do, in fact have significant parts where the flies are present only in very low numbers, or are only found during a small part of the year. Such localities may act to effectively separate fly populations, perhaps into distinct populations that could be suppressed or eradicated with comparatively little risk of reinvasion. Alternatively they might represent zones that could be relatively easily maintained as barriers to fly movement.

Preliminary attempts were therefore made to identify such ‘possible barriers’ by identifying the mean vegetation and air temperature threshold conditions that obtained at the margins of the predicted distributions for palpalis and tachinoides, and identifying areas within the zones of predicted presence where such conditions or worse were found for a significant proportion of the year. Thus, for example, the threshold value of NDVI for palpalis was found to be 0.28 (see Table 1). Potential barrier conditions were thus assigned to areas where the minimum NDVI was below 0.28 and where there was comparatively low variability – as indicated by a variance of less than 25% of the maximum variance, or 30% of the range (maximum minus minimum). The values for temperature for palpalis, and NDVI for tachinoides are shown in Table 1. Note that the threshold for tachinoides has been taken for the southern (rather than the northern) boundary, and so barrier conditions were assigned to those localities with NDVI values consistently higher than the chosen threshold value.

Table 1: Possible barrier threshold values and parameters

	Species
	Threshold 

Parameter
	Threshold 

Value
	Filter 

Parameter
	Variance threshold
	Range 

threshold

	Palpalis
	NDVI
	< 1280
	Minimum NDVI
	85
	230

	Palpalis
	Air temperature
	> 3160
	Max Temperature
	17
	50

	
	
	
	
	
	

	Tachinoides
	NDVI (at southern limit)
	> 1420
	Maximum NDVI
	85
	230


Somewhat unexpectedly, it proved that the barrier conditions set for palpalis (low NDVI, high temperature, both with little variability) identified very similar areas to those derived from the tachinoides barrier conditions (high NDVI, with little variability). These sites must therefore be rather consistently hot and bare for much of the year, and consistently well vegetated for the remainder of the year. Such conditions are characteristic of relatively intensive cultivation, as well as the immediate environs of the larger rivers. The resulting maps are show in Figures 2 to 6 below.

3 Recommendations

The results of this mapping exercise have clearly demonstrated that prediction of fly distributions at a 1 km resolution is both feasible, and can produce credible output. The technique is particularly effective where the known distributions (training data) are somewhat fragmented into substantial patches, though it is capable of capturing the smaller patches if regional as well as overall analyses are performed. The method is also effective at identifying and enhancing the distributions at the borders of very large and unfragmented distributions. It does not provide as much detail about the ‘interior’ of such distribution patterns as would be desirable, though it is possible that analyses by regions specifically designed to incorporate both presence and absence (i.e. by being aligned across the presence absence boundary) might help to elucidate more internal detail.

As a result, it has proved necessary to mask the most extensive distributions (in West Africa) using a more process (or threshold) based logic, rather than relying on statistical association. This process is strictly limited by the allowable interpretation of the available predictor data, and cannot rely (as does the statistics based technique) on using complex associations between predictors to refine basic modelled relationships. 

The masking process attempted here for the West African species should thus be enhanced where possible by using additional data to identify those land cover types and environmental conditions that might significantly limit fly abundance or restrict fly movements. These of course vary with species, but for the riverine flies are likely to include bare ground, open grassland, and substantial topographic barriers. Many of the land use/land cover maps currently available in the public domain are not sufficiently detailed to provide such data, and it may be necessary to extract the relevant information from high resolution remotely sensed data, such as Landsat or Spot imagery (but note that a time series would not be required), or from hardcopy vegetation maps held in national archives.

The need for masking and enhancement of the basic statistical predictions of the most extensive distributions suggests that in future, the prediction process should incorporate efforts to identify gaps inside the training data distributions – perhaps using some threshold based logical conditions – prior to the statistical analyses, particularly if the training data are fairly crude. Any such ‘holes’ should themselves become part of the training data, thus reducing the need to using the prediction procedures to identify them, and allowing the statistical process to extrapolate as appropriate.

Figure 2: Predicted Distribution: G. tachinoides
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Figure 3: Predicted Distribution: G. palpalis
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Figure 4: Predicted Distribution: G. pallidipes

Figure 5: Predicted Distribution: G. morsitans
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Figure 6: Predicted Distribution: G. fuscipes
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Appendix

3.1 Predictor Data

A range of information has been incorporated into these analyses as predictor variables, including eco-climatic data, topography, human population, and cartographic data.

3.1.1 Satellite Imagery

The following satellite-derived measures of land-surface or atmospheric characteristics
 were used:

a) 
Normalised Difference Vegetation Index (NDVI) from the Advanced Very High Resolution Radiometer (AVHRR) commonly used as an indicator of vegetation cover (data from the Pathfinder Program, initially supplied by the NASA Global Inventory Monitoring and Modelling Systems (GIMMS) group); 

b) A measure of land surface temperature, derived using the Price split window technique by TALA personnel, from the thermal channels 4 and 5 of the same instrument that produces NDVI data
; 

c) A measure of middle infrared reflectance (allied to temperature but less susceptible to atmospheric interference) derived from Channel 3 of the AVHRR data;

d) An index of Vapour Pressure Deficit from AVHRR channels 4 and 5 and ancillary processing; 

e) A measure of air temperature (Tair), also derived from the AVHRR satellite channels; and

f) A measure of surface rainfall, the Cold Cloud Duration (CCD), derived from the METEOSAT satellite (from FAO ARTEMIS) and re-sampled.  

All the AVHRR satellite data were available for a series of dekadal images from 1992/3 and 1995/6. These were subjected to temporal Fourier analysis, re-sampled to 0.01 degree (approx 1km) resolution and re-projected to latitude/longitude (geographic) projection. Fourier processing extracts, from each multi-temporal data stream, the characteristics of the annual, biannual and tri-annual components
. Mean values, and the amplitudes and phases (i.e. timing of the seasonal peaks) of the annual, bi-annual and tri-annual cycles were recorded and turned into IDRISI image data layers, together with the maximum, minimum and ranges (maximum - minimum) of each Fourier description of the observed signal. The percentage of the total variance attributable to each of the three Fourier components - a measure of the relative importance of each component - was also calculated for each parameter series. Further details can be found in Appendix Table 2, below. 

Table 2: Prediction Equation Fourier Variable Names

	Fourier Variable
	Middle infraRed

Channel 3
	Land Surface Temperature
	NDVI
	VPD
	Air Temperature
	Cold Cloud Duration

	Mean
	**03A0LL
	**07A0LL
	**14A0LL
	**20A0LL
	**21A0LL
	**25A0LL

	Amplitude1
	**03A1LL
	**07A1LL
	**14A1LL
	**20A1LL
	**21A1LL
	**25A1LL

	Amplitude2
	**03A2LL
	**07A2LL
	**14A2LL
	**20A2LL
	**21A2LL
	**25A2LL

	Amplitude3
	**03A3LL
	**07A3LL
	**14A3LL
	**20A3LL
	**21A3LL
	**25A3LL

	Phase1
	**03P1LL
	**07P1LL
	**14P1LL
	**20P1LL
	**21P1LL
	**25P1LL

	Phase2
	**03P2LL
	**07P2LL
	**14P2LL
	**20P2LL
	**21P2LL
	**25P2LL

	Phase3
	**03P3LL
	**07P3LL
	**14P3LL
	**20P3LL
	**21P3LL
	**25P3LL

	Variance of Mean
	**03VRLL
	**07VRLL
	**14VRLL
	**20VRLL
	**21VRLL
	**25VRLL

	Variance 1*
	**03D1LL
	**07D1LL
	**14D1LL
	**20D1LL
	**21D1LL
	**25D1LL

	Variance 2*
	**03D2LL
	**07D2LL
	**14D2LL
	**20D2LL
	**21D2LL
	**25D2LL

	Variance 3*
	**03D3LL
	**07D3LL
	**14D3LL
	**20D3LL
	**21D3LL
	**25D3LL

	Variance All*
	**03DALL
	**07DALL
	**14DALL
	**20DALL
	**21DALL
	**25DALL

	Min
	**03MNLL
	**07MNLL
	**14MNLL
	**20MNLL
	**21MNLL
	**25MNLL

	Max
	**03MXLL
	**07MXLL
	**14MXLL
	**20MXLL
	**21MXLL
	**25MXLL

	Range
	**03RNLL
	**07RNLL
	**14RNLL
	**20RNLL
	**21RNLL
	**25RNLL

	** Prefix UG fro Lake Victoria Basin; WA for West African Map Area

*e.g. Variance 1 refers to the  % of variance in annual signal accounted for by Fourier component 1


3.1.2 Other Eco-climatic and Land Related Data

Digital Elevation Model (DEM) data were obtained from the GTOPO30 1km resolution elevation surface for Africa, produced by the Global Land Information System (GLIS) of the United States Geological Survey, Earth Resources Observation Systems (USGS, EROS) data centre. 

Slope was extracted from the Columbia University’s LANDSCAN
 data set. In addition, rivers and river basins were taken from the USGS EROS data centre HYDRO1k data archive at http://edcdaac.usgs.gov/gtopo30/hydro/. The larger rivers were identified according to their flow accumulation characteristics (greater than 4500), from which a distance to rivers image was prepared.

Potential Evapotranspiration (PET) – as mean, minimum, and maximum dekadal values calculated from 1961-1990 averages for provided by FAO - were re-sampled to a 0.01 degree resolution.

3.1.3 Human Population and Cartographic Boundary Data

The human population data used are derived from three sources: a global coverage of population number per image pixel obtained from University of California at Berkeley provided by FAO AGL at 5 minute resolution; a population density coverage at the same resolution from the Consortium for International Earth Science Information Network (CIESIN: http://www.ciesin.org), derived from data collated by the National Centre for Geographic Information and Analysis (NCGIA: http://www.ncgia.ucsb.edu); and the population data from the Intergovernmental Authority on Drought and Development (IGADD) countries database. The average of these three estimates was calculated through the raster image manipulation functions within the IDRISI software package.
A range of population related data was also extracted from Landscan 1km resolution archive, including night-time light intensity, roads, each of which was recoded to presence and absence from which distance to roads and distance to lights images were constructed.

The administrative boundary data was compiled ESRI’S Digital Chart of the World (DCW).

3.2 Fly Distribution Training Data 

The underlying data are from Ford and Katondo (1977)
, modified by information from a wide range of sources. These include:

Togo, Burkina Faso: data provided by Dr G. Hendrickx (FAO regional Animal Trypanosomosis Control project for Togo and Burkina Faso; Ethiopia: Survey data provided by Dr M. Vreysen IAEA/UNDP and altitude in consultation with FAOAGAH; Cote D’Ivoire: FAO Consultancy by Dr A Douati (undated); Kenya: data prepared for Kenya Trypanosomiais Research Institute by ERGO and TALA; Mali: Reports by FAO Liaison Officers to the Programme Against African Trypanosomiasis for each country; Continental: The Tsetse Fly – A CD produced by ORSTOM and CIRAD; and TALA Research Group Archives.

Draft distribution maps were presented to delegates of Jubilee Meeting of The International Scientific Council for Trypanosomiasis Research and Control (ISCTRC). 27th Sept – 1st Oct 1999. Momabsa, Kenya, and a number of adjustments made to the training distributions.

3.3 Data CD

All the data from the printed maps as well as the exploratory analyses are provided on the accompanying CD supplied with this document. ArcView© GIS and its Spatial Analyst extension are required to view the maps, and approximately 260MB of disk space is needed for the data files.

Details of the CD contents and map viewing instructions are given below, and are also provided in the browser file \onekmtse\index.htm which can be opened in Windows Explorer or a web browser such as Netscape or Internet Explorer.

The A2 printed maps can be viewed by opening the ArcView project files eaftse.apr for Glossina fuscipes fuscipes, G. pallidipes and G. morsitans submorsitans in East Africa; and waftse.apr for G. palpalis and G. tachinoides in West Africa. A third project file (\onekmtse\eaf1km\eafktse.apr) is provided which produces displays of the result of predictions  using the original (unmodified) Ford and Katondo fly distributions as training data. All will work directly from the CD, but will load and display very slowly. Loading and display will be dramatically faster if the project and data files are copied to a hard disk. The files may be installed on any drive, but the directory structure must be maintained intact. Note that all files copied from a CD are stored on the hard disk as ‘read only’ files, and cannot be changed unless the ‘read only’ attribute is changed to ‘archive’ (using the Windows Explorer Properties tab, or an equivalent). 

Opening each project file provides a View and a Layout for a Base Map - with the coordinate tics, masks, rivers, country boundaries and urban areas – and for each tsetse species. The opening screen for East Africa is illustrated below. To list the Views, highlight the View icon in the small window inset. Note that the text and labels will appear very small as the Layouts and Views are set for A2 sized printout. Adobe format (pdf) files of the Layouts are provided at 720 dpi resolution and A2 size in the folder /onekmtse/print. 
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The filenames for the printed maps are detailed in Table 3 below. Folder names for the satellite imagery used to assess barrier conditions and for the additional exploratory analyses map images are shown in Tables 4 and 5 respectively. All filenames are also given in the Excel spreadsheet onekmtsenames.xls. 

Table 3: CD Data Filenames: Map Files

	folder \onekmtse
	
	

	
	waftse.apr
	ArcView project file
	Run to view West African maps

	
	eaftse.apr
	ArcView project file
	Run to view East African maps

	
	africa.apr
	ArcView project file
	Run to view areas map

	
	tse1kmrep.doc
	Word Document
	Report document file

	
	onekmtsenames.xls
	Excel Shpreadsheet
	This file

	
	index.htm
	Browser file
	Run to view CD instructions and contents

	
	Logoiaiecolor.gif
	Bitmap graphic
	Base map logo 

	
	Logofaocolor.gif
	Bitmap graphic
	Base map logo

	
	Pattec.gif
	Bitmap graphic
	Base map logo

	
	Eaopen.jpg
	Bitmap graphic
	Browser file graphic

	
	
	
	

	folder \onekmtse\5kmpred
	

	
	fuscipesf
	folder
	ArcView image of 5km resolution fuscipes predicted distribution

	
	morsitans
	folder
	ArcView image of 5km resolution morsitans predicted distribution

	
	pallidipes
	folder
	ArcView image of 5km resolution pallidepes predicted distribution

	
	palpalis
	folder
	ArcView image of 5km resolution palpalis predicted distribution

	
	tachnioides
	folder
	ArcView image of 5km resolution tachinoides predicted distribution

	
	
	
	

	folder \onekmtse\eaf1km\africa
	

	
	afcountry.*
	ArcView shape file group
	Africa country boundaries

	
	
	
	

	folder \onekmtse\eaf1km\base
	

	
	ugwatermask.*
	ArcView shape file group
	water mask (NDVI range equals zero)

	
	ugmask4.*
	ArcView shape file group
	Map border mask

	
	ug1kmborder.*
	ArcView shape file group
	Map border outline

	
	ugpoppt.*
	ArcView shape file group
	Populated places (used for settlement labels)

	
	ugrvbas4.*
	ArcView shape file group
	level 4 river basins

	
	ugrivbas3.*
	ArcView shape file group
	level 3 river basins

	
	ugadm2.*
	ArcView shape file group
	level 2 administrative boundaries

	
	ugadm1.*
	ArcView shape file group
	level 1 administrative boundaries

	
	ugtoporiv.*
	ArcView shape file group
	rivers

	
	ugcountry.*
	ArcView shape file group
	country boundaries

	
	uggrid4.*
	ArcView shape file group
	coordinate tics and labels

	
	info
	folder
	ArcView system folder

	
	uglights
	folder
	landscan lights image, used for urban areas layer

	
	ugrvbscd
	folder
	Analysis river basins image 

	
	ug14a0ll
	folder
	NDVI image for vegetation mask (NDVI=(val/1000)-1)

	
	ugdemll
	folder
	Elevation (metres)

	
	
	
	

	folder \onekmtse\eaf1km\fusf
	

	
	dfuscif2.*
	ArcView shape file group
	Modified Ford and Katondo fuscipes distributions

	
	u9fsapr
	folder
	Fuscipes A2 probability of presence map image, Modified Ford and Katondo Training Data

	
	Ugfkfsf.*
	ArcView shape file group
	Unmodified Ford and Katondo fuscipes distributions

	
	uafkfar
	folder
	Fuscipes A2 Probability prediction, unmodified Ford and Katondo Training Data

	
	

	folder \onekmtse\eaf1km\mors
	

	
	dmorsis.*
	ArcView shape file group
	Modified Ford and Katondo morsitans distributions

	
	u10sbmpr
	folder
	Morsitans A2 probability of presence map image, Modified Ford and Katondo Training Data

	
	Ugfkmor.*
	ArcView shape file group
	Unmodified Ford and Katondo morsitans distributions

	
	uafkmar
	folder
	Morsitans A2 Probability prediction, unmodified Ford and Katondo Training Data

	
	
	
	

	folder \onekmtse\eaf1km\palli
	

	
	dpalli2.*
	ArcView shape file group
	Modified Ford and Katondo pallidipes distributions

	
	u9pallpr
	folder
	Pallidipes A2 probability of presence map image, Modified Ford and Katondo Training Data

	
	Ugfkpal.*
	ArcView shape file group
	Unmodified Ford and Katondo pallidipes distributions

	
	uafkpar
	folder
	Pallidipes A2 Probability prediction, unmodified Ford and Katondo Training Data

	
	
	
	

	folder \onekmtse\waf1km\base
	

	
	wawatermask.*
	ArcView shape file group
	water mask (NDVI range equals zero)

	
	wamask2.*
	ArcView shape file group
	Map border mask

	
	wa1km.*
	ArcView shape file group
	Map border outline

	
	wapoppt.*
	ArcView shape file group
	Populated places (used for settlement labels)

	
	warvbas4.*
	ArcView shape file group
	level 4 river basins

	
	warivbas3.*
	ArcView shape file group
	level 3 river basins

	
	waadm1.*
	ArcView shape file group
	level 1 administrative boundaries

	
	warivshift.*
	ArcView shape file group
	rivers

	
	wacountry.*
	ArcView shape file group
	country boundaries

	
	wagrid2.*
	ArcView shape file group
	coordinate tics and labels

	
	info
	folder
	ArcView system folder

	
	walpopr
	folder
	landscan population image, values gt 1000 used for urban areas layer 

	
	warvbscd
	folder
	Analysis river basins image 

	
	wa14a0ll
	folder
	NDVI image for vegetation mask (NDVI=(val/100)-10)

	
	wademll
	folder
	Elevation (metres)

	
	
	
	

	folder \onekmtse\waf1km\palp
	

	
	dtachi2.*
	ArcView shape file group
	Modified Ford and Katondo palpalis distributions

	
	w9plapr
	folder
	Palpalis A2 probability of presence map image

	
	Wapabarr
	folder
	Possible vegetation and temperature barrier (range)

	
	Wapabarr1
	folder
	Possible vegetation and temperature barrier (variance)

	
	
	
	

	Folder \onekmtse\waf1km\tach
	

	
	dpalpa
	ArcView shape file group
	Modified Ford an Katondo Tachinoides Distributions

	
	W9tcapr
	folder
	Tachinoides A2 probability of presence

	
	Watcbarr
	Folder
	Possible vegetation and temperature barrier (range)

	
	Watcbarr1
	Folder
	Possible vegetation and temperature barrier (variance)

	
	
	
	

	Folder \onekmtse\print
	
	

	
	Pallifin.pdf
	Adobe print File
	Pallidipes A2 distribution map print file

	
	Fuscfin.pdf
	Adobe print File
	Fuscipes A2 distribution map print file

	
	Morsfin.pdf
	Adobe print File
	Morsitans A2 distribution map print file

	
	Eabase.pdf
	Adobe print File
	East Africa A2 base map print file

	
	Tachifin.pdf
	Adobe print File
	Tachinoides A2 distribution map print file

	
	Palpfin.pdf
	Adobe print File
	Palpalis A2 distribution map print file

	
	Wabase.pdf
	Adobe print File
	West Africa A2 base map print file


Table 4: CD Data Filenames: Satellite Imagery Files

	
	W. Africa
	E. Africa
	File Type
	Description
	Scaling

	folder\onekmtse

	
	\waf1km\satimg
	\eaf1km\satimg
	
	
	

	
	info
	info
	folder
	Arcview System Folder
	

	
	rvbas4
	
	folder
	River basins level 4
	

	
	rvbas4bf
	
	folder
	River basins level 4, with .05 degree internal buffer
	

	
	rvbas4ln
	
	folder
	River basin level 4 borders
	

	
	rvbs4dg
	
	folder
	River Basin level 4 distance from borders (degrees)
	

	
	wa03a0ll
	ug03a0ll
	folder
	Middle Infra Red, Mean
	Degrees Kelvin=dn/10

	
	wa03mnll
	ug03mnll
	folder
	Middle Infra Red, Range
	Degrees Kelvin=dn/10

	
	wa03mxll
	ug03mxll
	folder
	Middle Infra Red, Maximum
	Degrees Kelvin=dn/10

	
	wa03rnll
	ug03rnll
	folder
	Middle Infra Red, Range
	Degrees Kelvin=dn/10

	
	wa03vrll
	ug03vrll
	folder
	Middle Infra Red, Variance
	Degrees Kelvin=dn/10

	
	wa07a0ll
	ug07a0ll
	folder
	Land Surface Temperature, Mean
	Degrees Kelvin=dn/10

	
	wa07mnll
	ug07mnll
	folder
	Land Surface Temperature, Range
	Degrees Kelvin=dn/10

	
	wa07mxll
	ug07mxll
	folder
	Land Surface Temperature, Maximum
	Degrees Kelvin=dn/10

	
	wa07rnll
	ug07rnll
	folder
	Land Surface Temperature, Range
	Degrees Kelvin=dn/10

	
	wa07vrll
	ug07vrll
	folder
	Land Surface Temperature, Variance
	Degrees Kelvin=dn/10

	
	wa14a0ll
	ug14a0ll
	folder
	NDVI, Mean
	WA: Val=(dn/1000)-1. EA: Val=(dn/100)-10

	
	wa14mnll
	ug14mnll
	folder
	NDVI, Range
	WA: Val=(dn/1000)-1. EA: Val=(dn/100)-10

	
	wa14mxll
	ug14mxll
	folder
	NDVI, Maximum
	WA: Val=(dn/1000)-1. EA: Val=(dn/100)-10

	
	wa14rnll
	ug14rnll
	folder
	NDVI, Range
	WA: Val=(dn/1000)-1. EA: Val=(dn/100)-10

	
	wa14vrll
	ug14vrll
	folder
	NDVI, Variance
	WA: Val=(dn/1000)-1. EA: Val=(dn/100)-10

	
	wa20a0ll
	ug20a0ll
	folder
	Vapour Pressure Deficit, Mean
	VPD=dn/1000

	
	wa20mnll
	ug20mnll
	folder
	Vapour Pressure Deficit, Range
	VPD=dn/1000

	
	wa20mxll
	ug20mxll
	folder
	Vapour Pressure Deficit, Maximum
	VPD=dn/1000

	
	wa20rnll
	ug20rnll
	folder
	Vapour Pressure Deficit, Range
	VPD=dn/1000

	
	wa20vrll
	ug20vrll
	folder
	Vapour Pressure Deficit, Variance
	VPD=dn/1000

	
	wa21a0ll
	ug21a0ll
	folder
	Air Temperature, Mean
	Degrees Kelvin=dn/10

	
	wa21mnll
	ug21mnll
	folder
	Air Temperature, Range
	Degrees Kelvin=dn/10

	
	wa21mxll
	ug21mxll
	folder
	Air Temperature, Maximum
	Degrees Kelvin=dn/10

	
	wa21rnll
	ug21rnll
	folder
	Air Temperature, Range
	Degrees Kelvin=dn/10

	
	wa21vrll
	ug21vrll
	folder
	Air Temperature, Variance
	Degrees Kelvin=dn/10

	
	wa25a0ll
	ug25a0ll
	folder
	Cold Cloud Duration, Mean
	CCD=dn/.25

	
	wa25mnll
	ug25mnll
	folder
	Cold Cloud Duration, Range
	CCD=dn/.25

	
	wa25mxll
	ug25mxll
	folder
	Cold Cloud Duration, Maximum
	CCD=dn/.25

	
	wa25rnll
	ug25rnll
	folder
	Cold Cloud Duration, Range
	CCD=dn/.25

	
	wa25vrll
	ug25vrll
	folder
	Cold Cloud Duration, Variance
	CCD=dn/.25

	
	wademll
	ugdemll
	folder
	Digital Elevation Data
	Metres

	
	walights
	
	folder
	Landscan Lights
	

	
	warvbscd
	
	folder
	River Basin Level 3 (coded)
	

	
	waslope
	ugslope
	folder
	Slope
	

	
	
	ugrivdeg
	folder
	Distance to Rivers
	

	
	
	ugrivers
	folder
	Rivers
	

	
	waidrimg.zip
	eaidrimg.zip
	Winzip File
	Zipped Idrisi Format Images, names as above
	


Table 5: Additional Exploratory Distribution Maps – Image Folder names

	
	
	
	
	East Africa
	
	West Africa

	
	
	
	
	Fuscipes
	Morsitans
	Pallidipes
	
	Palpalis
	Tachinoides

	Presence Absence (Logistic Regression)
	
	
	
	
	
	

	
	Modified F and K Training Data
	
	
	
	
	
	

	
	
	Single Equation
	
	
	
	
	
	

	
	
	
	1st 10
	U10fsapr
	
	
	
	W10plapr
	W10tcapr

	
	
	
	All
	U9fsapr
	Ulsbmapr
	Ulpalapr
	
	W9plapr
	W9tcapr

	
	
	
	
	
	
	
	
	
	

	
	
	Multiple Equation
	
	
	
	
	
	

	
	
	
	1st 10
	U10fsFpr
	U10sbmpr
	U10pllpr
	
	W10palpr
	W10tacpr

	
	
	
	combination
	U9fusfpr
	U9submpr
	U9pallpr
	
	W9palpr
	W9tacpr

	
	
	
	All
	Ulfsfpr
	Ulsbmpr
	Ulpalpr
	
	Wlpalpr
	Wltacpr

	
	5 Kilometre Training Data
	
	
	
	
	
	

	
	
	Single Equation
	
	
	
	
	
	

	
	
	
	1st 10
	
	
	
	
	W10p5apr
	W10t5apr

	
	
	
	all
	u9fs5apr
	Ulmo5apr
	Ulpa5apr
	
	W9pl5apr
	W9t5apr

	
	
	
	
	
	
	
	
	
	

	
	
	Multiple Equation
	
	
	
	
	
	

	
	
	
	1st 10
	U10fs5pr
	U10mo5pr
	U10pl5pr
	
	W10pl5pr
	W10tc5pr

	
	
	
	combination
	U9fsf5pr
	U9mor5pr
	U9pal5pr
	
	W9pl5pr
	W9tc5pr

	
	
	
	all
	Ulfs5pr
	Ulmo5pr
	Ulpal5pr
	
	Wlpl5pr
	Wltc5pr

	
	Unmodified F and K Training Data
	
	
	
	
	
	

	
	
	Single Equation
	
	
	
	
	
	

	
	
	
	All
	uafkfar
	
	
	
	
	

	
	
	Multiple Equation
	
	
	
	
	
	

	
	
	
	1st 10
	
	Uafkmar
	
	
	
	

	
	
	
	All
	
	
	UAFKPAR
	
	
	

	Probability (Stepwise Regression)
	
	
	
	
	
	

	
	5 Kilometre Training Data
	
	
	
	
	
	

	
	
	Single Equation
	Umrfsf5a
	Umrmor5a
	Umrpal5a
	
	Wmrpal5a
	Wmrtch5a

	
	
	Multiple Equation
	Umrfs5pr
	Umrmo5pr
	Umrpa5pr
	
	Wmrpa5pr
	Wmrtc5pr

	A2 printed maps in red and bold. Equivalent alternatives from unmodified Training Data in Italics
Remaining East African images in  folder \onekmtse\eaf1km\additional. 

Remaining West African images in folder \onekmtsetse\waf1km\additional
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