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ABSTRACT 

A tsetse fl y survey was carried out in over IOO km~ of the s tudy s ite of the Southern Rift 

Valley of Ethiopia Tsetse Eradication Project (SRVETEP) with the objective of imegrating 

the remotely sensed data. ground verified agro-ecoiogical characteristics and tsetse survey 

d::na in a geographic infonnation system (GIS ). 

Field data collection on tsetse fly dis tribution and abundance and ground vegetation type 

observation was conduc ted in two seasons: the dry season survey (.\larch) and the wet season 

survey(]une and fi rst week of July), Seventy-eight NGU traps baited with ace tone and three 

week old cow urine was used for catching tsetse during each season. Traps were deployed in a 

transect in a selected Ix I Km. UTM (U niversal Transverse lI-lercater) grid square . .-\ hand 

held receiver GPS (Garmin -1.8) was used for geo-referencing and sPO( elevation measurement 

ot the trappmg Siles. Remotely sensed Lands:lt T~t of the area taken in 199-1. was anulysed . 

The digital image processing employed the superv ised classificatio n procedure with the 

m;:txlmum likelihood decision rule, Tsetse survey data. ground obser\'ed vegetation lype and 

the proce.,sed remotely sensed datl were integrated into the GIS database ill ArcVie\\ 3 I 

\'ariol!!:. enviro nmental features like roads, rivers, senlement, COntours and Lakes In the s.[Udy 

area were digitised and incorporated IntO the GIS databse. 

Only one species of tsetse fly. G, pallidipes \ ... a5 caught In [he :.tudy area, There were hlgh 

catches o f tsetse fIie:.. a total of -'20 (70. J 0'c) male:. :md females. in the wet :.e::!.son. compared 

to the dry !leason catch (P<O.005 ). During the ground sun"ey, four rnJjor vegetation t~ pes: 

bush land, wooded grJSsland. wooded land and cultiv~lted land. where C. pallidipes c::tn 

inhibit were identified in the study area, In the dry snmpling season.the highest mean CJtch 

was from the \vooded grassland (me:m = 11.7) followed by wooded land (mean = 9.2). In the 

'.\ e' .; ~;} ... on, the pattern is [h;;- S.lme except that there '\ J5 . .u: :ncrease to the me.ln c'H..;h !TIe;}n 

= 13.7 and IJ.5 respecti\'elyl. Almost all the traps in bush land vegetation type caught G. 

pallulipes in different proportions during the wet selSon. This indic:.lte!) that G. pailidires , ... 

Wide!) JI!lpersed In [he bush l.md veget:1tion t) pe, 

The clasSification of digital Image yielded "even types of land co\'er/use of the study are::t of 

which the four Iypes we re the same as in ground \'enried \<:get;ltion type In different 

pro~omon, O\'er - - '-c or the bush !and \·eget:.1ilon [~pe In the Image \\ as 'lccurJ.le!y c1assli. ,'J 

'0 ~he ... arne dJ.s:; l!l [he ground hut the dussuic.:ltlon .lc":lIr:lc~ ',\ a' lo\\er in woodel gro. ... ,land 



and wooded land vegetation types (only 33 .3% each). T he ground vegetalion type was used as 

the reference data. The lower classificat ion accuracy in \ .. 'ooded grassland and wooded land 

could be anributed to the small size of the study area in order to adquarely identify the 

representative vegetation type for these particular types during (he image classification. 

The "i'-'ormalised Difference Vegetation Index of the area was estimated from the same 

sate llite data and the output image of NOV I showed ar least three types of vegetation cover in 

the Jrea. The green areas corresponded [0 the wooded land vegetation type along the base and 

flunk of the escarpmem. the bright yellow areas corresponded lO the bush land of various 

types in the valley and the golden yellow areas corresponded [0 the grassland in the high land 

areas of the study grid . 

The integration of data in the GIS database revealed a combination of different layers with 

each layer haVin g a specific information of each feature integrated. This demonstrated the G IS 

functional capab ilities lO comblOe a geo-referenced data from different sources to study the 

relationship among different features. for instance, tsetse fl y distribution in relation to the 

vegetation type which could be assessed both by ground [rurhlng and by uSI ng a remotely 

sensed satellne dam. 

The findings of thIS \\iork mdicated the pOtential of uSing remOtely sensed data combmed with 

G IS to study tsetse Ilies in rei :l.!ion to the environmental factors which could explain their 

temporal and sp::uiaJ distribution. Lsing the remmely sensed data. \'eget:ltion t)pes can be 

determH1~d .md suitable tsetse habItat with .lSSOCi:llc-d enVironmental parameters C:.1n :llso be 

predicted. ThlS comblOed wuh ground su rvey for more accuracy will factlitate the 

de:isionmaking process on tsetse fly control. 



1.!.'\T1{ODlCT I O.'\· :\.'\D OB .l ECT1\· ES 

1.1 Intro d uction 

EthiopiJ. located In [he hom oj Afnca bet\O.een latitude from 3 :-.: to 151);-.: of the equator and 

longllude from 33 'E (0 -IS 'E, is an agrari:m country with .1n e~timated human populatIon of 

about 60 million ,md II land area of about 1.3 million kIn:: The ruml agriculturJ.l sector make:. 

up 85 pc:rcem ot lhe toul population and accounts ior 95 percent of J.ll crop and liveslock 

prool.!Cl.ion ,Slingenbergh. 199: 1 The {he,;lock population of Ethiopia is e)ttm:lted at 30 

minion he;;d; of c3.tlk. ~ I.- million .sheep, 16 .... million gOOt,;. -,~ million equines . and 

lrruilLon cJrnels IC.S,~ .. 19981 Livestock contributes to the nauanal export eJ.ITI ing. source 

offoo.1. cash Incomc. and energy and fcmlber; Ford el 11/.. 19'76; LC;l.I(. 1999). 

T ~etse Ir.msmmed J.'"Iimal lr}'p3.nosomosis is J. serious con~tmint to hveslock producnon and 

agricultur.ll de\clopmem in southern and south-v.estem Ethiopia. "Jrious reperu on the 

"ittl.mon C! lset..e .:md t."1;pa.'lo~omiasi" in EthiOpi;, revealed tho!l tselse flies occupy over 

66.ooo~: ..rea 'Ford e: a! .. 19- 61 In the valley oj ~ou!hem and ~outh- western of the 

NUn!!) l...1.igridg: (19761 h~ :eponed thJ.! some 98.000 km~ are.J m the aioumemioned 

pan:; oi die ,:c>untry s:. mfesud wah live specIes oi Glo'iSma. namely G!ouinil palIi'lipes. G. 

due to the ld', ;mcement of tsetse fiies mlO fonner!) uninfested :lteao. cun.:ntly about \30.000 

' 0 1::0 1")(X):.r.;: ...xc:! I:> e~t!m:lt:d 10 be afiectc:J. TheS<! ~u pos~e~ the cmmuy' mosl ilr.lb!e 

Jem..!l ,1r.c Hu~h-Jones. 1995> Shn~enbergh f!~:l nOl-:d IOJt JI 1e~1 'ix million ollhe :0 

m::lllJn ... ~'-..:~ (If :.JH:e th..!t .!I'e ra!Sed under trypa.'lc"omo~i~ n;" J.feJ.S ;n :)..inc.:. .lre In heb.:· 

ilio indicJld Ir.:!t tSetse u ... ..nsffiltted tryp:mo~vmosjs h:l~ PCl over 10 mlmon he::d", oi cattle. 

und.:r .r:re::1 i: Ethl.'piJ. \·rey~enCI.lJ; 1999' in .:.re..b below In J.!lll~de of 20)() meter~ .lOOve 

~e .. le'.e: Lo~,e~ 10 tryp;m(,~omosi~ In these .I!'il!~!ed ~s ;U-C' Junouted to rnortJ.lIIY .:md 

morbId:!;> of , ·,estock. lre;Jtmem ;,nd control CO~b. :lJ1d demed 3.Cl:e~, to I.md rt'svurces. Th.:,e 

mrll <; n ~~, -:!I. \·re~'e:t~· .1-' 199Q. Thu- [, bellC:H:c 10 ..tfe.:. J!re.:tl~ or tndlr:::~ll: the 

er ~ r:t han "~"rl::: 1:11he !1!;wn 



which is severely affected by tsetse tlics and the subsequent problems. About 25.000 km:! area 

that is agriculturJ.lIy suitable and potenllal land in the valley is Infested by tsetse flies. ThiS 

figure by far exceeds the estimate by Ford er 0.1. (1976) of 5.000 km:!some 25 years ago .. In 

th is part of the country nearly one million heads of catlie are currently at risk of 

trypanosomas IS, and almost all domeslic animals in and adjacent areas of the valley are at risk 

o f acquiring the di sease at any lime. 

There IS a diverSity of fac!O~ known to affect {he distribullon of tsetse flies in different agro­

ecological zones. ThiS includes climate. vegetation. altitude and presence of suunble host 

an imab (Buxton. 1955: Langridge. 1976; Ford e{ 0.1 .. 19i6: Leak. 1999: Vreysen et al .. 1999). 

Buxton ( 1955) desc ribed Ihat effective tsetse conuol requires a good knowledge on the factors 

th ::l.t are responsible for the variation in tsetse population distribution. He also emphasised that 

tsetse cont.roll~ . for the most part. an attempt to exploit the existing knowledge of the biology 

of the insect. In the Southern Rift Valley of Ethiopia. vanation In tSetse popUlation densities 

in diffe rent vegetation ty pes and altitudes were observed during the entomological survey 

carried out by the Southern Rift VaJley of Ethiopia Tsetse Eradication Project (SRVETEP) as 

part of the base line sun e)" 10 1998 · 1999. Howe ver. 10 order to faciluate the declslonmakmg 

process, which type of contro l techniques to employ and which pnorny areas to select for the 

control program. (he: knowledge of the factors associated with tsetse dl ~ lribut ion and 

:.1bund~ee is of paramount lmponance 

Technologies like Geographic Information Systems IG [S, and remotely sensed s;:nellitc datJ. 

J.naly,es have more recenll~ been u~ed to examine em'lronmemal factors hnked wi th tsetse fl y 

di!'tribution. ~utta l e l al. (1995) no ted the Importance of G IS nnd remote sensmg to 

demon:itrate: wetor/environment rehltionshlp::, In the ;.uuJ.Y~ls of vector borne disea.se~. GIS are 

map-based tools that can also be used to study (he di::.l ribution. d~n:.1lTUcs and en ... lronmental 

\:orreb!lon With d isease) Jnd thea vectors lConnor t!r al., 1995 Jnd Boone t!t ai .. ~OOO). 

RemOte sensing and GIS are most useful if dise;be dy namics and distribution are cie:uly 

related to .:nvlronmenml \"anables such as vegetation Jnd phy ical charaCtermlcS li ke averJge 

precipitJtlon Hugh-Jones, 19C) I. Connor t!/ .II .. 1995: Boone .I. tll.. 2000,. Kitron I!{ al. 119961 

relolted the season;!\ and spatial distri butIon of tsetse flies and examined the rela.tion with 

::.Jlellne imJ.£ery combined With GIS. T hey found J high corre \;uion of tsetse I1} I.:atch With a 

remotely sensed fi ne resolul1on satelli te dat.l and suggested that '1J.telli re im.:..ge ry ma~ be J 

useful tool for predictmg local '·J.natiol1 in fly den~J[y They further emphaSised the 

Import.J.nce of mcnrporaung ..;:1tdliIe tmager~ into J GIS· ba. ... eJ )uneillJ.nce !"rogrJ.mme to 

predit.:t f.J.vourable Ih habitat In macce!!!!ibk' are.!..'). In general. GIS I~ .. 10 lniorm.ltlon 



management tool that Jl!ows the association of remotely sensed data and ground gathered 

(reference) data with data on Ily population dynamics. host distribution, human agricultural 

practices. trypanosomiasis infec tion rate and even [Q select priority areas for control programs 

(Rogers, 1991: Kilro n el aI., 1996: Robinson, 1998: Allsopp, 1998), 

This study is aiming to integrate some selected agro-ecological features from remotely sensed 

and ground gathered data into a GIS in order to improve knowledge of tsetse fly dis tribution 

and abundance in relation [Q vege tation, alti tude. cl imate and other correlates. It is hoped that 

this will contribute by expanding the knowledge base to the ongoing tse tse eradication project 

in the Southern Rift Valley of Ethiopia. 

1.2 O b jec tive s 

1.2 .1 Ge n e r a l Obj ec ti ve 

• Relate spatial and temporal tsetse fly distribution patterns in the study area to the 

remotely sensed data and directly observed ecologic:l.1 features using major geogrnphic 

informntlOn technologies: Global Positioning System (G PS). Remote Sensing (RS ) 

and Geographic lnformation System (GIS). 

1.2.1 Spec i f i c Objec ti ves 

• Establish a GIS database for the integration of Landsat image and map derived geographic 

information (i.e. land cover types. road network. drainage, elevation. settlements) and 

field dara (lSeLSe fly catches). 

• Field venfication and comparison of bnd cover dassificauon from satellite-deri\"ed base 

map \\,:lth [he ground surveyed vegetation cJassific:Hlon in sel~cted l:< lkm CT:VI grid 

squares in the study JreJ. 

• Assess the predictive value of satellite imagery land cover data for the identification of 

tsetse_habitat. 

• Establish GlS functions for the inpuL manipulation (queries and analysis Jnd output 

t visual. labul:1r. statistical) of data. 



2.LIT E R A T U R E R E VI E W 

2.1 B i o l ogy o f t s e t se f li e s 

The most dis tinctive feature of the life history of tsetse flies. shared with only a few other 

small fami lies of Diptera. is retention of the single mature egg in the uterus of [he female , 

where it hatches [Q a larva and nourished by the products of a pair of modified accessory 

glands (Jordan. \993). T his method of reproduction is re ferred [0 as adenmrophic viviparity 

(Langley and Weidehaas . 1986: Jordan. 1993 and Leak. 1999). 

This fonn of reproduction involves cyclical production of eggs, which hatch in the uterus 

(Leak. 1999) and the insect does not feed from the time it leaves the female fl y as a mature 

larva unt il the adu lt emerges from the pupa (Phelps and Lovemore. 1994). Females are 

receptive [Q males as soon as [hey start seeking food and often mate either when taking thei r 

fi rst blood meal or soon after. They usually mate once (they actively resist mating more than 

once). bUI somet imes more than one mating can occur. Male flies may not mate soon after 

emergence from the pupa and they are no t fu lly fert! le un lil they are a few days old. 

Active and viable sperms can re main in the spermathecae, nourished by a sec ret ion of layers 

of cells. \vhlCh surrounds the cuticular li ning of the lumen of each spermathecae. through OUI 

the life of [he female. This is [he baSIS fo r [he need to mate not more than once in the female. 

The whole pregnancy cycle takes approximately nine days. although the rate and development 

of each stage lit temperature depe ndent. By the ninth day the thi rd mstar larva with its tWO 

consplcuou!S black polypneust ic lobes at the posterior end is depos ncd through the vagma 

darviposnionl on the ground (Jordan. 1993; Nagel. 1995: Warners. 1991 and Le:l.k: . 1999). 

LeJ.k i 1999) described that the Llrva ,mempr:. to burro\\ In the soil shonly after deposition by 

female The successful bu rrowing in the soil by the deposi ted larva depends on various 

tac tors , for instance. soil panicle size , moistu re con tent of the so il, and possibly the so il 

temperalllre are the mo<.;t imponant ones. 

Cnder favourable environmental conditions (temperature Jnd moisture of the joil) newly 

depOSited larYl (white thlrd-instar skin) is transfonned within a few hours 10[0 J. hard. almost 

black larva and moults to fo rm the prepupa. But this remains within the third instar cuticle. 

which then harden:-; to form the puparium within an hour of larnposillon. 30 days later adult 

t"ly emerge' from pupanum \\uh the sex ratio of I: I The puparial penod is highly dependent 



on temperature. For example. Jordan (1993) indicated that at a mlOLmum temperature of lOoe 

the duration of pupanum period is about ~7 days while: at 30(lC It i~ about 10 days only. At 

temperatures. belo\\.' L 7°C and above 32°C there are insufficient fat res.er\'es within the 

puparium and development cannot be successfully completed. 

The optimum temperature for the puparium development is 25°C (Leak. 1999) and at this 

temperature males emerge after 30 days and females emerge after 27 days (Jordan. 1993). 

Both sexe.::; of [set.";e flies feed exclusivelv on blood of vertebrates (mamlv from mammals but . . 
some species t~e the meal from reptiles and birds). They usually search for hosts and food 

when they are active. It has been nered that female nli~S live longer (the mean life span being 

weeks) than males (about four weeks) in the field. As a result of this . there are always more 

females {han males in any tsetse population. 

A female Ily may produce about -10 off"pnngs in her lifetime. Consequently, the rate of 

reproduction is much lower than in any oviparous insects and in fact resembles that of small 

mJmmals Langley and Weidehaas, 1986: Lea.J..:, 1999) ::md this suggests the suitability of 

controlling ts.etse flies by the release of sterile males (SIT). 

2 . 2 facturs affecting t setse fI ~ d is t rib u tio n 

Tsetse flies occur only 10 Africa somh of the Sahara and nonh of the temperate climates in the 

SQuth oi the continent. They are unevenly distributed Within their ranges. the occurrence 

..tffected b: spe';le:>-spc:cific filclors :\agel. 1995J. Le.:lk (1999) nOted thal even though more 

"rec;se limn!) of dblnbution. panicularly In low population denmie'S Me nOt known. the 

general distnbutlon of betse fhes is determined pnnclpally b: climate anc m:luenced by 

altitude. \'e,;eiJtion and the presence of suitable host animals. 

H,)\\e\,e:- rec~;1t te,;hnolcgical Jd\·ancement~ h:d to the use ot cur:-ent techniques like the GIS 

and remote ~ensing 10 undersund factors J!)sociJted wllh tsetse distnbutlon without even 

belr.:; In pan!cuL.lr pl.lee. 



2 . 2.1 C limate 

The effect of climate on tsetse distribution is often th rough its effect on vegetation. Buxton 

(1955) discussed in det:}il the relat ionship between tsetse flies and different climatic factors. 

However, most of these discussions were based on the results of laboratory expe riments and 

such results might not be fully in agreement with sitllmions in the field. But this is not f:lr 

from the general truth . The effect of temperature on the ecology of tsetse flies is through its 

effect on the interval and puparial duration and also the influence on the activity of the nies 

(Buxton. 1955). In temperatures below 15°C tsetse flies are inactive and above 35()C [hey seek 

refuge in rot-holes in the trees and animal burrows and deep tissues in the barks, where they 

remain inactive {Ph~lps and Lovemore. 1994}. Temperature greater than 40De has a lethal 

effect both to the larger and smalle r species of tsetse and [heir pupanum (Buxton. 1955 and 

Phelps and Lovemore. 1994). 

Humidity is another lmpon:mt factor for both pupal and adult fly de\elopment. Tsetse flies 

reqUire cenain soil humidity for development (Nagel. 1995). Cumulative effects of long rainy 

or dry seasons are thought to have been importance in influencing advances and recession In 

tsetse populatIon (Lea.i(. 1999\. Humidity has also an important effect In relaBon to the 

~hl'dour 01 the rlie'i. 

Buxton It 955. h:b also noted the effect of light. Tsetse flies u.se light (or searching. food and 

most tsetse flies are :J.Cl1ve during daynme . 

The effect of J.![llud..:: on tsetse distribution is through [[s effect on cJim:J.te. m:unly 

tl!mperature. A:. temperJ.ture [;tIls with mcre.asmg altltud~ the ;eographic ItmHJ.[J0n:. \)1 

different ~pecies may be due [0 their inactivity In lower temperatures (Vreysen. et al .. 1999). 

Ln general. according to Rogers (1991), climate cannO( determine the abundance directly. but 

only vta Its effect on one (or more ) of the four Impon:lnt demographic rate- of birth. death. 

Immtgr.ulOn and enllgratlon. Climate affects these parameters and thus shIfts the demographic 

baiJnce In one \\ J)" or another. 

1.2.1 \ -ege t31ion 

Dlff.:rem "peel"::"; of t,etse Ilies require particular \'egetatiQn :~ pt: IhJt \\ould pro\"l\ie an 

OPtimal condllJon tor grc)\\th Jnd sl!rvi\'ol rfor e-umple. I1!nrSllrlllS group In 'ia\":mnah. · '/S{.:a 

;:\)I..:D ,,:'ore:-,t,mdpalpalis group:n t"or¢st and rlve:- l)J.nki \·~;et.:.tll~r: _:. not ('D IY :mponant 



that provides shade for tsetse fl ies a t lower altitude. but it also provides shelter for the ir hosts 

(Buxton, 1955; Leak. 1999; Phelps and Lovemore. 199-+ ). 

Vreysen, el at.. (1999) reported that the highest catches of G.pallidipes \vere in bushes 

(tickets) and wooded grassland in the Southern Rift Valley of Ethiopia. Different vegetation 

classification (ljke wooded grassland, forest. riverine forest, bush land, grass land and 

cultivated land) was ava ilable in tsetse~infested areas. However, one can classify in more 

detail classes and subclasses using remote ly sensed data when combining wi th ground tru th. 

Moreover. vegetation type in a given locality is greatly influenced by temperailL re and 

humidity and it is subject to the amount of rainfall of that part icular region. 

2 . 2 . 3 Ho s t an i m a l 

The presence of host animals is very important for tsetse fly distribution. Phelps and 

Lovemore (1994) noted that the distribution and abundance of some species especially C . 

morsitans and G. paUidipes. which are often referred to as the game tsetse flies, are closely 

related to the numbers and habitatS of certain wild :lOimals. "'a2el (1995) also described that 

the highest densitIes of certain tsetse tly species are reported from areJ.S with very high 

densities of wild mammals and low human popUlation :u-eas. 

2.3 Remote Se n s in g a nd t h e Geog raphi c Infor m a t i on S y s t e m 

(G IS ) 

2.3 .1 Remote Se n s in g 

2.3.1.1 Defi n i ti o n and Imp o rt a n ce 

Remote SenSing is defined as the method of acquisition of information about J.n object 

without physical contact (Colwell, 1983). It means obtaining information about an Object. 

are:.l. or phenomenon through the analysis of data acquired by a device that IS nm III contact 

wuh the objel'I. area. or phenomenon under investigation l \Vashlllo .:lnd \Vood. 199~: 

Thru:::!>tield. 1995). Thus. the use of the tenn remote senSing usually refers to (he gathenng and 

processing of informauon Jbout the earth's environment. particularly lIS nmural and cultural 

resources. through the use of photograph~ and related data acqUIred from an .1ircraft or 

satellite. 



2. 3. 1.2 A c quiring R e mote e n s in g Dat a 

BJSically remote sensmg is a science and an art. Washmo and Wood (l99~) in their 

description on the application of remote sensing to vector arthropOd surveillance have 

dLscussed that the science of remote sensing rests on the fact that every object. area. or 

phenomenon reflects or errurs energy at specific and distinctive wavelengths of the 

electromagnetLc spectrum. On the other hand, the art of remote sensing lies in the ability to 

exploit the ba:;ic matter and energy relationshLps in order to identify, map or monitor femures 

of interest. Yloreover. remote sensing can also be referred to as the use of imaging devices 

thut measure reflected and,lor emilted energy from the earth's surface in the yisible and 

Infrared wavelengths, 

Trnditional methods of acquiring remote sensing data, as discussed by Washino nnd Wood 

(199~) and Thrusfield (1995). employ cameras or a variety of electronic sensing devices that 

can be mounted on pial forms located anywhere from a few meters to thousands of kilometres 

from the object. area. or phenomenon of interest. 

There Jre [v.'o types of gathenng remote senSing dala: 

PassLve sensofS- are sensors \\"hich record reflected or emllted energ~. They include 

photogrJ.phy :lnd multi :.pectr.J.1 sonnen;., 

ActIve sensors-are sen.)or5 that transmit short bursts or nucro\\ ave energy to 

illuminate the surface. for example. radar. These systems then record the return signal 

from v,!thm their fidd of Vle\\. They have an ad\'J.ntilge over passive system~ in that they 

can be used day and mghc under:111 we:1ther conditions and mo~t importantly they provide 

thelf own source of energy within the microwJ.\e 11mm to lml romon of the 

electromagnetic ~pectrum to illumInate features of inten::~L 

2.3.1 The Sa tel l ite s),s t e m 

Salellite sys,lems are. of global characte.r by nature. bec:lu!)e the.y are m orbit and co\'er all or at 

least \ ery large part of the world. Thus. there is no doubt remOte sensing scllelliles can offer :.l 

great deal of information for all kinds of land informauon system, 

Among the mo!)t widely used ~ensors for the remote sensing of d.IlJ. fOf the :l!)~e"sment of the 

t:nnronment are. Landsat', Mulu-Spectral Scanner '~lSS) and Thematic ~!J,pper (T~I). the 

~auun:.d O..:eJntc Jna Atmo!iphenc Adnum;,U'3uon (:\'OAA"s Ad\'anceJ \ 'er: High 

Res,1!ut!on R.J.Jiomeler ,-\ \'HRR . Jnd France's S~slem\: ProbJ.tOlr d·Ob:...::r\'J.tJon de la Terre 

, 



(S POT) (H:lrris.1 990: Bec k et al.. 2000). The Japanese system Medular Opto-electronic 

~l t1hlspectral Scanner ( )'-I O~l) the European Satellite Agency (ESA) remote sensing satellite 

are also on use 

2 . 3.2. 1 L a nd s a t 

This is the American Commercial Earth Observation Satelli te. Landsat imagery forms the 

bulk of space Imagery. which is available to photogrametrisLS and canographers. Landsat 

satellites carried 3 principaJ sensor packages: Return Beam Vidicon (RB V). Multi Spectral 

Scanner) and Thematic Mappe r (fYl). Of these sensors. Thematic Mapper is the most widely 

used. LandsJl is a low orbit satellite whose TM sensor records data in six spec tral channels at 

a 30 X 30m. and one at 120 x 120m sp'Hial resolution with repeat time of 16 - 18 days and 

high resol ulion with 30 meters pixel size, II opermes in seven bands in the visible. near 

infrared. shon wave infrared, and thermal infrared regions of the electromagnetic spectrum 

(Hams. 1990) (Table I). 

Petrie (19-"9) has lOdlc3ted that the work carried out on Landsat im3ger~ falls III to two main 

categories: 

• Accuracy testing 

• Interpret3tion and mapping 

The accu rac: of remotely sensed data depends gre;.ttly on the clarity of aln10sphere quantified 

III the In\'erse form of optic:ll thickness (Hiemaux. 1988), Whlie in the interpretation and 

mapping :t :ilmple enlargement technique is used \"'lthou! geometnc correctlon. but thiS 

,ufrict!s to meet the .lccuracy ::.peciricJlIon Jt th3t scale (Harris. 1990). 

lmJ.ge~ from LJnd::'3! satellites were u::.ed for various studie::; and assessment of factors relatt!d 

to dlfferem ~fl':lronmenIJl ~nndHion::;. However. Harri'!i 1990) emphasised thJt the pnmJry 

emphasis of Landsat is on land application. and it has widely been used for geology, forestry. 

agricultu re and hydrology. Wood itt 01. n 991 ). in the study to evaluate the use of Landsat T~ I 

Imagery and GIS modelling techniques to dbtingUish between high and low anopheline 

producmg nre tield!> in CJlifornia. hu\'e also discu')sed the potenll:l.! of LJnd'!i:lt T~I for 

mea. ... uring \e,;:etation po.lrameters such as plant den::.ay, percent ~anopy cover. lud leaf lre;!. 

that CJn influence anopheline !ar"J habitat quantity. 



Table I : Wavebands and principal appl ication of Landsat TM bands 

Waveleng th range 

Band (Mic ro meter) Application 

I 0.45-0.52 (Blue) Cos tal wate r mappmg, soil/ vegetat ion 

d iffe rentiation 

I 2 0.52-0.60 (Green) Green re flectance by healthy vegetation 

3 0.63-0.69 (Red) Chlorophyll absorption 

4 0.76-0.90 (Infrared) Biomass survey 

5 1.55-1.75 (Infrared) Vegetation moisture. snow o r cloud 

disc rimination 

6 lOA-ll.7(Thermal Infrared) Thermal mappi ng 

; -; - • • 7 _.08 _.3) (Infrared) 

.\-Iodlfied after Harris (1990) and Hartl et al. (1990) 

2. 3.2. 2 Th e :'\ational Ocean i c and Atmo s ph e ri c Admini s tration 

1:,\'0.-\ :\ )1 Ad van ce d " e ry High R eso luti o n Radi o m e t e r I.-\YHRR ) 

The :--;OAA I .-\ VHRR satellite system has been In operation since the launch of Television 

Lnfrared Obser\ation~ (TIROs) In October 1978. AVHRR is one of the main sensors of the 

~OAA satellite with a five channelled sensors operating in the visible, near-Infrared. shon­

wave infrared. and thennal infrared regions of the spectrum (Hams. 1990). It is an 

operJt:onJ.!. high quality. c:oss- track. line scanning multispectral radiometer H!.Ih. 1991.). It 

acquires a day and night-time infrared measurements of the earth's surface (~· I alone. 1995). 

The digital data of A YHRR are at 1.1 km maximum spatial resolution: 2800km swath width 

beneath the satellite. It measures daytime reilected solar radiation in the visible and near 

mfrared ... pectral bJ.nds and rodiation both dJ.y (T ~ l:t.x ) and night (T\lm) in the mid-infrared 

portion of the spectrum I Huh. 199! and .\oblone. 1995). The :-.ame authors h.J.\"e described that 

the \""O..-1..A · s A \"HRR c;:nelljte ope;ational system provides imagery of the globe at least four 

times per day. 

"' 



These data are broadcasted in two modes: 

• Automatic Pictu re Transmission (APT) - a low-cost. low- resolution. and two 

channel data 

• High Resolution PiclUre Transmission (HRPT)- full resolution. all channels 

and other data 

SauJlll985l, Harris (1990) and Huh (1991) ha\'e stated that there are four data types 

operationally available from the A VHRR. These are: 

L .A.utomatic Picture Transmission (APT). This IS a broadcast. low resolution. 

direct read-out to worldwide ground station of the APT \'islble and infrared 

data. providing two channels at 4km maximum resolution. The data are 

reserved only within the radio horizon of the local antenna. 

High Resolution Picture Transmission (HRPT)" Broadcasts continuously 

around the world to ground stations eqUipped with tracking antennae. 

receiving all tive channels. at 1.1km resolution. Data are received only 

with In [he rndio horizon of the local antenna. It is aVailable when the 

sate!lite is in lme of si2ht of 2round receivin2' station. however, the - - -
coverage by ground s tation is local and is constrained by [he horizon \'; ... ·w 

or the satellite. 

3 Global Area Coverage (GAC). On-board spacecraft recording of 4km 

resolutiOn data from spectral channels, These data are available for twO 

complete coverage of the globe each day. The full resolution dam are 

s:lmpled 10 allow the construction of the globe Image:lt low resQlution: 

..! Local .-\rea Coverage (LAC). On-board. l:lpe-recorded. high-r~solUlion 

dat..! from .. elected poruon'i oi e.1.:h orbit (one equJtof+\xblt m:lXlmUm 

recorder time. 1 lkm resolution. and all channels 

CoUecuvel}. these d:lIJ from ':'.OAAJA \'HRR are arguably the most comprehensive set shan 

repe~t time remotely sensed Imagery. Such high temporal frequency is the main vinue of the 

:\OA . ..vA \"HRR -:.ystem in relanon {Q orher systems such as LandsatfT~1 or LandsaUXtSS It 

increa!i.e" the .;equentlal cloud free ImJ.gery that IS necessary for ..l.pplication tn V:lnous fields. 

for example. Jgriculturailnd hydrological monltonng system:; ~ SJul1. 19851 



Table 2: 

Channel 

3 

5 

Wavebands of the ~OAA-A VHRR 

Wavebands (micromete r) 

0.58-0.68 

0.725-1.1 

3.55-3.93 

10.3-11.3 

11.5-12.5 

Source: Harris (1990) 

2. 3 .2. 3 S POT 

This is a French Commercial Earth Observational satellite. It carries High-Resolurion Vis ible 

(HRV) sources with two modes. The satellite has a narrow swath (60x75k.m) and fewer 

bands: two in the visible and two in the infrared with a resolution of 20 meters. On the other 

hand. SPOT has an extra . which is broad panchromatic ba'1d with a 10 meters resolution. The 

data are ideal for mapping applications including stereoscopic coverage (Harris, 1990). 

Table 3: Oat:! collection interval. resolution of each pixel (picture element) and swath 
width for data from polar-orbiting satellite commonly used for remote sensing 
and geographic information systems. 

S;lte Ilite/sensor 

:--:OAAJAVHRR 

L;lndsJt \155 

DI 

SPOT 

Sourc!;! :'-.Ia!one 1995) 

12 hours 

18 days 

16 days 

26 days 

Resolution 

I.lkm 

30 meters 

::::0 meters (Infrared) 

10 meters (visible) 

Swath 

2800km 

185 km 

185km 

60km 

60km 



2. 3 . 3 Im a ge pro ce s s in g a nd a n a l ys i s 

The digitnl image is a representation of any real scene formed from a regu lar (two­

dimensional In x-y space) arrangement or array of picture elements (Pixels) in columns and 

rows. Each piXel corresponds to 3n equivalem area on the Earth's surface. The ground area 

represented by the pi .xel is related to the t:ffective resolution of [he sensor system. The size of 

this ground segment is determined by the mstilntaneous tield of vjew (!FOY) of the sens_or. 

which i!l a me~ure of the ground are3 viewed by a single detector element in a given Instant 

10 time (Hartl et 01., 1990). Any given pixel is composed of imegrated single value reflecuon 

collected from all the various reflecting objectives, including clouds, With 111 that segment of 

the surfact: encompassed 10 the !FOY. The detected radiat ion from one ground element is 

encoded 10 digital numbers, The values in a range of 0 to 255 of one element or pixel is called 

ItS grey value cO is dark, ~55 IS bright). These digilaJ numbers represent measured intensities, 

The imenslty va.lue represent the measured physical quantity such as the solar radiance in a 

gp.:en w3velength band reflected from the ground, emitted IOfrared radiation or back scanered 

radJI Intensity 

Pnor to d:uJ In:1lysls, JOHI.:J1 proce,;;sJOg on the raw data IS usually carried out [0 correct ior 

any Jistofl:0n do:! to tht: !.:h;.Jr.lcten5UC~ of the lmJ.g.lOg ~ys[~m .:Jnd the Imagmg concmon. 

These correclion procedures mcJude radiomemc correction f to correct for uneven sensor 

response over the \vhole image) and geometnc correctlOn (10 correct for geomt!tric distortIon 

due to Earth':::, rotation and o ther imagmg conditions such as oblique view). Funhermore, if 

:Jccur;,lIe ;cogrophic locolion 01 . .In Jreo on image i:-.. need'i to be known ground comrol pOints 

,GCP) Jrc use:J 10 re~i5ter the image to..! prccbe mJp geo-referencmg. 

D:fr'.:rC:1! b:1d ':O\C:- t~~::.., .n In lmage can be discn::1ir..:td using svme ImJg~ c1J.S;;I~ical!on 

algonthrns using spectral features, i.e. the bnghtness and "colour" infonnJ.tion contained in 

each pixel. There are (\\ 0 c1a...c;sification procedures, (he ,-upef\'ised and unsuper\·ised 

c1asslIlcation. 

In super.lseJ cLisslticatlon. the spectral reJture" of some are:lS 01' known land cover typt:s Jre 

extracted from the Image. These .lre:b are known as the tr:lInmg .lJ"e3S. Every pixel m the 

whol~ Image I.., then .::I~~Sl!ied ..1-. belonging to one or the da:;~~s dependm; on ho\\ clo,e ll:i 

... penral ieutures [0 [h~ "pectra! features of the traJnJOg ;ue:.J.::.. 



In unsupervised classilicat lon. the computer program au tomatically groups the pixels in the 

image in to separate clusters. depending on their spectral features. Each cluster will then be 

assigned a land cover type by the analyst. 

Each class of land cover is referred to as a theme and the product of classification is known as 

a (hemalic map. The accuracy of [he [hematic map derived from a remote sensing Images 

should be: venfied by field observation. 

2. 3 ,.t :-.ior m a li se d Diff e r e n ce Vege tati o n lnd ex ( NDVl ) 

The amou nt and composH1on of solar irradiance thal strikes the surface and the renectance 

properties of the surface determine the amount of light reflected from a surface. However. th is 

so lar irradiance is variable depend ing on the time and atmospheric conditions, Because of this 

variabilny it is not possible to characterise the surface in a repeated manner from a single 

measure of light reflected from a surface, Jackson and Huete (1991) explained [hat this 

problem can be circumvented somewhat by combining data from twO or more spectr:lI bands 

[0 form what is commonly known as vegetation mdex . Vegetation index can be calculated by 

rauomng, differencing. rallonlng differences and sums, and by formIng linelI combln:::uion of 

spectral data. :-"'OVT is c:uculated in order to identify and e~umare the greenness and health of 

foliage. ~onnal!:,ed DIfferences Vegetation Index (:,\OV! I can b~ (:aJculated b: ratlonmg the 

differ!;!n.:es between near mrr:i(t;!u ! );IR) and visible wa\'eh!nglh t R 1 bands: 

:"DVI=:"IR-R!.'lR- R (H,ernau,. 1988: Harris. 19QO: Jackson and Heute 1991. Roger>. 1991; 

Cihlar, e'l.al., 19911. 

BeC3u"e vegl:!talion h~ low \ ISlble (red 1 reflectance and J. hlgn ncar infrared ! :\ [R 1 

reflectance by .1ppl:lOg the abo\"e equation high vegetJIIOn Jffiounb Jre dl:"ilngul~hable from 

bare arCJS and areas of low vegetation (Hams, 1990). Veget3ted areas wil! hu\·e higher rutio 

\·e~~t •• tll)ll b~I;"\ ..III,..';~ \,.<JllIp .. r.:1.l ll..l n\JIi·\~ge(J[el! Jrt::>l:'o" R.uger::. I 'i'J I) Jbcu~.:;eJ the 

reason for combinatiOn and rationing the differences of radiances owr their sum for Obtaining 

'\"D\'I :\.::~ordtn; to the di..:.cusslon. the actl\'e photo:,ynthertc tis~:!e J.bsorb~ the .. bible r;!d 

and rdlt!cls In[rared and r:moned in order to diminish the vanallon Introduced IOto the raw 

\\ Jveband IOformatlon b~ varying ::llino~phenc absorpIlon and Vle\\ -angle differences. 

Remo[~ly !lensed spectral vegetation IOdices are widely used :lOd have ~nefi!ed numerous 

disclplmes Interested m :he J.;,;"essment of biomJss. w~ue::- use, pbnt s{(e~s , plant health J.nd 

..:rop production (1<lcKson Jnd Huetc, 1991 Hu\ve\"er. the ,arne J.uthors ha\e \\amed rhJ.[ [he 



successful use of these indices requires knowledge of umts of input variables used to form 

Indexes. ilnd an understanding of the manner 10 which the external enVironment ilnd the 

architectural aspeCt of one ve:get::ltion canopy tnnuences and alters the computed mdex value. 

They also have expressed that the index value can also be altered by several factors such as 

the soil background. moisture condition. solar zemth angle. view angle. as well as the 

ltmosphere. even though the vegetation indices were developed to e,'(tract pla.nt signal only. 

In most cases. [he Images for [he analysis of :\OVI are obtained from the advanced very high 

resolution radiometer t A \ 'HRR) sensor of the :\ationaJ Oceanic and Atmospheric 

Adminisu-:mon 1:\"0.-\.-\ serie~ of the meteorological satellnes and processed to provide 

normalised difference!> vegetation index or ~D\'r rHiemaux. 1988: Harris. 1990: Jackson and 

Huete. 1991: Rogers, 1991; :-'lalone, 1995) but It is also possible to obtain satellite Image for 

~DVI detemlln::ltion from Landsat T~I (Wood. el a/. 199 n. 

Roger:> and Randolph (19911 have related meJSuremems o r vegetatlon types. derived from 

A VHRR data. to field measurements of saturation deficit and tsetse fly population. Tn their 

study. the vegetation measurements were derived from ~OVl. which \"-'ere considered :IS the 

integral picture oi environmental factors that deterrrune tsetse fly surv\\aL They found a 

significonl correlation Oy mortJlir) rates Jnd fly sise \\;th the mean ~O\,I values. Rogers 

I: ':-19, hai .. bo (ound slgnii":<:'Jnt correlation between \"e~tor monality rates and mean 

monthly ~D\'I values. [sing T~l images to to remmely specify habuat or tick. ,.{mblyomma 

~·dneg'l!Um. for which ground survey w3.:i camed out regarding tick density and habitat. 

Hugh-Jones (! 99S)de"cnbed [he Importance of ~J.tellite :magery for ddferenUJtlOg: fields with 

heterogenous yeget:lUon type and high tick densitles from fields With a single \egetatlon type 

.,me 10· ... tl~k jenSlt~. High ;:~k densit: to be correlated ',"'lIh high vanance in :\"0\'1 bands. 

~.3.5 Limitations ot u!o.ing Satellite im:lger~ 

E\'en though there are a great diversity of application of remOldy ..:ensed data. there also 

exists cer.-am limitJtlOn for U~lOg them. H:lITl!o. 1990) J.nd Lessard er H:. 19901. noted some of 

[he limitations: The use of high resolution satellite Imagery IS limited by Its co~t. poor 

tempora! resolution I.., it ~enou!l hmnltlOn.:b cloud co\er may obscure a 'icene (area of Image I 

lr~iul!mly ~:-:ough tr aJiow one good im<l.:;e ')1 the region :lnd mfrequem occurrence of high 

Image-:; for us~ m large scale. 

, 



Particu larl y on the ut ili ty of 'XOA.LV A VHRR data for Earth surface application Huh (1991 ) 

d iscussed five categories of limitations: 

1) Sparial resolution and its ti me vuriabili ty: 

1) Atmospheric e ffec ts on the measll reme nts (basically the cloud cover); 

3) Prob le m of in- flight ca libratio n of visible and near- infrared sensor: 

-1-) SpeCial problem with mld- mfrared sensor; 

5) The wide spectral sensitivity bands of the dam c hannel. 

2 .3 . 6 Geog raphi c Info rm a tion Sy s tem s ( GI S ) 

2.3.6. 1 Ge ne r a l Co nsid e ration 

A Geographic Infonnation System (G IS) is an organised co llection of computer hard ware. 

software. geographk data . and personnel designed to efficiently capwre, store, update. 

mumpulute . analyse, and display all fo rms of geographic.<.1ll y referenced inform:ltlOn 

(EnVironmental System Research In~tilute. 1994). A G IS is computer-based ,),stem for 

emenng. storing, accessmg. analysing. J.nd presenting spatially reierenced data from various 

.;;ources. The GIS cnn therefore create a link between spatial data and their relJtt!d de.scnpu \'e 

.lttributes. A GIS is combin~Hlon of hardware (computers, digillsmg t3ble. scanner, Global 

Positloning System (GPS)' plotter. printer. and so onl and ~peciiic software (fDR IS I. Arc 

Vie\\, ARC/L';'FO etc) (Colwell. 1983: Lessard el ai., 1990: Nuual er al .. 1995; Robmson. 

1998). Boone eI al. (~OOO) have also desc ribed G IS as a data management ~ystem that 

organises J.nt.! dbplays digital m.!p d.:lt.! from remote sen~mg and other 50urces .Ina facliltates 

the analYSIS of reLmonshlps between mapped features. 

'; .3 . 0 . 2 GIS F' u n l' {ion ~ 

GIS represents U ';Y"'lem. commonly ~ompU[er·based. for handling sputial dat..l. Accordmg 10 

Colwell 119 3). a complete or full G IS perfonn the following major functions. 

• Dat.l mput: nonn:dly consists of mixture of manuul .:lnd <lutOm:ltlC digHlsmg operations 

together with ;,b<;ociated data clearing and edll acu\'lty; 

• D;\ta stor:lge ~lIld retneqll: initial creation of the spallai database together with subsequent 

upd:.ue operltions ;lnd query handl1llg~ 

• Data m;JmpuLmon: Creation of composite variables through processed acuvI(Jes directed 

{O\\ an! both ..,pallal .Int.! non :ipauul almbules; 



• Report generation: creation of bo th tabular and cartographic repom reflec ting selective 

retn e\, .:ll and m.:lnipulatlon of entitie!) within the database. 

2 . 3 . 6 . 3 S o ul' ce or d a t a f o r G I S 

In fo rmation for G IS use can be obtained from many sources Including s tandard maps, aenal 

photographs. satellite images. text files. recording instruments (Lessard eLal.,1990). Colwell 

( 1983) also noted that the most common source of data for G IS has been the analogue m:lp 

that IS o riented toward the creation of digital files from map documents, Hoever, currently 

geo-refenced data using GPS fro the ground survey has also been a goog source of data fo r 

integration m the G IS. 

• GPS (Global Positioning System) i) a system of 11 s::nd lites in umque orbi ts such that 

four satelli tes are abo\'e the hon zon at all places. These satellites con tam atomic clocks. 

and tr::ms rrut encoded signals contai ning time and orbital information. GPS receivers 

receive and decode these Signals. and use the information to compute the location of the 

recel\,er. 

GPS is Qnt! of the toob for capturing data fo r use In G IS. OiSC:ussi ng the use o i remOle sensing 

• .!OJ. GIS 10 [he comrol oitsetse in B(Jl"wana. Allsopp l l99S1 descnbed GPS J" J,n Imp0rlant 

tool. which mcreused the ability to naVigate In the Oka ..... ango delta. Botswana. Fu rt hermore. 

GPS used 10 the GIS would enable the data layers geographicolly regis!ered and thus target 

location "::10 accurately overlay a map. 

2.3 . 604 Ha n d l in g o f D a ta I n a G I S 

GIS oermn~ computer database management. ,, :NJge Jnd maOlpulatlo!l M q:-allJI datJ 

IOcl udlng standard mJps, ae n al photographs . sate!!ue Image.s . cl imate zones and ground 

sur\"e~ maps Yilma & .\-I..lione. 1998,. Ba»lc rypes oi entlUt:.!S considered 10 computer 

handling oi sp;;H1al dar.:!. :rre pOtn ts. iJnes Jnd polygons. AlI entllles In Earth space can be 

\"ie\\ ed ~ being represented by one of these three form~ (Colwell. 1983). BaslcJtly, the GIS 

:itores ge<Jgraplucally refere nced dJ.t:l h"he re by the pOSitiOn of th:u particular element IS 

kno\\n b\ the use of the co-ordinate sYstem ). iO a a :l.[abJse mana2emem S ..... slem iO.1 form rhaL . - - ~ 

c:m be geographically que ried and :,ummJ.n~ed. \\'hen usmg cJrtOgraphlc dJtJ. they must hi! 

.... ton:d In ulgH.J1 form on computer .... 



Colwell (1983) and Thrusfied (1995) described the two basic formals for storing spatial datiJ. 

VectOr -Base: Stores pOints, lines and polygons. The cartographic entities are translated 

line- for -line, point -for -point into digital form. More or less this is direct translation of 

the map. Points and lines (arcs) are used to represent geographical feature. the lines being 

composed of their straight-line segments. Areas enclosed by the lines are termed 

polygons. This format of storing spatial data have inherently high resolution but are 

complex to implement. 

• Raster-Base: stores map features in grids or raster formats. Information is stored 

uniformly in relation to each cell that forms the grid. The grid or malnx data structure is 

uncompacted raster form. The smallest logical unit is called a pixel (picture element) or 

single grid cell. 

Grid systems store and manipulate regional and remotely sensed data more conveniently, but 

data processing is relatively slow if high resolurion is required. ylany current systems can 

:malyse both vector and raster data (by convening one in to the other format). 



3 . . \IATERIAL A:;D ~ I ETHODS 

3 .1 Th e pr o j ec t Area 

The study WJ') carned out In a seleCled site in the block one of the Southern Rift Valley of 

Ethiopia TseESe Eradication Project (SRVETEP) . .\-Iost of [he SRVETEP area is located 

within the admlnlstratl\'c boundary of Southern X:nions Xationahties and People~ Regional 

Admini:marion f S)':)':PR) and only a small pan In the east falls within the Oromia 

A.dm.ini~mam·e RegIon. The project area in block one hes between bmude 6')0:: ' and 7°1 5":-': 

and longitude 37 -l0' !lnd 3S":'!O' E in the Ethiopian Southern Rift Valley This are::! is 
, 

composed of 105 IOx10 km. UT.\1 grid squares thus representing approximately 10500 km-, 

a.:cording to the tsetse survey of 1998 10 1999. The ongoing project. SRVETEP is aiming to 

eradicate [~etse from the \ "a11ey by implementing the Sterile Insect Technique (SIT). 

Tte clirnZ!.te of the J.rc:l b modubed by altitude r:!ngmg from 900 meter~ abo,;e 5ea level In 

[he Oeme R:\er gorge to abo"e :::900 meters at ~lount Damota near Soddo Town There are 

three ..igro-..:iim.m..: lones in the proje':E area: Hlghl:lOd (Mea::; over ::~oo fr.<bl J. mId aimude 

JIeJ.. ... Det".ecn 1600 JIld :::-+00 mas}) and lowl.:.nd '.lrcas below 1600 m.lSll. Tne area 

;,:!.!I! ~1.lI'.;;h cr e.U'i: April ~nd .. long ratn~ se;.!.:)on .,tJ.r:;ng fmm June to mId September or 

Oc:,'\;'er The iowl3.nd are;.!.:) re.:ei'.-e on o.i\"erage - 00 to 800 mm of ramfall .;nnulily while [he 

average amount ,f rainfall 10 the higher altitude arei.tS exceed, 1200mm. The a .... erJge monthly 

m:U:mlUm temperature goes up to 3SPC In some of the rrojecl :lre.lS ImetcorologicJJ data at 

.-\rr.,J ~Ln...:!1 .. nd 'he monthly' mir::.mum temper;.lturc be!LW ... 'e at Yirg .. ...:he:e BolSic:1J:; the 

C:Jme~::c .lrumJJ", and cultivate crop phm .... I mJp) 

• 



3 . 2. T h e S tud y ar e a 

The study area, which approximates 100 km2 , is situated in the project area between the 

shores of Lake Abaya and the western escarpment of the Rift (Figure 1) around the town of 

Mirab Abaya. It has been selected because of its suitability for the study as assessed on the 

basis of its accessibility, geographic and agro-ecological diversity and structure, Landsat 

image and topographic map coverage, and the presence of tsetse flies (Glossina pa/lidipes) 

from previous surveys. 

The study area falls into the two 100 krn2 UTM grids internally coded F9 and E9 (Figure I). 

Orno nver 

, 
-' .' ---

• 
• 

Bedes!\ ~: .- "----

Virga AJem 
• 

780 

Figure 1: Map of the srudy site with the surrounding areas in the block one of the project 
sire. 
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3. 2.1 Y e g e t3ti o n ( T se t s e habitat typ es) 

Classification of vegetation types was carried out according to the following definitions. 

• Bush land(BUL)- If the habitat was dominated by trees and shrubs with the total canopy 

cover greater than 20% and the single canopy was not more than 10 meters. 

• Wooded grassland (\\'GU- If the habitat was dommated by grass with trees in groups or 

scaHered. Trees are common and the canopy cover was greater than 2% but did not exceed 

~O%. 

• Wooded land (\VL)- If (he habitat \vas dominated by long trees that can be up to 20 meters 

in height or with an open or continued canopy cover greater than 10%. Shrubs if e:·dst 

contribute less than I '7c of the toral canopy cover. 

• Cultivated land (CL'L)- habitat dominated by man-made cultIvated crops ( could be 

perrenial. annual or mixed cultivation types). 

• Grassland (GGL)- a field dominated by gr:l5s and occassionall~ with trees or shrubs oiten 

with the canopy cover less than 2%. 

• Forest (FFF)- habitat that consisted of evergreen and some semideciduous trees usually 

with a closed c:mopy 

• R;venne r"ore~t RFF 1- Forest or bush habitat along the river banks. 

• Shrub thlcket- extremely dense thicket. 

The classification of the satellite raster image lpixel size 28.5x28.5m) of the study area taken 

tn 19t;1J displayed the following I;;md cover/use types 'Figure 2' in the study area: 

• \\ )o..i:::d ';;.,b.)J .. lOd \\'Gl 

• Bush land Bell 

• Grassland IOpen) 

• Cultiv:Hed Idnd (CeL) 

• W>tter bodies Lake Abaya and Ella ) 



Figure 2: Landsat TM Scene of the study area (1994). 

3.3. Employed G I-T ec hn o lo g ies and Program s 

The following geographic information technologies were used: 

RS -Remote Sensing/Satellite lrnagery for Land cover classification (based on 1994 Landsat 

Thematic :-'lapper scene) and derennination of the :\DVI. 

GPS - Global Positioning System for position and altitude measurements in the field using 

Gannin 48 hand held receiver. 

GIS- Geographic Infonnation System for data entry. analysi~ and output (map layers, spatial 

data analysis): 

Software: LORIS I 2.05 for raster-based data (the digital image) and .'\.reView 3.1 for 

\ ector-based data and for overall integration. CartaLinx, The Spatial Data Builder for 

digiti sing different environmental features. Surfer for creating Digital Elevation Model 

(DE:'vf) after contOur digitisation. 

Excel. d-Base (Access) and Starigraphics were used ror statistical analysis. 



3 .-' Data co ll ec ti o n ( G round S urv ey) 

3.-' .1 Tset se fly sa mplin g 

Tsetse fly sampling was carried out in two seasons, the dry and wet season. The dry season 

survey was done in March 2001 and the wet season survey was carried out in June and the 

first week of July 200 I. 

3.-' .1.1 Se l ec tion of L'TM Sa mpling G rid s 

Thirty l-km2 UTNI grid squares (sampling grids) were selected in six transects. Each transect 

had five sampling grids. The sampling grids were evenly distributed over the study area. Each 

sampling grid was interspersed by one alternate grid in horizontal and in diagonal direction 

(Figure 3). An explorulOry survey was made to locate each selected grid after identifying them 

and their co-ordinates in the topographic map. A reference feature in the selected grid was 

identified and co"ordinate of that reference point was recorded and saved in the GPS, to help 

locate the sampling grids easily during the actual tsetse fly sampling. 

Figure 3: 
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Schemalic presenr:nion of grids for vegetation classification. 
:--;DVI and the placement of traps 
X = RJndom[y sampling S(:lected L 'T~I Grid squ:lTes 



3 . ·L1. 2 Trap d e pl oym e n t 

r\GU traps baiteli with acetone and three-week-old cow urine were used fo r sampling tsetse 

!lies. Thre~ trap~ were deployed in each selected grid approximately 200 meters apart. 

Sampling grids were selected systematically but deployment of traps within the sampling 

grids was knowledge based. thus traps were deployed in loc:ltions where tsetse flies were 

likely to occur. This vegetation type W:lS idenufied and registered for each trapping site.The 

traps remained in position for 72 hours before tly collection was made. 

Tsetse nies were sampled In twenty-seven of the sampling grids. Because of the accessibility 

problem. deployment of trap:; was not possible in the rest of the three sampling grids 

Idenuried before. A total of 156 (78 in the dr~' and 78 in the wet season) traps baited with 

acetone and three week-aged cow urine were positioned throughout the survey period in 

twenty-seven sampling gU"ds in six transects. In each transect. an average of 13 lraps (the 

number ranging from 9 to 15 ) were deployed. 

The co-ordinate of every trapping site (geo-referenclng) and as well as SpOt elevatIOn WQS 

recorded using J h:mdheld receiver. GPS (Garmin .18) for further incorpor.mon of betse fly 

carch ane distnbutlon and vege!:lIion types In the GIS database. 

3.5 G I Labo r ato r y wo r k 

The GIS 13bor.ltory \\or~ W~.'i cJ..rned OUt In colbbor3.rion with Departmem of Geology and 

Geophyqc.s. Faculty of SCience, Addis Ababa L·OIversilY In the GIS and Remote sensmg (RS) 

laboratory The follow 109 ~c(iviHes were performed: 

1 Dig!t1zlng of various fe:l!ur~) like fOad:i. seHieme.nt. rI\ers. lakes and contours rrom the 

Iopogr3phtc map !.)cule 1: 50.lJOO,. Ethiopian .\.lJppmg Authomy. 19-9. The digitizmg tablet 

dnd Cm::!.Linx. The Spatial Data Builder, version 1.04 ...... ere used for digitizing [he features . 

., Proces~in~ of the s:J.[ellite Image for the study of land co .... er! use of [he JreJ. 

• Ex:ra..:uor. of the apPfI)priah! bands for bnd coveri idnd use I bad I. band .3 and 

band ..11 

• Colour compo~itlon ot" the selected bands 

• Rectlric:mon im<l';c regl~tratlon 1 

• Image enhancement 

• Gc·.)fe:~rer.cmg 

--



• Image interpretation 

• A Oigir:1l Elevation ~lodel (OEM) w:}s created for the study area at 50 meters 

interval using Surfer (win 31 version 6.01, 1995. Surfer i\'fapping System) after 

digitising the COntours . 

3) linking the tsebe distribmion data with other features (altitude, land cover/ land use, 

settlement and dramage systems) 

-+) Integratio n of the digiti3ed, processed and geo-referenced map featu res and satellite image 

into a GIS. IDRIS I 1.05 for r:lSter data. ArcNiew 3. 1 for vector dam. Finally establishing the 

GIS datab:lSe for the study area in ArcView GIS and produce map ampUL 

The land cover/use class ification (Supervised classification of the land cover/use) of the area 

derived from Landsat T\i image was verified by ground-truthlng in selected l-1an2 lJT:'l grid 

squares. 

3.6 Oat::! Anal~f s i s 

\1:I:ro:.oit Excel 9- .md Statgraphics Plus 2.1 were the main computer so itware~ for the 

,;:;It:stlcal analysis of tsetse catch datJ. Total fly c:ltches 10 relation to \ .u-iilbles me:lSured 

(ir:msect. SCJ.Son. vegetation type. altitude level. and climate) were analysed using Krukal­

W;!.llis Te"L Pnar to the ;lppiic:lt io n of this resE. .,m auempt \\;1S mJde to norm.llise the ';.llch 

dar:} using log 0 (x- I , tro:!.n~fonnat ion . However. thi~ transfo!l1l:ltion jid not :lchie \'e the 

expected normal d istribution. This wa~ confirmed usi ng probabili ty densIty plot. T herefo re. 

Kru",k:J.I· \Vatiis. a non·par3.metric procedure. was used. 



4. RESULTS 

4.1 Fly catch by transect 

Trap locatjons were gee-referenced using GPS. These locations were incorporated in a GIS 

database and were well matched to the coordinates of selected sampling grids. The location 

and distribution of traps in the sampling grids in each transect is shown in figure 5. 

Legend 

1 Traps 
III Settlement 
/\I All weather road 
1\/ Dry weather road 

~
RiV'" 
Lake 
Grid 

N 

A 
~'""d':" ... '"""",.' ... -l'""""'"' ... ;;;;Z",,,,..;14 KILometer! 

Figure 4: Location and distribution of traps in the sampled UT\1 Grid Square by transect 
(TI -T6) in a GIS generated map afme srudy area. 

Three :\GLJ [Taps were deployed in each sampling UTrvl grid square along the transect (T I ­

T6). except in two sites in transect five (only one and two traps were deployed) where access 

was denied. Each transect begins from east by the Lake (Lake Abaya) to the west up to the 

foothill of the escarpment (Figure .t). 

56% of the traps deployed in the dry season and 93.6% of the traps deployed in the wet 

season caught tsetse fli es (Table .t). Of all the traps in the six transects, the highest percentage 

of traps that caught tsetse flies were in transect four in both seasons (91.67% in the dry season 

and 100 % in the wet season). Also all the traps deployed in transect five-caugh.t tsetse during 

the \\ et season. However. average catches were not significantly different from transect to 
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transect In bmh ~easons. In the dry se:lson (W = 6, P = 0.31) and in the wet season (W 

=10.92. P = 0.053 (Table 5). 

Table 4: Distribution of traps in tr:lnsect and percentage of traps that caught tsetse nies 

Sc.lson 'Vet Season 
Dry 

Transect ;\"umber ~umber Gp +ve % +ve i'\o. Gp +ve %+ve 

traps 

I~ 5 41.7 I I 91.7 

2 15 8 53.3 14 93.3 

3 15 9 60 15 100 

~ I~ II 91.7 12 100 

5 9 ~ 4~" 8 88.9 

6 15 7 46.7 13 86.7 

Total 78 ~ 56.4 73 93.6 

% 100 56.~ 93.6 

Gp = Glo~Stn:l p:lllidlp~s 

Table 5: R:.lOking of average catches of G. pallidipes by transect in the dry and wet 
seasons. usmg Kruskal-Wallis procedure \V = 6. P = 0.31) In [he dry season 
and \\\. =10.93. P = 0.053) In [he wet se:l:ion. 

Or:- season \\" el season 

Tr::msect SJ.mple Size . .l.. wrage Transect SJ.mple Size Average 
\ \""0. [raps/transect I R:mk (:--.'0. traps/transecn Rank: 

12 35 . .1 I: ,- , 
.):1 ...... 

, 
15 35.9 2 15 ~6.9 -

3 15 40.13 3 15 -1-1.0 

.1 12 52.6 ~ 12 - .... .,-:1_'. _:1 

5 9 " , 
_1.) .... 5 9 J.5.0 

6 15 38.9 6 15 36.6 



Altitude of the surveyed area varied fonn 1197 meters above sea level by the lake (Lake 

Abaya) to 1480 meters above sea level at the base of chain ofmoumains. Forty six percent of 

the traps (95% CI ~ 34.8-57-82) were deployed in altitude up to 1 250m, 27% (95% CI ~ 17.5-

38.2) between 1251 -1 30Om, 9% (95% CI ~ 3.7-17.6) between 1301- 135Om, 13% (95% CI ~ 

6.3-22.3) between 1350 - 140Om and 5% (95% CI= I.4-12.6) of the traps were deployed in an 

altitude above 1400m (Figure 5). 

- 70 " .... 
60 c 

0 50 -" 40 0 
c. 

30 0 
" c. 20 
~ 
c. 10 .. 
" 0 >-

Figure 5: 

<=1250 1251-1300 1301-1350 1351-14 00 > 1400 

Al titude level (meters above sea level) 

Proportion of distribution of traps by altitude level in the srudy area (with 95% 
CI). 

Traps were not equally distributed over the major vegetation types present in the study area. 

The traps were pos itioned in vegetation, which was judged predominant in a speci fi c 

sampling grid and supposed to be the most suitable habitat for tsetse flies. Therefore. about 

60.30 0 (950 '0 Cl= ~ 8.5- 71.1) of the rraps were deployed in bush land (BL"L), 20.5% (95% CI = 

12.2-31.2) in cultivated land (CUL), 11.5% (95% CI ~ 50. -1-20.8) in wooded land (\'iL) and 

7.7% (95% CI ~2.9- 15.9) in wooded grassland (WGL) (Figure 6). 
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Trap distribution by vegetation by transect 

12 
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Figure 6: Distribution of traps by vegetation and transect 

Catches of female G. pallidipes were always higher than males almost in all the transects in 

both the dry and wet season.s. In the dry season. the proportion of female catches were 

significanily different from males <l ~ 38, DF ~ 5. P ~ 0.000) by transect (Figure 7). In the 

wet season, however, the proportion catches of female were not significantly different from 

male <i ~ 5.9, DF ~ 5, P ~ 0.31) by transect (Figure 8). 
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The proportion of male and female G. pallidipes catches by transect during the 
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Figure 8: 

OMaie 

• Female 

1 2 3 4 5 6 

Transect 

Proportion of male and female G. pallidipes by transect in the wet season 
(with 95'0 ell. 

4 . 2 F l y s p e cies 

A total of 4620 (all the fly species) flies were caught during the dry season and 1969 flies 

during the wet season. Only one species of tsetse fly (G. pallidipesj was caught during both 

the dry and the wet seasons. Biting flies like Tabanids and non-biting flies (\tuscids) were 

also caught during the survey period (Figure 9). 

Tsetse f!y (G. pal/idipes) accounted only for 6.6% (95% Cl = S.9-i.3) afme total fly catch 

during the dry season while Tabanids accounted for 52.2% (9 5°/0 Cl =50.6-53.4) and the rest 

accounted for 41.2% (95°'0 CI = 39.8--1-2.7). 
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in the wet season, the above figure was increased to 36.4% (95% CI = 34.4-38.7) fo r tsetse fly 

catches and that of Tabanids declined to 16.6% (95% CI = 14.9-18.3) and other flies was 47% 

(95% CI = 45.6-50) (Figure 10). The overall fly catches were higher in the dry season, 69.9% 

(95% CI = 68. 1-71) compared to the wet season catches, 30.1% (95% CI = 28.9-31-2). These 

were significantly different <.I = 71.77. DF = 2, P = 0.000) in [he dry season compared to the 

wet seaSOn. 

4 . 3 Seaso nal D i s t rib u tio n o f T s e t se fli es (Glos s in a pall id ipes) 

A total of 1025 tsetse flies (G. pal/idipes) were sampled during the two survey periods. Of 

these 305 G. pallidipes were sampled during the dry season and 720 G. pallidipes were 

sampled during the wet season. Tne catches were 29.8% (95% CI = 26.9-32.6) in the dry 

season and 70.2% (95% CI = 67.3-73) in the wet season (F ig. 10). The mean catches of G. 

pallidipes during the wet season were significantly different (P< 0.05) compared to the dry 

season (mean = 9.24, 95% CI = 7.4- 11.1 during the wet season and mean = 3.91, 95% CI = 

2.1 -5.75 during the dry season). 
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Figure 10: Distribution of G. pallidipes by season in the study area 

60°'0 of G. paliidipes caught in each season were females. However. the overall mean catches 

(pooled data) of female :lies were nOt significantly different (P> 0.05) from males (me::J.ns = 

,;! 



2.6-+, 95o/c CI = 1.96-3.31 for males and mean = 3.93, 95% CI = 3.2-l-l..6 for females). i test 

also showed no significant difference ci = 0 , OF =1 and P = 0.9621) between female and 

male fly catches in the two seasons. 

Tsetse apparent density as calculated as mean tsetse fly caught per trap per day was estimated 

from the catch. The apparent density was about two times (3.1 flies/t rap/day) greater in the 

wet season than in the dry season (1.3 fliesltrap/day) (Table 6). 

Table 6: Apparent density and distribution of male and female tsetse flies in the dry 
and wet season. 

Se~on Total catch :Vlale Gp ~tean catch Female Gp :-"Iean catch Total mean Flyltrap/day 

(Three days (%) (male Gp) ("',) (Female Gp) catch (Apparent 

catch) density) 

Dr~ 305 123(-10) 1.6 182 (60"',) ? ' _., 3.9 1.3 

\Vel 7:::0 289 (-10) 3.7 -131 (60%) 5.5 9 1 " -, 3.1 

Total 1025 ..!.11 613 

Gp = G10SSlr:J pailldipes 

Glossina pallidipes distribution and abundance per trapping :)J[e was integrated in a GIS 

database and presented in the GIS generated map (Figure 11-12). Figure II shows dIstribution 

of tsetse flIes :n the sampling CT:VI gnd squares in transe.:ts. The diameter of the circles 

shows the amount 01 G. pallidipes caught in each trapping site, which ranged from 0 [0 5"" in 

dr:. s~ason. 

Setllement shows the only township In the study area. The town Mirab Abaya was digitized 

and Imegrated in the G IS database because the other settlement areas \l,.'ere [00 many and 

"cauered. Therefore. It was difficult [0 digi!lze every point of all the settlement areas In the 

study :.uea Jnd incorporate into GIS database. The JIl-weather and dry weather roads Jnd 

r:\'er:. 10 the study area are digitized and incorpor::neJ IOto a GIS da{:lba:;e. as shown In the 

~ig:un! Figure II Jnd 12'. 



Figure 11 : 

Figure 12: 
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A GIS generated map showing the distribution and density of G. pal/idipes at 
every sampling site in the dry season. 
Gp dry- G. palUdipes catches in the dry season 

A GIS generated map showing the distribution and density of G. paJlidipes at 
every sampling site in the wet season. 
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in figure 12 all the features are the same as in figure II except that the number of G. 

pa/lidipes caught in the trapping site was different (increase in total catch) in the wet season, 

varied from 0 to 71. 

Monthly weather data (total rainfall, mean monthly minimum and maximum temperature and 

relative humidity) fo r the years 2000 and 200 1 (January to July) were received from the 

nearby meteorological station at Mirab Ahaya. 

The total rainfall for the dry season months (January, February, March and Apri l 2001) was 

7.9mrn, Snun. 79.Smm and S4.7mm respectively, and for the months of wet season (May, 

June and Juiy2001) it was IS2.2nun, 45 and 72 mm respectively. 

The mean monthly minimum temperature fo r the dry season months was 17.2°e, 16.Soe, 

IS.2°e and IS.5°C. For the months of wet season it was IS.SoC, IS.90e and 19.2°C. The mean 

monthly maximum temperature for the dry season months was 31.30e, 33.30e, 32.loe and 

31 °e and it was 29°C, 2Soe and 29.6°C in the months of wet season. The relative humidity 

was lowest during dry season. -4 5.3% in January and increased with the increased rainfall in 

May 63%. 

Panem of weather records in the study area during the study period is presented in figure 13. 
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.... ... Tsetse fli es D is tributi o n and Vege t a ti o n T y p e s 

-L .... l An3 1ys i s of G. pallidip es c3 t c h es b y vege t atio n 

Four major vegetation types namely. Bush land (BUl). Wooded grass land (WGL), Wooded 

land (\VL). and cultivated land (CUl) wa:; used to classify the study area during the field 

survey. 

In the d ry season, G. pa/lidipes catch was 46% (95% CI;:: -to.5 - 52) in BUL. 22% (95% CI = 

17 .... -27) in \\'GL, 27% (95.% CI = 21.9-32.) in Wl and 5% (95% CI = 2.7-7.9) in CUl 

(Fig.1 4 ). Ho wever. these proponions were nOt s ignific.:mtly different (W = 6.9, P = 0.075) 

from one vege tation type to another In the wet season. catches were 68.3% (95% CI = 64.7-

71. 1) in BUL. 15.7% (95 % CI = 13.1-18.6) in WGL. 11. .. % (95% CI = 9.2-13 .9) in CUL and 

4 .6% (95% CI = 3.2-6.4) in WL The catches were significantly different from one vegetation 

type to ano ther (w = 16.05. P = 0.00 12 ). 
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~, rean catches of female C. pallidipes were higher in all the vegetation types compared to 

male flies in botb the dry and Wet seasons. However, mean female fly catches were nO[ 

significamly different from males in each vegetation type in the dry season (/.:;: 0.82. DF.:;: 

3. P = 0.8 ) and tbe we t season (/ =0. 11 t DF = 3. p .:;: 0.98 ). 

Ave rage catches in d ifferent vegetation types were ranked. The average ranking catches in 

each vegetation was analyzed us ing the Kruskal-Wallis procedure. Differences in ranks 

between rhe catches amongst the veget :ltion types were s ignificantly different (w =1-1-.8, P = 

0.00 19) fro m one level o f veget.:Hion type to another. The highest mean catches were in WGL 

followed by WL, BUL and CtJL respectively in dry and wet season (Figure 15). 
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Box-and Whlsker of C .pallidipes by vegetatio n type (pooled data) in 
the study area with 95C:C CI (w = 1.l.87. P = 0.0019) 
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Figure 15 shows Box -and -Whisker of C. palljd jpes (for the pooled d:lta). 1n the figure, the 

(eotr<ll bo:'\. cover::, rhe middle SO percem of the dar'l. The side~ of the box are the upper and. 

IO\l,.'er quamles J.nd [he vert ical line drow n thro ugh the box is the median. The \vhiskers 

extend out to the lower J.nd upper value~ of the data (the r::mge). The mean I!) ploued as :l 

'imgle point / - t. 

CJ.tches of female C. pallidjpes remained high in all the vegetJt ion types In both the dr~ and 

·.\e! ~e:.lsons .:om['~red ~o male tlies. In the dry se;lson. fernJ.ie G. t'allidipt!J ,;'Jtches were 

"ilgnl:']C;lmly dIfferent I Z: = S . ..l.9 . DF = 3. P 0 0.038) from male C pll11tdipes. In the wet 

~1!.--:"O!1. however. female "::l[che~ were not c!ffe red s lg mricantly Z:=O..l5. DF = 3. PO 0.93 
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from male Illes. The a\·erJ.ge rankmg m eJch \'egetation type for male and female G. 

pallidipes In the dry and wet seJsons were ana lysed using the Kruskal -Wallis procedure 

tTable'1). Differences in ranks amongst the catches m eJch vegetation type v,,'ere significant 

(W = 8.-+, P = 0.038) fo r male G. paUidipes and (w = 8.11, P = 0.044) for female G. pallidipes. 

In the wet season. the differences were also significant (w = 14.49. P = 0.002) for male!t and 

(w = 15.92. p.;:- O.OOI~) for females . 

..l.4 . 2 Co mpari s o n o f v e g e tati o n cl ass ifi c ation fr o m sa t e llit e 

im .l ge w it h \ e ge t a t ion t y p e i n th e fi e ld ( g r o und survey ) 

Comparison was made between the vegetation type c1a:;sification in digital image (supervised 

image classification using a maximum likelihood procedure) with vegetation types classified 

III the field. Field vegetation type of a specific trap loc:Hion was used as a reference data. [n 

the Image. the vegetation type in a pixel where Lrap is located was compared to the vegetation 

type in the S3.me location III the ground. As a result. the vegetation classification in the 

satellite Image was in agreement with the field classification. 777C (95% C I = 6"2-87.7) of 

BeL vegetJtion type In the image was classified as BeL. cel was classified as Cel about 

6:.S r 95C'c CI ;; .35 .!-84_S}. However, to some C;lSes the companson resulted to low 

JCc:.:rd;! c1:.:s-;,es. l.~ .. below 50 Cc. 33.3~c (95% CI:=. ..:.--- was classified JS \\'Gl JIld 33.Y"c 

\\ as 3.lso classified as \\'L In sardine Image Table - . ReL . .ltl'.'eiy must 

lower CII:mit of 63.8C'c 

Table - : Comparison of vegeratlon rype ciassliication to the field observation to 
satellite land~at T~l image 

\'egelJ.t1on type at e\ery lrappmg 
locatlOr! 

Fie!c .:iassliicJ.tion Satellite image cJassiiication 
Reierence dJtal , G7c) 

BLl \\·Gl \\·l 

BLl 1- 6 

WGl 16.- "' , " , 
~~ ~ ~-'.~ 

CLl I' . - ) 6.~5 18.-5 

"·l ...!...!.- '" " , 
~; ~ 

Ct:L 

0 

16. ' 

62.5 



Figure 16: 

Legend 
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A 
Thematic t\lapper (TM) Landsat false-colour image afthe srudy area 
(SRVETEP site. around Mirab Abaya). 

Bush lands (shrubs) = Pe.rennial Cultivatlon 

Bush land (trees) = Mixed culuvauon 

Wooded land Annual culn\'2tion 
Wooded grassland = Lake Abaya 

~n grassland - Lake Ella 

Figure 16 shows the supervised classification of land cover use afthe srudy area. This is the 

\-;ew of the twO lOx 1 Oion LT~1 square: grids selected for the study with Lake Abaya in light 

green m the eastern border. 

Figure 17 shows the land cover use map of the study area integrated in a GIS with the 

vegetation type in a pixel \\ here trap was deployed. The vegetarion types on the ground are 

overlaid with the image to show the degree of agreement bem"een the tWO classitication 

methods (image and field verification). The vegetation type in the legend is the field observed 

vegetation type. 
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Figure 17: 

Legend 
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Overlay of vegetation type at every trapping site in the field with the imge of 
the stud ... a:ea (SR\ "ETEP site around ~1irab Abava). . . 

Catches of G. pallidipes in both seasons were overlaid \\ith the \-egetarion type in the image 

in a GIS database. This overlay is presented in figure 1 (for the dry season) and figure 19 

(for the wet serason) showing both the spatial and temporal distnbution of tsetse fl ies in 

relation with the vegetation ty-pes. 
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Figure 18: 
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A GIS generated map showing the distribution of G. pallidipes overlaid with 
:he image oithe study area to sho\\ the dist:ibution wiIb. respec[ to vegetation 
type. The diameter of the circles shows the number of tsetse flies caught at 
every sampling site (in range) during the dry season. 
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figure 19: 

o , , 6 8 10 12 14 KilomClm ------

Overlay of G. palJidipes distribution at every trapping site in the wet 
season with the image. 
Gp ~'eI·G. pa/hdipes catcb dunng the wet season 

4.4.3 ~orm3lised Difference Vegetation Index (N DV f). 

The Normalised Difference Vegetation Index (NDVl) afme area was calculated by taking the 

ratio of the subtraction and summation of the twO bands. the TM band 4 (near infrared) and 

TM band 3 (red wavelengths) from the satellite Landsat imgae. These bands of 

dectfomagneuc spectrum were used tor the calculation of ~TIVI because the leaf tIssues in 

the vegetated areas reflect the "\,IR portion bm the chlorophyll present in the leaf tissue 

absorbs the red wavelengths. This contrast of reflection and absorption by \'egetation cover 

can be helpful to distinguish the amount and type of vegetation present in the area. 

At least three typcs of vegetation were identified on the colour composite image: green. bright 

yellow and golden yellow areas (Figure 20). The green areas consist of dense trees along the 

base of the escarpment and trees ,vith closed canopy. They also consisted of some of the 

cultivaled land areas. The bright yellow areas are covered with shrubs and less dense trees. 

which corresponded to Ihe BL'L vegetation type of the area. The golden yellow areas covered 

with grasses. which are mainly in the highland areas. Very few of these were observed along 

the lakeshore 



The output NDVI image was integrated in the GIS database. The distribution of G. pallidipes 

was overlaid with the corresponding NDVI scene in a GIS. Glossina Pallidipes distribution 

and abundance was related with areas covered with shrubs and trees of less canopy areas 

(bright yellow areas) of SUL vegetation type and areas of dense trees with closed canopy 

(green areas) of wooded land vegetation type . 

. ; 
I 

EO 

Figure 20 : Distribution of G. pallidipes overlaid with the NOV! image of the srudy 
area in a G IS generated map (SRETEP site. Around Mirab Abaya). 

4.5 A lti t udinal distribution of t s erse flies (G.p allidipe s) 

The altitude of the study area ranged from 1197 to 1480 meters above seas level. This altitude 

range was classified mto five le\'e1s (imervals of 50 meters). The analysis of tsetse fly catches 

was based on these different altitude levels. Altitude level I (below 125Omasl), altirude level 

.2 (l~51 - 130Om). altitude le\-el :; (l301 -135Om). altitude class J (1351 - 1 ~00m) and altirude 

leyel5 (above 140Om). 

In the analysis of pooled data. 92% (947 flies) of the total G. pallidipes catch was obtained at 

altirude levels below 1300m. It was - .2 % (74 flies) in altitude level between 1300 - 1400m 



and only 0.6 % (6 fl ies) in higher altitude levels. This was the basis for the classification of 

altitude into further detailed levels (five) as described above. 

In the dry season, seventy five percent (95% cr = 69.5-79.5) of the total G. paltidipes catches 

were recorded in altitude below 1250m (altitude level I) and 23% (95% cr :::: 18.4-28.1) were 

in altirude level 2. In altirude levels 3 and 4 the catches were almost similar and each 

accounted only for 1% (95% C1 = 0.2-2.8) of the total catches (Figure 21). The least catches 

were observed in altitude level 5, accounted only for 0.32% (95% CI = 0.008- 0.02) of the 

IOtal catches. The mean catches were significantly differed in all altitude levels (w = 11 .4, P = 

0.022). 

In the wet season, the catches in altirude level 1 were as high [74.8% (95% Cl:::: 71.7-78.1)] 

as was in the dry season. 15.2% (95% CI:::: 12.6-18) in altitude level 2, 4.7% (95% CI = 3.3-

6.5) in altitude level3. 4.4% (95% CI =3.1 -6.2) in altitude leve14 and 0.7% (95% CI = 0.22-

1.6) in altitude level 5 were caught (Figure21). Catches were low at higher altitude level. 

Mean catches of G. pallidipes were also significantly different (w = 13.03, P = 0.01) from one 

altitude level IO another in wet season. 
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Distribution of G. pallidipes in altitude level in the dry and wet seasons 
(with 95% ell . 

In bOLl,. me dry and wet seasons there were a significant differences in the average catches of 

G. paflidipes in all the altitude levels (Figures 22 and 23 show the Box-and-\Vhisker of 

media.'1 and mean catches in the dry and wet seasons respectively). 
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Box-and -Whiskers o f Ihe catches of G. paJlidipes by alti tude level In 

the dry season with 95 % cr (w :::\1.-+ . P-value::: 0.022) 

Altitude le\'el 

Box -and-Whisker of G. pallidipes by altitude level in the wet seuson 
wHh 95 % CI \\1/ =13.03. p;: 0.01 I. 
1= <=1250. 2= 1'::51-1300.3 = 1301-1350 . .1= 1351-1..100 Jnd 5 = > l":'~Jm 

Female G. pal:itbpes c;![ches \\ere higher (-;'0,(;.1 in the dry and 60 " In the wet se.lSon) than 

males in the entire altItude levels. In the dry season. this differe nce ,,"ias significant V. = 59.7. 

DF = .f, P = 0.0000). Ho\\ever. in the wet season they were nm signific<lntly d!ITerent () 

=-.51. DF = -I-. P = 0.111). Average catches (pooled data) of G. pallidipes were signific:lOtly 

different! '.\ = 1- .5~. P = 0.00 IS) from one ahiIllde leve! to another. 

A ~Imple lineJ.r regressiOn :.malysis ior the pooled dJ.ta \\ as perfonned to jee If there WJ.S a 

corrdatiOn between G. pal/idipt!s distribu tion and J.lmude. According to this . the distribution 

01 G. palildptts \\as negatively co rrelated \vlth Jitltude. Thus . when altitude Increased there 



there was a relatively weak relationship ber-veen altitude and G. palfidipes distribution 

(Figure 24). 
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Figure 2~: 

Altitude (in meters) 

The relationship between the density and distribution of G. palfidipes ai1d 
altitude level. 

A Digital Elevation ylodel (DEM) was created in a GIS database from the contour digitisation 

of the base map (scale I :50.000). Glossina pallidipes distribution was overlaid with respect 

to L'1e DE:\-l of me study area. High. G. pailidipes distribution was observed at lower altitude 

ie\'e! (Figure 25). 

. . . , 



Figure 25: The Digital Elevation ~Iodel (in 50 meters interval) of the study area and G. 
pallidipes distribution o .... erlaid \\ith DE~L Bar charts show male and female 
G. pallidipes distributed along the altirude gradient (SRVETEP site, around 
Mirab Abaya). 
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-L6 T h e GIS databa se 

The satellite image (a raster data) of the area as taken from the Landsat Ti\l was processed 

and analysed in [ORISL Band selection for the land cover types. image colour composition, 

enhancement and classification (supervised classification procedure with a maximum 

likelihood dec ision rule) and NDVI co.lculation to produce NDVI image of the area were 

done_ 

A geographic information system lG IS) database was eS13blished for the area using data from 

satellite image (Landsat TM). digitised featu res from the base map (roads, rivers. lakes and 

seulement mainly the town). and tsetse catches in twO seasons from the sampling grids. 

Layers of these different features, each layer containing information about a specific aspect in 

the same area were integrated in ArcView GIS database. ~10Sl of the layers in the GIS 

database were discussed in the previous sections with respect to the area they are related. 



, . DI SC C S SIO:-; 

In rhi.s study, an attempt was made to integrate data from satelli te image (Landsat TM) and 

geo·referenced ground survey data on the tsetse ny distribution and habitat (vegetat ion types), 

and other agro-ecological charactenstic:; in a GIS database. The remmely sensed Landsat TM 

data of the area were used to produce the vegetation map (land cover/use map) of the area. 

Tsetse catches were examined towards possible factors that could affect their abundance and 

dIstribution. like season (temporal distribmionJ. the vegetation coverage of the area and 

alttlude gradient. 

5.1 Tse t se fl y s peci es . 

Only one species of tselSe tly (G. pallidipes) \\illS caught. This finding was in agreement with 

the pervious worlc; In the area. Langridge (1976). in a tsetse and lrypanosommsis survey of 

E!hiopia. had reported the presence o f C. pallic/ipes. probably the only speci(!s In the area. 

Since m~n. various pilot stud ies at local level had been cJ.ITied out and all failed [0 C:::Hch other 

tsetse ~ly SpeClO;!S than G. pallidipes. Recent studies by Vieysen e! af. (1999), ~r uturi ttl al. 

(1999 and the \\ork of .\\san2i (19991 have also substamiated the findings of Langridge 

f 19-6) .lOci are all in agreement with the current finding. 

Giossm<l pailiJip.:s AU'i[en is lmong the most im~olt;;mt vectors of animal [I)pano~omo:-.is in 

betse IOfested area of the Arnc:an continent. It is a \ ector of unponance for the tranSmiSSion 

of pathogenic tryp3nos-omes to livestock. Langridge 09-6\ had reponed the :-.J.me lpecie5 as 

beir.g me mmt efiic;ent !n the ~ransnu:-sion of T. cOllgoielise the mo~[ dorrunam trypanosome 

parolSue 10 cJule in [he SR\'ETEP MeJ, Karanja. 1999) than T~'imx in East Africa. Works o f 

~tU{uri ttl :11. 19991 in the SRVETEP area have also substlllu:;ued tru~. who;:re they found a 

high percentage oi catrle mfected with T. cOllgofense m areas ",.'here high c:Hches of G. 

patJiJlptts was recorded 

5 . 1 Tempora l dis t r i but i o n o f t se t ~e fii e:, I G.pa((idipesl 

Ther;! w~ J. :-.ig.!lIficant vanation·P < 0.051 in the disIributlon of G pa/lidipt's In the ,[Ud~ 

J.reJ. High G .. "all/dip/:!:. ~Jtche-j 1-2.: cr t was ob~t!rved dunng the wet ~e~son ,:omp..lreLi II,) the 

if' ..... eJ. (m O::.!I-::h ~tJ Sr.;.l The .lpp..:rem l1y den"!llty WJS Jbo high {3 t1y Irap.i.!:..t:- JUf::1':: the 

"' 



wet season compared to the dry season (1.3 flyltrap/daYJ , High percent catches of G. 

pallidipes In the wet season may indicate the presence of favourable conditions for 

maintaining: the population of tsetse flies in this season. This could be anribuled to the change 

in the vegetauon that could provide an optimal condition for the growth and survival of lhe 

flies. VegetatLon type and condition is determined by climate of the area, mainly rainfall. 

There was J. marked increase in the amOunt of rainfall from January to ;Vl ay in the area. 

Highe.st ramfall (182mm) was recorded at Mirab Abaya meteorological station during the 

month of May. The sequential increase in rainfall from hot dry season to wet season and 

relatively high rainfall m :Vlay had contributed [0 the change in vegetation of the area. Thus. 

catches increased in June and July Iwct season) following (he heavy ram in .Ntay. Vale (1998) 

has found similar resuhs for C. palJidipes in Zimbabwe. He reported thaI catches of C. 

pallidipes were lowest in the hot dry weather of October :lnd November. riSing r3pidly with 

the rains of December. Working in Lambwe Valley. Kenya. Kitron et al. (1996). have found a 

positive correlation of tsetse fly catches with rainfall (r = 0.55. P < 0.05) for the same species 

of tsetse fly. Vreysen et al. (1999) and ylUlUri el af. (.1999) have :llso reponed Similar results 

in the SRVETEP are:l. In both studies, it has been indicated that the C:ltch o f G. pallidipes 

lOcrel:ied during the wet season compared to {he dry sea::.on catch. 

The: ~easC)nal JISliibul10n oi tsetse tlies In relauon to Qther chmiluc factors such as me3.n 

ma\llnum and nunlmum temperature and rel:ltIve humIdity In the :::.tud} area W:J..!, not 

discussed. h~rc. Becilu~e the nature of data collected did nOt allo\',,' to exanune the corre13uon 

in monthl) a.. ... the dat3 was collected only In tWO month::;. one 10 ~lilrch ::md the other In June 

Jnd tirst \"'eek of July 

Female (j, pa!IfJipt:!s had a higher prcponion to the sample when compared to males In each 

"caSI)n The fem3le '::ltches accounted for about 60Ct 10 e;Kh ~llr;ey .-\Jthough 'hi~ differenc.:! 

\\-'a,s nO[ Significant. illS still 10 accordance with tindings of other workers. ~lsangl 199~) has 

reported ill':' ot female G. pallidipes catch in the project area. Works of Vreysen et al. (1999) 

in the block (lne of the SRVETEP area hali al~o re\eJled that the cltches of female G, 

pait'IJipc:S a..:counting for more than 62 q. L~ak ll999 dl!s.:nbed thiS as 10 unbiased sample 

female \\ould .:omprise between - O·qOC"(; of an average popul:ltion. The higher proporilon 

catch of fern.lle G. ptlllidipes in the sample may be annbuted the [Jet thaI [he: Ij\t! longer 

meJ.n lire 'ipan being 8 weeksl [h..!n male/labom .! v.eeks ,0 that more female:) could be:: 

caught. 



5.3 Spa ti al di s tribution or t se t se rli es ( C . pllllidipe s) 

5.3.1 Y ege tati o n 

Describmg the Importance of veger:ltion for tsetse flies. Leak ( 1999) has noted that vegetation 

is vital for pro\' iding shade and mainlaining a suil.:lble microclimate for tsetse as well as a 

habitat for their hosts . In this stUdy, four major vegetation types were cl3ssified in the study 

area. The distnbution of G. pallidipes significan tly varied from vegetation type to vegetation 

in both seasons. The higbest tOlal proportion catches were in bushland (BL'L) vegetation type 

(J.6% in the dr~ season and 68% in the wet season ) followed by wooded land (WLJ (16.7% in 

the dry and 15'"'0 In the wet season ). However. in this context, the highest catch in BLL does 

not necessari ly mean thai C. pallidipes prefers BUL to WL or WGL. It shows thnt these flies 

are widely di spersed over the SUL vegetation type despite of the relative low density 

compared to the other vegetaHOn types.The highest calch in B UL vegetation type could be 

due the fact that this \l,.as the predominant vegetauon type In the study urea, As a result, the 

proport ion of tr.l.pS dl:! ployed In BLL was considerably higher to the other vegetauon types 

(60% of the IOtal trap de ployment was in BUL vegetation t) pe). Therefore. the overall highest 

total catch could be expected lfl Belin re lat ion to the large number of traps deployed and the 

wide spread of the fl ies in this vegetation type. 

~Ie:l.;'l c::!tches of G. pallidlpes in relntlon to \ egetation type have yielded differem results 

regarding theI r lbundance Thus. m the dry season hq~:hest mean catch was in WGl (mean =­

II - ":>Ilowed by WL mean =- 9 :' In Ihe we t season, mean catch was ~ull ru ghe!it lfl WGL 

Ime.ln =- 13.- and abo followed by WL (mean =- I J .5~ Glossino pallidipes \1. ere abundantly 

jbtnbuted in WGL JnJ. \\"L. Flies are regarded as abundant where mO!:lt are caught! Vale, 

i \}9 I, From trus rc ... ult. It CJn be concluded that the .. e veget.:ltlon ty:-e~ MC ,;,u!lJ.ble habi[:lIs 

f0r G. ptlIli.iipes lfl the Jrea, Thus. \\ il h the fe\\ number of trapoS (only SIX trapsl Jep lo~ ed In 

WGL [he me:ln catch W;b higher compared to catches In orher vegetation types. mdic:.m ng the 

highest density in thl" vegetation type. This result W~ In .1grel:!ment \\l th the fi ndmgs of 

Vrcysen er 01. 1999) Jnd Y!SJngl 11999) who fou nd the highe~t mean catch of G. palfidipes 

in !h~ project Jr':!J. In \\'GL BlL Glossina p(llJidipl!s \~-a:. aJ:;a caught from ban:l!1a planwl10n 

m::un perennial cuit lVJIIOn type in the [ow land areaL m.lize fields .1Od cotton p!Jm.J.t lons . 

.;..lthocgh (hc .lppJ.rent denSity \\J::, low (0.2- ll iesilrapl,ja~ in the dry ~eJ.Son and 0. '" 

iiles;(j.J.!,ldJ.~ In the Wet "e:bon l compared to de ns i ue~ In mher vegetatIOn t~pe) The c:..ttch In 

CL'L may Indicate how rht! .. c: tlles ':In move- J\\ a~ from thei r n;Jrurai haDu.!h Lmo 'iettlement 

Jnd agncuhural .lft:J~ 
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5.3.2 A l ti tud e 

In the five altitude levels chosen in the s tudy area. G. paflidipes distribution was significantly 

different ( P< 0.005) from one to another in both the dry and \ .... et seasons. 75% of the rotal 

catch was in the lower altitude level (up to 1250m) and the catch was decreasing with 

increasing altllude. The highest catch in thi s lower altitude level could be attributed to the 

presence o f favou rable environmental conditions for the existance the flies. These findings are 

in agreement with rhe previous works of Vreysen e l al. (1999) who found a signifi cantly high 

male and female catches (over93%) in altitude bet\"'een 1100 and 1-\.00 m in the project area. 

B:uicully the objec tive of annlysing tsetse fly distribution in reiatlon to altitude in this study 

was not iO determine the upper limit of altitude for tsetse ny existence. which has been 

discussed by se\'eral workers in tsetse infested areas including th~s one. It was mainly to 

ob~er\'e the spatml relationship bet".·een tsetse tly and altitude in lowland areus (the valley). 

The analysis re\'e:iled that there was a significant correlation (r = - 0.37. P =- 0.000) between 

altitude and tsetse ny distnbutJon. This Implies that there IS .:l decrease In tsetse Ily 

distnburion and abundance as altitude Increased. The weak correlaHon may be due to the 

in,l!: range of ...Iltltude rlOO mt!t~r;; Intl!rv:J.lt. as it was only 10 the low lanJ areaS belo\\ 1500 

!TIe!er~. :;,1;' ur.propomon .. !l I.il~rribuuon of traps with J hIgh number or" [rap~ \J.6ct,l deployed 

10 altitude up to 1250 meters. which resulted in higher catches Ifi thIS altitude ..... level could 

ha\"e ;lisa comnbuted to thiS \\ e;.Lt.; corretulon 

5.~ landsat T~ I imag e classifiC:ltion :J.nd vege tation typ es 

The anJ.iysls of landsat T)'I dJ.ta uSlilg the supervised classlfic:Hion procedure yielded J. 

det'-tlled land cover/use map oi the study area. The four major vegetatlon types: BLTl, \.VGL. 

WL and eel ob,,!rved dunng the ground sur .... ey were accordmgly cia::.sltled. Ho\ .. ever, BeL 

md eeL were subdi\'ided IOto more dcuuied classes. BeL w~ dJ.::isiried as Bel I)f ... hrubby 

type dense] and BUL of tree tY'Pe !Ie~s dense). CL'L was al~o dit'r'erentiJteJ into mixed. 

J.nnual and perennial cultl'.:atlon. However. during field 5urvcy rh6e \\-ere ..:onsldered as 

.;uluv<lted bnJ CL'LJ onl~. The detailed c1a;;..slfication of these vegetJtlon types In the Image 

m:t: be Jttributl!d to the variation in the retlectance of the waveband:. In each vegetation type. 

The other L.lr...:l ..:over':use .;iJ"-Sification included \\ ater bodie~ Ltke Ab.lYJ. an,j EII<.i ;,md apen 

.:;rJs~land. The open grasslLlnd c!asslI"ied In the image wa!oi fOllnJ mamly In the hl:!o.:r aitHude 

J.fe~ hlghL . .:nJ ;lr~~ 3.01}\~ ,he c ... carpment ..lOJ o\-er 21100 meter.. Oh~er\~t.0n I)n ,he 

... istnoutlon ~nll . .l.Dundane.: of G pcllljdlPIt~ !O (hiS partkuJar land cu\'cr lYFo:! \\ <J.-; om pO!l"ilble 



as tsetse sampling was made only in areas below the escarpment in the valley (lower altitude 

areas). Open grassland was also only found in the valley. in both the classified image and 

ground survey. in very few areas along the shore of Lake Abaya. In genernl. the vegetation 

map derived from this sate lite image showed the various vegetation types in the slUdy area 

which can be assoc iated with tsetse Ely distnbution. Boone er al. (2000) noted that remotely 

sensed data are commonly used to generate maps of vegetation types. which can be useful 

indicators of environmental characteristics, including moisture, soil lype and elevation. 

Although these vegel:ltion maps provide a basic information on environmental facors. the 

accuracy of such maps should be verified by field observation. 

The results of digital image classification revealed that about 77% of the BIlL and aboul 63% 

of Cl'L were classified to the respective vegetation type in the image \vhen compared to the 

ground (reference) data. The classification of WGl and WL vegetation types was less 

accurale, only 33.3% were classified as re-spective vegetation type. There was also some 

rmsclassification of the two (WGl and WL ) vegetation types. The relative high accuracy 

(T'%) for BUL could be attributed to the fact that BUL was the most abundant vegelation 

type In the study area and much of the samples during ground survey were taken from it. As a 

result. Identifying BUl In the field was done w1th a better accur3cy. Moreover. this helped the 

careful selection and loc:lt1on of representative traimng area..; during the digital image 

d.lS.SJClcllion. The selection or the traimng areas is crucial matter. as the ciassillcatlon 

performance is highly dependem upon [he proper selection 01' the training sites (Kaneris. 

199L Follo\\lng the BLl, CL'L was also predommant 10 the area and comparauvely 

accur:ltely classltied in the Image (63%). 

Tht: 100,'er .!ccurJLY of cbssitlcauon tor WGl and \\'L could be re!Jted to the f3C! that as the 

\tudy aft~a was ~malL there were few represenrau\'e vegetation types a!o WGL or Wl JS land 

cover type. lnstead of WGl or WL we can have SUL with some trees and CUL with crops. 

Fe\\· :iample~ \\ere t:Iken in the field and thiS might have affected the selection of proper 

repre<;entatl\e training site The other pOSSibility m:::!.y be that the WGL area could easily be 

dasslfied ~ WL or \"lce versa (ffilsclas5IficJuon ) as long as \VGL IS a nuxrure of [he tWO 

classes In different proportion. 

In generaL tr:ms(omllng remotely sensed Images mto vegec1t1on maps Lould be :;ubJec[!ve a.nd 

lt could .'ometlmes be ImpreCise. Classification Jccuracy b a general ~~um;.I.te of the 

rreciction accur;.lI:Y ('I t c:Jch method if II were applied to new me.;; ill slmii:.J.r landscape! Boon!! 

f!1 .,f . :O()(l l L\;ln:; the SPOT Jat:! for the cLl..<;SIIIC:l[!On of \\edJterr:lne:.ln r"or<::~t. K:uens 
-, ,-



l1991, found an overall ci:lSs ification accuracy over 70%. He further emphasl:sed to consider 

the sUb:.t:lntlal contribution the satellite technology could make m combmatlOn with GIS in 

the fore.it management and planning. 

Although the classific3tlon accuracy in this particular study can not be considered as 

e. ... cellent. It is suU acceptable (overall cla<;snicarion accuracy was over 64%), albeit the small 

size of the study area, The BUL and eeL vegetation type clllSsific3t ion is promising. This 

may demonstrate the potential for using remotely sensed image to determine vegetation types 

and predict suitable tSetse habitat and associated environmental correlates. Therefore, the 

vegetation map output constructed from such classification could be used for the study of land 

cover/use oj the area in general. and identifying and predicting LSetse habitat v.'ith a relatively 

good accuracy in particular. 

5.~ Dat!) integration into a GIS da t abase 

The mtegration or the sJtellite datil. ground surveyed tsetse catch dam and vegemtion types 

J.long with the other environmental chaT:1cte ristics mto a GIS database re .. 'ealed the 

.:omolf.at:, 'n 01 different bye~ which em be overlaid one on the other. The dliierent byers 

t"s[;1blishec in the GIS proJu~cd :l specific mform;1tion I:! ~:ll:h Ieatme JnJ tho;:' rel;1uonshlp 

among the Ieatures inregrated. This shows the capabilities of J GIS as a tool to combme 

iniorrnJ.tlO:l i:r)ffi different sources 'geo-referenced dan "0 thal [he J.SSOC!J.llon and link of 

ooe eilnronmenw.! fe.:lture with the others ":;1n be ooser:ej. The pre~ent ~i.Jd: ha::. 

demonstrated these iunc[Ional capabilities of GIS that can greJtly IJl"Il.it3te the intt'gntion of 

dJU iTom satellite Im3ge with ground surveyed J:U..1 ftsetse catch d:u,,- and vegctJtion []~'S , ;'0 

produce J. mJ.p output \ ... lth me.lIlingful InterpretJtion. Kmon 1998) noted that J GIS c:.m I)e 

u:.ed to .J.ssoclJ.te remotely sensed d;lta with ground-bJ.Sed IOformatlOn t i.t' ground 

verification t. and assessing the links of satellite data and ground-verified habitJt with vector 

distribution and disease transmission. 

The o'd!rb~ ,f"..sebc JI"itnbu!!On cnll frorr: lhe field. w:th :!1~ -;Oltdhte .ierh-ed themJti .. - m"p of 

[he :itudy 3re.3 showed thOlt G. Pdllidpes were distnbuted !O ~t1mo:.t all BLl \e~etJ[ion types 

\\h:;:,e trap \\as sen e'lpecl:1lly 10 the wet sea~on, in the dry sea::>on. [heIr distribution In BL"l 

egetJ.IlI.ln type W.c, more or ! es~ conrined to area::. around the lJ.ke wher~ wet .!Od green 

e:;eL,lt;On :::. J'. ::.dable Thli- explaIns the spJ.lia1 distr,ou[!\'n 01 belse ,lie., In re:;lttI1n tl) fhe 

\'cge~,nllln t~ pe .mJ ..:.'ndmlln.Thu5. I!ven \\ ilh the same type of ve~e: :lUon • 'heir .:!brnbutlon 
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varied dependlOg on the condi tion of the \'egetation. T his observation has been verified by 

ground surve~ and that the findmgs cOincided with [he results of ground survey. In which G. 

pallidipes was caught almost in aU the traps deployed in BL'l. \egelanon types. This Implies 

the importance of remote sensing data to forecast tsetse fly distribution and identify suitable 

habll:u in areas with similar environmental characteristics (vegetation type In this case) where 

it is difficult to undertake ground survey. Robinson (1998) noted that ground survey data 

could be complemented by aerial survey and high-resolution satellite data (0 make 

Increasingly accurate predictions in areas where ground data are sparse or absent. It can be 

concluded. in the current study. the integration of data from remQ[e sensing (satellite data) 

WIlh ground survey (LSetse catch datal helped undersrand the association of tsetse fly 

dis~ibution wah land cove rluse of [he area. 

Several research works don!! by different researchrs have inclicated the pOtential use of remote 

sensing and GIS capabilities to integrate data from remote sensing and ground surveyed data 

ustng GPS The work of Robinson (}9981 who used of GIS to pnonuse areJ.:; for tsetse and 

t=--:. pano~omo~ls control in bmbl;J. is among others to mention here. He noted that integration 

of dlgHai maps of land tenure. stocklllg rates :lJld relative arable potential In a GIS helped 

Idcm.fy areas where tsebe transmmed trypanosomosis IS a constramt to agricultural 

Olh~r ;::mlatt d.1t.1 sllch <l!i ffiJn1mum and ma..ximum temperarure and rel:mve humidity 10 both 

..:~ J .. !l...i \\et se.i,:)ons were not lO..:orporated In J GIS cratabase. bec~u:-e of lack of Jat:! from 

~"me !>m~s. 'J.ruch..u-e requm~d tor the eXlrJpolauon of the climate dJta in the swdy area. 

Ex!rapola:lOn of the exi!:itlng data resulted 10 [he [heme cov~nng only the upper half of the 

... :udy .lft.l 

5.5 :'\ormali.sed D ifference Vege t a ti on Ind e x l~ D\' I ) 

The ):DVI ImJ.;e (If the stud~ :lrea sho\ved that [here \ .. 'ere Jt le3~t three t~rei of \egetaucm 

~Q\er T;,e green J.reJ.!I ihat are correspondeJ to the WL ... e~etJ.tlon t:-pe .. dong the base .md 

nunk .Ji' ~ne e..;:arpment JIld ~re!!5 of dense ":::100p~. and abo eeL The Im;ht yellm\ are;!s 

ccrresp0r;.:ie.:! h'\ the enIife BL-L ':egeration t:'P!! ue';'; of Ie ... ,;; .:anopy type: JlI o\er :he .,tud~ 

..ire.!. Tr:e ,gdden yello\\ areilS are corre;;ponded to the gras::.~anlli .lOd Ie!>;) '.egetJ.te.:i aretb: 

lfe~ liri.t: .1.f"C'~nct the {O\\O of ~1ir.Jb . ..l.,baYJ The gr:o ... I:1nds <.lfl! only \0 :he highland Mea:; .mc 

.nly r.c .. ,,\ vI them .Ire along. the b.l.::eshore of LJke Ablya. 



The i\DVI is usually assumed [0 be broadly indicative of. and associated with, plant 

photosynthetic activity The spatial and temporJI patterns of KDVI can be linked with 

temperature and precipitation. so il physical properties, plJnt evapotranspirations and root 

zone soil moisture. NDV I association with precipitation is affected by soil water status and 

land cover characteristics (\Venli el al.. 199-1.). 

In the current work. the n:lture of data analysis (basicall)' to produce map output) and the time 

image was taken (one time image and a long ago) did not allow to understand the correlation 

of different ,\"0\-' values with spatial and temporal tsetse distribution. However, NDVl from 

remotely sensed satellite data has been used for the study of vectors and disease distribution 

and their association with the environmental characteristics. Rogers and Williams (l993) have 

demonstrated the maximum mean NDVI as the single most important variable to correctly 

predict the pre-rinderpe.:H distribution of liielSe in Kenya and Tanzania_ Based on the linear 

discriminant analysis. they found a correct predictions over 69% of the countries. Y(oreover. 

they suggested that this be improved [Q 8'2""0 when other clImate and vegetation variables 

were considered. 

Thi~ $u~ge~ts the Imponance of usmg remote sensmg dati.! for )."DVI estimation 3I1d ItS 

.:orreLmon with ecological pJ.famelers. which could indicate the possibility of predlctmg 

vector and disease distribution in a given geographic locality 



6. C O :-i C L U S ] O:-iS AND RECOMMENDA Tl ONS 

Geographic information technologies: Remole sensing (RS ), Globa! positioning system (G PS) 

and Gl!ographic infannatian system (G IS) were used to help understand the relationship 

between the distribution and abundance of C. pallidipt!s and the environmenlal parameters 

thaI may explain the spatial and temporal pattern of the flies. 

The results of the present study demonstrated [hat the distribution of G. pa/lidipes was 

SIgnificantly associated with seasonal variation (temporal distribution) which may indicate the 

effect of climatic factor and its intluence on the habitat (vegetation type ), Although this smdy 

established the seasonal variation in tly distribution and abundance, it was carried Out only in . . 
t\\'o months, each represent ing the two main seasons Ilhe dry and wet seasons). However. the 

understanding of the temporal fluctuation of C. pallidipes in relation [Q climate factors 

(rainfall. temperature. humidity and soil moisture) to 3. great extent requires the availabili ty of 

quality data and establishing the correlation between them at least in monthly basis. 

The anJ.lysi~ and IntegratIOn of RS :i;nellite data has also demonstr::J.ted the potentIal for using 

remote sensed data for the study of tsetse fly distribution in relation to environmental 

characteristics. The spatIa.! distribution of tsetse flies is related to the major \'egetation types in 

the area with high densitIes in wooded grassland and wooded land. The claSSification of 

digit!!.1 image in to different \egetlHion types hJ.S also yIelded J. promlsmg re:.ult. 8 mh the 

vegetation mJp (land co\'er/use) and l'\OVl derived from the sa tellite Image can be used to 

correl.ne the rly distribution with change"> in vegetation. ThiS change is m:.lin!~ due to ch:lOges 

iO climate 10 different .s.eJSon!:>. Ho\o\oever. the satellite Image used for thi:. study W;b iJ..1.;:en 

some years ago (in 199.1, and it is a one-time image. Hence. it is recommended to use a 

multitemporal comparison with a real-ume satelli te dam to establish the correlauon between 

t:ietse 11y dlS[riburion and emlfOnmentaJ factors In the project ;}feJ.. 

The Incorporo..ltion of \'ariou.:. layers of geo-referenced daw. In a GIS d.llabase has 

demonstrated the capabiliues of GrS a:. a lOol for e{{eclI\e data capture and linking of 

different ie.lturc~ and then reiJ.tion:ihlp. It h:b also been under:.tood [hat using GIS functiona.l 

cJ.pabilille..;. the bnd t:o\ er'use map produced can be used. in the future . ior modelling the 

",p..!uaj dlstnbu(]on of tsetse rlles In relation lO remme :.ensmg JIld en\'lronmenr:ll \·anable<;. 

To:!! cl'uld help r'unhenn~ ihe u:1derstJ,ndmg or' ~he Impac: of l!i.e!:>c (J.c~ors on ~he tSebe ely 



distribution so that effective prediction could be made In other areas with Simi lar 

environmental char.:!.cterislics. 

A ground survey had enabled to gather more information on tsetse fly density and associated 

environmental characteristics. The prediction capacity of GIS could also be enhanced when 

combined with the ground survey. tvlore data should be incorporated in a G IS database to 

explain the relation between tsetse fly and the disease (trypanosomosis) distribution. This 

also requi res the availability of more relevant data on the disease situation (trypanosomosis). 

tsetse host animal preference (livestock and wild life). livestock management system. and 

other environmental parameters so thaI they can be combined in a GIS for effective decision 

process. 

This study l!oj not exhasutive because It was implemented in a small area and In short time 

period. As J result . Obtaining all the necessary information and perfo rming detailed spatl.:!.1 

analysis was not done. Therefore. further study shaul be conducted with extensive ground 

surveys in expansive geographic area for a longer time period in order to obtain sufficient 

mform::mon. This could help performing adavnced spatial analysis (e.g. autocorrelation and 

applied geostatistics) for modelling the spatial and temporal patterns of tsetse tlies e\'en the 

contml program IS underv.ay in the project are;.! It is ho{Xd th,lt thiS Will conuibute 

;:;ubstlnlJally to facilitate the deCision process on tsetse tly control on sound economic busis 

and evo..!uate the effectiveness of the control program implemented. 
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Annex: '\lap of Ethiopia showing tsetse fly distribution and [he project (SRVETEP) area 
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Anne\ 1 (continued) 
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