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DRAFT

[ECONOMICS OF AFRICAN ANIMAL: TRYPANOSOMIASIS
(A A T ) CONTROL

Z;nygcgb;Fisséhafgndframg2g11af"

0ver the 1ast decade sub-Saharan Africa has been running a deficit in
average 1ndex of fgod production per capita. Thus, using 1969-71 as the base
year, pen capita food production index in 1977-79 was only 91. Annual agri-
cu]turaihpnodudfionvper capita growth over.-the ten year period, 1970-79, wasi
-0.9. This is ma1n1y due to average annual vopulation growth rate outstripping 
the agricu]tura] growth rate (2.7 percent to 1.8 percent). | o

Sucn a gap between population growth and food production ratesyis:ereatez
1ng an increasing pressure to bring additional lands to productidn. Unfor-
tunate]y, much of the land is unsuitable for agricultural exploitation
currently due to tsetse fly infestation creating problems of tnypanosomias1s 1n~
Tivestock and sleeping sickness in humans. At present the total area showing* :
seasonal or year round tsetse infestation in Africa is about 9 to 10 million
square kilometers (kmz) of which 6 to 7 mi]]ion could be used for agricultural
practices; 3 to 4 million has savanna type ecology well suited for 1ivestock ‘g
grazing. The extent of the areas in each of the 37 sub-Saharan African coun-
tries affected by A.A.T. are shown in Table 1. e

- The problem is compounded in that the greatest per capita food‘deficit

,;1n Africa is in animal proteins. Africa produces only 542 kg. per 1,000 ha.
ffof 11vestock farming compared to 4,113 kgs. for Latin America and 38,085 kgs. o
Snfor Europe [ILRAD, 1980] The control or eradication of A A.T. by 1tse1f wi]] ;

‘not guarantee a fa1r d1str1bution of the food from 11vestock sources.; However,f
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Table 1 ECONOMIC WELFARE INDICATORS IN AFRICA

Sub-Saharan Africa 1960-70 1970-79
1. Annual population growth rates (%) 2.5 2.7
2. Annual GNP/capita growth (%) 1.3 0.8
3. Annual agricultural production per o

capita (%) - - =0.9
4. Average index of food production o

per capita (1969-71 = 100) 91
5. Average annual growth rate in

agriculture 1.8
6. Average annual GDP growth rate 3.9 2.9

Source: Accelerated Development in Sub-Saharan Africa [World

Bank, 1982].
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Table 2 TSETSE INFECTED AFRICAN COUNTRIES®

' Areas Currently ‘ Population
. Total Infested by Tsetse - (mi114on) S
Aﬁa 7" Increa sE Density
Countries (kme) (km©) (Percent) 1969 1978 Percent 1978¢
Angola 1,246,700 500,000 40 5.43 6.73 2.5 5
Benin* 112,600 112,000 99 2.65 3.38 2.8 30
Botswana* 600,400 30,000 5 0.57 0.73 1.7 1
Burundi* 27,800 7,000 25 3.55 4,26 2.7 153
Cameroun* 475,400 398,000 84 6.65 8.06 2.3 17
Central African Rep.* 623,000 600,000 96 - - - -
Chad* 1,284,000 298,000 23 3.57 4.3 2.3 3
Congo* 342,000 342,000 @ 100 1.17 1.46 2.6 4
Equatorial Guinea 28,000 28,000 100 0.29 0.35 2.3 12
Ethiopia* . 1,221,900 200,000 16 24.02 29.71 2.6 24
Gabon* 267,700 . 267,000 100 0.50 0.54 1.1 2
Gambia* 11,300 0,000 "88 "~ 0.45 0.57 2.8 30
Ghana* 238,500 238,000 700 @ 8.4 10.97 3.6 46
Guinea* 246,000 246,000 100 3.83 4,76 2.8 19
Guinea Bissau . 36,100 36,000 100 0.48 0.55 1.7 15
Ivory Coast 322,500 322,000 100 5.06 7.61 4.3 24
Kenya* - 582,700 102,000 18 10.88 14.86 3.5 26
Liberia* 111,400 111,000 100 1.29 1.74 3.4 16
Malaw}* 118,500 20,000 17 4.33 5.67 - 48
Malg» 1,240,000 200,000 16 4.93 6.29 2.7 5
. Mozambique* 801,600 550,000 69 7.36 9.94 2.6 12
Namibia 824,300 10,000 1 - - - -
Niger® 1,267,000 1,000 0.1 3.90 5.00 2.8 4
Niger{a* 923,800 600,009 65 54.69 72.22 3.2 78
Rwanda* 26,300 6,500 25 3.57 4.51 2.4 7
Senegal* 196,200 59,600 30 4.13 5.3 2.6 27
Sterra Leone* 71,700 71,000 99 2.63 3.29 2.6 46
Somalia* 637,700 20,000 3 2.73 3.4 2.8 5
Sudan* 2,505,800 248,000 10 13.75 17.38 3.4 7
Swaziiand 17,400 250 1 0.41 0.54 2.4 32
Tanzania* - 945,100 540,000 57 12.93 16.55 2.6 18
Togo* 56,000 56,000 100 - 1.96 2.41 2.6 43
Uganda* 236,000 50,000 21 9.55 12.78 3.4 54
Upper Volta* 274,200 180,000 66 5.28 6.55 2.6 24
Zaire* 2,345,400 2,300,000 98 20.88 27.75 3.7 12
Zambiax 752,600 250,000 33 4.12 5.47 3.2 7
Zimbabwe 390,600 40,000 10 5.13 6.93 3.3 18
TOTAL (37) 21,408,200 9,050,350 42.3 241,08  312.69 +30.0% 15

The estimated area of the tsetse infested zores is between 9-10 million km2 of which about 3
million are areas covered by thick forest. The areas presently infested by tsetse, and which offer a
potential for livestock and crop production can be estimated at about 6-7 million km2.

aSummary Table of Stat%;tics of African Countries Infested by Tsetse Fly, FAQ, Rome, 1981.
Rounded to the nearest 100 including inland water.

bIncrease 1975-1978 ().
cPopulation + surface area.
'Member of Commission on African Animal Trypanosomiasis.

Source: FAO, Rome, 1981 (Summary Table of Statistics of Afriééﬁ;Coﬁﬁt?ﬂé#'ﬁﬁf@sted-hy'Tﬁétsg’v5
Fly). o e .
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the availability of.the infected areas for graZing is expected to double the
current livestock population of. Africa from:114 million to 230 mi11ion heads
[Kamarck, 1976]; and meat production cgu]d,doUb]é:fbil.S'million tons [GTZ,
1980]. Thus, it may improve the genefél per_cap1t§11vestock protein intake
in many African countries. ; | |

How important is trypanosomiasis in Africa relative to other diseases?.
Eicher and Baker [1982] rank it fifth after rinderpest, contagious pleuro-
pneumonia, clostridial diseases and internal parasites. It 1s very difficult
to quantify the full economic 1mp11§aﬁ5ns of theSe diseases. Thus, while
trypanosomiasis may rank fifth in Tivestock mortality and morbidity, other
serious factors such as Tivestock production inhibiting affects on large areas
of Africa, the threat of an upsurge of the disease due to lack of protection
py vaccination and its relation to sleeping sickness in humans could easily
make it the most important disease today.

While the danger from either trypanosomiasis or sleeping sickness (both
of which are basically a tsetse fly problem) has not been so menacing in the |
recent past as it used to, there are sporadic signs that the problem is far

from being contained. Thus, sleeping sickness is increasing in some places

of Uganda [Jahnke, 1974]; of some Ugandan lands cleared before 1972 and whose =

protection was not maintained, Jahnke [1974] says "Re-infestation of the ny
is then pn]y a matter 6f time" [p. 202]. Tsetse flies are grédg&]ly adopting
their habitat to the extent of becoming a concern even in some urban areas
of Nigeria [Putt et al., 1980]; trypanosomiasis infection are becoming more
common now in the higher plateau's of Ethiopia, p]aces.which had no such
history of infection [ILCA Newsletter, 1982]; and finally, the persistent
success of some trypanosome strains tq»deyelop res1stance,to ¢urative and

preventive drugs is potentially a dangéfou§ situat16ng ;A11 fﬁ§§€;ﬂPe"-
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1nd1caf1§ns,that there should be no relaxation in the vigilance for possible
spread'of'the(disease. Beyond these indications however, the current rele-
vance of'thé problem for mahy African countries seems well established. As
‘already indicated, out of the 9 to 10 million km2 of land infested with

2 has potential for agricultural exploitation,

tsetse, some 6-7 million km
particularly for Tivesteck production, the rest being under heavy. forest cover, };
About 37 countries are affected by tsetse fly and for a fourth of these coun-
tries, their entire land area is 1nfested; more than 40 percent of the coun-
tries have over three-fourths of their land  infested and one-half of them
have one-half of their land under tsetse control (Table 2). The economic ..

impact of such a constraint will be discussed next.

A. Impact of A.A.T. on Economic Development

The impact of the tsetse problem on economic development is seen through
- 1ts impact on the following three categories:
| a. Kuman population;

b. Land use and ecology and

c. Livestock production systems.

In the past sleeping sickness wiped out whole villages or badly disrupted
economic and social life in many West and Easf African communities. During
the second half of the last century, there were scattered but devastating
epidemics in many places of West Africa. For example, at about 1889, a town
population of 4,000 was‘w1ped out except for 50 in Northern Nigeria [Putt "
et al., 1980]. . Shbrf1y after its introduction into that part of Africa, 7‘v
sleeping sickness in 1903 was claiming 11,000 lives daily in Uganda, evgﬂtqally‘
wiping out.close to 200,000 people. As late as 1934, the population of §hef]f_F
~district in Nigeria declined from 32,000 to 10,000 in 10 years4due tovthe‘ ,"'
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disease [Ibid, 1950].' A disruption of this magnitude causes severe social and
economic dislocation. Settlements may be §bahdonéd or the areé'may be:so‘f
depopulated causing decline in agficulfurd] activitieS'énd thus expandingftﬁé
fly habitat further. New economic areas may'be off 11mits for agricultural
production due to the fly threat. Kamarck [1976] also points out that the
threat of the disease was very instrumental in limiting contacts, communica-
tions and trade between many AFrican communities and regions.

The direct effect of sleeping sickness on economic development is
expressed in several ways: First, the human suffering and.death among the
infected people is an immeasurable social loss in itself; .people infected
even with milder forms of the disease "become chronically sub-normal, both
mentally and physically and the death rate [is] higher than expected since
patients often succumbed to various intercurrent diseases" [Putt et al.,
f980]; second, costs in disease diagnosis and drug treatment is a drain on the
scarce resources of a country; and third, the capacity and energy of the

infected people to produce is greatly reduced thus costing the national economy

) 4 holt
a considerable loss in production. These human and economic costs vary from e
one place to another and are dependent on many interrelated factcﬁg; ﬂ/o7

treated animals [see for example Putt et al., 1980, p. 51]. With improved
management, the mortality rate among the infected animals is unlikely to goﬂ
beyond 5 percent. About 50 percent of the value of such a dying animal can
also be economically recovered in the form of meat and hides.

The need to reduce trypanosomiasis related wastage in 11vestock‘produ§- o
tion, the increased demand for more space and the possible threat of‘fiy A
invasion to tsetse free areas have made it necessary for many countries to  A -
7eng§ge;in‘somé'sort Of tsgtse.or trypanOSOmiasis controls. ‘The existence dff

aﬁffﬁfékféd%area,thét}tould be exploited for agricultural or other economic
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ventures’ok even the thfeat of fly invasion does not however constitute in
itself an adequate ecohqmic}juStification to engage in such control measures
The necessity for any cohfroi or eradication measure must be based on a
genuine need for more tsetse free land, economic viability of the control
measure and a concurrent implementation of an integrated land use and con-
servation plan. An integrated land use plan is necessary for efficient
exploitation and preventing land degradation such as through over grazing.
Additicnally, resources spent to control or eradicate trypanosomiasis could
possibly be used more profitably in other areas of investment. For all
these reasons, it is vital that the control be based on economic need and -
integrated land use plan as well as on benefit-cost analysis of the expected
expenditure. Not unexpectedly, the particular control techhique employed,
the extent of the control measure achieved and efficiency in subsequent pro-
&uction project implementation and timing will creatly impact on the costs
and benefits. In the following section, the major tsetse and trypanosomiasis
control techniques presently employed will be briefly reviewed to enrich the
review on cost-benefit analysis.

At present, the epidemic manifestation of the disease is almost non-
existent. This is a result of a natural decline of the fly over the years
and a systematic attempt of isolating people from tsetse iqfeéted areas,
the administration of curative and preventive drugs and certain measures
taken to control or reduce the fly population and distribution. The natural
decline is usually accompanied by expanding human population changing the
ecosystem, thus drastically altering the preferred fly habits. Thus while
some peop1e~sti11 suffer from the economic and pathogenjc effect of the
 di;easejin_many‘parts of Africa, the‘problem of sleeping sickness is rela-

‘tively less ;ommbh.théhféniha1-trypéhosomiasis. Sleeping sickness will hoti~}ff
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be part of the economic review here except to the extent necessary to high-
1ight the overa]] tsetse prob]em and its qua]itative effect on the economy.
The tsetse or- A A.T. prob]em is sometimes referred to as the land use
problem, It does not make economic sense to speak of the prob]em unless
it is related to some kind of land use system. The effect of the disease |
on land use and ecology can be seen from two differing aspects: (1) regulatory -
function and (2) production inhibiting results. Some people think [see
Ormerod, 1970] that many of the ecologically fragile parts of Africa would have
Tong been subjected to overcrowding and overgrazing in the past resulting in
degradation and destruction of the ecosystem if they had not been infested, .
with tsetse flies and thus unavailable for 1ivestock grazing and crop produc-
tion. Even the devastating Sahelian drought in the early 1970s is partly
attributed by Ormerod [1976] to the seasonal overgrazing subsequent to tsetse
control schemes which doubled 1n'ten years the livestock population-in the
area. ‘Similarly without tsetse infested sanctuaries wild 1ife enclaves would
have Tong succumbed to growing livestock and human population pressures. | |
The issue that has drawn much interest in the literature is however the.
production inhibiting effect of Trypanosomiasis on land. Potential agrjcu11
tural Tands are not exploited because they are mainly off limits for]iyestotk
grazing on the 1and cannot be more productively cultiVated because tsetse.
infestat.ion makes it either impossible or expensive to keep“traction animals. -
Many people think that the graduaI‘encroachment of cultivation practices into
the tsetse infested areas has often succeeded. Thus, Ford [1971] says, ". . .
the local peasantry [of Uganda] had developed, unaided, large areas of tsetseh;
infected bushes” [p. 236]; Jahnke [1974] adds, "In principle the presence of - '

‘,tsetse f11es wou]d not d1rect1y 1mpede agr1cu1tura1 deve]opment un]ess sleepingd*

"s1ckness is present" [p 54] Such successes wh11e common are not however_{rit(f
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universal Thus, Jordan [1978] says, “African methods of cultivating land
vary 1mmense1y from p]ace to p]ace “ e Resu1ts of cultivation can be
.either favorab]e or unfavorable to tsetse o o . 1n many parts of Afr1can
shifting cu1t1vation has resulted in the formation of much secondary - thicket,f
frequently an ideal habitat for certain Glossina spp” [p. 126]. In some .
cases even cocoa, coffee and rubber plantations could,serve as a temporary
tsetse habitat. Nevertheless, the basic observation that expanding human
populations and the resu]ting acquisition and cultivation of new areas as
the major cause of decline for certain f1y~popu1ations and habitats seems
well established. This is particuTar1y true mainly with the savanna type ;.

G._morsitans group tsetse. Other groups of flies, "can Tive in close associa-

tion with man . , . particularly in wetter areas, man's activities can
ectually provide new habits for the fly" [Jordan, 1978].

Finally, the adverse effect of trypanosomiasis onthe economy is ref]ectedf
on livestock production systems. Besides the costs pertaining to diagnostic u
surveys, drug purchase and treatment, and control expenses borne by the
economy, livestock production suffers from four aspects: (a) increased mor-
bidity (b) increased mortality, (c) reduced fertility and (d) reduced grazing
areas. The seriousness of these problems depend, among other things, on the
tsetse challenge a broad term referring to the level of tsetse infestation,
nthe:type of tsetse species, the frequency of tsetse bites, the kind of the
disease organism involved, the susceptibility of the livestock involved
[Jahnke, 1974] and the quality of management and husbandry practiced.

| Morbidity among infected livestock results in reduced milk and meat

product1on, 1neff1c1ent use of feeds and poor: work performance. Bue to .
7abort1on and 1ethargic state, the ab1lity of. an 1nfected herd to reproduce !

”itself is a]so greatly d1m1n1shed For economic ana]ysis the morb1d1ty loss ;



10
1s'usual1y estimated to be about{lfz percent of the market value of the
animal. ] ' ,"  o o
~The greatest'ldss¥nay;5e”howeven, the mortality among infected animals
In accute forms of the: d1sease, the death rate can go as high as 50 percent -

for untreated anima]s and up to 10 percent



B. Approaches and Techniques For
K.E.T. Control/Eradication

Stntctlylspeaking, there is a difference between the words contr01 and

eradication fn the context of combating the A.A.T. disease. Contro] 1mp11es ;,Qf¥
measures taken to 1imit the distribution and number of the tsetse fly (hence,t::“
the disease, trypanosomiasis); eradication implies the complete eliminat1on of B
the fly (or the disease) from a given locality. The difference between thevd
‘two 1s sometimes a function of the level of effort applied with a given Z .
control/eradication technique rather than differences in basic approach. Thus,
insecticide spray could be used for both objectives. Furthermore, eradication}
in the sense of permanent national relief from any fly threat is only a pdsQ
stbility whose realization, if ever possible, is a long way off. Thus, any
eradication measure at the local level amounts-to a form of control from a
‘national, regional or even continental point of view. Thus, the two words
are usually used interchangeably unless it is contextually necessary to use
their specialized meanings; such a convenience will be used in this review.
’Furthermore, except in a few isolated cases where the disease may be trans-
ferred mechanically by other flies from one host to another, the tsetse fly
s the vector in all other cases. Therefore, a measure of (reference to)
tsetse control or eradication implies a control or eradication of the disease.
Tsetse control is a complex program calling for an efficient and elaborate‘
organ1zat1ona1 structure whose sub-units are spec1alized in the accomp11shments
;3of var1ous tasks Such tasks constitute responsibilities such as survey1ng o
and mon1tor1ng the extent, pattern and effect of the disease, fac111tat1ng theﬂ
actual control or eradication programe, the control/eradication activitiy |
itself and subsequent monitoring of the effect of tsetse control on the
~disease, the environment and on land utilization patterns. The success of
the approach will thus depend on efficient coordination of units (and It

activities within units) and the availability of qua11f1ed;expertise‘atf[f17
i : A AL A



certain critical phases of the programe. Success in the present context
implies the timing and cost per un1t area c]eared and mainta1ned free of.ky
tsetse, the setting up of mechanisms (proaects) to rea]ize the consequent?f
economic benefits and the feasibility of such projects. h /, “ 

Almost all the different techniques for contro]]inq tsetse and A A Tf}
car be divided into three basic approaches: A S A

1. Attack the vector

2. Modify the habitat |

3. Attack the trypanosomes or disease causing brganisms~ktreat’the

disease)

Rarely will one of these basic control approaches be used by itself
Hwtthout being supplemented with at least one of the remaining two. What
: ?apprbach and technique to use is technically determined by the level of,f]y
tnfestation, the nature of the habitat, the effectiveness (feasibility) ot»154»
the approach and the associated costs in clearing. Beyond these 1ssues however‘
political considerations (e.g. employment creation) cou]d greatly influence ,

or modify the technical conclusions.

1. Attacking the Vector

There are about 30 species of the Afr1can tsetse fly: (G]oss1na genus) of
which 22 are capable of transmitting the disease of ALA.T. The fly feeds .
| ~exclusively on the blood of vertebrates (man, wild and. domest1c mamma]s, ;:TJﬁV
/ rept11es and birds) and as a vector carr1ed the trypanosome pathogens be- f‘ﬂ
ixﬂtween ljvestock human beings and wildlife as well as within the same species.
‘chhere‘are different groups of flies characterized by habitat, geographical

~distribution, host preference and other behavioral traits. Both habitat and‘_~
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distribution are determined by ecological, climatic and vegetatioral factors.
The three main groups of flies are Giossina morsitans (savanna type), G.
palpalis (riverine type) and G. fusca (forest type). )

The most important techniques for attackung the vector,’ the fiy, are. the§
following o |

a. Insecticide spray |

i) persistent versus non- persistent (aerosal) chemicais
i1) ground vs. air spraying o

| i11) Discriminitive versus blanket 5,0?“3!“?—

b. Genetic manipulation of laboratory reared vector }

c. Biological attack of the vector

1) Releasing fly parasites
1i) Releasing fly pests or predators l _ ;s

The last two techniques are at the experimenta] stage (particuiariy the {
biological attack) and their feasibility (both technica]]y and economicaliy) fr
have not been fully evaluated yet. The genetic manipulation is achieved by ,{,
sterilizing laboratory reared male fiiesithrough gamma radiation. Since the f
female fly is assumed to mate only once in lifetime, releasing the steriie o
males into the open fly habitat so that they can seek and mate with the‘femaies
will help to substantially redoce and even eventually eradicate_the‘tSetse '
population from a given area. About 100 kmz' in Upper- Voita (C—‘TZ,n.d.)
and 16 km2 in Tanzania were cleared by this method,f:The use of sterile ma]es{i
has a number of advantages (Putt et al., 1980). Among,the advantages are ‘vi
(a) since no insecticide is used it is environmentaiiy attractive; (b) it 1s7j
su1tab1e at 1ow levels or den51ties of fly popuiation where fly detection 1s

not so easy and yet the steriie male can. actively seek out and steriiize the i"
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female; (c)‘there is noiproblem associated with persistent control measures
since the f]y destroys itself in death; and (d) one sterile male is capable
of sterilizing a number of virgin females. The approach has a number of dis-
advantages too: (a) it is not absolutely certain the female fly mates on]y"u
once in a lifetime; (b) it may not be easy to rear and maintain a large fly
colony in a laboratory condition requirement and to monitor the efficiency
of the sterile flies in competition with the wild males for mating; (c) there
is the danger of trypanosomiasis infection by sterile flies; (d) there is
always the threat of re-invasion from ne1§hbor1ng areas; and finally (e) the
technique is effective in low fly population densities so that initiaﬂy‘iti |
may be necessary to use some other techniques (usually fast degrading
insecticide) to lower the population density, thus negating the enyironmenta1
.advantage and possibly creating a danger to the sterile fly itself from
insecticides. Except some applications. in Tanzania (Dame, 1979) and Upper
Volta (CJisance et a] ., 1978), the technique has not been extensively tested‘
In Tanzania, the cost per sterile fly re1eased was estimated at about- U S
$0.22. N o I

The most common technique of attackinq the vector on a 1arqe scale has
been 1nsect1c1de spray. The app11cation is: usua11y made during the - dry :
season when the fly distribution is most limited and its popu]at1on 1eve1 1s o
at 1ts lowest. Cost per unit area claimed can be further decreased by ,1T‘jd
spraying on]y certain bushes and vegetat1ons (discr1m1nat1ve spray) 1dea1 :
for fly habitat (shade) and within these target areas on]y certain parts of a
shrub or tree (selective spray). Success of erad1cat1on through spray 1s : “:,
enhanced if natural fly barriers are 1ncorporaL d in the construct1on of
buffer zones or lines of "consol1dat1on" which are abso]ucely necessary to _jff‘

contain re-1nvas1on
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Tﬁere are two kinds of insecticides: the persistent ones which retain
their tbxicity for 2 to 4 months after applicatibn and the non-persistent
ones. Both of them can be applied from the grbund’or the air. Ground spray
inciudes knapsack manual sprays and motorized histb]owers; aerial spray is
applied by helicopter or fixed-wing aircraft. Both the kinds of insecticide
form used and the methods of application employed have advantages and dis-
advantages. The residual effect of persistent‘chemicals could be highly
destructive to non-target species; on the other hand, non-persistent insecticides
may require repeated applications in thicket and riverine vegetations and thus
' cou]d be relatively more expensive and possibly less effective. Because of .
the problem of applying discriminative spray with fixed-wing aircraft, they
are usually not used for persistent insecticides. Both ground and aerial
_Sprays could be used together toclear an area. A1l three must be followed
with (a) the construction of buffer zones (through resprays or bush clearing),
(b) both pre- and post-spray surveys to determine fly habitat, popu)ation and
distribution and to check reduction and eventual disposition of the fly and
(¢) a continuous monitoring of the effect of the insecticide on the
environment. Zambia is usually cited as having done extensive operation with
fixed-wing aircraft; Niger, Cameroun, Nigeria and Upper Volta have success- |
fully used the helicopter.

What technique of insecticide application to employ ~ould be determiﬁed
by characteristics of the terrain, the density of the vegetational cover,
:the kind of insecticides used, the ecological adverse effect of the |
technique and by political or policy decisions not necessarily based on eConomici

or feasinility criteria.
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Some of the advantages to ground spraying are the fo1low1ng (a) training
of staff (b) creation of employment; (c) building of roads high]y conducive
and necessary for area development subsequent to tsetse clearance, (d) use
of selective spraying for more effectiveness and less eco]ogica1 damage; and
(e) reduced demand for foreign exchange. On the other hand, the disadvantages
include (a) large organizational unit prone to potential inefficiency,

(b) unsuitable for large areas in a short time, (c) possibly expensive Tabor
and infrastructural needs and (d) 1imifed accessibility to difficulty areas
such as thick forests. steep slopes and deep gullies.

The advantages of aerial spraying include (a) large area coverage ina-
shorter time, (b) physical inaccessibility not a problem, (c) less overhead
costs such as roads and (d) effective use of persistent chemicals (helicopter
‘only) in riverine forests. The disadvantages are mainly (a) the inability to
apply discriminitive and selective sprays, increasing both environmental
damage and the cost per-unit area sprayed (b) usually reddines ground spray
or bush clearing to construct buffer zones and (c) it,cd§t§ more‘foreign

exchange.

2. Modifying the Habitat

One way of controlling tsetse or reducing its harmful effect would be to
destroy its habitat. Measures employed for this purpose include: .

a. Mechanical bush clearing

b. Seasonal burning

c. Alteration of 1and use patterns ;
':-« Bush clearing usually refers to indiscrimination of the vegetation
1nc1ud1ng tree cuttings and de-stumping. This depr1vas,the-f1y of shade and

resting sites. The operation may involve manual labor and/or heavy machinery,
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such as a pair of caterpi]]ar tractors, pulling in parallel an enormous chain
weighing up to 10 tons and up to 100 meters Tong. Depending on a number of
factors, mechanized ciearing could progress at the rate of 1 ha. to 4.4 ha
per hour (Jahnke, 1974) thus the cost ranged from U.S. $5.60 to $24.36 peh.,'
ha. Manual total bush clearing (unlike partial which is suited for disQ |
criminative and selective clearing) took 6.5 to 30 man-days per ha. cleared 5
and required U.S. $4.50 to $20.16 in Uganda (Jahnke, 1974). Nigeria a]sq'f;*
used manual bush clearing extensively. The advantage of bush clearing is
that there is no adverse effect on the ecology from chemicals; the big‘dis- '
advantage is of course bush clearing exposes the 1and~to‘er0sicn and cossdblyy
to drought (Ormerod, 1976).

Seasonal burning of the infested area destroys both the fly and its
_habitat. Its advantage 1ies in killing other parasites and vectors such as
ticks. Its greatest disadvantage 1ies in its possibility to destroy the
ecological system and expose the land too to severe erosion. It does not
afford permanent solution from the A.A.T. problem either.

The third approach to modifying the fly habit is the most important one
in its rationale, feasibility and effectiveness. It mainly deals with |
bringing in infested areas under planned land utilization program and
agricuitural production or human settlement (assuming there is no sleeping
sickness too). Both of them involve bush clearing and land development thus
giving permanent relief from re-infestation. Its based (or should be) on
~ genuine need for more settlement or agricultural land and it is effective
since it will be maintained fly free as a by-product of the cultivational and
settlement activities Without a clear and strict 1and use plan however, the:‘
Atprocess will be haphazard, s]ow and probably destructive to an ecology that

'was protected S0 far by fly 1nfestation
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'Asgﬁqjatéd Qithfmbdifying the habitat are the driving away or killing off
game an{@ais éﬁd‘thefq5e of trypanotolerant livestock on infested areas. The
first ﬁévenis~bouhd to occur as a result of settlement or agricultural cul-
tivatiohnehcroaching on infested areas. The desirability of such an outcdme
will be determined by political and economic realities. Jahnke (1976) has [tl
also noted that elephants tend to lower fly popu1at10ns by tearing down their
resting sites of bushes and trees. ‘ ‘

The use of trypanotolerant 11vestock such as the N' Dama, Keteku and
‘Muturu humpless cattle of West Africa and’ the Baouli of Centra1 Africa and
even some zebu breeds in Southern Africa (Morrison et al., 1979) as well as
seasonal grazing by susceptible cattle are some other responses to A.A.T.
problem in otherwise agriculturally suitable area. (The last response is what
_1ivestock owners have done all along and thus may not be considered as special
form of A.A.T. control.) The use of trypanotolerant cattle is advisable
where it is not possible or economical to eradicate the tsetse or where the
use of chemotherapy and chemophylasis cannot be followed either due to drug
scarcity or trypanosome resistance. Under heavy fly challenge however, even
the trypanotolerant cattle must be additionally protected by trypanocidal
drugs. Better management and nutrition as well as initial exposure to A.A.T.
at a younger age help to successfully withstand the infection.

Some of the complaints against t¥ypanotolerant cattle are their small sizé,'
~difficult herd instinct, alleged lower productivity, loss of A.A.T. resistance
T“yv'when crossed with improved local or exotic breeds (Jahnke, 1974) and even
:susceptibility to the disease when under stress such as from intercurrent
disease infections and draft work. Size for size and both under similar

~ tsetse-free environments, evidence shows that the small trypanotolerant qatt1e 
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are atrIeast as productive as their bigger but susceptible breeds in beef
productibn (Wissocq, 1980; Animal World, 1979; and Putt et al., 1980); under
tsetse-infested environments, the dwarf cattle produce more, since the sus-
ceptible breeds are at a disadvantage. Although their small size may be aﬁi~
advantage in times of pasture and fodder shortage, Wissocq (1980) says even
this can be improved through improved nutrition] and better management. He
cites N'Dama in Zaire and Baoulé in Central African epublic which showed
general increase in body size. The dwarf cattle also mature early compared
with the zebu and have a shorter calving fnterval (Putt et al., 1980). Their
poor herd instinct méy be an asset too in introducing them to an economic: -
system not accustomed to cattle production (Jahnke, 1974). Much economic and
technical research needs to be done on the relative production efficiency of
_trypanotolerant cattle, the genetic or biological mechanism and basis of their
tolerance, how it is affected by different levels of management, tsetse
challenge and ecological systems and on their role as reservoirs of trypanosomes.
People disagree on the direction of dynamic changes in the aggregate population
size of the trypanotolerant cattle in West Africa. Table 3 shows a substantial
. proportion of the cattle population in many West African countries are
trypanotolerant breeds. Finally, since trypanotolerant cattle are usually
raised in heavy fly challenge, the use of curative and preventive drugs becdmesi
almost always a necessity. This will be discussed in the following sectjqn. 7  

3. Attack the Trypanosomes or Disease
Causing Organisms (Treat the Disease)

There are three main species of trypanosomes or disease.cauéingvagents

in livestock (and man). They are T. vivax, T. congo]enSe and“Igubrucei. 

]The high mineral Tevels in the so11s were responsible for the 1mprove-f{’
ment in pasture nutrition. Sl o DRy ERaN e
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Table 3 LIVESTOCK POPULATIONS
Percent of Total
000head | 'odbhead | 'oobnead | ey mresied

Benin 800 450 950 100
Cameroun ~ (2197) 3 027 1750 2 211 84
Central African ~ 670| (450) 780 (63) 80 96
Republic o | . s |
congo * n| " 66| o0 |
Gabon * (3.4) 3 (s s (an) 100 | 0 |
Gambia * (295) . 280 o] o5 g8 |
Ghana * (777)  930| (%80) 2 000| (450) 650 100
Guinea * (1215) 1700{ (537) 395/ (540) 430 100
Ivory Coast ' (483) 650 1 200 100
Liberia * (25) 38/ (119) 190  (45) 190 100
Mali © (1810) 4457| (754) 5757| (833) 606 isgaf;'“
Nigeria ~ 12 000 24 500 8 500 | 65

o (1l605)
Senegal |(1 353) 2 806 1 000 1884 | 30
Sierra Leone * | (207) 270| (47) 15| (n2) 6| 100
Togo ° | (218)  250| (730) 748 (792) &35 100
Upper Volta ®  |(2 550) 2 700 (100) 2 700| (4 142) 1 800 6
Zaire © |1 078) 1 148{(2 216) 2 783 (762) 779 B

Figures in brackets from ILCA/FAO/UNEP Survey, 1980

n

o

. Source:

over 50 percent trypanotolerant 1livestock

under 25 percent trypanotolerant 1livestock

Livestock, FAQ, Rome, 1981.

under 50 percent but over 25 percent trypanotolerapt‘]iyééidgk'

Report of FAQ/SIDA Workshop on the Breeding of Trypanoto]erant
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The firstitwo are the main causes of trypanosomiasis respectively in West and
East Africa. T. brucei is less virulent to livestock; however, it has two 5i7
sub-species, T. gambiense and T. rhodesiense, which are the causes of sléeping
sickness in man. A1l of them complete their developmental cycle 1h‘f11e§36f57
the genus Glossina;' one species however, T. evansi, which is fg1&t§d[£d{the;
T. congolense does not use tsetse fly as a vector and is mechan1éa1fyétféns-f*
mitted by other biting flies. | n | |

One way of raising'11vestock'1n'infested areas (at least on a seasonal
basis) and thus control trypanosom1a§is is by usfhgitrypanocidaI drugs against
the above trypanosomes themselves (Bourp and Scott, 1978). Where the tsetse.
challenge is heavy such drugs are necessary even for the trypanotolerant
cattle discussed earlier. There are two general purposes of the drugs:
(a) chemotherapeutic or curative once infection has taken place and (b)
chemophylactic or preventive against infection. No vaccination technique 15‘
available currently &ue to the ability of the infecting strain to prodpce;q |
| 1arge number of antigenic variants every few days and tﬁUs evade the 1mmuné
| response it produces.

It is very difficult to raise even with drugs susceptible livestock in a ;‘
~year round heavy fly infestation without additional measures to control thq
vector. Thus, curative drugs are best used for the following purposes
(adapted from Putt et al., 1980):

a) To mitigate losses from trypanosomiasis due to seasonal fly*ihféétdgv

tion or with other fly control measures in a year round infestation;

1The fact that T. vivax in cattle in Latin America and T. evansi in
many livestock in Latin America, Asia, Middle East, Far East and in Africa
outside known 1imits of fly distribution show that there are means of
trypanosomiasis transmission other than tsetse fly.
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b) Ear]y 1ntroduction of livestock into tsetse reclamation schemes,

c) The control of trypanosom1a51s on the fly-infested margins of

frec]amation schemes;

d) Tolcdntrqi‘qf sporadic trypanosomiasis due to mechanical transmissions,

seasonal fly dispersal and flies mechanicaiiy transported; and

é) The protection of livestock passing through fly belt.

Preventive or chemoprophylactic drugs could also be used for the above
purposes. However, since blanket administration of the drug would be needed,
the exercise would be very expensive. There'are.rather serious disadvantages

(or potential dangers) to the use of both drugs. They include the fo]]oWing:
| : a) Application requires strict adherence to prescription or treatment
regimen, otherwise there 1is danger of resistant strains of trypanosomes
being developed;

b) It can be very expensive due to high frequency of treatments, surveying
and monitoring of infected anima]s (for chemotherapeutic drugs) and
bianket treatment of all cattle (for chemopro hyiaetic drugs), |

c) Due to the above two reasons, diagonistic faciiities and well
trained expertise are required thus making the application difficu1t~I;
in pastoral areas; | b , ‘“.

d) Drug may not be available (imparted) on time‘or,it.may not be7stdredfg¢v
properly; and | | - , | 'h‘:‘ | f“'.

.ie) Infection is very dangerous if it comes from animais that have been ‘
‘:'; under prophylaxis. »‘ , | L igw
: Thus, for trypanocidal drugs to be effective, they requ1re high

veterinary supervision, sound management practices and an understanding of

the epizootioiogy and epidimioiogy of the disease (Bourn and Scott 1978) *“Qili



C. FACTORS INFLUENCING THE CHOICE OF APPROACH TO AAT CONTROL AND/OR ERADICATION

The choice of approach to control and/or eradication of AAT depends on
-several interrelated physical and social factors which have important economic
consequences. These fall into five broad categories.

1. Geographical Dimensions of the AAT Challenge

Where tse-tse infestations are relatively isolated, or in areas which can
be protected from reinfestation with minimum effort, eradication programs may
offer a more cost-effective solution to AAT problems than on-going control
operations. River valleys in between heavily cultivated areas provide, perhaps,
the most common setting for eradication programs. ~The need and the ability to
- control movements of 1ivestock and people from infected areas -into the newly
- claiméd-areas will usually be key variables influencing the longéterm;successrqf

eradication programs.

.2. Ecology

Terrain, vegetative cover, the type of f]y. the presence of other Tife
forms which might be affected by AAT control measures and climate are but a few
of the ecalogical variables which influence the choice of approach to AAT con-
trol in a particular situation. This project addresses the ecological dimension
of the choice of approach of expertise that increase the 1ikelihood of careful

consideration of all the nuances of this dimensian.

,,,,,

3 Land Use | oy
| | Inground AAT 1ntervent1on programs shou]d assume that 1and use patterns: 
5*Tfol]ow1ng contro1 and/or eradicat1on measures w111 pretty much cont1nue as |
~before unless specific measures are taken to alter land use patterns, i. e, by
f::mov1ng people and/or livestock into the rec1a1med areas. Where these is hope
?frof rapid increases in human settlement, for example, extensive clearing opera-

tions might give way to increased cultivation and land use changes that help
23
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controj the‘f1y‘s'habitat naturally. This would only occur where population
pressure is high and available land for cultivation is relatively scarce. At
the same time, chemoprophylaxis and chemotherapy will be relatively more eco-
nomic where heavy agricultural use of the land has greatly diminished the fly
population and, at the same time, reduced the area available for 1livestock
raising In such circumstances ground spraying or helicopter spraying will
often be more cost effective than spraying with fixed w1ng aircraft.

Land use considerations go beyond the immediate choice of technique for
AAT control. Existing land tenure systems may prevent the realization of key
long-term economic development benefits fnom AAT cbntroI/eradication measures
unless land use is planned and followed with institutional reforms necessiry
to ensure that such plans can be implemented. Careful attention to land use
variables will frequently spell the difference between cost-effective AAT
. interventions and uneconomic ones. One of the purposes of this AAT project
is to increase the returns to tse-tse control and/dr eradications measures of
all types by providing the skills necessary for effective land use planning

relating to the newly opened areas.

4. Organizational Infrastructure

The data on the cost of various kinds of AAT contro]/erad1cat10n measures f
‘x-wh1ch are summarized in Sect1on E show w1de d1fferences'1n cost per unit

Partly this reflects account1ng differences: and.tnead1ff1cu1ty of correct1y
‘identifying all the various cost components. Paétiy these differences reflect
~differences in terrain, vegetative cover, fly species and other variables which
have a major impacf on site specific unit costs. But the differences also, no
doubt, reflect wide differences in organizational infrastructure, operat1ons s

and management control and pub11c sector wage, employment and pr1c1ng po]1c1es

The length of an actual work1ng day (as opposed to an off1c1a1 work day) fori#gy
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civil servant or veterinary assistant in Mid-Saharan Africa, for example,

varies between two and seven hours per day. The supply of materials W1th,v
which tc work ranges between usually non-existént‘to generally available.
Obviously the number of treatments or area sprayed per day per person will
vary enormously under such circumstances, as will unit costs. Where organ-
izational infrastructure or work discip11ne is particularly weak it wou]d
'*ébe foo]1sh to approach AAT erad1cat1on/contro] in any way requ1r1ng carefu]

ongo1n9 mon1tor1ng or control of movements.

5. Level of the AAT Challenge

Both the absolute level of the AAT challenge and the importance of AAT
relative to other diseases will influence the choice of approach to AAT
control and/or eradication. Where no human settlement or livestock produc-

tion currently exists - usually in areas where human sleeping sickness is
'also a problem - the challenge will generally be high. In such situations
'chémotherapy and chemoprophylaxis do not offer visible approaches both be—:
'V;CaUSe of the large number of treatments which would be required and the
danger of stimulating the development of drug resistant strains which could
reduce the effectiveness of otherwise successful chemotherapy operations
, é]sewhere. If, on the other hand, some cropping and livestock production
activities are already taking place, trypanosomiasis may be one of many
diseases against which producers need to protect their animals. In such
xf circumstances, treatment and prophylactic measures will usually make mdre
© ‘economic sense than afrontal attach on the vector ifse]f. Treatmentgprogrémsy :

. also fit more easily into ongoing veterinary programs.



- D. Benefits of A.A.T. Control/Eradication

AiAQT. is characterized by a complex manifestation of variabi]ity“hhdr :
1nteractidns.f Similarly, the identification and quantification of béheths;j
and cbﬁ%syare:bound to be equally complicated. Some benefits and‘coﬁfs Su§h‘_;
as the savihg of human 1ife and the loss of an ecological system Canndt be |
measured at all.. The extent of their worth to society are usually based
on (limited by) political or policy decisions. Because of such problems
and the uncertainty - inherent even in the quantifiable variables, it is
better to use boundary or range values rather than single figures. Thus,
individual benefits could be estimated at the worst possible scenario and at
the best possible outcomes. An economic analysis of A.A.T. contfo] measure
on such an approach helps the decision maker to weigh the stakes at different
levels of the outcome.

The benefit-cost approach to projects such as A.A.T. control eva]uaiion» |
has the following limitations:

1. The benefit/cost ratio analysis is biased toward quantifiable

financial measures; any direct cost or benefit that cannot
be quantified is not accounted for;

2. Indirect economic, social and ecological effects from control
measures are not considered; and

3. Political objectives such as income distribution at an inter-
sectoral, interregional or even at a local level are not
accounted for.

Furthermore the following points need to be considered: (a) Nhéther‘tO{iﬁ‘
evaluate costs and benefits in market prices or accounting (world) prices-- =
the former includes transfers between individuals which are not real costSf
and benefits to the economy as a whole; and (b) in the case of A.A.T. control,
- some people do not include potential benefits (and hence associated costs)

not spontaneously pursued by the residents either because the system of produc-

tion is new to the area (and is doubtful whether it would have been adopted in

26
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the absence of tsetse) or such flow of costs and benefits are best ana]yzed
in development project type of approach where the prob]em of tsetse would be

internalized in the proaect s intens1ve 1nput and output conf1gurat1ons.\ ™.

Ranch deve]opment and large sca]e irrigation schemes are sometimes 1dent1f1ed o

as projects with such categories of costs and benefits [see Putt et al.,
1980]. Any project or production system whose adoption was constrained by
the presence of A.A.T. should be part of the A.A.T. control economic analysis.
Th1s is the approach in the Nigeria A.A.T. control economic analysis.

Jahnke s [1974] economic analysis in Uganda however; views A.A.T. costs and
benefits in much broader perspective.

An attempt to list the major cots and benefits from A.A.T. control or
eradication program 1s presented below. Which ones will be present in a =
substant1a1 way and wh1ch ones absent is something which is project specific.'*“
Even among those which are expected to be present and quantifiable, 2 decision«
must be made whether the expected improvements are worth the additiohal o

calculations.

1. Qualitative Listing of Benefits
- a. Direct Benefits
1. Affecting humans

- Reduction in human sleeping sickness diseases.
= Reduction in mental and: physical d1scomfort from
fly bites a

2. Affecting Tivestock production through,

- Reduced mortality

- Reduced morbidity

- Improved pasture in both previous and newly opened
areas (may not be sustainable over long run)

- Use of more productive breeds formerly restricted
by A.A.T.

- New production technologies heretofore not feasi-
ble (fattening operations in river valleys, perm-
anent ranching, etc.)
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' '< Increased livestock carrying capacity of the land

. due to dry season crop residue

- 3,f'Affect1ng agricultural production through,

Opening up newer, more productive areas
Increased cropping intensity in areas already
under production

Adoption of animal traction not feasible or
efficient prior to control/eradication measures
Greater productivity of human and draft animals
arising from control or eradication measures

Indirect Benefits (externalities or by-products)

1. Improved nutrition from,

- Greater availability of animal products where pro-
tein deficiency is otherwise or problem and where
livestock production is increased

- Increased availability of food energy where nutrient
intake is inadequate and production increases

2. Increased incomes arising from improvements in livestock and
- agricultural production %livestock alone rising by up to
18 percent [FAQO, 1981].

3. Reduced government expenses through lower expenditures on
treatments for human and animals %provided not offset by
higher costs elsewhere)

4. Increased government revenues through direct taxes on
incremental agricultural production

5. Increased foreign exchange through,

- Savings on imports of agricultural commodities due
to greater supply domestically

- Earnings on exports of agricultural commodities in

" greater supply because of A.A.T. control or eradi-
cation measures

- Savings on import of drugs end lab facilities (pro-

. vided not offset by foreign exchange costs of control
or eradication measures)

126; Increased economic integration of traditional livestock herds

through increased commercial offtake of livestock and live-
stock products
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2. Quantitative Estimates’ of Benefits from AAT Control/

Eradication

Though not easily quantifiable, clear and often times substantial
benefits accrue to society from elimination of human sleeping sickness. In
recognition of the difficulty of valuing this benefit, however, this analysis
will concern.itse]f'only with quantifying those benefits relating to increases

in agriCh]tura] production which result from AAT control eradication programs.

a. Livestock Production Benefits .

There is 1ittle doubt that, historically, the princfpa] production bene-
fits of eliminating trypanosomiasis has been increased supplies of meat, milk
and hides. As livestock move into the newly zoned areas grazing pressure
elsewhere is reduced. Meat and milk production from 1ivestock remaining in
the former grazing areas increases,.often by enough to offset the previous
croduction of those animals moving to the new tsetse free areas. As avresult,
the total output of 1ivestock in the newly opened areas will, in general'f}
constitute a net increment to agricultural production. The value of these
benefits will be proportional to the quality of the land opened up as we]] as’
the demand for, and consequently the price of, livestock production. For
- this reason, each eradication/contfo] program will have to be analyzed in its

-particu]dr context 1n’order to determine its economic viability.
i Available data permit 1imited generalizations concerning the magnitude
- of the technical responses one can expect from effective trypanosomiasis contro]
programs in areas already containing livestock. In comparing various
trypanotolerant herds of catt]e in sub-Saharan Africa with non-tolerant breeds
under medicine, 1ight and zero levels of trypanosomiasis risk, FAQ [1980]
found on1y s]1ght1y higher (5 10 percent) product1v1ty per 100 kgs of cow

ma1nta1ned (in effect, per unit of feed resources) for Zebu herds under zero
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risk, station management conditions. The Zebu maintained the1r product1v1ty
edge under low risk, village management conditions but the absolute levels
of productivity for both toierant and non-tolerant breeds were on]y about
40 percent as much as under the zero risk station management conditions. Under
medium risk village management the tolerant breeds achieved productivity
levels that were about 45 percent greater than those for non-tolerant breeds.
From these data, Timited as they are, we can conclude that aggregate produc-
tion of meat and milk from cows on a given unit of posture is about 20 percent
Tower in the presence of medium tsetse challenge as compared to a low risk
or no risk en91ronment. This results primarily from differences in calving
percentages (1.e., calving interval) and calf viability. Assuming 40 percent
of the herd consists of cows overall losses in production range between O and
8 percent, depending on levels of tsetse challenge.
Adethelm [1980] reviews two studies done in the Ivory Coast. One finds

losses due to death for trypanosomiasis amounting to .5 percent of the value
of the herd. Based on the prices used to value the dead animals it is clear
that the study cited assumes that none of this meat is salvaged for local
consumption or sale. On the other hand, losses due to death represent only
one dimension of economic 1osses due to trypanosomiasis. Morbidity which
reduces overall herd productivity must be much more important than outright
death.

| A second study reviewed by Adelhelm attempts to address this question
- by showing what the impact of higher mortality is on total herd size over a
ten year period. The herd infested with trypanosomiasis has about 2 percent
| greater mortality overall, leading to about 19 percent fewer anima]s in the |
nherd at the end of 10 years. From this Adelhelm caICulates losses due to ,?;jf;f

‘trypanosom1as1s at 5 percent of the va]ue of the herd This probab]y
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consttfﬂtes a.Slightkdverestimate sincefﬁhé;&ge structure (and consequent value
per animal) would be Tower in the 1arger.herd'because mortality due to = |
trypanosomiasis is higher under one year of age.

Taken together these data suggest aggregate losses due to trypanosomiasis
of 0-8 percent of the value of the herd, depending on the levels of exposure.
Two to four percent probably represents a reasonable range for light to
medium levels of infestation. The absolute level of benefits from AAT control
operations will depend on stocking rates and cattle prices in addition to
reductions in herd losses. The higher the-carrying capacity of the 1an&;
the greater will be the absolute savings. The ecoﬁomic ana1ysis section
assumes stocking rutes based on a standard stocking unit (S.U.) of 250 kilo-
grams liveweight. The estimated value assumed for one stocking unit for 1980
is 300 or 1.40 per kilogram 1iveweight, based on prices in Bcuché, Ivory Co&st,

less 50 handling and transport.

b.  Crop Production Benefits .

Crop producfion benefits arising from eliminating AAT can,sometimeS'bé{ |
substantial. In Nigeria, for example, Putt et al, [1980] found that from 20 2
percent to 50 percent of the benefits of tsetse eradication arose from crop
production, including the use of draft animals. The large benefit was sub-
stantially due to the fact that the presence of human sleeping sickness was
preventing settlement of highly productive riverine land adjacent to areasf
of land scarcity and high population densite. Once the Source of the diﬁééséi'
was eliminated new settlement on highly‘productive land occurred rapidly.

In areas where land pressure is less intense, not all new agricultural
production represents a net gain to society. The new land may indeed be
more productive but at least a part of the new production only offsets output ;£

lost where farmers abandon old, depleted production areas in favor ofithe_;‘;mff'
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often mdrefferfiTeyV1rginfdreas.' The net gain in output will vary from case
to case»bdtfbhiy16 £He und§ud1-case of high adjacent population pressure
will it be immediate and dramatic.

In génera] we can say that land that can support crops will be more
valuable in crop producfion than in livestock production, assuming of course
1t does not serve as a crucial dry season feeding reserve. Under prices
prevailing in the Sahelian region, for example, the total value of grain
produced on a hectare of land would be 7-8 times the value of meat and milk
produced by the average traditionally managed herd on the same land. Labor
inputs, however, are much higher for the cereal crop and, in most cases, only
the increase over previously used depleted soils--perhaps 25 percent of total
production-~would be attributable to the removal of trypanosomiasis. .The
remaining 75 percent would merely replace the production which would have
occurred in the former producing area.

In general, actual crop production benefits will be even lower th;qn('
this. Except where human sleeping sickness prevents cultivation, much dftﬁ
the land in crop production during the 10 years immediately following e]imin-
ation of the tsetse challenge will be land in production prior to control
measures. Where population density is sufficient to promise significant
land use changes once the tsetse threat is removed, it will also be suffi-
cient to push cultivation into the infested area in spite of the presence of
tsetse. Control/eradication may reduce human discomfort but it is likely
.to increase substantially the area under cultivation over the short to medium -
term. |

Elimination of tsetse may facilitate use of animal traction, IeaQiﬁéli
to an increase in agricultural production."Howgvgrhthe genera11y mafgiﬁﬁfff

returns to animal traction throughout mich of Africa suggest that these -
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production increases barely cover the increased production costs associated
with use of animal power. Therefore, the net gain due to tsetse eradication/

control will generally not amount to much in practical terms.

c. Other Berefits ; | !
Treating the reduced costs of treatment for AAT is a benefit for eradi-sf
~cation programs presents similar problems. In order to avoid doub]e counting .
of benefits, the without project situation needs to be kept clearly in focus.
For example, in the case where a treatment program is underway prior to pro-
ject implementation the increase in livestsck production attributable to the
project will not be as great as where no treatment program is operating.
Maximum production gains will accrue where no treatment program is opérating--
other things being equal--with the result that savings in treatment costs will
- be nil. Thus it is appropriate to count either savings in treatment costs,
or increases in production, but not both--unless, of course, the treatment
progfam is totally ineffective.

In summary, then, the major benefits of trypanosomiasis eradication
programs will come from increased 1ivestock production. To this can be added
crop production benefits amounting to, perhaps, and aaditional 1 percent of
the livestock production benefigs for each 1 percent of area put into crops
as a result of the eradication/control program. More accurate measures of
benefits will be possible only by considering the specific with and without
project agricultural production patterns particu1ar»to’a broposed project
i4'afeé“ This will be one of the functlons of . the techn1ca1 assistance terms N

[f;financed under this project.



_E. Costs of A.A.T. Control or Eradication

1. Qualitative Listing of Costs

»‘¥ 3; Direct costs

- 1; Overall administration costs

2) Entomological and protozoological surveys

3; Personnel training and area preparation

4) Initial control or eradication measures (labor,
equipment, overhead or administration and supplies)
a) Bush clearing

- manual
~ mechanized

b) Insecticide spray

ground manual spray

ground motorized mistblowers
aerial helicopter spray
aerial fixed-wing spray

AS) Ongoing treatment and control
a) Chemoprophylaxis and chemotherapy
- drugs
- drug application
- screening surveys
- drug resistance by trypanosomes
b) Maintaining physical barriers .
- keeping clean with herbicides, burning, periodic
clearing, hunting
- policing movements of livestock and people
- respraying
c) Trypanotolerant livestock

- acquiring and breeding animals

‘{‘,xb{ Indirect costs

'1) Negative environment impacts

Ki1ling non-target population
Reduced game reserves

c) Elimination of dry season grazing reserves

dg Possible overgrazing and uncontrolled land use
in opened areas

34
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Negative developmental impact

a) Uneconomical or sub-optimal 1and use patterns. may
hecome established which cannot be easily a1tered

Cost of planning for the use of opened areas

Cost of inducing population to take advanta e of potent1aTt?
created by control or eradication measures e]se re- Lo

~ invasion by the fly may take place)

.a; Infrastructure

b} Incentives: inputs, credit, vet. serv1ce, etc.'";
c) Improved technologies mode available 72 :
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2. Quantitative Estimates of Costs

By far more information is available on_the*edsts70f7Varidas'trypanosoé*f
miasis control/eradication operationsfthan“bh*theahenefits’ However,’muchV'
of the empirical data is out of date and reflects widely different account1ng
pract1ces, operating consumptions and public p011c1es

In an attempt to determ1ne control tendencies for costs of AAT control/
eradication programs across countries, Table 4 summarizes quantitative infor-
mation contained in studies of programs in several African Countires. Because
the yen in which the studies were done vahies, the'results are expressed both
in current dollars and in 1980 dollars. To the extent possible given avdilable
information, these costs are then adjusted to correct for accounting differences
and differences in the area covered in order to arrive at operating cost esti-
. mates for 1980. Where the data included sufficient detail, the costs of admin-
istration, entomological surVeys and post-control surveillance have been broken
out separately. Often, however, the reports did not indicate exactly which
costs vere included in the estimates, what percentage of the area was resprayed
nor whether costs referred to the area sprayed initially or the area sprayed..
overall including respraying. Other sources of variation include differences
in operating efficiency and host country pricing, wage and other policies. |

Bearing in mind these limitations, the wide range of cost estimates for
given erad1cat1on/contro] techniques summar1zed in Table 4 is not surpr1s1ng
In general, however, upper and lower ranges are identifiable for most of the
techniques. These f1gures refer to the area actually treated; not the area
reclaimed - a separate middle that has an enormous impact on the economic ﬂ
v1ab111ty of a g1ven erad1cat1on/contro] program.

Looklng f1rst at helicopter spraying, we see comparab]y based 1980

operat1ng costs centering around 1500 per square ki]ometer on the 1ower end



: 37

to 4500 per km2 on thelupper'end. Administration, which is low for helicopter
programs (usually financed more or less as package operations), entomological
surveys and post-control surveillance would add another 500 per square kilo-
meter to unit costs. Thus, we have 2000 - 5000 per ka as the total cost of
helicopter spraying programs per km2 of area actually sprayed to comp]etion

Ground spraying follows helicopter spraying in terms of cost. Adm1n1- ~
strat1on and other fixed costs constitute a higher proportion of total costs
than for helicopter spraying since necessary ground support greatly complicates
the Togistical picture and the administrative burden. Available data on ground
spraying permits separation of costs by't}be of tefrain, a key variable influene-
ing costs for all eradication/control techniques. In terms of operating'éosts
only, square kilometer ground spray{ng costs range from ]50 - 300'1h favorable
terrain to 400 - 700 in difficult terrain. Admihistration, surveys and surveil-
- lance add another 600 - 1000 per km2 of area actually sprayed. On a total

cost basis 800 - 1600 per km2

probably represents the normal range of costs
between favorable and difficult terrain. |

The observation from Zambia for fixed wing aircraft spraying does not
specify the number of passages included in the Edét figUres. None of the data
breaks out administration and other costs. These should be much lower than
for the other techniques since fixed wing aircraft usually blanket on entire '
area rather than selectively spray as do he]icopters and ground spray units in
. general, Operating costs range between 150 and 450 per km2 for f1ve to s1x '.
f?f11ghts per year, though the higher f1gure is adjusted from very o]d data and
ff1s mugh\]ess reliable than the lower figure. Administration, entomo]ogica]
‘fsu%Veys and post-control surveillance would probably add another 250 per kng- ‘
{ tﬁohgh this is only a crude guess based on costs for the more selective grdund“

, and*helicopter spraying operations. Overall, we are probably ]ook1ng at total;t

icosts for fixed wing ser1a1 spray1ng operat1ons amount1ng to 400 - 700 per kmz.i
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'ééét figures for’mechanical bush clearing and game elimination are very
old. ’These techniques are no longer used with the frequency that was common _
in the late 60's and early 70's. The difficulty of keeping barriers clear andi:[i
the ecological consequences and expense of eliminating game have shifted cohtfdilﬁ
methods toward spraying and chemotherapy and chemoprophylaxis operations. More-~r
over, the follow through in terms of more intensive use of land for agricu]tura]ﬁj
Purposes is not 1ikely to be very great in areas where these techniqueS'arerthe‘
most effective short-term approaches to tse tse eradication/control.

Costs of chemotherapy and chemoprophylaxis vary even more than costs per
unit for the other approaches to AAT eradieation/cbntrol. Actual drug charges
account for only a small part of fote] costs. Drug administration adds at
least as much to costs as the drug itself. Central administration and fixed
costs add still more, though we have no hard data on just how much. These are
- real costs, nonetheless, since the more time and attention veterinary assistehts‘
devote to trypanosomiasis the less time they will have aveilable for other |
diseases unless central and field staff are increased accordingiy This is an
'important issue since chemotherapy and chemoprophylaxis programs are usuai]y |
Just additions on reinforcements to existing disease control services Overall,
‘total costs per injection appear to average around $1.50. The total cost of
Chemotherapy is then linearly related to the number of treatments required to

provide the necessary protection in a particular environment.



TABLE 4a: Alternative Operating and Other Cost Estimates for Selected AAT tradication and Control Techniques in Sub-Saharan Africa

($ u.s.)
. Operating Costs
Eradication/Control , _Estimate Unit of Type of Cost per Unit / Percent
Technique : Source Country Year Measure Cover Current 19802 Resprayed
Application of Insecticides - ) e
Helicopter Spraying FAO/UNDP [1977]  Nigeria 1975-76 kn? Sudan- 2940 4626 n.s.
Northern Guinea
IBRD [1980)  Camercon 1980 kn? Savannah 2362 2362 n.s.
FAO [1982)  Zambia  1980-81 kn? Miombo 1% 19 - ns.
PUT. et al [1980]  Nigerfa  1977-78 kn Savannah/ we e aex
) , Riverine I N
' Fixed Wing Afrcraft FAO/UNDP [1977]  Botswana 1976 kn? Acacla 100 85
LR FAO/UNDP [1977]  Zambla 1972 kn? n.s.9/ 20 s 0
 Ground Spraying” FAO/UNDP [1977] Botswana 1976  im° Acacta nz2s e o
[eucatai ' . ‘ Woodland S PN
PUTT et al [1980]  Nigeria  1977-78 e Sarma/ w2 e et
Riverine BRI A T
FAO/UNDP [1977]  Nigeria 1975-76 kn? Sudan 66-136 110-227 z ns.
Sub-Sudan 136-238  227-397 ©  n.s..
Northern Guinea 109-124 . 182-207 - - n.s. -
1975-76 " il Sudan i g3 138 nso
: Northern Guinea 170 264 M8
Southern Guinea - 419 699 “MeSe
Average 140 234 CoMeSe -
FAO/UNDP [1977] . cChod. 1971-73 kn? n.s. 3274 7570 n.s.
JAHNKE [1574]  Uganda . 1972 '’ Favorable ’ ﬂsag 8802’ X
N . g Difficult 6 w2 ol
Mechanical Bush Clearing JAHNKE [1974]  Uganda 1972 "m? Favorable 700/ 1500n -
R AN ' Difficult 2100Y 45 -
- “Game Elimination JAHNKE [1974]  Uganda 1972 [ Favorable 487 1043/ -
o R | Difficult 701 1500%/ -
Treatment and Prophylaxis PUTT et al [1980]  Nigeria  1977-78 {injection - 8¢ 1,08 -
e, ‘ FAO/UNDP [1977] Botswana 1976 1injection - .0 478 i
JAHNKE [1974] Kenya 1972 Treatment mh chalienge 1.26 2.69 - et
cycle . chalienge .17 1.64 L e
Tow challenqge .14 30 e
FAO [1977]  lvory 1976 Dose .52-.59  .82-.93 0 <

Coast

6€



TABLE 24 b: Alternative Operating and Other Cost Estimates for Selected AAT Eradication and Control Techniques in Sub-Saharan Africa

Eradicatfon/tontrol
Technique

ProEgrtion of Cost Due to
ugs/i cals rcraft ther

(s v.s.) Other Costs (1980 Prices)

Administration

Adjusted 1 99/ Off-season and Entomological Post-Control

Application of Insecticides
Helicopter Spraying -

.. Game Eltmination - -

T e e —— - e——— -

.45 .55 v/

4 31 .22
60 40 o0
e s a3
 Flied Wing Mrcraft - .3 B TR
";,jfbi : :k::"l j - e ‘ >»i n.s. n.s. n.s.
GroundSpraying .53 - | a7
R . .83
- fh;s. - n.s.
: . n.s.
- n.s.
- f.8.
- n.s.
- n.s.
- n.s,
- n.s.
- n.s.
L VL SRS - n.g,
Mechanical Bush Clearing - oo

AT ey s e ey o ———

Cost per km¢ Other Indirect Costs as Surveys Surveillance
Percent of Operating Costs
4626 n.s.
2078 ) n.s.
135/ n.s.
15374/ 230
155 u.s.iv
450 : s,
ser/ 1021
110-227 :
227-397
182-207
138
699
234 . e o s
7570 e 70002 R :t.f‘ ?§;:"

asgl/ 3‘31, L ‘-;4![:" = ;i481[Vf" :

139V 306/ 941/ my
ey N S o e
64221/ R
sesl/ el

!.m N et
B
2.69

SR o |
.30 s
o s

T e e e e A g o e o e et vy e

4]
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Footnotes for Tables 4a and 4b.

a/ costiappraCiation is projected at 8% per year up to 1976 and 12% per year
thereafter.

b/ Adjusted to allow for differences in the basis of estimating costs. In*};
general, adjusted basis 1nc1udes financial cost of chemicals, ground support, ,
aircraft and vehicles, but doesn 't 1nc1ude pre-survey, technical ass1stance,"L
project administration or senjor lTevel personne] costs. No adJustmentai
made to correct for differences in the proportion of the area whfch fs:
resprayed. | :

S Already allocated to drugs/chemicals dnd aircraft.

4 current cost figurekis based on sprayinQ"df woodland edge/dambo ecotones,
the edges of roads and as as 30 meter parallel swaths at intervals of 330
meters across uniform woodlands. Assume overall discrimination is 14% based
on data provided in the study.

& ne Naira = 1.80 § U.S.

¥/ Assuming 30% discrimination based on data prov1ded in the study

9 Not specified. | o

W Using accounting rather than market pr1ces. Costs using accounting prices

are about 30% lower than costs using market prices.

y Market prices . rather than accounting prices.
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‘Factors Influencing the Level of Benefits and Costs

The ieveis of benefits and costs that determine the economics A A T

control are 1nf1uenced by a large number of - factors The most important ones

are listed below.

1. Benefits

a. The timing or incidence of benefit flows and the levei
of discount rate chosen or applied : ,

b. Effectiveness of land use develoment

C. Productivity of new lands opened up,
1) Values of animals and crops grown or to be grown
2) Realizable stocking rates

d. Magnitudes of losses avoided (or the level of fly challenge ..
encountered before control operation)

e. Availability of new and improved inputs to exploit new
lands efficiently

f. Magnitudes of costs saved due to control measures

2. Costs

a. Area treated relative to area opened up or improved

b. Timing of intervention with respect to human population
pressure, fly distribution and density

C. Level of fly infestation and challenge

d.  Intensity of ground cover, nature of vegetation and
topography

e. Choice of approach and technique for control or
eradication measures

f. Cost of maintaining barriers ’ R

g. Organizational efficiency with respect to timing, coordination Fat

and manpower training

- Finally whether a tsetse or A.A.T. project will be economically viabiejor-

not will depend on the relative incidence of costs and benefits in time and the

profitability of all other investments in the economy which give rise to the

prevailing discount rate. A project that earns an internal rate of return

”higher than the prevailing discount rate or a benefit/cost ratio greater than o

fi is then conventionaily considered profitable.g

a2



G. Economic Analysis of Typical Eradication
o Control Interventions '

Stfiétly*speaking the costs and benefits of eradication/cdnfrol‘programs
should;bekadjuSted to reflect transfers and real resource scarcities before
an ana]y;is df them can be expected to give a clear picture of the net impact
of a project on the national economy. In practice, the data‘do not permit.,,
more than very rough adjustments which qo'not add measurably to our cbnfidehté
in the results. 7 |

Jahnke [1974] did a fairly COmprehengjve analysis of the economic cost
of AAT programs in Uganda. His is the only one of the studies citedVWhich
did this. He found that economic costs using accounting prices were aboutit
70 percent of financial costs. Both costs and benefits were measufed,in
border prices. Zalla [1972] did a similar ana]ysiévin Tanzania and fouhd '
economic costs amounting to 85 percent of financial costs. ,

Most African countries have overva]ued exchange rates, wage levels for
low skilled and unskilled Tabor that exceed its opportunity cost, and high
taxes on fuel and vehicles. However many offer special exchange rates or
waive taxes on donor financed agricultural projects. In addition 1ivestock
products are either exported or substituted directly for imports. The net
difference between costs and values based on accounting prices and those
based on prevailing.prices concern primarily unskilled labor cbsts and
transfers arising from taxing pp]icies; The former are often a small propor-
tidn of total costs and the latter may or may not be substantia]. Indis#
criminately adjusting published cost figures for these unknown paramgters
is frought with more danger than using existing figures. For this reason
our analysis is based on financial costs as reported in the referente studies.
Given the structure of costs of tsetse contro]/erad1cat1on projects econom1cff 

returns w111 probably be somewhat h1gher than f1nanc1a1 returns where the e
’ 43 -
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latter are positive and Tower than financial returns where these are negative.
Apart ffsm«thgsngéneral1zations we make no distinction between economic and
financial prices in the analysis.

The analysis in this section is divided into two broad sub-sections.
The first sub-section uses a methodology developed by Adelhelm [1980] to
compare costs and .benefits under a wide range of alternative assumptions
concerning costs, stocking rates, number of treatments and offtake rates.
This section gives the reader a feel for the interactions tatween several
key variables that, in the final analysis, ‘determine the largest proportion
of costs and benefits associated with specific techniques of AAT control/ ..
eradication in a particular context. No adjustments are made to allow for
the time distribution of benefits and costs. In effect, costs and benefits
"QSjng this approach embody ah implicit discount rate of zero. The adyantage
.;dfﬁthe approach is its simplicity and clarity.
o The second part of this analysis projects the costs and benefits of
a typical control/eradication program over a ten year per1od and compares

fthe costs and benefits using discounted cash flow ana]ys1s

1. Cost and Benefit Interactions

a. Cost of Chemotherapy Versus the Benefits ,

Figure 1 summarizes the re1ationshipabgtween1the,number;and;Eost of
treatments, assuming $1.50 per 1nject1bn, in financi&]htermé; and fhe‘va]ue
~gof herd losses avoided at different rates of loss. The Ieft and right vertica]
:Mscales are coordinated so that the left axis measures the value of Ioss per »'
istock un1t given the percent herd loss due to trypanosomiasis on the r1ght
;axis The 1eft axis, therefore, measures both costs and benef1ts per stock1ng ~

 un1t
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Figure 1

COSTS AND BENEFITS OF CHEMOTHERAPY AND
CHEMOPROPHYLAXIS UNDER VARIOUS
ASSUMPTIONS CONCERNING THE
PERCENTAGE OF HERD LOSSES
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Cost per Treatment/
—Value of Loss per

Stock Unit
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FiQUfe'1 shows that’With,herd'losses due to trypanosomiasis running at
2 percent, governments would find any freatment proéram requiring: less thanjf‘ 
four injections per stocking unit financially beneficial. The value of the
benefit is the vertical distance between the coordinate corresponding to
the Tosses due to trypanosomiasis and the total cost line at what ever level
of treatments are required to reduce losses on treated animals to zero. AA,
for example, measures the financial benefit of a treatment program that
reduces AAT losses to zero with two treatments. As the tsetse challenge
increases higher levels of treatment become economic because losses from not
treating also increase. However the danger of developing resistant strains
also increases and other approaches to control become more cost effective.
b. Cost of Chemotherapy/Chemoprophylaxis as Compared to Tsetse

Fly Control With Insecticides

On a unit area basis, operating costs of a treatment: program are pro-
portional to the stocking rate. At some point it becomes more economic to
control the fly instead of treating more animals or treating a given number
of animals more frequently. Figure 2, an update of a similar figure dis-
cussed by Adelhelm [1980], demonstrates this relationship quite ciearly.

The lines T2 - T8 represent the cost per hectare associated with 2-8
treatments per S.U. (at $1.50 per treatment) and various stocking rates;
The dotted Tines I1 and Im represent the cost per hectare of control by
insecticide using low (I]) and medium (Im) cost assumptions, assuming a
discrimination percent (area actually sprayed as a proportion of area |
reclaimed) of 25 percent. Obviously, the greater the area reclaimed re1atiVe o
to the area sprayed‘the lower will be the cost per hectare of contro]]ing with
insecticides. Only at fairly high stqéking rates or fairly high levels of
infestation will spraying of any kind be more economical than chemotherapy

unless the area reclaimed relative to the area treated is unusually fovorable.
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Figure 2

'COST.OF CHEMOTHERAPY/CHEMOPROPHYLAXIS AS COMPARED
- TO COSTS FOR TSETSE FLY CONTROL BY INSECTICIDE

(.8) (1.0)  (1.2) (1.

ot
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Stocking Rate (ha./S.U.)
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Where eradication is possibie or controi can be maintained with iess
than annual spraying then spraying becomes. reiativeiy more attractive Thef
higher initial cost per hectare needs to be weighed against the iower annual
treatment cost. Deciding which course of action makes the most economic _jf
sense in Tight of the probabilities of successful eradication or longer,term
control will be one of the functions of the technical assistance teams b
financed by this project. Such a decision will require careful consideration
of a wide array of ecological, biological and human performance data. |
c. The Cost of Control of Tsetse Flys with Insecticides

Relative to the Benefits ..

Whatever the costs of tsetse fly control with insecticides the benefits ”
will be greater the greater is the rate of offtake from the herd Figure 3
shows the relationship between stocking rate, offtake rate and the level of
'benefits and compares this with the cost of control withrinsecticides. Where
stocking rates are high and offtake as a result of the spraying program
increases by 10 percent (0]0) or more, even quite high spraying costs per
hectare reclaimed (Ih) can be justified economically. On the other hand,
where stocking rates are medium to low and the level of challenge is also
low so that the increase in offtake due to the spraying operation is under
5 percent (05), even relatively low spraying costs per hectare reclaimed
(I]) cannot be justified in economic terms. What is economic in a given
situation depends on the local circumstances. One of the most important
benefits of the technical assistance terms provided under this project'Wi]]
be in helping African governments make this kind of ana]ysis so as to 1mprovefff'
']the identification, seiection and design of tsetse eradication/control pro-’wtf
;fJects. African governments shou]d then realize greater returns from their lmi%7f

tsetse re]ated expenditures than at present.uj,
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Figure 3

COSTS AND BENEFITS OF TSETSE FLY .
© "0 CONTROL BY INSECTICIDES ~

N (1.5)

(1,15 11-25) e
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2. Cost Benefit Analysis of a Typica] AAT Intervention

Given the large number of factors 1nf1uenc1ng the costs and benefits of;c)
AAT contro]/eradicat1on programs. the most sens1b1e way to approach a cost- :
benef1t ana1ysis is perhaps to define a more or less typ1ca1 s1tuation and
analyze the results. The purpose of this analysis is to conf1rm that invest-
ments in AAT eradication/control make economic sense when compared to alter-
native investment opportunities available to African governments over time.

For the sake of analysis we wi]] take a hypothetical 400 square kilo-
meter area of tsetse infestation. The land is relatively sparsely populated
but new settlement is increasing because of growing population pressure.
Sleeping sickness is not a problem. Previous settlement has been restricted
mostly because of the availability of more suitable soils and rainfall patterns

elsewhere. The analysis is based on the following set of assumptions:

Project life 10 yeaES
Project area reclaimed 400 km2
Area sprayed 120 km
Method of spraying Helicopter
Terrain 2 Favorable
Cost of spraying per km~ actually sprayed $2500
Current stock1ng rate 10 ha./S.U.
Post-spraying stocking rate 6 ha./S.U.

Grazing conditions outside project area
Current losses due to trypanosomiasis
Annual offtake without project

heavy overgrazing
2%

8%

Annual offtake with project 10%
Proportion of cows in herd 40%
Value of milk production per cow per year $50
Current area under cultivation 5%

Projected area under cultivation:
~ Year Without Project With Project

5 8% 12%
10 12% 20%

Incremental crop production on new land
~ Value of incremental production related to.
new cropland under cultivation

Value of livestock production now occurring*s

on old abandoned crop land
Livestock offtake




51

Milk production $3/ha.
Total value of incremental production related
to new land under cultivation : B - $33/ha.

These are all quite reasonable assumptions'throughout many tseth o
infested areas for which eradication/control operations might be consjdgféd 
in sub-Saharan Africa--not particularly optimistic or pessimistic. Coétgxﬁ
are based on the data in Table 4 as discussed in section F. The reSuftsAbff
the projections based on these assumptions are detailed in Table 5. |

The overall internal rate of return from fhis hypothetical dataféefris
23 percent, The eccnomic rate of return would probably be slightly higher
as some cost§ would be lower in economic tefms. This compares quite favorqb]y ~
with rates of return available from other agriéu]tura] investments in
sub-Saharan Africa, especially those with equally realistic input-output
assumptions. The return would be higher where population pressures are
greater and crop production increases more rapidly as was the case 1nﬂnorthern7

Nigeria.



>Table 5 INPUT/OUTPUT ASSUMPTIONS, COSTS AND BENEFITS, ASSOCIATED WITH
' TEN YEAR TSETSE ERADICATIUN/LONTROL PROJECT

COVERING 400

Project Year

S0 1 2 3 4 5 6 7 0.
Area Measures (kﬁ2} ‘ - L ‘ [ e S
Project Area 400 400 400 ‘400 400 400 300. 400 400 400 - 400
Area Sprayed - 120 30 30 .- S R
Area Under Cultivation: T L R e P Crat
With project 20 22 . 29 36 42 48 54 60 :-.66 7R
Hithout project ‘20 ..22 28 27 - 30 32 35 38 41 - 44
Incremental Cultivated Area 0 o 5 9 13 16 19 22 25 28
Livestock Population (S.U.) . o
With Project ~3800 3780 6138 6067 5967 5867 5767 5667 5567 5467 5333
Without Project 13800 3780 3760 3730 3700 3680 3650 3620 3590 3560 3520
Incremental Livestock Population 0 0 2423 2337 2267 2187 2117 2047 1977 1907 1813
Offtake (S.U.) )
With Project -304 - 302 618 - 607 597 587 577 567 = 557 547 533
Without Project 304 . 302 . 301 298 296 294 292 290 - 287 - 285 282
Incremental Offtake 0 0 317 309 k1) ] 293 285 2717 210 262 251
Project Benefits (1600) » ’ f : R .
Incremental Crop Production .0 0 16.5 29.7 42,9 52.8 62.7 72.6 82.5 92.4 105.6
Incremental Offtake 0 0 95.1 - 92.7 90.3 87.9 8.5 83.1 81.0 78.6 75.3-
Incremental Milk Production 0 -0 46.5 46.7 45.3 43.7 42.3 40.9 - 39.5 38.1 36.3
Total Incremental Benefits ifﬂQ‘, 0 160.1 169.1 178.5 184.4 190.5 196.6 203.0 209.1 217.2
Project Costs - '
Entomological Survey - 40.0 - - - - - - - - - -
Spraying - 300.0. - - 75.0 - - 75.0 - - -
Admini:tration - 30.0 - - - - - - .- - -
Post-Control Surveillance - - 60.0 ..60.0  60.0 60.0 60.0 60.0 60.0 60.0 _ 60.0
Total Costs 40.0 330.0 60.0 60.0 135.0 60.0 60.0 135.0 60.0 60.0 60.0
Net Benefits -40.0 10011 109.1  43.5 ,124.4 130.5 61.6 143.0 149.1 157.2

-330.0

2s



H When AAT Eradication Control Js_Economic

The preceeding analys1s has concentrited on the benefits of AAT eradi-
cation/contro] for crop and cattle production. The results would be;simi]arv
for sma]] ruminants. What the analysis shows is that the net economic benefits
of AAT eradication/control depend on a w1de range of ecolog1ca1, social
political and economic factors than need to be assessed and measured in a
particular context. In somefs1tuat1ons:AAT control/eradication»can«be a
highly profitable investment even Qhere*reinfestation occurs,overeakperiod ,
of time. In other situations, with low stocking rates and/or 1ow”1eyelsAof
tsetse challenge, on-going treatment and prophalaxis programs will ﬁeke mqne,
economic sense than a frontal assault on the tsetse fly itself. Helping
African governments to identify just what interventions are appropriate in
given situations is the purpose of this project. It should make a substahtia]
eifference in the total economic benefits realized from tsetse eradication/

control expenditures.



o I Brief Rev1ew of Actual Cost-Benefit Analyses

In the fo]]ow1ng pages, a br1ef review of the economic analysis on A A T.
contro] or eradicat1on programs in Uganda and Nigeria are briefly presented
The objective is to show differences and s1m11ar1t1es in methodological
approaches and the profitability of A.A.T. contro] when integrated with an
efficient land use plans. Some of the d1fference are, for example, the use ;;
of accounting (world) prices in Uganda wh11e market prices are used in |
Nigeria (although it is suggested that 511 expenses that use foreignchangey'
be increased by 50 percent to reflect its scarcity); the Nigeria analysis
uses "with" and "without" A.A.T. control or eradication approach while there.
s no such approach in Uganda; only those costs and benefits that would be
incurred by producers as a result of their spontaneous movement (without a
nationai Plan to help to motivate them) into a cleared area are considered
1n Nigeria--all costs and benefits whether affected by national development
projectshor not are included in the Uganda case; finally, for the Nigerian
case only A.A.T. eradication projects and their effects on 1ivestock and crop
production systems are considered--the Ugandan analysis looks at different
techniques of A.A.T. control or eradication and.the economic viability of each

technique followed by Tivestock production.

1. The Economics of Control11ng Trypanosomias1s in. Uganda

The econom1c research 1nto the Ugandan tsetse and trypanosomias1s con

1

tro] program was done by Hans E. Jahnke His obJective is, 1n his words,,

"to 1ntroduce a cost- benef1t th1nk1ng 1nto the approaches to the tsetse and

1The study was funded by the Fr1tz Thyssen Foundation, Co]ogne and ff
organizationally supported by the Afr1ka Stud1enste11e of the Ifo Inst1tute,
Munich. che A
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trypanosomias1s problem whlch is at present ma1nly dealt with from a b1o- f
techn1cal standpo1nt" [p. 2] To do this, he goes through ma1nly three
cost- benefit analyses [p. 223]:

(l) ’Controll1ng the tsetse fl1es and establishing forms of
: cattle production; ‘ ( ‘ i

(2), Keeping cattle with the aid of trypanocldal drugs;“' |

(3) Utél1z1ng the wildlife potential in tsetseninfested areas,
' an o s

(4) Finally, a very rough economic analysis on 1ntroduc1ng B
~ trypanotolerant cattle from West Afr1ca. S

The tsetse control or eradication technique employed in Uganda cons1sted
mainly in ‘blanket insecticide ground spray and wildlife-ellm1nation through
hunting (both supplemented with establishing buffer zones through manual and
mechanical bush clearing).

On account of their national potentials, the use of the infested areas
for cropping purposes are considered unsuitable. Where they are suitable,
Jahnke says trypanosomiasisshas not been a direct hinderance to agricultural
(crop) development unless there is also sleeping sickness in the area; and
he is not concerned with sleeping sickness in the study. Because of the dis-
tance between the market (demand) and production sitesgrthe’potential'fori |
dairy production on infested areas is also ruled out. R

Uganda had Tong experience in tsetse control through groundspray1ng
of insecticides and the elimination of wildlife as fly hosts: and carr1ers
‘of trypanosomes Aerial spray was not used in Uganda. Jahnke says 1t was ’
ftr1ed as early as 1956 and "the method was found to be too expens1ve and [:ﬂfh
fmore harmful to the environment and less effect1ve aga1nst tsetse than ground%

fappl1cation on insecticides" [p. 61].

As for game elimination through hunt1ng, Jahnkelsays;1ta,..al,._

s zo,

effective over larger areas than any- othnr method 00 ;squa“e;k1lometers
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in Uganda have been reclaimed almost exclusively by hunting" [p. 89]; this
compares with 11,000 km for grduhdspréyg 'Jahnke addresses himself to the
controversial issue of using game e11mihation to control tsetse. He points
out that since wildlife recover famazing fast? the danger to them is not
so much from hunting as from pushing them from their habitat for settlement
and agricultural land use purposes. fWi]d]ife conservation," he says, "is.
mainly a matter of habitat‘conservation « « « A hunting campaign against
tsetse will then, in most cases, only initiate the process'of game elimina-:
tion which is then rapidly completed by land use . . . In summary indirect
costs of game elimination are more apparent than rea]f [pp. 90-91].

For the cost-benefit analysis, Jahnke approaches the issue on ?modeI-
like schemes? (as opposed to on a national level of actual experience) 6f
an area scale suitable and economical for tsetse eradication and rep]ication
burposes. His “typica]f scheme is 1,500 km2 in size. Information qhhtsetSe
clearance cost per unit area comes from historical experiences. Benéfits
are calculated from production coefficients available on Uganda.or else from
the surrounding countries. A1l values are expressed 1n.account1ng or world
Prices so as to reflect the costs and benefits to the economy as a whole.
| ~Livestock (beef) production is examined under two systeméz pastoral
'ﬂi(or‘traditional) and ranching, the latter analyzed over a 20-year horizon |
~ of herd building
L ; | Hiévéést'and'benefit calculations do not include the "with and without"
Af;scenerio, presumany on the grounds that trad1t10na1 livestock producers for
l;:the most part successfu]]y avoided: fly infested areas in the past and as
f}fthere was no land shortage in Uganda, they would have continued to do so
for the near future. For s1m11ar reasons livestock mortality, morb1d1ty :

and treatment costs avoided do not enter into his cost-benefit analySi;.i;
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Thus, Hisxapprbachjf5~Wh5ﬁ”the profit would be if a piece of land cleared of

tsetse is eXprfﬁéd‘ﬁsfa‘tSétse-freekland used for,bastora1vgrazing.l 4Heéis '

very careful to stress however that any tsetée.éfadicatiqn pr6gramnmﬁSt be -
based on geniune population pressure icr mbré ]andléhq-iﬁtég;ét§d with]§ ?" |
Tong term land use plan and ecological PPOteéti°h cdn§iS£éht,wféh{égésﬁhﬁ;Y's:’}
economic develoment. s R ;‘  -  \w:~; L
In the Ugandan cost-benefit analysis, Jahnke fihdéjth;~?o1iéﬁiﬁg7
results: : ‘ i

1. Traditional or pastoral livestock production in fly cleared
areas is highly profitable (Table 6);

2. Compared with beef raEching characterized by high management
and intensive inputs,< traditional livestock production in
cleared areas was more profitable in Uganda. In fact, tsetse
clearing for ranching purposes could be described as un-
economical (see Table 6)

3. Comparing the economics of tsetse eradication with trypanosomiasis
control through drug application, the latter was markedly inferior
if the trypanosomiasis disease incidence and the carrying capacity
of the land are both high (see Tables 7 and 8);

4. The economics of alternative uses of tsetse infested areas for
wildlife utilization and conservation depends on a number of
factors. The national policy or wildlife conservation, which
is difficult to subject to cost-benefit analysis, the feasible
forms of wildlife utilization (e.g., game viewing, hunting,
cropping and farming) in a given area and the potential of the
infested area for livestock and crop production are some of the
important issues. Jahnke found that, political land designations

]Some parameters used by Jahnke are the following: annual offtake rate
~of 5.9 - 7.6 percent, 270 kg. liveweight of a mature aniaml (20 percent less

. -than found in experimental stations), a mortality rate of 10 percent for
yearlings and 5 percent for all other age groups, production cost amounting to
about 20 percent of gross value of offtake (on herd basis) and an accounting
price of Ush. 350 per animal (i.e., net of transportation costs).

2Some of the parametric coefficients used in the beef ranching include
commercial offtake of 18 percent. 640 stock units worth 900 head of cattle
at full ranch capacity (1,200 ha.) mortality rate of 5 percent, calving rate
of 75 percent and an accounting price of Ush. 652 for a mature animal. (In
the pastoral or traditional livestock raising, Jahnke uses 100 indigenous
cattle as equivalent to about 50 stock units (S.U.) using the following con-

version factors: 0.75 for mature cattle, 0.5 for immature cattle and 0.2
fawv AaTua~ \
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V'Taﬁiéﬁsjg_j Profitability of Tsetse COntrol with Subeeguent

Cattle Productiond

Net Present Value Internal
at a Discount Rate of Rate of
8% 10% 125  Return®

(Ush/ha) (Ush/ha) (Ush/ha)

Tsetse Control (Ush 25/ha)
with subsequent

Pastoralism (2 ha/SU) 120 ‘;f67- '51¢‘-;g.t. 12%
Pastoralism (4 ha/SU) 47 20 0 12%
Ranchirg (2 ha/SU) : O‘j,-j'fbx | ﬁ .. 8%
Ranching (3 ha/sU) b b. b l.ts 8%
Tsetse¢ Control (Ush 50/ha) '
with subsequent . ! ;
Pastoralism (2 ha/Ush) 95 ko 26 gty 128
Pastoralism (4 ha/sU) 27 b v
Ranching (2 ha,SU) b b b L. 8
Ranching (3 ha/SU) S T TR S
Tsetse Control (Ush 75/ha) | e |
-with subsequent v i e L A
Pastoralism (2 ha/SU) . 90 V”ﬁ?&?i‘i 1 'T.ﬁ12§:
Fastoralism (4 ha/SU) };,B” ‘b §57“Q;;£;f1§§g
Ranching (2 ha/SU) B b b Lat. 8%
Ranching (3 ha/SU)’ v b b l.t. 8%

= ; a On the basis of accounting values.

';,b Implies negative result. : : .
" ¢ l.t. = less than g.t. = greater than. |
Source: Adopted fr-om Tab]e 26 of. Jah*lke [1 974].
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~fTaBle 7 | Capitalized CostZof Drug Application ver Hectare

in Relation to the Trxganosomiasis Incidence and
the Carrying Capacity
- in Ush per hectare -
Carrying Capacity

Trypanosomiasis 2 ha/SU. L ha/STU 6 ha/SU.
- Incidence
Very high 100-180 50-90 ;3760
High 60-120 30-60 20-40
Medium . 30-80 15-40 10-27
Low ' 10 5 5‘

i A discounted at 10%.
erent value of an indefinite cost anuity
Soures:” Adoptad Frag Foyid s5idetinite 1574 f00T |

V#LTable‘8  The Effect of Tsetse Control Costs and of the
P Costs of Drug Apvlication on thne Internal Rate
of Return or Ranching Development®&
Tsetse Control Costs Annual Drug Costs

25Ush/ha 50Ush/ha 75Ush/ha 6.5 Ush 14 Ush
per animal per animal -

Internal |
Rete of 8.0% 7.2% 6.5 8.9 7.8
Return . S Ce

Without any costs for tsetse ang trypanoéomiésisjcqntrbl th§g ‘
internal rate of return is 9.2%. S e ;

& - As described in Jahnke [1974] Chapter II.2.c. OkaéCffﬁnfBeaﬁdifﬁ“}
Appendix Vv (carrying capacity of 2 ha/su).
~ Source: Adopted from Table 35 of Jahnke [1974].
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aside,yéxcebt in?those~cases where the infested area was naturally suited for
w11d]ife}conservat10n (e.g., poor fertility potential), wildlife utilization
of infested areas was comparatively unprofitable (a return of Ush. 2.6 - 4/ha).
Without a proper wildlife management scheme to monitor and control the move-
ments, number, and health of game animals the danger of maintaining wildlife
which are effective hosts of tsetse fly and permanent ireservoir for human
and animal traypansomes must be carefully weighed.

In conclusion Jahnke says,

"In summary tsetse control for cattle production may be called

an fnvestment of marginal profitability for the Ugandan economy.

gt]gay be justified if one or more of the following conditions
0

Tsetse control operations can be carried out at low cost.

A high proportion of the cleared area is actually avaf]ab]e
for subsequent cattle production.

The timing of tsetse control and subsequent cattle production
is as efficient as possible.

The carrying capacity of the land for cattle is high.

The rate of retrun of investment to the economy as a whole is
not expected to be much higher than 10%" [p. 124].

f2. Cost-Benefit Analysis of Tsetse Control in Nigeria

The cost-benefit assessment report on tsets control in Nigefia:was P
carried out by UEERU (the Veterinary Epidemio’og nd Economics ReSéarcthhit):
of “the University of Reading. An interdisciplinary team of 5 people workéd‘f 4
~ for 2 years (between 1978 and 1980) to produce the document.

'\ | 'Their objective was to Took into and analyze the "social and economic
f?ffects" of tsetse control on traditional agricultural systems. They go into
Aan extensive review of the effects of tsetse problem in Nigeria and the mea-

sures taken to control or locally eradicate the fly. Their cost-benefit



analysis keférs to c1é§b§ﬁ§‘df tSefse by insecticide spray which was the tech-
nique USed since 1955 to reclaim about 196,400 khz of northern Nigeria. Of
the total area 94 percent was reclaimed by grandspfay and the rest mainly
by helicopter aerial spray. |

Using a discount rate of 12 percent the teaﬁ calculates three benefit/
cost ratios: two at a district level (Sokwa and Burra) to see the economic
effect of tsetse control at a local level and one at the national level.

Expectedly, the major problem the team faced was lack of appropriate
data on cost but particularly cn benefits. - They had to use a number of
assumptions or guesses as well as the outcome of land use and 1ivestock
raising system models. The livestock growth models were for 20 and 25 years,
the latter for the national cost-benefit analysis. Their analysis uses a
"with and without" scenario of tsetse control and employs conservative figUres
~to avoid overestimation. |
| Their cost configuration of average clearing expense per unit area come
ﬁ{fifrom actual or historical expenditures of ground and helicopter spraying
adjusted to 1977/78 market prices. Benefits are calculated from livestock =
mortality and morbidity losses avoided (diminished), 1ivestock and human
treatment (and surveillance) costs saved, and increases in Tivestockyanq,‘
crop productions due to removing tsetse from an infested area. Understéhd-»
ably, no valuation is made of human death avoided.

Their analysis in ex-post and identifies the following for production
» *systéms: pastoral livestock production and land cultivation integrated with
‘»llfvestock. No analysis is made for beef ranching nor separately for durg

:f;éppjicétion,]l

f’jg’€ffﬂtJFuFthermore, the following major parameters were dséd“to'estimate
‘benefits and costs: Initial mortality rate of 5 percent Tlatter falling
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The calculated benefit/cost ratios in clearance investment at the
national‘IeVeI are 3.34 and 5.01 respectively for a péssimistic and optimistic
assesshents (see Table 9).] The corresponding ratios for thé Sokwa and
Burra districts are respectively 2.66 and 7.97, and 4.67 and 6.51 (see Tables3
10 and 12). Thus, tsetse control or eradication program in Nigeria were
highly profitable ventures. In concluding their findings, Putt et al., [1980,
p. 509] say,

"However, these figures [the B/C ratios] do point to the fact

that it appears that simply in terms of extra meat produced,

tsetse eradication excercises were very profitable and still

remain so even if the price of cattle voluntarily sold for

slaughter is reduced by 50 percent; when the benefit-cost

ratios yielded are 1.99, 2.53, 1.34, and 1.69, depending on

the assumptions used."

The assumptions they are referring to are whether the fly species G. morsitans

js expected to eventually disappear naturally from the cleared areas or ndt
and whether one-half or one-third of the carrying capacity of the reé]aimed
(and usable) area is utilized for cattle raising. Furthermors, it should be
pointed nut, as Putt et al. do, that even though benefit-cost analysis a*
the national level masks regional interactions and is also fraught with data
deficiency, the calculations here do not include increased milk produced for
subsistence consumption or for sale nor beef slaughtered for subsistence

consumption.

off due to fly recession salvage value of a livestock dying from A.A.T., 50
percent of market value for healthy animal), morbidity rate, 1 percent of the
market value of a healthy animal, commercial offtake rate of 9.5 percent, drug
treatment costs saved NJ.45/treatment per year, crop output from sleared
fadama (irrigated Towland) areas 2-3 times higher over the tsetse-free high-
land areas, grazing area lost to crop cultivation about 2 percent of crop
value and the market value of a healthy, mature cattle at N420.

]If the fly species G. morsitans is expected to eventually disappear
from the cleared areas through natural recession or retreat, then the
benefit/cost ratios are 2.63 and 3.94 depending what proportion of the
cleared area is utilized in time.




Table 9
SUMMARY OF COSTS ANg BENEFITS AT 'ﬂll NATIONAL LEVEL

Benefits From Various Sourceg Present Value Bemtit-Co-" t
.Costa - - (Benefit-Costs) Batio -
b Morbidity Treatment Extrg Blaughtering of Cattie for :
Losses Costs Moat ’
Avoided Saved
G.morstians
eliminated
in :
1/2 ot . ]
extra Syears c.,: 20,772,307 PV, : 33,321,128
e used 10 years C13 ¢ 37,844,439 PV, : ao.zaa,?m
7,851,188 153,318 22,833 A
SR 1/3 ot 5 years 19,839,741 PV, : 12.288.572  pc iaes
extra y 21 ¢ T a1 * 74-498. 21 ° €98
CC*used 10 yoars (:zz : 35,321,189 Pvzz’ : 17,670,000 Bcza \:“3.3’4"

‘Note: Due to the different assumptions affecting the benefits arising from extra meat production from cattle which

do not affect costs and savings on morbidity and treatments, four different .vuluol for these benetits and con-equolitﬂl‘yr
for the present value and benefit-cost ratio.are derfved, ) T

The assumptiona made are explained in the text above erd are, briefly :-
= that either half or one-third of the extrsa carrying capacity released each dus to tsetse clearance operations

= that in the absence of tsetse clearance operations, G.moraitans would have disappeared of its own eccord within
oither 5 or 10 yoars after the areas were in fact cleared in the aress so affected. ) C ’

* CC = Carrying Capacity.

‘Source: Adopted from Table 9.11 of Putt et al., I1980].

£9
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 Table 10 SOEWA DISTRICT : COSTS AND BENEFITS SUMMARY

L?ngfLevel Assumptions High Level Assumptions

104,466
58,169
- 2,900 .

700
162,573

104,466
111,379
5,569
1,338

© 278,920

‘Coéts
Cattle Mortality Avoided
Cattle Morbidity Avoided

Treatment Costs Saved

B BBk °

e W

Extra Slaughter for Meat

Additinnal Income of
Immigrants

Additional Income from
Fadama Crops

SN

6,824

6,824

E & B

21,398 *v@ ;§i9,9b37;

Increased Use of jrork
Cattle

'Ei;

\_]' «

Present Value Y 172,029 HPV 728,399

Benefit/cost LBC 2,66 HBC 7.97

C = cost LB = low benefit HB = high benefit P
Lbéﬁé[ low benefit/cost ratio HBC = high benefit/cost ratio5-¥f
‘va 57.1ow level present value HPY = high level present va;ué';"
" Prices given in 1977/78 Naira R

“Source: Adopted from Table 9.11 of Putt'et al., [1980].
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Table 11 SOEWA DISTRICT : PERCENTAGE BREAKDOWN OF BENEFITS

~ % of Total Low Level % of Total High Level
Category Benefits | - Category Benefits

13.4

3
B

21,1

1.0 0.7

0.2

E E

>
(-8
:ER:E

-

&

(&)

[ ]

[ ]

B
B B

- 7.7 -

B *

 Source: Adopted from Table 9. 12 of Putt et al., [1980]
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- Table 12 BURRA DISTRICT : COSTS AND BENEFITS SUMMARY

Low Level Assumptions High Level Assumptions

Costs C 1,009,321 C 1,009,321
Extra Slaughter for LB4 4,109,107 HB4 5,694,678
meat .

Additional Income HB 747,822

5 372,403
of Immigrants

LB
Increased use of 187 v 33,253 EB? : 132,499
work cattle : Sl : :

Present Value - LpV 3,705,442 HPY 5,565,678
Benefit/Cost Ratio LBC 4.87 HBC 6.51

Source: Adopted from Table 9,16 of‘Putt'et*gl., [1980].

Table .13 BURRA DISTRICT : PERCENTAGE BREAKDOWN OF BENEFITS

% of Total o . % of Total

Category Low Level - Category High Level
Benefits ' Benefits
‘L§4 | 87.2 n34 86.6
vLB7' ,0'7 HB7i 270

~ Source: AdObtgd*from'Table 9.17 of Putt" t al., [1980].



Infednc1us16n; the,benefits from tsetse or A.A.T. eradication depend
on a number of factors which are specific to 2ach c]eared loca11ty or reg1on
Whether the benefits can be realized in time and at a level efficient enough
to justify investment expenditures on them will depend on a number of tech-
nical, social and economic variables. Among these, those’re]ating to tech~
nical issues such as the availability of well trained personnel will be the
most crucial factors. Thus, the benefits (either direct or via cost reductions) ”
will depend on peop]e who can assess the tsetse prob]em correct]y and devise ’7ﬁ

ways of eradicating it and 1mp1ement1ng subsequent developmental proaects.
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