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Control of Tsetse Flies and Trypenosomiagis in East Africe

~ Pramework for &n Lconomic Evelustion -

I. Introduction

Diseoses, in Africa South of the Sahara, have long been recognized
as being among the mo jor factors sheping the environment of man,.
Among them, the diseoses described by the collcetive neme of Afri-
cen Trypenosomissis ere considered to be most significeant., This is
due to

- the multiplicity of their impeet on wmeng the pethogenice nrotozos
(Trypanosome spp.) orc rcsponsible for (i) Gowbicnse Sleeping Sick
ness, (11) Rhodcsicensce Slecning Sickness end (iii) Negena. The first
two orc discescs of mean, neagene or vcterinary trypenosomiesis is
a discese to which most-domestic animals succumby a2 major source
of man’s livelihood is thus thrcetcncds

- tho wide distribution; charactcristicelly fthe trensmission of the
discese is effeeted by a blood-sucking inscet, the tsctse fly
.(Glossine spp.) wild vertcbrotes usuelly constituting & permencnt
trypenosome rescrvoir. This fly is spreed over millions of sguare
milces ia Africe with the resulting incidence or threat of trypa-
nosomiesis. :

Over the ycars verious technigues beased on different principles have
been developed to combat the discese and its veetor. In the FEest Af-
ricen countrics nermencnt institutions heve bceen cstablished to deal
with thc problemy millions of shillings arc spcat cvery ycer to pro-
tcet humen hcalh to meke production possible in erces infested by
the tsctse -tryponosomiasis complex (TTC) ond to rcelaim srcas from

the tsetse flics.

In a study presently being carried out we eare trying to assess the
ccoanomics of meesurcs tekcn ian the pest e2geinst the TTC. Ian this
paver we attcmpt to outlinc the framework for an cconomic cvalue-
tion by leying down the context within which we shall deeal with
the problem, the principles of the cvaluation tcchnicuc we intoend
to opply end by pointing out ways to overcomc somc of the more ob-

vious difficulties in such en cvaluvetion.



II., The Relevant Context: Tsetse and Trypanosomiasis as a Problem
of Land Use,

Stating the content of a problem determines to a large extent
the scope of the examination and the range of alternative approaches
considered., The crucial element determining the approach to the
solution of problems presented by trypanosomiasis is its link to a
vector, the tsetse fly, which itself is present only in rather well
defined ecosystems.1 Thus the existence of tsetse-suitable areas
determines on the whole the distribution of the disease, making the

o cheroctoristic
potential or actual presence of the latter~of the land, Viewing
the presence of the disease complex in such a way, the choice of a
strategy.against trypanosomiasis becomes part of the overall economic
problem of the use of a particular area, i.e. the choice of strategy
will be dictated by the form of land use which will yield the highest
net returns from the resources invested.2

Presence of the disease is but one of the many factors deter-
mining the use of land: many others belonging to different categories
play a relevant role as well, It appears necessary to briefly ex-
pound on them to indicate the complexity of the decisicn making
process called for.

1, Factors Affecting Land-Use,

The concept of land has been defined as the

"sum total of the natural and man made resources over

which possession of the earth's surface gives control".
As such, land is a heterogeneous resource the use of which characterizl
by many factors, One may distinguish three major classes of factors:

(i) Physical and biological (actusal) factors 1like soil characteris-
tics, rainfall,availability of water, topography, geogra-

phical (fixed) location, presence of disease and presence of
natural resouces like game, forests, minerals determine the
objective framework on which land use depends.

* Non-ecosystem bound spread cf trypanosomiasis (mechanical) trans-

mission) is found as well, but its impact is overshadowed by the
former,

2‘It is important to remember that different forms of land use allow
for differential treatment of the problenm, Thus by choosing a

form of land use not affected by the disease complex, one may avoid
the constraint alltogether, Alternatively, the permanent transforma-
tion of the tsetse ecosystem may appear profitable., Under certain
conditions the change of a single element may be preferrable (e.g.
reduction of fly populations through insecticides).

Barlowe R, (1958) p.7




(ii) Technological factors, that is, the set of technologies

available, at any point in time, to exploit and combine the
physical Tactors determines the range of possible land uses open
to society.

(iii) Socio-economic factors. Prices of the inputs which are

combined with land to yield desired outputs and the value of the
planried product will affect prepondcrantly the decision of the
rational ecconomic man with respect to patterns of land use.

Social customs, attitudes and beliefs often play an equally impor-
tant role. More so, economic institutions, thaet is "institutions
that affect economic behaviour directly"1 by determining and shaping
the economic signals (prices) to which the economic man reacts, have
a profound impact on land-use.

Finally, the historical past use of the land will be a deter-
minant in as much as transformation costs and the cxistence of sunk
costs will play a role in the decision, Thus a whole complex of
factors determines land use. It is the aim of land economics to
determine the most cecconomical pattern of land use.

2. Land Economics.

Land in its most general form is a natural resource, that is
an unproduced input to the productive process which is in limited
supply. As land in itself is not productive, but yields output
only when labour and capital are applied to it, its value (price)
is a derived value, i.e. stems from the value of production it makes
possible in combination with other resources minus all the costs that
have to be incurred. We shall provisionally call this value the
"net return".

As the many physical and biological of land make for an
heterogeneous resource, it is possible to distinguish land units
according to an index of land use capacity, that is of the ability
of land to produce returns above costs for any particular type of

land use. A graphic representation of the index can be shown:

le Ciriacy-Wantrup S.V. (1963) p. 141 .




The cut off point in the index is determined by the extensive
margin of land-use, that is 'that point in a coantinuum of land areas
with decreasing use capacities beyond which it does not pay to bring
additional land into production’l for that particular use, The
position of different types of land in the index is determined by
that factor combination beyond which it does not pay to apply more
variable inputs; +this limit is called 'the intensive margin of land
use'?,

Given a certain type of land, its value will be determined
by the highest net return that can be secured through any type of
use,

In many instances land of a determinate quality is not fully
inelastic in supply; additional units are. available at cost. These
costs, the conversion costs, are needed to offset undesired charac-
teristics (e.g. presence of the T.T.C), or to increase the supply
‘of a desired element (e.g. water), The problem of maximizing returns
from an available unit of land then becomes one of cptimal allocation
of resources between two processes; land resource development and
final output production, where the first is input to the second.
Given a fixed amount of resources that can be devoted to the conver-
sion, or given at least the costs at which the necessary resources
for conversion can be obtained (limited vs, unlinited budget) the

aim is to obtain overall nmaximum net rcturns on investment,

A consideration may be added at this point: land enters the
productive process as a complex of characteristics: the change of
one or even many of them may not affect its overall productivity if
further limiting characteristics exist. Thus, while we may be
interested in determining the best use of land after elimination
of the TTC, one should be awarec that without additional  improvements
(conversion costs) the unit of land may still have a very low
productivity.

It would obviously constitute a formidable task to calculate
the net returns from all types of land through all possible uses
accounting for all possible conversions to arrive at a general
optimum: attempts in this direction would have to be undertaken
by developing general ecquilibrium models., In view of the known
severe restrictions presently limiting the usefulness of such modelsf
and of the uncertainty about the usefulness of a static equilibrium
solution for an economy under structural change, it appears that,
when consideping specific problems of land-usc and land resource
development we can never hope to achieve the 'best of all! solution.

1e Barlowe R. (1958) p. 144-147

2.

e.g. Henrichsmeyer (1966),



By necessity we are forced to undertake a partial analysis, that
is to confine ourselves to allocation of resources in a particular
area of investigation, assuming the socio-economic environment as
given, and a set of economic goals as axiomatic, Doubts have
been voiced as to whether a partial analysis will ever result in
an overall improvement.1 We believe however that the forthcoming
quantification of coefficients, the compilation of data and the
highlightning of so far unnoticed aspects is justification enough,
Furthermore, while we may not be able to indicate unambiguously
preferred strategics, it will be quite possible to gain some idea
of the economic worthiness of strategies through an analysis of
projects carried out in the past.
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As o result, o new set of nriees, cshedow or cecovnting ~rices, wey

heve to he introduveced thot reflecet wore clogcely the velue of =zonds

]

eod gervieces w0 coecletv. It is anly then thet the net henefit froom

]

& nrojeet ern e congidered oo o 2000 wme~svre 0f the volue of
rojeet for the roeciety. Little »nd Uirrlecs rhtotes “the st of
Cost=23Benefit 4nolysis is 10 osgigsa nrices to ~oode »nd services

4

vwhieh do refleet their veol costs to seciety ond their verl beoe-
Tite® ., Goodg sad servieces velonn rvevolued ith sueh ececovating
arices we ary theon redefine costs aod henrefite os decreoases and
incveases in 'socicl iacoae’,

In the folloviinz we shrll sleteh some hrincinles which will zuide
us in the deterninntion of sociel benefits oad cosgts. As ovr study
1s corcevned with develoninz couvantries, adantetioa to 2 sitration
ol cconaomrice develonment ig of ceontrel ionortance. Little I.17.D.
and Tivvlees J.%. (1L969) heve ottcmnted o Tirst commreheasive re-
Toravl-tion of the wroaecduores of cost-henefit cnalycis for deve-
lonias covntrics. Thile their ovnvoceh is cxnlicitly reerved to on
cvalueotion o7 iaduvgtriel »rojecets we helieve theot it isg to & lorze

exteant similecly ennlierhle o earievlitorol »rojeets.

3. Yietehlishiae Deonefits end Costs

Of the factors we have listed before, the valuation of goods, and the weigh-
ing of consumption streams over itime in o developing econom;y appear to be

central, and chall receive proper attention now,

3.1 Prices in a Developing Economy.

One of the major characteristics of a developing economy is the fact that

the range of outputs is far from complete: while often most consumption goods
may be home-produced, intermediate and capital goods have to be imported from
abroad. This is to say that in the short run both the total production capaci-
ty and its structure are inflexible,

Given an essentially low el asticity of demand for the major exported goods
and a relatively small import of consumption goods, assuming domestic pro-
duction at full capacity, and consumpiion stabilized ot politically acceptable
levels; the capacity for output expansion becomes a function of the available
foreign exchange,

In other words, if no excess capacity exists, if savings cannot be increased
in the short run, if the omount of foreign exchange iz fixed by internatio-
nal prices, the latter resource becomes the limiting factor crucial to
investment deccisions. ‘ o

A shortaée of foreign exchange implies that'domestic goods are overvalued
with respect to imports. Account of this fact has been taken in the past by

introducing a 'shadow ration of cxchange!

1/ So that a balance between demand and supply could be achieved.
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by which imports were revalucd. While direct foreisn cxchange costs and
rveeipts have thus been considered, it appears that such an cstimation may
in point of facet be misleading. For, under the assuuptions guoted above,
cvery output can either be directly or indirectly exported or uscd for import

substition. The converse, of coursc is true for ianputs. It follows that for

all troded goods, that is for all goods which are actually (ggg potcntially)
acquired (sold) abroad, world market prices in world currency to be used, =
As it may be difficult to tracoe the world price for cach individual geood, a
standard conversion factor, %ased on the ratio of world prices to domestic
prices may be calculated.

Particular difficultics arise with non-traded goods, like lcbor, land,

internal transportation, for which no intcrnational prices can be establi-’
shed. Leaving the matter of wages to a later point, consistency requires
that we value local goods in terms of their contribution to foreign cxchange.
This may indecd be possible, for

"following the chain of production around, onc must eventually end at
commodities that arc cxportcd or substituted for imports.” 5/

Here again, conversion factors may be used to facilitate the evaluative task.

Summing up, we shall attempt to cvaluate outputs ond inputs (except wages)

in the following way:

(i) Identify traded goods. Determine their world prices and derive from
them the total costs or benefits,

(ii) Identify the nen-iraded goods. Determine their! world price'! by mul-
tiplying thoeir money value by an oppropriate Stendeord Conversion Factor,

Consideration should be givea to changes in the prices over time, and care

ought to be taken that trends be properly oscoritaine

jo7)

%2.2 Accounting Wecges.

A spccial problem is prescented by woges. While skilled labor may be, up to
a certoin point, classificd as 'tradecable'! and thus subjected to the some
principles as traded goods, unskilled labor has no world price. It has becn
often held that the real cost to socicty of shiffing employment from the
traditional scctor to preferred uscs is the morginal loss of produc%ion.uxé
in many cconomies the morginal product of labor is very low, the rcal cost
of labor is deemed to be minor., This assumption, in vicw of Little and
Mirrlces, is somewhat mislcading. The introduction of labor into the wage-
cconomy implics an increcase in consumption which, assuming full employmcnt
of the resources of the cconomy, cannot be satisficd but by diverting,
directly or indircctly, some forcign exchange from investment. In other
words, the usc of labor for development projects has, as o conseguence,
reduction of total investnent, for scarce foreign cxchange has to be uscd
to satisfy the consumption. Thus the ronl cost of woges must be higher thon

the conventionzl opportunity cost of labor, cven i1f not as high as the full

monetary wagc.

2/ In proctice this mecans f.o.b. ond c.i.f. prices rcspectively.

3/ Tittle I.M.D. - Mirrlces J.4. (196%) p. 93
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An clternative way of explouining tihe rcasoning is to point out that fuiture
consumption will be function of prescent investmernt. If the total capitcal
available is restrained by the ncoed to satisfy vrosont added consumption
generated by investment, o trodeoff between present ond future generations
nceds to be estoblished.

It is worth winile to mention that cddcd consumption will limit investuent
only if worthwhile projucts have to be postponed. Thus the "shedow woge is o
function of the ratc of interest which makes the prescnt social value of
crginal projects O. The latter rate is in turn o function of the shadow woge,
which influcnces social valuc,
Theorctically both valucs ought to bc determinced simultancously, whilc in

practice overall consistency is sufficient.

%+e3 The ratc of Interest,.

One of the most controversial points of classical Benefit-Cost Analysis is
the choice of the intcrest rate. Without going into the details of the highly
tcchnical discussion, we can say that two schools con be distinguished: thosc
who want to usc the going longrun market rote cs the expression of collective
intertemporal weights, and those who deny ony relaticn between a social and

a private rate alltogether, ond thus calling for governmentel fiat.

Both approaches hove their difficultics in o developing cconomy: the privote
rate of interest may have 1ittle to do with social cvaluation of Futurc
consumption struoms, bascd as it is on high risks, which have no place in
public ecvaluntion.

Ignor:-nce, monopoly elements in the supply of moncey may add to the call fer
cxtensive reassessment, thus moking the initial value guitc uscless.

A contrally cegtablished accounting rate of intercest which would cnsurc full
usc of ncational resources would be difficult t¢ cnlculntce ond in fact hes
very sclaomly been established in developing countries,.

Therefore, we bhasically take o rather c¢mpirical position, and shall asscss
the activitics with diffcrent rates of interest, to scc their stability

undcr alternative assumptions,

3.4 Morket Imperfections, Extcernal Bffects, Sccondory Benefits.

The thcory of Benefit Cost Anclysis i1s bascd on the assumption of a perfoctly
operating market gystem, with smooth functions, corrcctly allocatced bencfits
and costs, and abscnce of public goods. Rcality, of course, particularly in

a developing cconomy, is fraught with such impcrfections, so that appreprio-
te account of them has to be token.

Basically no diffecrcent proccdurc has to be adopitecd from the stondard me-.

thodology, as outlincd by Eckstecin O. (1958), provided that the pricing

methodology suggested before is adopted, and then adjusted according to the
particular situction. This is nothing but to say that prices ought to be
sclected in such o way as to rcflect, as muchh as it is possible, real valuc
to socicty.

A differcent matter alltogether is the contention thnt 'sccondary benefits'

crisc to thc cconomy bocousce of the cxpansion in complementary industrics,



be it on the iaput or ouvtput gide, inercescs income in thesc subsi-
diery scectors. Herc o fow congidceretions must be made:

- oaay vrojcet will yicld o similer veluc of sccondery iancome in pro-
portion to iteo sizc, =0 that thesc benefits con be cxeluded for
commarative Murposce;

- the essvmption thet the productive cepacity of the ceconomy is ful-
ly coploycd »rceludes the nossibility of substantisl sccondery ia-
comess

In perticuler fs for as commcreiesl mrojcets erc conceracd (i.c. the
product is sold on the merkct ) we ore nost eparchcagsive s fer as
justificiceotion of the vrojeet with 1.rge sceondsry income is concer

ned,

Another noiat of srgumcnt concerns non-cuentifiebhle cxternal ¢(ffcete
1.c. cffcets which do not occeruc to thos. involved in the production

procesacs of the projeet but to third prrtics. In this context thce

‘demonstration cffcet' hes oftcn hecn given perticvuler cmphesis in
develoning countrics., This cffecet refors cg. o the spreod of 2 ncw
teehnicue in on arca oftcr it bes been iatroduced through & nilot
schcme, Whilce sveh cffcetes ooy indced cxist, it 2pncers that they
oftcn have bececn nversteated., After ell cxpcricacec shows thet the
introcduetion of advenccd ogriculturel tcchnologics hes 1lcd to 2
¢unl gystcem of esgricuvulturc rethcr rarsn oa overell improvement. This
g m~jaly duc tothc feet overell ecdept stion of ncw teehnicucs to
loccl conditions ig more difficult thon oanticiprotcd. It is therc-
Tore fclt theat valcss cxceptionally good cvidenec cxists for such

4

a demonstretion ¢ffcet we em sefely Reoglcet it for our study, or

at the most give it some dcegeriptive trcetmeat,

4. The Benefit-Cost Critcrion

Having csteblishcd the costs oad bconefits of the projcets vader
consideretion, we weant then to srrive &t ¢ singlc-volucd criterion
which shows vg the cconomic worthiancss (socicl profitrbility) of

the resncetive nrojects.

In o2an ex-entc earlysis the choicc of the critcrion depends among
other things on whether onc is deoline with & limitcd or eon uali
mitcd budgct. In the lotter cese it is sufficient to esteblish the
nct beacfits ocerving over thie ycers, nnd discount them back to the

storting point. A positive mresent veluce indicotes profitebility.
In o developing ceonomy, howcver, it enweors unwerr-nted to ossumc

unlimitcd budgets; it ig thus morc epnroprictc to vsc cither =

benefit-cost ratio or to crleulrte the intern~l rate of return.



As our cveluations earc to give fn indicrtion of the ceconomic wor-
thincsas of ccertoin strotemics end tyncs of projects for the futu
rc we sholl odopt the loatter gnvrosch.

Arvgumcnts coa be put forth for cither eriterioan (i.c. cost-bonce-
fit retio ond intcrnol vrote of return). At this strze no elcar-
cut cose een be made for cither, end, csscntiolly, cxoncricacc
hes to accumuletc belforc their rcolotive suitebility for choice
in developing countrice coan boe egscsscd,. Perticulerly uvocful onpn

ncors the commsrison of the twe ori

—+

Ccrio in cx--post onolvsis, -be-
cevec the oveilanility of historiecsrl dote allowe vs ¢ more preeise
cvoluotion and o better identificetion of the recletive bisscs.

V¢ shell thercforc as far #2s wnossible cmploy beth eriteria.
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Special Problems.

(

a) Health - The presence of the TTC may affect human
health in two principal ways (1) through incidence and
threat of sleepingsickmess and(2) through malnutrition,
in particular protein deficiency, caused by the effect
of the TTC on production.

Health, production and economic development are cer-
tain interrelated and one may try to estahlish in quanti-
tative terms the economic effects improved health brings
anout, We do not adpt this approach since it appears
impossible to quantify this relationship with any degree
of certainty and since this approach still only considers.
the "economic worth" of man, Instead . we adopt an "alter-

. 1 . . .. s o
~native cost" approach, This needs explanation and Justifi-

cation in the context of the two sets of effects on health,

(2) Incidence and threat of human sleeping sickness. We
assume that an activity in the past has been concerned with
the elimination of sleeping sickness, The point of argument
is then whether we can assess these benefits in economic
terms., Our argument is guided by the following considera-
tions: ~ overall incidence of sleeping sickuness in East

Africa is low (about 1,000 new cases per year

in a population of over 30 Mil,),~ the cases
occur fairly localiseads

~ sleeping sickness ig typically not a debilitating
disease with a long run effect on the productivity
of an individual, but a killing disease so that
the threat is to human 1life per se,

while incidence of sleeping sickness is low, it
always implies the danger of an epidemic, in
particular since the epidemiology of the disease
is not fully understood,

From this we conclude that while the economic consequences
of the disease may be negligeable control is absolutely
necessary, i.e. some action against the disease is certain

to be undertaken.,

1
2

* Eckstin (1966) p.52
* WHO (1969).
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Furthermore: -~ in hardly any circumstance will we be confronted
with projects concerned with human slecping sickness
alone; rather we are usually dealing with situaticns
where sleeping sickness is but one component of the
total effect of the TTC and thus the control of
sleeping sickness is only one component of the
benefits from the project;

~ there are alternative methods of dealing with the
problem of sleeping sickness;

We therefore propose to assess for any particular situation
the most economical method of dealing with sleeping sicknecss,
When trying to evaluate a multipurpose project concerned with
health and human life as well as with promoting the cattle industry
etc.; the benefits from controlling sleeping sickness are accounted
for in terms of saved costs i.e. costs of the alternative (cheaper)
method of controliing sleeping sickness.

E.g.” Tsctac Control in Slceping Sickacss Arca

present value of costs 10,000 (tsetse control)

present value of bcnefits 5,000 (increcased meat produc-
iy A 10,000 P9 (costs of re-
(eltcrnstive costs) settling 100 people

in tsetse free country)
SOCIAL PROFIT 5,000

the project is undertaken and justified since economically viable.

(b) Protein deficiency

Somc tsetse control projects have been justified with the
argument of protein defficiency. The prescnce of tsetse prevents
people from holding cattle and tc a large extent elimnates beef
and milk from their diet resulting in mal-nourishment and particular
in protein deficiency.

Protein deficiency is a disease displaying a typical and strong
inter-dependence with econocmic development ard productivity. How
can our evaluation procedure account for this aspect?

Again o number of considerations guide our approach:
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- for Uganda number of studies have been carried out
concerning protein requirements, protein availability and
protein intake;l to our knowlecdge an overal protein defi-
ciency has never been establisheds

— under the present diet structure as determined not only
by the productivity of the environment but to n more
important extent by socinl customs a deficiency of some
essential amino acids for certain sections of the popula-
tion in certain parts of Ugandae nay be justly assumed;

- while we recognisc the high biological value of animal
protein we also recognice that the deficiency exists among
the poor and among the uneducated;

— relief measures nust thorefore consist of health education
and provision of the cheapest possible sources of those
amino acids lockings

- 1t has been pointed out that the cheapest source for those
amino acids presently lacking are crops; in most cases
thercfore a change in the cronping pattern is sufficient;
alternatively expansion of fish production, provision of
toned milk and game utilisation offer possibilities of
dealing with dietary deficiencies cefficiently.

In conclusion we arc therefore strongly apprchensive of
justifying large-scale tsetse contrel operations with the argument
of a protein deficiency. This may not only lead to the eXecuticn
of uneconomic projects, but is also likely to conceal the actual
causes of mal-nutrition, poverty ond lack of education, In the
light of these considerations it appears all the more important
to aszsure that tsetse control projects and attenpts to promote
the cattle industry be econcnical,

It will only be in well-defined specific situations that
we may allow the protein argument tc enter our econoniic evaluation
of a preoject (possibly for the Bunyoro operations in Uganda), In
such a case the alternative cost approach will he chosen, In
other words we try to estinate the costs of the cheapest method
of relieving a protein deficiency and then credit the project under
concern with additional benefits equal to the value of costs avoided.

m———. T T

1. Gleave (1968), Galc (1960), Payne (1963), Amana (1970)
McDowell (1970).
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