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ECONOMIC ANALYSIS OF LIVESTOCK TRIALS1

Eric W. Crawford

INTRODUCTION

The reorientation of research programs at I.S.R.A. and the emphasis
currently placed on applied research reinforce the role and importance of on­
farm trials. These trials, whether managed by farmers or by researchers, are
performed with the objective of developing improved technology or production
practices.

The purpose of this paper is to present methods for the economic
analysis of livestock trials. There is less literature on this subject than
on the economic analysis of agronomic trials (see, for example, Perrin, et
£1.). There are certain important differences between livestock and agronomic
trials, and the techniques of economic analysis must be modified to take these
into account.

According to Landais (1986a), livestock trials can be grouped into
several categories:

1) orientation or diagnostic trials;
2) trials for perfecting improved production practices;
3) trials for adapting improved production practices;
4) demonstration trials (at the pre-extension stage).

The subject of these trials most often concerns feeding, animal behavior, and
therapeutic or preventive veterinary interventions.

Compared with agronomic trials, livestock trials have certain
characteristics which exert a direct impact on the methods of economic
analysis to be adopted. Among the characteristics mentioned in the literature
(Landais, 1986a; Bernsten, Fitzhugh, and Knipscheer; Gryseels and Anderson),
the following points should be noted:

1. Due to the length of the biological cycles of animals, the effect of
treatments must be observed over a relatively long period. This is especially
true for large species in general, and for the impact on reproductive

ISome material in this paper is drawn from Crawford and Kamuanga (1986).
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performance in particular. The lengthy biological cycle has two consequences
of note:

a. It increases the duration and thus the cost of the trials, as
well as the probability of losing a portion of the experimental population
through deaths or sales. As a result, it is difficult to obtain a balanced
experimental design with a sufficient number of animals in each category.
Given the complexity of analyzing unbalanced multifactorial designs, in
practice trials are often limited to single-factor designs.

b. A multi-year analysis is often called for, which requires a
more complicated methodology.

2. It is rare, in livestock trials, that progressively increasing
levels of a treatment are tested. Most often a single level of treatment is
compared to a control group. A so-called "marginal" economic analysis is thus
less relevant than the partial budget method, where two options are compared
(usually the existing practice and an improved option). Feeding and
therapeutic trials are the exception to the rule, inasmuch as they typically
do involve increasing doses or periods of treatment.

3. The animal as an individual often represents the experimental
repetition, yet it is difficult to assemble homogeneous sample groups.
Animals are genetically more heterogeneous than plants. The age and the
stage of physiological development also vary from animal to animal. The
mobility of animals makes it difficult to monitor and/or control non­
experimental factors related to the physical environment. The combination of
all these factors increases the residual variance of the trial, and reduces
the chances for obtaining statistically significant results.

4. The analysis is also made more complex in the case of trials where
the herd (or the experimental sample group), rather than the individual
animal, represents the repetition. Determining the effects of the
experimental treatment requires detailed and careful monitoring, in order to
comprehend the complex pattern of interactions among the different factors
affecting herd productivity (herding practices, feeding, health status, etc.).
Simulation models are sometimes used to estimate the impact of a treatment
when direct observation of impact is not possible.

5. The role of non-marketed inputs and outputs is more important for
livestock systems than for cropping systems. Inputs include pasture land,
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labor (including children), and agricultural by-products; outputs include
manure, hides and skins, animal labor, etc. The monetary valuation of these
factors is complex, yet necessary for the purpose of economic analysis.
Taking into account the social value of animals is even more difficult. 2

The general objective of the economic analysis of livestock trials is to
determine the economic return and the feasibility of a treatment, from the
point of the view of the producer, in order to contribute to the formulation
of recommendations which he can adopt. Given that costs as well as benefits
are taken into account, the "best" treatment in the economic sense is not
necessarily the one which achieves the greatest physical impact. The analysis
also makes it possible to identify the optimal combination of elements in the
technical package and/or the best level of utilization of the treatment in
question.

Since the objective is to formulate recommendations, it is necessary to
evaluate profitability from the producer's point of view (financial return),
which requires using existing prices, including any taxes or subsidies. Thus
we are not concerned here with an analysis at the level of the national
economy (economic return), which would instead require using prices prevailing
in the international market, free of taxes and subsidies. (This approach is
nonetheless entirely valid when the objective is to evaluate economic return.)

The economic analysis or interpretation of livestock trials can be
performed using various methods. In this paper we will present one method
which is often used, without suggesting that it is perfectly adapted to all
situations requiring economic analysis. (For a more detailed presentation of
this method as applied to agronomic trials, see the CIMMYT manual by Perrin,
et a1. )

GENERAL METHOD

In summary, the method includes the following stages:
1. Preparation of a partial budget for each treatment. This stage

includes, in turn, the following sub-stages:

20n these points, see the Ch. ly presentation.
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a. Calculation of the economic benefit (gross benefit)
corresponding to the different treatments incorporated into the trial. For
veterinary interventions, the principal economic benefit consists of the
reduction in the value of losses which can be attributed to a therapeutic
intervention.

b. Enumeration of the different inputs used and estimation of
their value. This makes it possible to estimate variable costs.

c. Calculation of the net benefit (equal to the gross benefit less
the value of the inputs used, excepting capital) for each treatment.

2. Identification of the "dominated" treatments, which are of no
economic interest.

3. Calculation of the marginal rate of return (MRR) for each
"undominated" treatment, in other words the ratio (as a percentage) of the
additional net benefit to the additional costs resulting from the adoption of
increasing levels of inputs. This is in effect a measure of what the
livestock producer gains in terms of net income when he spends progressively
higher amounts on production inputs.

4. Identification of the most promising treatment, from among all
"undominated" treatments, taking into account the means at the disposal
producer, as well as any objectives not yet considered in the analysis.
theory, this is the treatment which will be proposed to producers by the
development organization, and submitted to further trials and pre-extension
tests.

ANALYTICAL CONCEPTS AND CHOICE CRITERIA

There are two key concepts underlying the analysis presented here, as
follows:

1. Partial Budget Approach. Partial budgets indicate the net gain
attributable to switching from current practices to recommended practices.
Cost or return elements which remain the same are not included in the
analysis. The classic structure of the partial budget is as follows:

Additional benefits, which include:
the additional value of production
the decrease in costs
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Additional costs, which include:
additional costs
any decrease in the value of production

Net gain = additional benefits - additional costs
For example, weight gain achieved by animals due to the purchase of various
food supplements can be compared to traditional grazing practices. In this
simple example, it is unlikely that there would be any "decrease in costs" or
"decrease in the value of production."

2. Marginal Analysis. In trials which incorporate several treatments
with different levels of inputs (and thus different levels of cost), the
increase in cost and in income obtained by moving from one combination to
another is studied. It is possible to identify thereby the point at which a
given increase in production costs no longer yields an equal or greater
increase in income. (Major investments or radical changes in the production
system are better analyzed by other methods such as capital budgeting or
whole-farm budgeting. Nonetheless, the principle of marginal analysis is
fundamental in economics.)

In general, the treatments incorporated into the trial are evaluated
with respect to the following criteria:

Profitability. Net income received is compared to the funds invested.
The rate of return is compared either to a target rate which is assumed to be
acceptable to producers, or to rates observed in empirical studies of the
economic activities of farm households.

Risks. In addition to the level of profitability of a new technology,
attention must be paid to its sensitivity to environmental events. This
means taking account of factors such as the stability of the treatment's
impact, the impact achieved in poor years, etc.

Feasibility. It is of fundamental importance to know whether the new
technology is compatible with the farmer's current production system. To what
degree is the adoption of a technology (even a very profitable technology)
limited by the means available to the producer, for example the level of funds
which can be raised for investment, cash reserves, family labor, the
availability of water and pasturage, etc.? It should not be assumed that the
constraints posed by the farmer's limited resources can always be overcome.
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DATA REQUIRED FOR THE ANALYSIS

1. Each trial for which an economic analysis is planned must include a
control (zero treatment and/or existing livestock practices). Otherwise, it
will be impossible to determine what appeal adopting the new technology will
have for the producer.

2. It is important to know the quantity and price of all inputs used in
the different treatments, whether they are furnished by the producer himself
from his own supplies, purchased in the market, or obtained with credit. This
category includes inputs such as medicine, veterinary services, forage,
agricultural by-products, purchased feed concentrates, family or outside
labor, as well as the expense of using any agricultural equipment.

3. The quantity and price of everything produced must also be
calculated, whatever the eventual use (sale, storage, consumption).
Frequently by-products (manure, hides and skins, etc.) must also be taken
into account.

4. The same is true of the target rate of return, defined as the
minimum rate of return deemed necessary for a given technology to be adopted
by producers.

EVALUATION OF COST AND INCOME

Problems in calculating quantities and prices may arise. There are
several principles which come into play, as follows:

1. Product prices. For products which are normally marketed, we use the
sale price at the producer level, in other words the official price or the
price charged at the local market, less the cost of transportation and the
expense of marketing incurred by the producer. For products intended for
home consumption, we use the purchase price, including the cost of
transportation and any other expenses involved in bringing the product to the
producer. Using the official producer price is appropriate only when (a)
this is the actual price received by the producer, (b) the purpose is to get
an idea of what the official price represents in terms of net income, or (c)
no other valid estimate of the true price is available.
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2. The very same questions arise with respect to evaluating the cost of
inputs, especially in the case of inputs which are not purchased. It is
equally important here to apply prices which take into account both the
purchase cost and the cost of transportation between the point of purchase
and the place of use, especially when bulky products are involved (straw,
molasses, etc.).

For inputs which are not purchased (forage, agricultural by-products),
the general principle is to value each factor in terms of "opportunity cost,"
in other words the price which the producer would have paid if he had
purchased the factor. This requires a good working knowledge of the prices
charged in local markets.

3. Labor. Labor often represents a very significant portion of
production costs, thus it is an essential element of the analysis. However,
the amount of labor involved is often difficult to estimate on the basis of
livestock trials, given their small scope and the special requirements of
trial management.

It is even more difficult to estimate the value of family labor. The
classic approach is to evaluate its "opportunity cost," in other words "the
wage which could be earned in off-farm employment, or the value of the time if
spent on another farm enterprise, or the value which the worker places on
leisure" (Perrin, et al., p. 8).

In practical terms, this approach is difficult to apply.3 Sometimes
family labor is valued in terms of the wage paid for hired labor. Another
solution is to not deduct the opportunity costs of family labor, but instead
to calculate the net income per family work unit. Finally, family labor can
be valued by using the average return obtained by the producer for all of his

3First of all, it is nearly impossible to determine the value of
leisure (which is subjective). Secondly, using the market wage poses three
problems (among others), namely: (a) in principle, wages vary according to
the task, the season, and the status of the worker, yet data on these
variations are rarely available; (b) if few people in a region work outside
the farm it is not logical to assume that this is in fact an option
available to everyone; and (c) even if off-farm work is potentially
available, in general a producer is willing to work on his farm at a rate of
return lower than the wages paid for outside work. All of these factors
suggest that often the wages paid for off-farm labor represent an
overestimate of the opportunity cost of family labor. Thus one is obliged
to discount the observed wage rate by a more or less arbitrary factor.
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agricultural activities, based on the assumption that if he did not spend time
on a given activity, he would spend his time on another agricultural activity
(rather than on a non-agricultural activity). This is the approach adopted by
the I.S.R.A./Djibelor production systems research team; based on survey data,
they estimated the average return in agriculture at 500 CFA francs per day of
work.

4. Finally, the target rate of return is not easy to estimate. We will
return to this subject later.

STAGES OF THE ANALYSIS

To illustrate the principal stages, we will make use of a trial
involving the treatment of respiratory diseases affecting small ruminants in
the Sine-Saloum region (Faugere, et al.). Two other trials will be presented
as examples: 1) a trial on control of bovine trypanosomiasis in the Ivory
Coast (landais, 1986b), and 2) results drawn from trials on sheep fattening in
Senegal (Diallo, Cal vet, Denis).

Construction of the Partial Budget

In the small ruminants trial, two categories of respiratory disease were
identified:

the "plague syndrome," which includes "all pathological cases where
the respiratory symptoms are associated with digestive symptoms
(diarrhea)" (Faugere, et al., p. 1).
"specific respiratory disease," where only respiratory symptoms are
identified.

The trial was performed on a sample of herds suffering from respiratory
disease in (1) the rural community of Kaymor, and (2) the PRODElOV project
zone (Kaolack and Gossas Departments). For each animal considered sick, an
agent recorded the symptoms manifested. The treatment consisted of an
injection of oxytetracycline (ND PFIZER Long Action Terramycine, 1 ml per 10
kg live weight) on the day when the agent first observed the sickness,
followed by repeated injections every three days until the animal either got
well or died. For the experimental group in Kaymor, the intervention is
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considered to be early (less than 7 days between the appearance of the first
pathological case in the herd and the first therapeutic intervention); for the
PRODELOV experimental group, the intervention is considered to be late (an
average of 12-15 days between the first appearance of disease and the first
treatment). The control group was composed of different herds in the rural
community of Kaymor in which respiratory disease occurred, but in which the
animals received no treatment.

Thus the economic analysis consists of evaluating three strategies of
treatment:

strategy 0 no treatment
strategy 1 = early intervention
strategy 2 = late intervention

The impact of these strategies was observed in three situations: (a) plague
syndrome among goats; (b) specific respiratory disease among goats; and (c)
specific respiratory disease among sheep.

The technical results of the trial are presented in table 1, and the
economic results in table 2.

1. Calculation of the gross benefit per treatment. For this trial, the
gross benefit (GBs), called the "gain in gross benefit" by Faugere, et al., is
obtained by applying the following formula (Faugere, et al., p. 10):4

GBs = Pa x 10 x (MO - Ms) (for strategy s)
where Pa = 6,000 CFA francs, the average sale price of an animal

10 = size of the standard herd
MO = mortality rate in the control group
Ms = mortality rate in the group treated for strategy s

Even though the impact of the treatments was measured according to two
parameters (morbidity rate, mortality rate), only the economic value of the
decrease in the mortality rate is incorporated into the calculation of the
GBs . The profit consists of the reduction in losses, which is the classic
situation for any health intervention.

4The equivalence between the terminology used by Faugere, et al., and
by us is as follows:

Faugere. et al.:
gain in gross product
marginal variation

Us:
gross benefit
additional net benefit



TABLE 1

COMPARISON OF THE EFFECTIVENESS OF THREE THERAPEUTIC STRATEGIES
USING LONG ACTION TERRAMYCINE (NO PFIZER) TO CONTROL

RESPIRATORY DISEASE IN SMALL RUMINANTS

Species

Goats

Goats

Sheep

Morbidity Mortality

Variation Variation Number of
w.r.t. w.r.t. Treatments

Rate Strategy 0 Rate Strategy 0 Per Sick
Disease Strategy (%) (%) (%) (%) Animal

Plague 0 35.2 -- 17.8 -- 0.00
Syndrome 1 23.1 -34.4*** 6.6 -62.9*** 1.63

2 59.1 +67.9*** 15.8 NS NS 1. 78 ....
0

Specific 0 31.0 -- 3.8 - - 0.00
Respiratory 1 13.9 -55.2*** 1.3 -65.8*** 1.50
Disease 2 17.0 -45.2*** 0.7 -81.6*** 1. 78

Specific 0 36.8 -- 15.8 - - 0.00
Respiratory 1 15.2 -58.7** 2.2 -86.1*** 1. 73
Disease 2 34.0 NS NS 2.0 -87.3*** 2.02

Source: Faugere, et al.

aStrategy 0 = no therapeutic treatment
Strategy 1 = early therapeutic treatment
Strategy 2 = late therapeutic treatment

bNS = variation not significant
** = significant to 1 percent

*** = significant to 0.1 percent



TABLE 2

RATE OF RETURN ON COSTS INVOLVED IN THREE THERAPEUTIC STRATEGIES
USING LONG ACTION TERRAMYCINE (NO PFIZER) TO CONTROL

RESPIRATORY DISEASE IN SMALL RUMINANTS

Additional Marginal
Gross Net Net Additional Rate of

Case Strategya Benefitb Costs BenefitC Dominatedd Benefite Costs Return (%) f

Goats I 6,720 753 5,967 no 5,967 753 792
Plague 0 0 0 0 no -- -- --
Syndrome 2 1,200 2,104 -904 yes (-904) (2,104) (-43)

Goats 2 1,860 605 1,255 no 172 188 91
S.R.D.g I 1,500 417 1,083 no 1,083 417 260

0 0 0 0

Sheep I 8,160 526 7,634 no 7,634 526 1,451 -S.R.D. 2 8,280 1,374 6,906 yes (6,906) (1,374) (503) -0 0 0 0

Source: Adapted from Faugere, ~.

aStrategy 0 • no treatment; Strategy I • early treatment; Strategy 2 • late treatment. The
strategies are presented in decreasing order of net benefit.

bCalled "gain in gross product" by Faugere, et al. Equal to the value (in CFA francs) of the drop
in the mortality rate resulting from the adoption of strategy s, as compared with the control
group.

CNet benefit· gross benefit - costs, in CFA francs.

dA treatment is said to be "dominated" when there is at least one option presenting a greater net
benefit at lower or equal cost.

eThe additional net benefit for an undominated strategy is calculated in relation to the net

fMRR. (additional net benefit)/(additional costs), expressed as a percentage.

gS.R.D. = specific respiratory disease.
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2. It should be pointed out that the calculation of the gross benefit
described above includes the calculation of both the physical impact of the
treatment (drop in mortality) and the value of this impact in monetary terms.
In general, contrary to what was done in our example, the calculation of the
producer price (i.e., the price from the perspective of the producer) is
performed by subtracting all costs incurred by the producer for processing
(for example, for converting milk into butter), transportation, storage, and
marketing, from the price which he receives (for example, at the local
market, taking into account both the period and the form of sale). If a
product usually intended for home consumption is to be valued (for example,
milk or meat in a traditional pastoral system), the purchase price of the
product is used, rather than the sale price.

3. Calculation of costs associated with the treatment. This
calculation requires (a) making a list of the categories of variable costs,
(b) determining the quantities of factors utilized in each category, and (c)
setting the price (or opportunity cost) associated with each factor. For this
particular trial, only the cost of the product is involved. The variable
costs for each treatment are determined by applying the following equation
(Faugere, et al., p. 10):

VCs = C x 10 x MBs x D x Is
where C = 80 CFA francs, the price of one milliliter of the antibiotic

used

for strategy s
of antibiotic used

agents
(table 2)

expenses for

10 = the size of the standard herd
MBs = the morbidity rate in the group treated

D = 2.5: the average number of milliliters
per injection

Is = the average number of injections per sick animal
In the case of plague syndrome among goats, by using the figures in table 1,
the cost of strategy 1 can be calculated as follows:

VCl = 80 x 10 x 0.231 x 2.5 x 1.63 = 753 CFA francs
No extra labor is required of the herder; transportation
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and other costs associated with the extension program are not incorporated,
since these are not paid by the herders. 5

4. Calculation of the net benefit, which is the gross benefit less the
value of all variable costs (both monetary and non-monetary). We have already
pointed out that the treatment with the highest net benefit is not necessarily
the one which has the greatest physical impact. In table 2, in the case of
sheep S.R.D., the gross benefit of strategy 2 is higher than for strategy 1,
but the net benefit is lower. Furthermore, as we shall see later, the "best"
treatment (from the economic point of view) is not necessarily the one with
the highest net benefit.

IDENTIFICATION OF DOMINATED TREATMENTS

In CIMMYT terminology, a treatment is said to be "dominated" when there
is at least one option that offers a greater net benefit at an equal or lesser
cost. Thus a treatment is "undomlnated" when no other option exists offering
a greater net benefit at an equal or lesser cost. The terms "superior" and
inferior" can be substituted for "undomlnated" and "dominated." Dominated
treatments can be identified with either graphic or numerical analysis. In
our Illustrative trial, superior and Inferior treatments can be Identified by
reading table 2, where for each case the treatments are ranked In decreasing
order according to the net benefit corresponding to each treatment. The
dominated treatments have higher variable costs than do the treatments which
are ranked higher In terms of net benefit. For example, In the case of sheep
S.R.D., strategy 2 is profitable in comparison with strategy 0, but clearly
Inferior to strategy 1, since it shows both a lower net benefit and higher
costs.

50n the other hand, these costs would have to be incorporated into any
analysis of the economic value of a project to control respiratory disease
in small ruminants.
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Analysis of Profitability

Calculation of the Marginal Rate of Return

The marginal rates of return (MRRs) are first calculated for all
undominated (or superior) treatments, then compared with the target rate in
order to identify satisfactory treatments. (Dominated or inferior treatments
are no longer included in the analysis since they are of no economic
interest.) The MRR is calculated as indicated in table 2: the increase in
variable costs attributable to moving from one option to another more
expensive option is compared to the corresponding increase in net benefit.
Thus the MRR is the ratio of the additional net benefit to the additional
variable costs, expressed as a percentage. In the case of goat S.R.D., we see
that the MRR obtained by moving from treatment 0 to treatment 1 is higher than
the MRR obtained by moving from 1 to 2, and that it is not the treatment with
the highest net benefit (strategy 2) which results in the highest MRR, but
rather treatment 1.

The advantage of marginal analysis should be noted at this point. In
the case of goat S.R.D., if we calculate the average rate of return for
treatment 2 compared to treatment 0, the result is (1,255 - 0)/(605) = 207%.
But this conceals the fact that the rate of return on the initial expenditure
of 417 eFA francs (corresponding to the application of strategy 1) is 260%,
whereas the rate of return on the additional expenditure of 188 eFA francs
(corresponding to the application of the late strategy (2)) is only 91%. Thus
an expenditure which appears attractive on the basis of an average or overall
analysis turns out to be considerably less attractive on the basis of the
marginal analysis.

For trials which compare a single treatment to the control situation, the
marginal analysis is not applicable. In this case, it suffices to use the
partial budget method, which compares only two options.

Choosing the Target Rate

What is the appropriate target rate of return? In principle, the
producer, when evaluating a new option for investment (or for the purchase of
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inputs), hopes to receive an equal or greater return than the return he would
obtain by placing his capital in other investments. 6 Thus the target rate of
return could be estimated in reference to the rates observed for the
producer's other activities. Since such data are not always available, an
alternative method based on the cost of capital, in other words the interest
rate, is often used. A certain percentage representing the "risk premium"
can also be added.

In the context of Senegal, 50% represents the minimum threshold. Indeed,
a target rate of 100% seems more reasonable if we take into account the
interest rates paid on money borrowed for purchasing food during the pre­
harvest hungry season, which often corresponds to the period when producers'
needs for agricultural inputs are most pronounced.

Choosing the Preferred Treatment

All treatments with MRRs equal to or greater than the target rate are
satisfactory (again, these are undominated treatments). Among the
satisfactory treatments, the final choice of the treatment to be recommended
will be made by considering a number of factors. Very often the satisfactory
treatment with the highest net benefit will be recommended, except in the case
where the financial resources of the producer do not allow him to make the
necessary expenditure. Thus, for a target rate of 100%, our illustrative
trial would lead to the choice of treatment 1 in every case.

Variability and Risk Analyses

Up to this point, the risk factor has not been considered explicitly
apart from including a "risk premium" in the target rate of return. However,
it is important to consider not only the expected profit level but also its

6It is important to incorporate the cost of capital, given the very
limited availability of this resource. There are two ways to take the cost
of capital into account: (1) the cost of capital is added to the costs of
the other factors, then deducted from the gross benefit; or (2) the cost of
capital is not added to the costs of the other factors, but the estimated
"gross" rate of return is compared to the opportunity rate of return,
represented by the target rate.
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variability over time and space. This is a key factor, especially for
producers unwilling or unable to incur deficits.

For trials which include multiple repetitions of each treatment, risk
analysis may involve one or more simple calculations. We mention some of
these here (for an illustration, see Crawford and Kamuanga):

1. The standard deviation of the net benefit for each treatment,
calculated across all repetitions.

2. The "variability index," defined as the ratio of the standard
deviation to the average net benefit, expressed as a percentage.

3. The identification of the minimum net benefit, which reflects the
performance of the treatment under poor conditions.

4. To take into account the occurrence of unfavorable situations, we can
also calculate the average net benefit obtained by a given treatment for the
25% of repetitions with the poorest results.

Unfortunately, livestock trials are characterized by a low number of
repetitions for each treatment. Risk analysis must be performed in other
ways, depending on the objectives of the trial.

In our illustrative trial, a decision analysis was performed from the
producer's point of view. When the producer observes the appearance of
respiratory symptoms in his herd, the issue is to determine "whether it is a
problem of plague syndrome, in which case the prognosis is serious (mortality:
17.8%), or a problem of specific respiratory disease, in which case the
prognosis is more favorable (mortality: 3.8%)" (Faugere, et al., p. 17).
Thus the economic value of treating the animals is uncertain. In this case,
expected economic values can be calculated, in other words average values
weighted according to the probabilities of the two syndromes (goats: 0.6 for
plague syndrome and 0.4 for specific respiratory disease). The results of
this calculation are presented in table 3; they underscore the attractiveness
of the early strategy. The expected net benefit is negative for the late
strategy, which is explained by the fact that this strategy gives very poor
results in the case of plague syndrome, which is encountered more often than
S.R.D.
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TABLE 3

EXPECTED ECONOMIC VALUES FOR TWO STRATEGIES FOR
TREATING RESPIRATORY DISEASE IN GOATS

Early Treatment Late Treatment
Strategy Strategy

Specific Specific
Plague Respiratory Plague Respiratory

Item Syndrome Disease Syndrome Disease

Gross benefit 6,720 1,500 1,200 1,860

Probabil ity 0.6 0.4 0.6 0.4

Expected gross
benefita ------ 4,632 ------ ------ 1,464 ------

Costs 753 417 2,104 605

Expected costs -------- 619 ------ ------ 1,504 ------

Expected net
benefit ------ 4,013 ------ -------- -40 ------

Expected MRR (%)b -------- 648 ------ ----- negative ----

Source: Adapted from Faugere, et al., pp. 16-18.

aThe sum of gross benefit times probability for the two disease types, using
treatment strategy s.

bExpected net benefit divided by expected costs, as a percentage.
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Sensitivity Analysis

The analyses presented above are based on both empirical data and
assumed parameters. It is important to ask how different the results would be
if other figures were used. Would the choice of preferred treatment be
different, for example, if the producer price or the variable costs were
modified?

In one type of sensitivity analysis, the break-even price or cost is
calculated, in other words the threshold (in terms of price or cost) below
which the treatment becomes unacceptable. For example, Faugere, et al.,
calculated the break-even price of the antibiotic used (the only cost
element). Cs* is the price at which net benefit equals zero; it is obtained
by applying the following equation:

Gross benefit = costs
*Pa x 10 x (MO - Ms) = Cs x 10 x MBs x D x Is

*Cs = (Pa x (MO - Ms»/(MBs x D x Is)
*The value of C was calculated for the early strategy for each of the diseases

studied. The results are presented in figure 1. If we assume an average
price per animal of 6,000 CFA francs, the C* values (in CFA
francs/milliliter) come to 1,241 (sheep S.R.D.), 714 (goat plague syndrome),
and 288 (goat S.R.D.). For the late treatment, the values come to 482 (sheep
S.R.D.), 246 (goat S.R.D.), and 46 (goat plague syndrome). Except in the case
of late treatment of goat plague syndrome, these values are substantially
higher than the price paid by the herder (80 CFA francs/milliliter). So long
as the cost of the antibiotic remains lower than its break-even cost, strategy
s will be profitable. Using figure 1, one can also evaluate the impact of
variations in animal prices on the profitability of the treatments.

Final Choice of Preferred Treatment

To summarize the analysis thus far, we first evaluated the profitability
of all treatments in terms of net benefit and marginal rate of return. The
satisfactory treatments were then identified by comparing the MRRs of all
treatments to the target rate, taking into account the cost of capital and the
risk factor. Next we examined the expected net benefit for each treatment,
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Figure 1. Sensitivity Analysis of Break-Even Treatment Cost Compared to
Average Animal Value, by Disease Category.
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taking into account the uncertainty of its impact. Finally, we compared the
treatments again based on the results of the sensitivity analyses, in order to
evaluate the relative performance of satisfactory treatments under different
price and cost conditions.

Returning to the trial described by Faugere, et al., it turned out that
the early treatment remained the best treatment no matter which criteria were
applied. Obviously, other trials could give less clear results. In such a
case, it would be up to the members of the research team to select the
preferred treatment based on the results of these analyses as well as their
knowledge of farmer or herder circumstances in the zone being studied.
Sometimes the proper decision will be to program other livestock trials before
issuing definitive recommendations. In that case, the economic analysis will
have helped by providing better guidelines for future trials.

EXAMPLES OF ANALYSES OF OTHER TYPES OF TRIALS

Intensive Fattening Trials

Intensive fattening trials lend themselves best to marginal analysis
when there are several treatments with increasing costs, as in the case of
trials testing different feeding regimes. By way of example, we can examine
the case of sheep fattening trials conducted at the National Laboratory for
Livestock and Veterinary Research (Laboratoire National d'Elevage et de
Recherches Veterinaires: LNERV) in Dakar, using results drawn from Diallo,
Calvet, and Denis. The trials involve various peanut hay- or shell-based
diets which include various concentrates. The control group was fed on
natural pasture with no supplements. After a IO-week period of fattening, the
animals were sold through wholesale butchers in Dakar. The technical results
are presented in table 4 and the results of the economic analysis in table 5.
Figure 2 contains the net benefit and total cost values for each treatment.

Several observations should be made on these results:
I. We have taken into account both total costs and the total value of

the carcass. This approach was used in order to incorporate the cost of
capital invested in acquiring animals for fattening. The alternative
approach, which compares the value of the weight gain to feeding costs only,



TABLE 4

RESULTS OF SHEEP FATTENING TRIALS, LNERV
(SENEGAL), 1973-1976

Treatment

Item TO T1 T2 T3 T4 T5 T6 T7

1. Diet based on peanut Natural
hay (H! or shells (S) Pasture H H S S S S S

2. DNM/FU - - 100 100 110 110 120 125 150
3. Consumption index

N
(FU/kg weight gain) -- 11.2 9.0 7.8 9.4 7.8 8.4 8.8 .....

4. Initial live weight (kg) 25.5 26.6 27.4 26.0 28.6 29.4 36.1 29.1
5. Weight gain in 10 weeks (kg) 1.7 4.1 4.7 9.4 10.5 9.0 9.0 7.0
6. Weight of final carcass (kg) 13.3 16.5 17.3 19.1 20.3 19.9 24.3 18.7
7. Purchase price = 4 x 215

FCFA/kg 5,483 5,719 5,891 5,590 6,149 6,321 7,762 6,257
8. Total feeding costs (FCFA) 0 1,624 1,518 1,795 1,922 1,593 3,177 1,428
9. Total costs (FCFA) = 7 + 8 5,483 7,343 7,409 7,385 8,071 7,914 10,939 7,685

10. Gross benefit (wholesale
butcher: 6 x 650 FCFA/kg) 8,645 10,725 11,245 12,415 13,195 12,935 15,795 12,155

11. Net benefit (FCFA) = 10 - 9 3,162 3,382 3,836 5,030 5,124 5,021 4,856 4,470

Source: Taken from Diallo, Cal vet, and Denis.

aDNM/FU = digestible nitrogenous matter (grams)/forage unit.



TABLE 5

PROFITABILITY ANALYSIS FOR SHEEP FATTENING TRIALS
CONDUCTED IN SENEGAL, 1973-1976

Gross
Treatment Benefi t a

T4 13,195
686 14

T3 12,415
T5 12,935
T6 15,795
T7 12,155
T2 11,245
Tl 10,725
TO 8,645

Additional Marginal
Net Net Additional Rate of

Costsb Benefit Dominated?c Benefi t d Costs Returne

FCFA FCFA %

--

8,071 5,124 no 94

7,385 5,030 no 1,648 42 3,924
7,914 5,021 yes

10,939 4,856 yes
7,685 4,470 yes N

N

7,409 3,836 yes
7,343 3,382 no 220 1,860 12
5,483 3,162 no

Source: Derived from table 4.

aTotal value of carcass sold through wholesale butcher @650 FCFA/kg.

bPurchase price of live animal, plus feeding costs.

cA treatment is said to be "dominated" when there is at least one option which offers a higher net
benefit at lower or equal cost.

dThe additional net benefit for an undominated treatment is calculated in relation to the net benefit of
the undominated treatment which immediately follows it in the list of treatments ranked in decreasing
order of net benefit. Calculation of additional costs is performed in the same manner.

eMRR = (additional net benefit)/(additional costs), expressed as a percentage.



Figure 2. Graph of Net Benefit Against Cost. Sheep Fattening
Trials, lNERV, 1973-76.
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does not take into account the capital invested, which results in an
overestimate of the MRR.

2. Several treatments are dominated because their costs are higher than
for treatment T3, which shows the highest net benefit.

3. As can be seen in figure 2, all of the treatments, with the
exception of TO and T6, have similar costs. The peanut hay-based diets yield
significantly lower net benefits than the peanut shells-based diets. The
technical results show a relatively high consumption index and substantially
lower weight gains for hay-based diets, compared with shells-based diets.

4. Treatment T3 would be preferred on account of its high MRR and its
net benefit which is only slightly lower than for treatment T4' (We should
note again that this net benefit is obtained over a ten-week period.)

5. In considering possible recommendations for producers, it is
important to ask whether there are any other costs associated with fattening.
The hypothesis is that certain costs (for example, medicines) would remain the
same for all treatments. On the other hand, some costs (labor, structures,
input acquisition, and perhaps processing and marketing) would probably be
higher for intensive fattening than for the control group (which relies on
natural pasture). Incorporating such costs would reduce the advantage of
fattening compared to natural pasture to a degree which cannot be precisely
measured with the available data.

Herd-Level Trials

In order to assess the effects of an intervention on an entire herd, its
impact on animal productivity and reproduction must be monitored or estimated
over a long period. A demographic model is often needed, except in the case
where several years of monitoring have provided the necessary data concerning
the impact of the intervention.

We will illustrate this problem with a trial related to bovine
trypanosomiasis conducted in the Korhogo region of the Ivory Coast. The
trial lasted close to two years and included individual monitoring of more
than 3,000 cattle. Details of the trial are provided by Landais (1986b). Two
treatments were used: 1) a curative product (treatment 1); and 2) a trypano-
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preventive treatment (treatment 2). These treatments were compared to a
control situation in which a placebo was administered.

The treatments were applied for one year. Follow-up continued for the
next nine months in order to observe the effects of the treatments on
mortality, animal weight, and female fertility. In order to determine the
overall impact of these effects, a demographic projection was made for each
treatment by including all of the parameters observed in the trial. In
addition to a series of data extending over a I5-year period, the projection
also provided, for each treatment, the herd characteristics at equilibrium
(i.e., at the end of the period). This made it possible to achieve both
objectives of the trial: I) to compare the two strategies for controlling
bovine trypanosomiasis; and 2) to evaluate losses due to trypanosomiasis.

Our purpose here is to present economic analyses which contribute to
achieving these objectives. The two subsections which follow will discuss
these objectives separately.

Comparison of the Two Strategies

Discounted benefit-cost analysis seemed most appropriate for comparing
the two strategies. The basic question was to determine whether setting up a
program of veterinary interventions to control bovine trypanosomiasis would be
profitable from the point of view of the producer and the government.

Answering this question required a method which could incorporate the
evolution over time of the costs and income attributable to the two
strategies. Thus we chose the discounted benefit-cost analysis approach
which, as it turns out, applies concepts and analytical techniques which are
very similar to those presented earlier in this paper.

The economic analysis presented in table 6 is based on a costs and
returns projection over 15 years. The procedure used for developing these
figures is as follows:

I. Gross benefit. The demographic model determined the number of
animals utilized year by year in each age and sex category. The utilization
(offtake) rates correspond to those observed in each category; the same rates
were used for all treatments. The number of animals utilized was then
multiplied by the average weight observed for the animals utilized in each



TABLE 6

ECOIOKIC AlALYSIS OF A BOYIIE TRYPAlOSOIIASIS TRIAL
(lOlHOGO REGIOM. IVORY COAST)

Year

lte. 2 3 4 5 6 7 8 9 10 I I 12 13 14 15

(Values in thousands of CFA francs)Trea~t 0
Gross product

(costs = 0)
net profit

3,438 3,593 3,755 3,924 4,100 4,285 4,478 4,679 4,890 5,110 5,340 5,580 5,831 6,093 27,751

Treat-mt 1
Gross product
Producer costs
Government costs II
Met profit
Additional net profit
Met prof it II
Additional net profit II

Tre.~t 2
Gross product
Producer costs
GovernGent costs II
Met profit
Additional net profit
Met p'rof i t II
Additional net profit II

3,581
222

1,110
3,359

·79
2,471

·967

3,709
281

1,265
3,428

• I 0

2,445
·994

3,984
248

1,240
3,736

143
2,744

·849

4,277
333

1,499
3,944

351
2,779

·815

4,460
277

1,385
4,183

428
3,075

·680

5,160
388

1,746
4,772
1,017
3,414

·341

4,937
305

1,525
4,632

708
3,412

·512

6,100
441

1,985
5,659
1,735
4,116

192

5,348
335

1,675
5,013

913
3,673

·427

6,750
493

2,219
6,257
2,157
4,532

432

5,780
365

1,825
5,415
1,130
3,955

·330

7,459
553

2,489
6,906
2,621
4,971

686

6,222
395

1,975
5,827
1,349
4,247

-231

8,258
622

2,799
7,636
3,158
5,459

981

6,721
428

2,140
6,293
1,614
4,581

·98

9,158
700

3,150
8,458
3,779
6,008
1,329

7,262
465

2,325
6,791
1,907
4,937

47

10,182
791

3,560
9,391
4,501
6,623
1,733

1,822
502

2,510
7,320
2,210
5,312

202

11,341
890

4,005
10,451

5,341
7,336
2,226

8,443
543

2,715
7,900
2,560
5,728

388

12,735
1,003
4,514

I I ,732
6,392
8,222
2,882

9,131
587

2,935
8,550
2,970
6,202

622

14,181
1,129
5,081

13,052
7,472
9,101
3,521

9,910
634

3,170
9,276
3,445
6,740

909

15,940
1,265
5,693

14,675
8,844

10,248
4,417

10,667
684

3,420
9,983
3,890
1,247
1,154

17,832
1,414
6,363

16,418
10,325
11,469
5,376

72,490
735

3,675
71,755
44,044
68,815
41,064

146,551
1,579
7,106

144,972
117,221
139,445
111,694

N
m

Source: Based on data from Landais (1986b).

aT he value in year 15 includes the additional value of the herd: 44,245· 22,862 = 21,383 (Treatment 0), 83,511 - 22,862 = 60,649 (Treatment
1), and 149,568 . 22,862 = 126,706 (Treatment 2).

bTreatment 0 & no treatment; Treatment 1 • curative treatment (BERE~IL ~O); Treatment 2 = preventive treatment (TRYPAMIOIUM ~O).

cThe econa.ic values are defined as follows: Gross product = value of animals utilized, according to weight and price by age and sex
category. Producer costs I = financial cost of the product used for the treatment. Government costs II = producer costs I mUltiplied by 5
(for Treataent 1) or by 4.5 (for Treatment 2). Net profit I = gross product producer costs I. Additional net profit I = net profit of
Treat_ent 1 or 2 - net profit of Treatment O. Net profit II = gross product - government cost II. Additional net profit II = net profit II
of Treat_ent 1 or 2 . net profit of Treatment O.
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category. Then, to obtain the gross benefit, this value was multiplied by
observed prices per kg, as follows: males: 150 FCFA/kg; females 1-4 years
old: 175 FCFA/kg; 5-7 years old: 150 FCFA/kg; 8 years old: 135 FCFA/kg; and
9 years or older: 120 FCFA/kg. This assumes that the entire product is sold,
whereas in reality half of it is consumed by the producer. To make the
calculation even more precise, the portion of the product destined for home
consumption could have been valued at a price equivalent to the purchase
price rather than the sale price.

The value of the milk produced was not included. It was assumed that the
milk value was equal to the cost of herding, the two thus cancelling each
other. The value of manure, which is not marketed, was not included either.
The animals in the herd did not perform any work, so there was no estimated
value in this category.

We should point out that the gross benefit for year 15 incorporates the
additional value of the herd in relation to its value in year 1. This
represents the incremental salvage value of the herd, also referred to by
Landais (198Gb) as "the gross fixed capital formation."

2. Producer costs I. Only the financial cost of the treatment product
was included, namely:

a. Treatment 1 = BERENIL NO, 3 injections/year at a rate of 3.5
mg/kg each, for a cost of 143 FCFA/year/l00 kg live weight.

b. Treatment 2 = TRYPAMIOIUM NO, 3 injections/year at a rate of 0.5
mg/kg each, for a cost of 180 FCFA/year/l00 kg live weight.

The cost of herding was assumed to be equal to the value of the milk
produced. The cost of constructing and maintaining enclosures was not
included. Since the animals fed exclusively on natural pasture, feeding
costs were assumed to be zero. Veterinary expenses were also assumed to be
zero, since the vaccinations were provided free of charge by the Livestock
Service.

3. Government costs II. In order to include the cost of operating the
infrastructure required to conduct a program for controlling bovine
trypanosomiasis, the producer costs were multiplied by 5, based on a
subjective estimate. For treatment 2, the multiplication factor was 4.5,
which gives approximately the same proportion of costs as for treatment 1 (we
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assume that the infrastructure expenses remain constant even when the product
itself is more expensive).

4. Net benefit I and II. The net benefit I for each treatment is the
difference between the gross benefit and the producer costs I. The net
benefit II is based on the government costs II.

5. Additional net benefit I and II. This is the net benefit I and II
for treatments 1 and 2, less the net benefit for treatment 0 (which, in this
case, is equal to the gross benefit, since the costs are zero). This gives
the additional net value of each treatment compared to the control. Figure 3
shows the evolution of additional net benefit over time for each treatment.

6. Net present value I and II. This is the sum of the annual values of
the additional net benefit, each multiplied by the annual discount factor Ct:

Ct = 1/(I+r)t
where: r = discount rate

t = year (t = 1, 2, ... , 15)
This represents the total economic value of the treatment, taking into
account the evolution over time of benefits and costs. In theory, the
discount rate used should represent the opportunity cost of capital, in other
words the average rate of return for the best alternative investment.

7. Internal rate of return. This rate is defined as the discount rate
at which the net present value equals zero. It is calculated iteratively.
The internal rate of return represents the average annual rate of return on
the investment, taking into account the evolution over time of benefits and
costs.

The net present values and the internal rates of return for this trial
are presented in table 7. An illustrative example of the method used for
calculating these values is provided in appendix 1.

The internal rates of return for variant I (producer costs) are very
high, because the negative additional net benefits (which constitute the
"investment") are negligible and are only recorded in year 1. Given these
results, the producer would not be expected to encounter cash flow problems.

The rates for variant II (government costs) are satisfactory according to
the standards applied in analyzing projects. From all points of view, it can
be concluded that a systematic intervention to control bovine trypanosomiasis
would be profitable, especially in the case of the preventive treatment. It



Figure 3. Time Path of Additional Net Benefit over Fifteen Years.
Bovine Trypanosomiasis Trial, Korhogo, Ivory Coast.
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TABLE 7

NET PRESENT VALUES AND INTERNAL RATES OF RETURN FOR
THE BOVINE TRYPANOSOMIASIS TRIAL

Net Present Value

Internal
in 1000s of CFA francs, at a rate of Rate of

Item 20% 25% 30% 45% Return (%)

Treatment 1

Add'l net benefit I 7,008 4,514 3,043 1,175 above 300

Add'l net benefit II 599 -517 -1,038 -1,344 22

Treatment 2

Add'l net benefit I 17 ,838 11,443 7,694 2,988 above 500

Add'l net benefit II 9,046 4,708 2,344 -166 43

Source: Derived from table 6.
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appears that the problem of cash flow deficits is not an issue either. During
the first years, treatments 1 and 2 yield net benefits which are lower than
for the control group, but which are nonetheless positive in themselves.
However, in a situation where the infrastructure did not already exist, major
investments would be necessary during the first years of the project, and
loans would probably be needed to cover initial deficits.

Evaluation of Losses Caused by Trypanosomiasis

It is assumed that the preventive treatment (TRYPAMIDIUM NO) provides
complete protection from the disease, and that the values associated with
treatment 2 thus represent the trypanosomiasis-free situation. The values
associated with treatment a represent the situation with trypanosomiasis.
Thus the evaluation of losses amounts to a comparison between treatment a and
treatment 2. It is considered appropriate to perform the evaluation based on
figures for the equilibrium achieved 15 years after initiating the preventive
treatment. Thus we are comparing two stable situations.

The technical and economic results of this evaluation are presented in
table 8. Several observations should be made concerning the principal
variables:

1. The evaluation is based on a standard herd of 1,000 head of cattle in
each case.

2. The value of the initial capital is higher in the "no trypanoso­
miasis" case than in the opposite case, based on the hypothesis that a herd
which has been untouched by trypanosomiasis will be characterized by a higher
average weight, given the superior health status of the animals and the
different herd structure (the value per head is a function of the average
weight of the animals).

3. The value of the final capital is obtained by multiplying the final
size of the herd by the unit animal price, according to age and sex category.

4. The utilization factors (or "offtake rates") are identical in both
cases.

5. The total value of production is obtained by multiplying the number
of animals utilized by the unit price, according to age and sex category.
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TABLE 8

VALUATION OF LOSSES· CAUSED BY BOVINE TRYPANOSOMIASIS

Item

1. Initial herd size

2. Final herd size

3. Value of initial capital
{'ODDs FCFA)a

4. Value of final cgpital
('ODDs FCFA)

5. Value of additional capital
(4 - 3)

6. Number of animals utilizedc

7. Value per head {FCFA)d

8. Total value of production
{'ODDs FCFA)e

9. Gross benefit (5 + 8)

10. Additional gross ~enefit for T2
(' ODDs FCFA)

11. Index: TO = 100

With Trypano.
Treatment 0

1,000

1,046

22,860

23,912

1,052

139

24,740

3,439

4,491

100

No Trypano.
Treatment 2

1,000

1,112

30,200

33,582

3,382

137

32,640

4,472

7,854

3,363

175

Source: Based on data from Landais (1986b).

aThe value is higher for T2 due to the higher average weight associated with
the superior health status of the animals.

bFinal herd size multiplied by the unit price of the animals, according to
age and sex category.

cThe utilization (offtake) rates are identical in both cases.

dThe unit prices are directly related to the average weight of the animals.

eNumber of animals utilized multiplied by the unit price, according to age
and sex category.

fThe additional gross benefit represents the estimated value of losses
resulting from the disease.
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6. The gross benefit is the sum of the total value of production plus
the value of additional capital (final - initial).

The results indicate substantial economic losses caused by trypanoso­
miasis: 3,363,000 FCFA over a one-year period, or 3,363 FCFA per head for the
standard herd. The value of production is 1.75 times greater in the
trypanosomiasis-free herd.

NOTE ON STATISTICAL SIGNIFICANCE

As a general rule, economic analyses are done for trials where the
difference in impact of various treatments is considered to be statistically
significant. However, it can happen that no treatment produces a significant
effect, or that only one factor produces a significant impact. In this
situation, the approach to be followed is not totally obvious, but a few
comments are worth mentioning:

1. First of all, the power of statistical tests is low (particularly
for livestock trials). In the case of a trial where the different treatments
are not considered significant, the researcher should nonetheless examine the
results carefully. If he observes results which seem interesting, it would be
worth repeating the trial. The results could conceivably be of sufficient
interest to producers that they would test the treatment themselves, under
their own conditions, so long as the risks involved are not too high. (See
Perrin, et al.; Smail, et al.)

2. In the event that no statistically significant difference has been
demonstrated among the treatments, the preferred treatment in an economic
sense is the treatment with the lowest cost. For example, a new cropping
technique could reduce production costs without affecting yield. If all other
factors are equal, this technique should be of interest to producers.

3. If, in a trial involving multiple factors, only one factor is
statistically significant, the economic values could be calculated on the
basis of the average values for this factor by grouping the results obtained
for all the other factors. For example, in the case of a trial where the
design includes three levels of concentrate in animal feed and three different
sheep breeds, if it is found that the weight gain does not vary significantly
according to breed, the average weight gain could be calculated for each
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concentrate level by grouping together data for all breeds. (This procedure
is clearly less applicable to livestock trials than to agronomic trials,
insofar as livestock trials typically involve single-factor designs.)

4. Finally, as stated earlier, if the results of the trial are not
conclusive, the proper approach is to carry out additional trials in order to
confirm the impact of the treatments, before formulating definitive
recommendations.

DATA PROCESSING OPTIONS

The analyses discussed in this paper can of course be performed
manually. However, using a computer can facilitate the work if there are
many trials to be processed or many sensitivity analyses to be conducted.
For data processing by computer, two options are currently available to
I.S.R.A. :

1. The MSTAT software package includes the ECON subroutine which can be
used to perform all of the analyses presented in this paper. ECON can accept
the data file created by using the MSTAT software for other statistical
analyses. MSTAT can be used on the IBM PC or the Apple II (in CP/M) and is
available to all I.S.R.A. researchers. The manual for using MSTAT includes a
section which explains how to use ECON and shows the tables that can be
produced.

2. The LOTUS 1-2-3 program, which represents an "electronic worksheet"
with the capability of manipulating data bases and producing graphics, allows
the user to create his own framework or "template" for economic analysis. In
theory, it is possible to develop a general template applicable to any type
of trial, but in practice, it is better to create a specific template for
each type of trial. This last option represents both an advantage and a
disadvantage in comparison to MSTAT/ECON, which is capable of processing
several types of trial. Plans have been made for installing LOTUS 1-2-3 in
the various I.S.R.A. centers that are to be equipped with IBM PC-XT. An
illustrative example of how LOTUS 1-2-3 can be used for the economic analysis
of agronomic trials is available from the author (Production Systems
Department, I.S.R.A., Dakar).
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CONCLUSIONS

In this paper we have presented some simple methods of economic analysis
which can be applied to trials set up to formulate recommendations for a
target group of producers. We would like to emphasize two important aspects:
the role of economic analysis in the process leading up the formulation of
recommendations, and the critical importance of identifying and valuing costs
and benefits.

For the various types of trial examined in this paper, economic analysis
comes into playas soon as the statistical analysis of the experimental
results has been completed. The objective is then to identify the best
treatment from the producer's point of view. But economic analysis can also
contribute to formulating or reorienting the design of trials, based on the
results of surveys on the performance and the constraints of production
systems, or else as a follow up to the interpretation of earlier experimental
data. The objective then is to reorient the design so as to achieve a better
understanding of the costs and the risks as perceived by the producer.

We have presented certain principles and methods for valuing costs and
benefits. However, it is clear that the trials presented in this paper
scarcely illustrate the application of these techniques. The reader has no
doubt noticed, for example, the small number of cost categories included in
the analysis. This is quite simply because these different elements are not
included in the documents which present the results, or because the way in
which the trial was designed or monitored did not allow for recording this
information. While recognizing the constraints on livestock research, it is
nonetheless appropriate to emphasize the importance of carefully determining
the various relevant costs for the decision-maker, whoever he might be.
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0.833333 0.694444 0.578703 0.482253 0.4018n 0.334897 0.279081 0.232568 0.193806 0.161505 0.134587 0.112156 0.093463 0.077886 0.064905
.805.8 '589.6 ·393.5 ·246.9 -171.6 '110.5 -64.5 '22.8 9.1 32.6 52.2 69.8 85.0 89.9 2665.3 598.6

0.8 0.64 0.512 0.4096 0.32768 0.262144 0.209715 0.167772 0.134217 0.107374 0.085899 0.068719 0.054975 0.043980 0.035184
.m.6 ·543.4 '348.2 -209.7 ·139.9 ·86.5 '48.4 '16.4 6.3 21.7 33.3 42.7 50.0 50.8 1444.8 -516.5

0.813008 0.660982 0.537383 0.436897 0.355201 0.288781 0.234781 0.190879 0.155186 0.126167 0.102575 0.083394 0.067800 0.055122 0.044814
'786.2 ·561.2 '365.4 '223.7 '151.7 -95.3 '54.2 '18.7 7.3 25.5 39.8 51.9 61.6 63.6 1840.3 '166.4

W
0>

(NET PRESENT VALUE AT THE LOWER RATE)

x

( 598.6 + 166.4

( 598.6 + 516.5

+ 0 t FFERENCE BETWEEN

THE TIJO RATES

:: .20 + .03 X .7825
:: .2235 :: 22%

:: .20 + .05 X .5368
:: .2268 :: 23X

IRR (ANS'Il) :: .20 + .03 X ( 598.6)

1
I

.................................... I
(SUM OF TWO NPV'S IGNORING SIGNS) I

......................................................·············································1
( 598.6) 1

IRR (ANB'I1) :: .20 + .05 X ••••..... _.. _... I
I
I
1

1
···········································1

I
I
1
1
I
I
I
I

......................................................····································1

IRR :: LOWER DISCOONT RATE

NOTE THE EffECT OF CLOSER INTERPOLATION:

CALCULATION OF INTERNAL RATE OF RETURN:

SOORCE: OERIVEO FROM TABLE 6.



BIBLIOGRAPHY

Bernsten, R. H., H. A. Fitzhugh, and H. C. Knipscheer. 1983. "Livestock in
Farming Systems Research." Keynote address at the Third Annual Farming
Systems Symposium (Kansas State University, Manhattan, Kansas, U.S.A.,
October 31-November 2, 1983).

Crawford, E. W., and M. Kamuanga. 1986. "Economic Analysis of Agronomic
Trials for the Formulation of Farmer Recommendations." Dakar, I.S.R.A.,
Production Systems Department, Working Paper No. 1986-2, May 1986.

Diallo, H. 0., H. Calvet, and J. P. Denis. 1976.
resultats obtenus a ce jour en embouche ovine
Dakar, I.S.R.A., L.N.E.R.V., July 1976.

"Essais de synthAse des
intensive au L.N.E.R.V."

FaugAre, 0., Y. Leforban, C. Nercy, and M. Ndiaye. 1985. "Essai de
traitement des affections respiratoires des petits ruminants du Sine­
Saloum a l'aide d'une oxytetracycline a longue action." Dakar, I.S.R.A.,
L.N.E.R.V., Ref. Viro. No. 126, December 1985.

Gryseels, G., and F. M. Anderson. 1985. "Use of Crossbred Dairy Cows as
Draft Animals: Experiences from the Ethiopian Highlands." Pages 237-258
in: Research Methodology for Livestock On-Farm Trials. Proceedings of an
I.C.A.R.D.A./I.D.R.C. Workshop (Aleppo, Syria, March 25-28, 1985).

I.S.R.A., Production Systems Department, Production Systems Research Team.
1985. "Recherche sur les systAmes de production en Basse-Casamance."
Annual Report No.3, 1984-85 Crop Year. Working Paper No. 1985-14, 1985.

Landais, E. 1986a. "Bases methodologiques des enquetes et de
l'experimentation sur les systAmes d'elevage: Objectifs, elaboration
des protocoles et analyse statistique des resultats." Presented at
I.S.R.A. Workshop on "Methods of Research on Livestock Production Systems
in Intertropical Africa," (Mbour, Senegal, February 2-8, 1986).

____. 1986b. "Un exemp1ed' ut il i sat ion d' une proj ect ion demograph ique
pour 1'analyse d'un essai en milieu paysan: Evaluation des pertes dues a
la trypanosomose bovine dans la region de Korhogo (C6te-d'Ivoire) et
comparaison de deux methodes de lutte. Methodologie et resultats."
Presented at I.S.R.A. Workshop on "Methods of Research on Livestock
Production Systems in Intertropical Africa," (Mbour, Senegal, February
2-8, 1986).

37



38

Perrin, R. K., D. K. Winkelmann, E. R. Moscardi, and J. R. Anderson. 1979.
From Agronomic Data to Farmer Recommendations: An Economics Training
Manual. Mexico, CIMMYT, 1979.

Smail, V. W., T. Stilwell, A. Ghaderi, D. Reicosky, O. Nissen, and R. Freed.
1984. "MSTAT User's Guide (Version 2.0)." East Lansing, MI, Department
of Crop and Soil Sciences and Department of Agricultural Economics,
Michigan State University, February 1984.



lOP No. 1

lOP No. IF

lOP No.2

lOP No.3

lOP No.4

lOP No. 5

lOP No.6

lOP No.7

lOP No.8

lOP No.9

lOP No. 10

WP No.1

WP No.2

WP No.3

WP No.4

WP No.5

WP No.6

WP No.7

WP No.8

WP No.9

WP No. 10

MSU INTERNATIONAL DEVELOPMENT PAPERS

Carl K. Eicher and Doyle C. Baker, "Research on Agricultural Development in
Sub-Saharan Africa: A Critical Survey," 1982 (:346 pp.).

Carl K. Eicher et Doyle C. Baker, "Etude critique de la recherche sur Ie
developpement agricole en Afrique sUbsaharienne," 1985 (435 pp.).

Eric W. Crawford, nA Simulation Study of Constraints on Traditional Farming
Systems in Northern Nigeria," 1982 (136 pp.).

M.P. Collinson, "Farming Systems Research in Eastern Africa: The Experience of
CIMMYT and Some National Agricultural Research Services, 1976-81," 1982 (67 pp.).

Vincent Barrett, Gregory Lassiter, David Wilcock, Doyle Baker, and Eric Crawford,
"Animal Traction in Eastern Upper Volta: A Technical, Economic and Institutional
Analysis," 1982 (132 pp.).

John Strauss, "Socio-Economic Determinants of Food Consumption and Production in
Rural Sierra Leone: Application of an AgriCUltural Household Model with Several
Commodities," 1983 (91 pp.).

Beverly Fleisher and Lindon J. Robison, "Applications of Decision Theory and the
Measurement of Attitudes Towards Risk in Farm Management Research in Indus­
trialized and Third World Settings," 1985 (106 pp.).

C. Peter Timmer, "Private Decisions and Public Policy: The Price Dilemma in Food
Systems of Developing Countries," 1986 (58 pp.).

Michael L. Morris, "Rice Marketing in the Senegal River Valley: Research Findings
and Policy Reform Options," 1987 (89 pp..).

Carl Liedholm and Donald Mead, "Small Scale Industries in Developing Countries:
Empirical Evidence and Policy Implications," 1987 (141 pp.).

Derek Byerlee, IIMaintaining the Momentum in Post-Green Revolution Agriculture:
A Micro-Level Perspective from Asia," 1987 (57 pp.).

MSU INTERNATIONAL DEVELOPMENT WORKING PAPERS

Daniel Galt, Alvaro Diaz, Mario Contreras, Frank Peairs, Joshua Posner and Franklin
Rosales, "Farming Systems Research (FSR) in Honduras, 1977-81: A Case Study,"
1982 (48 pp.).

Edouard K .. Tapsoba, "Credit Agricole et Credit Informel dans Ie Region Orientale
de Haute-Volta: Analyse Economique, Performance Institutionnelle et Implications
en Matiere de Politique de Developpement Agricole," 1982 (125 pp.).

W.P. Strassmann, "Employment and Construction: Multicountry Estimates of Costs
and Substitution Elasticities for Small Dwellings," 1982 (48 pp.).

Donald C. Mead, "Sub-contracting in Rural Areas of Thailand," 1982 (52 pp.)..

Michael T. Weber, James Pease, Warren Vincent, Eric W. Crawford and Thomas
Stilwell, "Microcomputers and Programmable Calculators for Agricultural Research
in Developing Countries," 1983 (11.3 pp..).

Thomas Stilwell, "Periodicals for Microcomputers: An Annotated Bibliography,"
1983 (70 pp.).

W. Paul Strassmann, "Employment and Housing in Lima, Peru," 1983 (96 pp.).

Carl K. Eicher, "Faire Face a la Crise Alimentaire de l'Afrique," 1983 (29 pp.).

Thomas C. Stilwell, "Software Directories for Microcomputers: An Annotated
Bibliography," 1983 (14 pp.).

Ralph E. Hepp, "Instructional Aids for Teaching How to Use the TI-59 Programmable
Calculator," 1983 (133 pp.).

$ 8.00

$10.00

$ 5.00

$ 4.00

$ 5.00

Out of Print

$ 5.00

$ 5.00

$ 5.00

$ 6.00

$ 5.00

Out of Print

Out of Print

Out of Print

Out of Print

$ 5.00

See IOWP /121

Out of Print

Free

See IDWP 1/22

Out of Print



'liP No. 11

'liP No. 12

'liP No. 13

'liP No. 14

'liP No. 15

'liP No. 16

'liP No. 17

'liP No. 18

'liP No. 19

'liP No. 20

'liP No. 21

'liP No. 22

'liP No. 23

'liP No. 24

'liP No. 25

'liP No. 26

'liP No. 27

'liP No. 28

'liP No. 29

MSU INTERNATIONAL DEVELOPMENT WORKING PAPERS - CONTINUED

Michael L. Morris and Michael T. Weber, "Programmable Calculator (TI-59) Programs
for Marketing and Price Analysis in Third World Countries," 1983 (105 pp.).

Valerie Kelly, Robert D. Stevens, Thomas Stilwell, and Michael T. Weber, "An
Annotated Directory of Statistical and Related Microcomputer Software for
Socioeconomic Data Analysis," 1983 (165 pp.).

Chris Wolf, "Guidelines for Selection of Microcomputer Hardware,'1 1983 (90 pp.).

Eric W. Crawford, Ting-Ing Ho, and A. Allan Schmid, "User's Guide to BENCOS-­
SuperCalc Template for Benefit-Cost Analysis," 1984 (35 pp.).

Copy of BENCOS Template in IBM PC-DOS 1.1 Format, on single sided double
density diskette (readable on most MS-DOS systems).

James W. Pease and Raoul Lepage with Valerie Kelly, Rita Laker-Ojok, Brian
Thelen, and Paul Wolberg, "An Evaluation of Selected Microcomputer Statistical
Programs," 1984 (187 pp.).

Stephen Davies, James Seale, Donald C. Mead, Mahmoud Badr, Nadia EI Sheikh,
and Abdel Rahman Saidi, "Small Enterprises in Egypt: A Study of Two
Governorates," 1984 (l00 pp.).

Thomas C. Stilwell, "Microcomputer Statistical Packages for Agricultural
Research," 1984 (23 pp.).

Thomas C. Stilwell and P. Jordan Smith, "An Annotated Directory of Citation Data­
base, Educational, System Diagnostics and Other Miscellaneous Microcomputer
Software of Potential Use to Agricultural Scientists in Developing Countries,"
1984 (34 pp.).

Amalia Rinaldi, IlIrrigation in Southern Africa: An Annotated Bibliography,1l 1985
(60 pp.).

Daniel C. Goodman, Jr., Thomas C. Stilwell, and P. Jordan Smith, "A Microcomputer
Based Planning and Budgeting System for Agricultural Research Programs," 1985
(75 pp.).

Thomas C. Stilwell, "Periodicals for Microcomputers: An Annotated Bibliography,"
Second Edition, 1985 (89 pp.).

Thomas C. Stilwell, "Software Directories for Microcomputers: An Annotated
Bibliography," Second Edition, 1985 (21 pp.).

Alan Hrapsky with Michael Weber and Harold Riley, IlA Diagnostic Prescriptive
Assessment of the Production and Marketing System for Mangoes in the Eastern
Caribbean," 1985 (106 pp.).

Donald C. Mead, "Subcontracting Systems and Assistance Programs: Opportunities
for Intervention," 1985 ()2 pp.).

Carl Liedholm, "Small Scale Enterprise Credit Schemes: Administrative Costs and
the Role of Inventory Norms," 1985 (23 pp.).

James J. Boomgard, Stephen P. Davies, Steve Haggblade, and Donald C. Mead,
"Subsector Analysis: Its Nature, Conduct and Potential Contribution to Small
Enterprise Development," 1986 (57 pp.).

Steve Haggblade, Carl Liedholm, and Donald C. Mead, "The Effect of Policy and
Policy Reforms on Non-Agricultural Enterprises and Employment in Developing
Countries: A Review of Past Experiences," 1986 (133 pp.).

John T. Milimo and Yacob Fisseha, "Rural Small Scale Enterprises in Zambia:
Results of a 1985 Country-Wide Survey," 1986 (76 pp.).

Stephan Goetz and Michael T. Weber, "Fundamentals of Price Analysis in Developing
Countries' Food Systems: A Training Manual to Accompany the Microcomputer
Software Program 'MSTAT,'" 1986 (148 pp.).

Out of Print

$ 7.00

$ 5.00

$ 3.00

$15.00

$ 7.00

Out of Print

$ 3.00

$ 3.00

$ 4.00

$ 5.00

$ 5.00

$ 3.00

$ 5.00

Out of Print

Out of Print

Out of Print

Out of Print

Out of Print

$ 7.00



wp No. 30

WP No. 31

RP No.

RP No.2

RP No.3

RP No.4

RP No.5

RP No.6

RP No. 6F

RP No.7

RP No. 7F

RP No.8

RP No.9

RP No. 10

RP No. 10F

RP No. 11

RP No. IIF

RPNo.12

RP No. 13

RP No. 13F

RP No. 14

MSU INTERNATIONAL DEVELOPMENT WORKING PAPERS - CONTINUED

John S. Holtzman, "Rapid Reconnaissance Guidelines for Agricultural Marketing and
Food System Research in Developing Countries, II 1986 (75 pp.).

Nicholas William Minot, "Contract Farming and Its Effect on Small Farmers in Less
Developed Countries," 1986 (86 pp.).

MSU INTERNATIONAL DEVELOPMENT REPRINT PAPERS

Carl Liedholm, liThe Private Sector Connection to Development," 1986 (19 pp.).

James D. Shaffer with Michael Weber, Harold Riley and John Staatz, "Influencing
the Design of Marketing Systems to Promote Development in Third World Countries
(21 pp.).

Carl K. Eicher, "Famine Prevention in Africa: The Long View,1I 1987 (18 pp.).

Michael L. Morris, "Cereals Marketing in the Senegal River Valley (1985),11
1987 (126 pp.).

Mandivamba Rukuni and Carl K. Eicher, liThe Food Security Equation in Southern
Africa," 1987 (32 pp.).

Eric Crawford and Mulumba Kamuanga, "Economic Analysis of Agronomic Trials for
the Formulation of Farmer Recommendations," 1988 (41 pp.).

Eric Crawford et Mulumba Kamuanga, IILIAnalyse Economique des Essais Agronomi­
ques Pour la Formulation des Recommandations aux Paysans,1l 1987 (33 pp.).

Eric W. Crawford, "Economic Analysis of livestock Trials," 1988 08 pp.).

Eric Crawford, "L'Analyse Economique des Essais Zootechniques," 1987 (36 pp.).

Eric Crawford and Valerie Kelly, IlA Field Study of Fertilizer Distribution and Use
In Senegal, 1984: Summary Report," 1987 (32 pp.).

Kelly Harrison, Donald Henley, Harold Riley and James Shaffer, 111mproving Food
Marketing Systems in neveloping Countries: Experiences from Latin America,11
1987 (I35 pp.).

Mark Newman, Eric Crawford and Jacques Faye, npolicy Relevant Research on the
Food and Agricultural System in Senegal," 1987 (30 pp.).

Mark Newman, Eric Crawford et Jacques Faye, lIOrientations et Programmes de
Researche Macro-Economiques sur Ie Systeme Agro-Alimentaire Senegalais," 1987
(37 pp.).

Eric Crawford, Curtis Jolly, Valerie Kelly, Philippe Lambrecht, Makhona Mbaye,
and Matar Gaye, "A Field Study of Fertilizer Distribution and Use in Senegal,
1984: Final Report," 1987 (Ill pp.).

Eric CraWford, Curtis Jolly, Valerie Kelty, Philippe lambrecht, Makhona Mbaye,
et Matar Gaye, "Enquete sur la Distribution et I'Utilisation de l'Engrais au
Senegal, 1984: Rapport Final," 1987 (106 pp.).

Mark D. Newman, P. Alassane Sow and Ousseynou NDoye, lIPrivate and Public
Sectors in Developing Country Grain Markets: Organization Issues and Options
in Senegal,1I 1987 (14 pp.).

R. James Bingen and Jacques Faye, "Agricultural Research and Extension in Franco­
phone West Africa: The Senegal Experience," 1987 (23 pp.).

R. James Bingen et Jacques Faye, liLa Liaison Recherche-DeveJoppement en Afrique
de l'Ouest Francophone: L'Experience du Senegal,'1 1987 ()2 pp.).

Mark D. Newman, "Grain Marketing in Senegal's Peanut Basin: 1984/85 Situation
and Issues," 1987 (16 pp.).

$ 5.00

$ 5.00

Out of Print

$ 3.00

$ 3.00

$ 6.00

$ 3.00

$ 3.00

$ 3.00

$ 3.00

$ 3.00

$ 3.00

$ 5.00

$ 3.00

$ 3.00

$ 6.00

$ 6.00

$ 3.00

$ 3.00

$ 3.00

$ 3.00



RP No. 15

RP No. 16

RP No. 16F

RP No. 17

RP No. 18

RP No. 18F

RP No. 19

RP No. 19F

MSU INTERNATIONAL DEVELOPMENT REPRINT PAPERS - CONTINUED

Mark D. Newman, Ousseynou NDoye and P. Alassane Sow, "Tradeoffs Between Domes­
tic and Imported Cereals in Senegal: A Marketing Systems Perspective," 1987
(41 pp.).

R. James Bingen, nAn Orientation to Production Systems Research in Senegal,"
1987 (88 pp.).

R. James Bingen, "Orientation de la Recherche sur les Systemes de Productions
au "Senegal," 1987 (94 pp.).

J.t. Posner, "A Contribution to Agronomic Knowledge of the Lower Casamance
(Bibliographical Synthesis)," 1988 (47 pp.).

Valerie Auserehl Kelly, "Acquisition and Use of Agricultural Inputs in the
Context of Senegal's New Agricultural Policy: The Implications of Farmer's
Attitudes and Input Purchasing Behavior for the Design of Agricultural Policy and
Research Programs," 1988 (30 pp.).

Valerie Auserehl Kelly, lIAcquisition et Utilisation d'Intrants Agricoles dans Ie
Contexte de la Nouvelle Politique Agricole du Senegal: Implications des Attitudes
et du Comportement d1Achat <f1Intrants des Exploitants pour l'Elaboration d1une
Politique Agricole et de Programmes de Recherches," 1988 (35 pp.).

Valerie Auserehl Kelly, "Farmers' Demand for Fertilizer in the Context of Senegal's
New Agricultural Policy: A Study of Factors Influencing Farmers' Fertilizer
Purchasing Decisions," 1988 (47 pp.).

Valerie Auserehl Kelly, "Demande d1Engrais de la Part des Exploitants dans les
Contexte de la Nouvelle Politique Agricole au Senegal: Une Etude des Facteurs
Influencant Ies Decisions d'Achat d'Engrais Prises par les Exploitants," 1988 (58 pp.).

$ 3.00

$ 5.00

$ 5.00

$ 4.00

$ 3.00

$ 3.00

$ 4.00

$ 4.00

Copies may be obtained from: MSU International Development Papers, Department of Agricultural Economics, 7
Agriculture Hall, Michigan State University, East Lansing, Michigan 48824-1039, U.S.A. All orders must be prepaid
in United States currency. Please do not send cash. Make checks or money orders payable to Michigan State
University. There is a 10% discount on all orders of 10 or more sale copies. Individuals and institutions in the Third
World and USAID officials may receive single copies free of charge.


