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Princeton University 

Processing domestically available materials for export has intuitive appeal, e.g. if transport 
costs are reduced. Uncertainty in the supply of the raw material can be a crucial factor. The 
theoretical model of this paper shows how to choose the optimal processing capacity and, relatedly, 
the optimal price to pay producers of the input. Issues include: decision makers' preferences; 
sources and nature of uncertainty; availability of inputs to produce the raw material; and 
technology and costs of processing. Econometric estimates of the climate-yield relation are used 
to simulate these decisions for the case of Senegalese groundnut processing. 

1. INTRODUCTION 

There is an intuitive appeal to industrial strategies based on processing domestically 
available raw materials for export. For instance, relative to export of the raw material 
for processing abroad, domestic processing often achieves cost savings based on certain 
locational advantages, such as the opportunity to decrease the product's weight prior to 
transport.' In this paper, I analyse the costs and benefits of investing in processing 
capacity under particular conditions, and the related question of the appropriate domestic 
pricing of the raw material. The second part of the paper presents an application of the 
theory to Senegalese groundnut culture and processing. 

Especially for agricultural inputs, the domestic supply of the raw material is likely 
to be uncertain. This uncertainty interacts with locational advantages in important ways 
affecting both the optimal choice of agro-industrial processing capacity and the optimal 
choice of the price to be offered agricultural producers of the input. From the viewpoint 
of the processing mills, the locational advantage means that stochastically low availability 
of the raw material cannot be (fully) compensated by imports. Thus, the problem of idle 
processing capacity arises. Similarly, harvests of the input above the level that can be 
processed imply some loss of the locational advantages, assuming that the input cannot 
be stored costlessly. 

To illustrate these basic notions, consider the simplest case of a single input with a 
given world price, pj, transformed at a constant unit cost, r, into an output with a given 
world price, p. Let the size of the crop also be certain, say of magnitude m. So long as 
(p -pI) _ r, optimal processing capacity is m. 

Now consider a situation of uncertainty with two equiprobable states of nature faced 
by a risk-neutral decision-maker. Good weather yields a crop of h units, while bad 
weather yields a crop of 1 units, with m = 0-5 (1 + h). Let the cost r be fixed in that it 
must be paid once a unit of capacity is installed whether it is used or not. If 0 5 (p - pI) ' r 
then capacity of h units is optimal although (h -1) units of capacity are used only 
half-time. Otherwise 1 units should be chosen, so long as (p -p') ' r. The mean of m is 
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not directly relevant, illustrating a basic property of this type of processing capacity 
problem: even with risk-neutral decision-making, all moments of the distribution of the 
raw materials supply must be considered. In the example given, optimal capacity can 
either rise or fall with an increase in the variance of the input supply. This conclusion 
contrasts with the often-made assertion that uncertainty need not be considered in project 
evaluation (Arrow and Lind (1970)), and depends on the particular way uncertainty 
affects the profitability of processing. 

Processing in the presence of locational advantages implies the interdependence of 
decisions about processing capacity and about agricultural prices. In general, a world 
price rule is appropriate for determining the price received by producers of the input. 
But which world price when locational advantages mean that p -P > r? A presumption 
exists that the price should be p - r rather than pI: on the margin, the locational advantages 
should just be exhausted by the costs of producing the input. When production is 
uncertain, however, the appropriate price is a blend of p and PI determined by all 
characteristics of the distribution of the uncertain variable, even if decision-makers are 
risk-neutral. 

In the next section, I develop a theoretical model that simultaneously determines 
optimal processing capacity and agricultural prices. These decisions could be imple- 
mented either centrally, as in Senegal, or by a competitive processing industry, and they 
imply zero expected profits. The model is used to analyse the effects of changes in various 
exogenous variables: different elements of the costs of processing, factor endowments in 
agriculture and the nature of uncertainty. 

In the third section, some aspects of Senegalese groundnut culture and processing 
are analysed. The Senegalese case is a particularly good example of this type of cost-benefit 
calculation: climatic variability is an important determinant of the quantity of groundnuts 
available for processing, and this relationship can be modelled econometrically. Ground- 
nuts, whether unprocessed or processed, are primarily exported. Senegal has recently 
expanded its processing capacity and relatively current cost figures are available. The 
application to Senegal shows how the theoretical notions can be implemented, and 
emphasizes a number of methodological decisions that will often be faced in practice. 

2. THEORETICAL CONSIDERATIONS 

I assume a simple agricultural sector producing two crops, groundnuts (G) and millet 
(M). Groundnuts can be processed into oil and cake if processing capacity is available. 
Unprocessed groundnuts cannot be stored, so that they must be processed or exported, 
and it is too expensive to import groundnuts if the domestic crop falls short of processing 
capacity. Millet is not processed. 

Two factors, land (TG and TM) and labour (LG and LM) are used to produce the 
two crops: 

G= 04(T0, LG) (1) 

and 

M = g(0)f( TM, LM). (2) 

The random variable 0, with p.d.f. f(6) and c.d.f. F(O), represents the effect of weather 
on groundnut production. Let -E (F0) = 1 so that 4 is the expected size of the groundnut 
crop. The function g(0) represents the effect of weather on millet output with g' ' 0 and 
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mean gf J g(O)f(O)dO. The total supplies of each factor are fixed: 

TG + TM = T(3) 

and 

LG + LM = L(4) 

Both crops are assumed to trade on world markets at fixed prices PG and PM. In 
addition one unit of groundnuts can be processed into oil and cake that sell at po in 
world markets. Processing technology requires both processing capacity and variable 
inputs. A unit of processing capacity costs r. The fixed costs of capacity of amount K, 
rK, must be paid regardless of whether the capacity is used or not, while variable costs 
per unit processed, v, are incurred only to the extent that groundnuts are processed. 

Year-to-year climatic variation influences the amount of each crop produced, and 
therefore the degree of capacity utilization in processing. But allocations of agricultural 
inputs and investments in processing capacity must be made before the actual realization 
of weather is known to decision-makers. Thus the criterion for these decisions must be 
based on the distribution of weather possibilities and on the expected consequences of 
different allocations and investment strategies. 

The expected income from agricultural activity in any year, EY, inclusive of returns 
to processing is: 

ra .~~~~~~~~00 
EY= 0 (po- v)Of(0)dO + (po- v)Kf(O)dO 

-rK + PG(04)-K)f(0)dO + pmg(0)f1f(0)d0, (5) 

where a K/+ is the ratio of capacity to expected crop when 6= 1. The components 
of expected income in (5) are: (1) the expected benefits from processing net of variable 
costs when 04 < K, i.e. processing capacity is in excess; (2) the corresponding benefits 
if the crop is so large (04 > K) that capacity is inadequate and only (po - v)K is earned 
in processing; (3) the fixed costs of capacity, incurred regardless of the crop's size; (4) 
the excess amount of groundnuts that are exported at price PG when 0( > K; and (5) 
the expected value of the millet harvest. 

Equation (5) provides the maximand if dynamic intertemporal factors can be ignored2 
and if decision makers are risk neutral (see Appendix A for risk aversion). Equations 
(1)-(4) are the constraints. Setting first-order conditions with respect to K, TG, TM, LM 
and LG to zero and rearranging, yields: 

(PO- VPG)[1 - F(K/1)] = r (6) 

and 

(PO- V)W+PG(1- W) gfQ1 g2 
PM 04)1 042 (7) 

where situations of excess capacity account for the proportion w = Jc Of(0)d0/ 0 of 0? 
The left-hand side of (6) states that the expected benefit of increasing capacity by 

one unit is the probability of the increase resulting in additional utilized capacity (1 - F) 
times the benefit net of both variable costs and the return from exporting unprocessed 
groundnuts. The marginal cost of the capacity is the right-hand side, r. From (6), 
PO - V - PG must exceed r otherwise it would never be profitable to install K. 
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The left-hand side of (7) is the ratio of a weighted average of (po- v), the benefit 
of oil processing net of variable costs and Pc, the price of groundnuts, to the price of 
millet. The weight, w, is the fraction of the expected value of the effect of weather on 
groundnut production attributable to situations when processing capacity is underutilized. 
The middle expression is the ratio of the expected marginal product of land in millet 
production and in groundnut production. The third part of (7) equates the ratio of the 
expected marginal product of labour in the production of each good to the ratio of the 
expected marginal product of land in the production of each good, a standard optimality 
condition. 

If risk-neutral groundnut producers were faced with a domestic price for groundnuts, 
PF, 

PF 3(PO V)W+PG(l-W) (8) 

they would maximize their own expected income by allocating their land and labour to 
fulfill equation (7). Thus PF represents the appropriate domestic price to offer groundnut 
producers if the overall maximization problem of (6) and (7) is to be decentralized so 
that peasants respond to market incentives. This price is a blend of the difference between 
the world price of oil (and cake) and the variable costs of processing, and the world 
price of groundnuts. Since PO-V-PG>0, PF exceeds PG. At the optimum, PF= 
p0- v - (I - w)r/(l-F) < po - v - r, proved by substituting (6) into (8). 

The price PF is also the (output-weighted) average paid if the price to peasants were 
not fixed beforehand, but were instead equal to po - v if capacity were underutilized and 

PG otherwise. This outcome would occur if processing mills competed for groundnuts 
after the harvest, rather than setting a fixed price beforehand. The model is thus consistent 
with several institutional setups: (1) the price is fixed before the harvest by the government, 
the crop is produced by independent peasant producers and is sold to mills, as in Senegal; 
(2) competitive mills set prices to independent producers once the harvest is known; (3) 
mills and farms are integrated so that the crop pattern decisions are made directly by the 
mills; or (4) the mills own some but not all the land, a combination of (1) or (2) with (3). 

Equation (7) applies even if the available processing capacity is not optimal. In this 
case, (6) is dropped since K is not a choice variable, and the given K is substituted in 
(7). The higher is the exogenous level of K, the higher is PF since a higher K always 
increases the optimal level of groundnut production (in Figure 1, following, an increase 
in K is represented by a movement up the GM curve). 

If peasants are paid PF and capacity is at the optimal level, then the expected profits 
on processing, Ell, including the sales of groundnuts in excess of K on world markets, 
is: 

ra oo 

El={ (pO-v-PF)0$f(O)dO J (po-V-pF)Kf(O)dO 

0D 

- (PF -PG)(04 - K)f(6)dO - rK. 

From (6), ERJL = 0. That is, for the optimal K and optimal PF, the processing mills should 
just break even on average. Thus any locational advantage in processing groundnuts 
should be passed on to the peasants via the producer price, PF, to provide proper incentives 
to maximize the income of the agricultural sector. 

Figure 1 represents equation (6) by the KK curve and equation (7) by the GM curve, 
with their intersection determining 4 and K. These curves divide (4, K) space into four 
zones with the following interpretation: above KK, capacity has been chosen too high 
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FIGURE 1 

Solutions of equations (6) and (7) for K and D 

for the value 4, i.e. the right-hand side of (6) exceeds the left-hand side. Above GM, 4 
is too low for the given K, so that PM/PF is too high, and groundnut prices should be 
raised, i.e. the right-hand and middle terms of (7) exceed the left-hand side. The 
interpretation of these zones combined with the empirical analysis of the next section 
will be used to test for the optimality of policy in Senegal. 

Various exogenous variables in the model affect the values of 4, K and +/K. Some 
of these are potential policy instruments; others cannot be altered but may vary from 
country to country. By total differentiation, an increase in PM decreases k and K while 
keeping K/+ constant. An increase in r, v or PG, or a decrease in po all cause k, K and 
K/ 4 to fall. If total unit costs (v + r) are kept constant but v rises and r falls, K/ 4, 4 
and K all rise. This last result can be proved by total differentiation of (6) and (8) for 
PF to show that PF/PM, and hence 4, rise. It points up the importance of classifying costs 
correctly between the v and r categories. Note that in all these cases where 4 rises (or 
falls) so does PF/PM. 

If the total amount of land (T) increases then 0k increases for any given a if 
groundnuts are land-intensive relative to millet, and actually decreases otherwise. This 
result follows from the Rybczynski Theorem. Capacity (K) changes in proportion to 4. 
Similarly, if the total amount of labour (L) increases then 0k and K decrease if groundnuts 
are land-intensive and increase otherwise. 

The form of the distribution of 0 may be influenced by such policies as investing in 
irrigation, but, in any case, it may vary from one place to another. Further, in applying 
the model, there are different ways to characterize the distribution of 0 as discussed in 
Section 3. It is thus of interest to understand how differences in the nature of uncertainty 
affect the decisions under consideration. The structure of the problem is, however, such 
that it is difficult to characterize general changes in the distribution of uncertainty that 
will produce unambiguous changes in K, 0 and K/(O0). 
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For instance, replace 0 by a variable 0 obtained by a mean-preserving spread, so 
that 0 is riskier. In this case E(0) = E(0) = 1 and there exists at least one point at which 
the two cumulative distributions cross. It is clear from (6) that if equilibrium is initially 
in the range where F < F, then KI + must fall to restore this equality, and conversely for 
F> F This result can also be derived using the theorems in Kanbur (1982). Furthermore, 
the change to 0 has ambiguous effects on the value of w. In particular, the numerator 
of w can rise or fall. Because lo Of(0)dO = aF(a) -J' F(0)dO either the first part of the 
right-hand-side or the second part can rise relatively more in the transition to 0. Hence 
the effect on PF and 4 is ambiguous even if g is unchanged. Similar ambiguities arise 
for changes to distributions that are first-order stochastic dominated by 0, i.e. for which 
F< F everywhere (Hadar and Russell (1969)). 

3. APPLICATION TO SENEGAL 

In this section I indicate how to test for the optimality of decisions that have been made 
on processing capacity and on agricultural prices, identifying where the agricultural sector 
is in terms of Figure 1. Data are from Senegal. These data have limitations as will be 
indicated, and so the calculations illustrate a methodology, and do not establish a firm 
conclusion on the social profitability of Senegalese policy. 

In the case of Senegalese groundnuts, the basic locational advantage of domestic 
processing derives from the opportunity to use groundnut shells as fuel in the processing 
mills (Guillon (1966)). When unprocessed groundnuts are exported, they are shelled 
first. It appears to be inefficient to export the groundnuts in the shell, thereby using the 
shells as fuel in mills abroad. The best alternative use for the shells in Senegal appears 
to be as fuel in the form of briquets as a substitute for charcoal, but other uses have been 
suggested (Gillier (1964)). 

When Senegalese processing capacity was lower, and at times when the groundnut 
crop has been large, Senegal has exported unprocessed groundnuts. I have not come 
across any information that storage is a preferred option. Marketing channels for 
Senegalese unprocessed groundnuts are well established. Thus observed behaviour is 
consistent with adoption of (5) as the maximand rather than the alternatives discussed 
in footnote 2. 

From 1947 to 1980 the mean yield on groundnuts at the national level was 082 
tonnes per hectare, with a standard deviation of 0-16 tonnes. To operationalize the 
theoretical analysis, this variation must be decomposed into factors that are random 
(corresponding to 0) and those that reflect shifts in choices by producers (TG and LG, 

for instance) consequent on government policies (PF/PM) or on changes in aggregate 
factor supplies (T and L). Other inputs, such as fertilizer and farm equipment, or their 
prices, should also be taken into account, a complication being that they have often been 
rationed by government agencies. Lack of data, however, especially on labour input and 
wages, makes impossible a fully specified production or cost function approach to the 
decomposition of the, random and systematic influences on groundnut production. 

Instead, I have focussed on estimating the effect of climatic uncertainty on yield, 
neglecting the role of inputs. This procedure seems justified because climatic and input 
variables are likely to be orthogonal, so that omission of the input variables should not 
bias the estimates of the climate-yield relationships.4 To represent the effect of output 
prices, the equation includes the one-year lag of the ratio of the groundnut price to the 
millet price as set by the government, P-1. 
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The relationship between average rainfall during the growing season at Diourbel 
weather station in the groundnut region and national yield is given in Table I. Yield data 
were available for 1946-1980, but 1946 was excluded as atypical, perhaps reflecting the 
end of the war. Data on the relative price ratio were unavailable before 1958. This 
problem was treated by setting p = 0 before 1958 and including a dummy variable D = 1 
before 1958 and D = 0 after, see Maddala (1977, p. 202). Results were similar when the 
sample period was restricted to 1959-1980. 

The rainfall variables are highly statistically significant, although with omitted vari- 
ables and missing observations these conventional tests of significance must be interpreted 
loosely. The negative coefficient on the squared term indicates that yield is relatively 
more sensitive to changes in rainfall at low levels than at high levels of rainfall, as is to 
be expected. The coefficients y4 and yi imply a not unreasonable average value for P-i 
of 4.85/3-88 = 1-25 for the years before 1959. 

Using the equation of Table I, predicted values of yield (yi) conditional on weather 
for each year that I have data (1919-1980) and on 1981 relative prices (1-40) are: 

Ai = 
A 

+ Al (1*4) + A2Ri + 93R2 (9) 

Because a longer series exists on the Ri than on the yi, it seems desirable to use all the 
Ri, and therefore the period of simulation exceeds that of estimation. Restricting the 
simulation period to that of the estimnation produces similar results in the analysis that 
follows, but the curves of Figures 2 and 3 are more jagged. These yi give the variability 
in yields attributed to variation in the climatic variables. 

TABLE I 

Climate-Yield Relationships 

Time Period: 1947-1980 

Variable Definitions: 
y: national yield of groundnuts, tonnes per hectare 
R: average rainfall at Diourbel in June through September, millimeters 
P-1: one-year lag of the ratio of official groundnut to millet prices from 1959, and 0 

before 1959 
D: dummy= 1 before 1959 and 0 from 1959 

Statistics on the Variables: 
x i c minx maxx 

y 8-22- 10-l 1.59. 10-1 4-38- 10-' 1 09 
R 1-46 102 4 19 * 10 8 20 10 2.48 102 
p 1 18 1-53 - 10-1 9.00-1o-, 1-39 

where x = mean, oC = standard deviation. 

Regression Results: Y = YO+YIP-l+ y2R+ y3R2+ y4D + u 

Coefficient Estimate Standard Error t- Ratio Joint F2,29 

Yo -7.94- 10-l 2-98 101- 2-67 
Yi 3-88 - 10-' 1-61 *10-1 2-40 
Y2 1.49- 10-2 2-81 10-3 5.291 15-10 

Y3 -4.43 10-5 9_05 10-6 4-90J 
Y4 4-85 10-1 1.94 10-1 2 50 

R2= 0-547 SSE = 0-3784 DW= 2-00 

Source of Data: Appendix B. 
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An alternative to the 9, series is 

Yi = Yij+yj1(l *4-pj). (9') 

By keeping prices at 1981 levels, this series removes from the actual yi's only the effect 
of variation in prices paid by the government. In comparison to (9), this series incorporates 
aspects of weather-yield relationships lost because the rainfall variables do not represent 
all weather-related influences. Further, (9') captures the effects of other random variables 
not related to weather. But the 

- 
series also includes the effects of variation in omitted 

input variables that are not truly random, as well as possibly considerable errors in 
measurement of yi. Given the data problems, there is no completely satisfactory choice 
between the two series, and I present results using both series. The '9 series tends to 
include too little of the true randomness relevant to the decisions under consideration, 
while the 

- 
series tends to include too much. (The 

- 
could only be calculated for the 

years 1959-1980 when all variables were available.) 
The total crop in any year is the product of the yield (discussed above) and the total 

area planted to groundnuts. The total area planted has shown considerable variation 
along a generally upward trend; over the last few years, however, there has been a clear 
decline. As a rough estimate of total area committed to groundnuts, I take 1150 thousand 
hectares.5 Thus the total crop (G) to be expected in any year having the rainfall of the 
ith year, i = 1919-1980, and a relative price that had been set at 1P40 would be 

Gi= 1150yi. (10) 

The proportion of the groundnut crop that is available for processing depends on a 
number of factors, including the quantity peasants desire to hold over as seed, to consume 
themselves and to smuggle from Senegal to neighbouring countries. There is very little 
information on the choices made by producers between supplying the crop to Senegalese 
processing mills and withholding it. I make an approximate correction to account for 
the amount that is not marketed by defining the predicted marketed crop (Gm) as6 

A A A 

Gmi = Gi -210 if Gi ' 1050 (lla) 
A A A A 

Gmi= G-210-0-33(GQ-1050) if Gi> 1050. (1 lb) 

Additional variation in the Gmi series could be introduced either at the stage of (10) or (11). 
Finally, this methodology, based on the model of the last section, requires that the 

availability of groundnuts is uncorrelated from year to year. This assumption of indepen- 
dence does seem to be valid for Senegal.7 

Peasants are paid for a kg of unshelled groundnuts, containing 0-76 kg of shelled 
groundnuts and 0-24 kg of shells. The 0*24 kg of shells have an opportunity cost estimated 
at 5 FCFA.8 The value of a kg of unshelled groundnuts, PG, is therefore 0-76 times the 
world price per kg of shelled groundnuts plus the value of the 0 24 kg of shells. (The 
CFA franc used by Senegal is fixed at 50 to the French franc.) 

On average, one kg of unshelled groundnuts yields 0-34 kg of unrefined oil and 
0-42 kg of cake (CPSP, pp. 182-187). There is some variation in these coefficients with 
a slight tendency for good harvests to be accompanied by relatively higher oil yields, but 
this factor will be neglected in the following analysis. If the world price of unrefined oil 
is Pi and the world price of cake is P2 per kg, then the world value of the products 
produced from a kg of unshelled groundnuts is 

Po =034pi +0-42P2. (12) 
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In 1981, the new Societe Electrique et Industrielle du Baol (SEIB) plant had total 
fixed costs (exclusive of taxes) of 3295 million FCFA attributed to its facility that can 
process 200,000 tonnes of unshelled groundnuts into cake and unrefined oil (CPSP, p. 79).9 
An estimate of fixed cost per kg of unshelled groundnuts, r, is 3295/200 = 16 5 FCFA 
per kg. Variable costs, v, exclusive of taxes and the costs of unshelled groundnuts, are 
estimated at 0 9 FCFA per kg of unshelled groundnuts (CPSP, p. 107). 

The world prices in the formulae of Section 2 are expected or average prices rather 
than the actual prices prevailing in any year. An opinion on these expected prices requires 
a model of the world groundnut and millet markets. Such models are beyond the scope 
of this paper. To illustrate how conclusions on processing capacity and pricing can be 
derived from the framework of Section 2, I assume that the expected price per kg in 1981 
FCFA of oil is 260 FCFA, of cake is 50 FCFA, of shelled groundnuts is 110 FCFA and 
of millet is 50 FCFA. These prices are close to those prevailing in 1981 and to forecasts 
in 1981 prices by such organizations as the World Bank. But prices have typically 
fluctuated by 20% above or below, and in the exceptional year of 1974 were almost twice 
these values. The CIF prices at European ports must be corrected for transportation 
costs from Senegal to indicate a net value to Senegalese producers. Total transportation 
costs are taken as 19-5 FCFA per kg.10 

Using these prices gives 

PO- V -PG- r= (109-5-19-5) -0-9- (83-6+5-19-5) -16-5 = 3e5> 0. (13) 

Referring back to the discussion following equation (6), a positive value indicates that 
it is profitable to invest in some groundnut processing. 

Using the preceding information and assumptions, I can now proceed to a set of 
calculations useful in evaluating Senegalese capacity and pricing decisions. Equation 
(13) corresponds to a rearrangement of several of the terms of equation (6) which implies 
that, at an optimum: 

PO - V - PG - r 

PO - V -PG 

This condition states that the probability of excess capacity [F(K/4))] should equal the 
right-hand side. Given the previous assumptions, the probability of any particular quantity 
of groundnuts being available to the oil mills can be calculated as follows: order the Gmi 
of equation (11) so that j = 1 is the lowest Gmi etc. Denote this series in ascending order 
as Gmj. The probability of a Gm less than any Gmj is simply j/62 since there are 62Gmj's. 
The value of the Gmj are plotted in Figure 2 along the horizontal axis, and the vertical 
axis gives the probability that a Gm less than the corresponding Gmj would occur. 
Connecting these points by line segments and using the broken line to interpolate between 
points allows the calculation of the capacity corresponding to any given probability of 
excess capacity."1 For instance, a probability of excess capacity of 0 175 (on the vertical 
axis) corresponds to a capacity of approximately 700,000 tonnes (on the horizontal). This 
falls short of the actual installed capacity in 1981 of 900,000 tonnes. The actual capacity 
has a probability of approximately 0 9 of yielding a situation of excess capacity. Other 
things equal, this actual capacity could only be justified by a higher value of the right-hand 
side of (14). 

A second important question is, given existing capacity, are current prices correct 
and how should they be altered? If the economy were at the optimum, relative prices 
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(p) should be given by 

(PO-V)W + (PG)(1-W) (15) 

PM 

All the values for the variables on the right-hand side have already been discussed except 
for w. As defined above, w equals the proportion of the average value of the Gmj attributed 
to levels of Gm below the given capacity. That is, w, for any value of Gmj, is given by: 

k2=l Gmk/62 E - Gm62 2 (16) 

The values of wj corresponding to each Gmj are plotted on the vertical axis of Figure 3. 
For a capacity of 900,000 tonnes, the implied value of wj is approximately 0-89. Thus 
the price per kg of unshelled nuts relative to the price per kg of millet that should be 
offered peasants, given the values of all other variables yielding equation (13), is 

(109.5 -0*9-19.5) 0.89+(83.6+5 -19.5) 0 11 174 (17) 
50=14.(7 

These values compare with the official prices for the 1981-1982 agricultural season of 70 
FCFA for groundnuts and 50 FCFA per tonne of millet, yielding a relative price of 1 40. 
Thus prices in Senegal are not consistent with an optimum, given capacity and the 
assumptions about expected world prices. 

The results of the two calculations undertaken in connection with (14) and (15) can 
be interpreted using Figure 1. Since actual capacity of 900,000 exceeds 700,000 tonnes, 
corresponding to an F(K/ )) = 0 175, the current 4, K combination lies above the KK 
line. Because the actual relative price (1.40) is below the p calculated from (17) using 
the known, current capacity of 900,000, the current X, K combination must also lie above 
the GM curve. Thus the current 4, K combination is in zone 4. But zone 4 contains 
three sub-regions. In III, 4 both + and K are too low relative to their optimal values 
4)* and K*, and groundnut prices and capacity should be increased. In IV, 4 capacity 
should be lowered and groundnut prices increased. Finally, in I, 4 both 4 and K are 
too high; groundnut prices should be lowered. This last sub-region can be ruled out, 
however, since the optimum p cannot fall below its value if w =0, 1 40. But current 
relative prices are 1 40, and thus groundnut prices and 4 must be raised. 

Note that as 4 increases relative to K, p of equation (17) falls. For instance, for a 
K of 700,000 tonnes, Figure 3 gives a w of approximately 0 13. Whether the increase in 
prices will raise X, and shift the curve in Figure 2 sufficiently to justify an increase in K, 
rather than a decrease as would be recommended based only on inspection of (14) is an 
open question; it depends on how responsive 4 is to an increase in prices. Given the 
discrepancy between the 700,000 tonnes indicated by (14) and the 900,000 tonnes of 
current capacity relative to the discrepancy between the actual relative price of 1 40 and 
the 1-74 calculated from (17), such an outcome is conceivable as can be checked by 
changing 1-4 to 1-74 in equations (9)-(11) and footnote 5. On the assumption that 
K* < 900,000, however, K is not currently a choice variable and the optimal price given 
K = 900,000 can be calculated from (15) by recognizing that w is a function of p via its 
effect on the position of the curve in Figure 3. 

The results using the 
- 

series in place of the 9i are not illustrated but can be 
summarized as: (1) the greater variability in the 

- 
series leads to a lower probability of 

underutilization of current capacity (approximately 0-68); (2) a lower weight on po 
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(approximately 0.61) in comparison to the AP results; and (3) optimal capacity given 
F=0O175 of 520,000 instead of 700,000. For very low values of F(K/1) the - series 
produces lower values for capacity, while for very high values of F(K/1) the y series 
produces higher values for capacity, illustrating the theoretical ambiguity in movements 
between different distributions with (approximately) equal means.12 

4. CONCLUSIONS 

The evaluation of agro-industrial investments is a frequently encountered problem in 
poor countries. Differences in the attributes of raw materials imply that different factors 
must be emphasized in cost-benefit analysis. For many processing investments, however, 
uncertainty in the supply of the raw material is a crucial factor. The theoretical model 
of this paper shows how to make decisions about processing capacity and the related 
problem of input pricing under particular assumptions about: the decision makers' 
preferences, the sources of uncertainty, the availability of the raw material and the 
technology of processing. 

Calculating the optimal values of these decisions on capacity and prices requires 
considerable information on the elasticity of supply of groundnuts and a full simultaneous 
solution of equations (6) and (7). But Section 3 shows how some information on the 
direction in which to move prices and capacity can be obtained with relatively little effort. 
Nonetheless, it should be emphasized that the benchmark values for expected world 
prices, the land planted to groundnuts and the amount of a crop of any given size that 
is marketed, as well as the costs of processing, are rough and ready. These could be 
refined, but probably at an expense that is only justified if an actual commitment of funds 
to processing is contemplated. Perhaps the most crucial simplification is the use of a 
model in which groundnut availability is intertemporally independent. While a reasonable 
approximation for Senegal, other situations may not exhibit this property, necessitating 
more complicated calculations. 

APPENDIX A 

Notes on theoretical extensions to the model 

a. Risk aversion: 

Assume that decision making for the agricultural sector can be evaluated by the expected 
utility of income from all activities including processing. In this case, equation (5) can 
be modified to 

EUY= U[O(po- v)o +pmg(0)f - rK]f(O)dO 

co (5a) 

+ J U[(po- v)K +PG(OO - K) +pmg(0)f - rK]f(O)dO a 
where U(*), with U' 0, U"_ 0, is the utility of income. 

The condition corresponding to equation (6) is 
co 

I U'f(O)do 

J (PO -PG)d= r (6a) 
V Uf(O)dO 
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For U"> 0, it is easily shown by partial integration that J U'f(O)dO/fo U'f(O)dO < 1 - F. 
Hence relative to the risk-neutrality case, a must be lower. Similarly, all increases in risk 
aversion lower a, as can be shown by letting U2 = qi( U1) with q'> 0, f" <0 so that U2 
embodies greater risk aversion than U1 (Diamond and Stiglitz (1974)). 

The weight, w, is given by w = J- U'Of(O)dO/'o U'Of(O)dO. It is easily shown that 
w rises with increases in risk aversion for a given a. However, because a in fact falls 
from equation (6a), the impact on w of risk aversion is ambiguous even for 
E(U'g)/E(U'0) constant. Therefore, 0 and PF can rise or fall, as can K. For a given 
K, however, PF and 0 rise if E(U'g)/E(U'0) is constant. 

b. Tradeoffs between variable andfixed inputs 

The design of processing capacity may involve a tradeoff between variable and fixed 
inputs. Let the quantity of groundnuts that can be processed be C, 

C = C(K L) (lb) 

where K is fixed and costs r per unit while labour, L, can be varied after the harvest and 
costs v per unit actually used. To determine the conditions for an optimum, first consider 
the situation after 0 is known and only L and exports of groundnuts, X ' 0, are choice 
variables. The problem is to maximize 

PoC(K, L) -VL + pX (2b) 

subject to 

0b = C + X. (3b) 

This problem yields 

(PO-PG)CL-V=O ifX>0 (4b) 

00b=C(K L) ifX=0. (5b) 

Let a be the value of C(K, L)/+ such that (4b) and (5b) both hold. Then the expected 
income from the agricultural sector is 

a 

EY=f (0po +pMg(0)f-vL-rK)f(0)dO 
0 

00 
+ (PO C +PG(0* -C) +pMg(0)f - vL- rK)f(0)dO. (6b) 

a 

The first-order condition with respect to K is 

/ o) a CK 
f:(PO-PG)CKf(O)dOf+ v-f(O)dO = r. (7b) 

a O CL 

The other first-order conditions for TG and LG are very similar to equation (7). Informa- 
tion is required on the C(K, L) function to calculate optimal investment in K. 



GERSOVITZ PRICING UNDER UNCERTAINTY 167 

APPENDIX B 

The data used to produce table 1 

Year Output Area R pG PMi 

47 598 659 102 0.0 1 
48 596 697 140 0.0 1 
49 572 691 141 0.0 
50 471 641 248 0.0 
51 571 690 126 0.0 1 
52 558 657 210 0.0 1 
53 635 700 171 0.0 1 
54 464 720 222 0*0 1 
55 603 707 221 0.0 1 
56 763 780 169 0.0 1 
57 900 925 160 0*0 1 
58 770 850 172 22-0 17 
59 829 907 142 22-0 17 
60 892 977 169 22-0 17 
61 995 1026 144 22-0 17 
62 894 1013 134 21-5 17 
63 952 1084 107 21-5 17 
64 1019 1055 179 21-5 20 
65 1122 1112 143 21-5 19 
66 857 1114 138 21-5 19 
67 1005 1264 175 18-0 20 
68 820 1191 82 18-0 20 
69 789 963 176 18-5 20 
70 582 1050 140 19-5 17 
71 985 1060 164 23-7 17 
72 570 1071 92 23-0 17 
73 657 1025 83 25-5 25 
74 981 1052 147 41-5 30 
75 1434 1312 124 41-5 30 
76 1186 1295 101 41-5 35 
77 508 1161 83 41-5 35 
78 1051 1151 150 41-5 40 
79 737 1097 117 45-5 40 
80 486 1050 84 50-0 40 

Sources: 
Output and area: BCEAO (No. 19, p. 2) and Department of Agriculture 
worksheets, '000 tonnes and ha. 
R: CIEH (1976) and Department of Meteorology worksheets. 
pG, PM: Daniel (n.d.) and BCEAO, "Statistiques Economiques et 

Monetaires: Senegal", various numbers, domestic groundnut 
and millet prices set by government, in CFA per kg. 

P =Po/1PM. 

First version received January 1984; final version accepted June 1985 (Eds.) 

The work for this paper was done under U.S. AID contract AFR-0920-C-00-2024-00. I would like to 
thank Laura Tuck and the many people in Senegal who generously helped in obtaining the information used 
in this paper. R. J. Arnott, H. S. Bienen, A. K. Dixit, J. P. Lewis, W. A. Lewis, J. E. Stiglitz, and J. Waterbury 
provided comments on material in this draft. The Economic Growth Center seminar at Yale University provided 
a stimulating forum for discussing this paper. 

NOTES 
1. See Roemer (1979) for a survey of resource-based industrialization and Livingstone and Hazlewood 

(1979) for an analysis of irrigation capacity with parallels to the treatment of processing capacity in this paper. 
2. The present discounted value of expected income is 

V0= EL0 85EY, (5') 
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where 8 is the discount rate and EY, is given by equation (5) with all variables, including 0, subscripted by t. 
If all nonstochastic variables are constant for all t, and if the 0, are identically and independently distributed 
for all t, K will be chosen once-and-for-all and 

v-E 
Yo 

?(I - a) 
- 

Maximizing the one-period EY of equation (5) is then equivalent to maximizing (5'). If these assumptions are 
not met, an explicit solution for the model generally will not be possible. For instance, the existence of a 
storage option implies a fundamental nonlinearity since the stored stock can never be negative (see footnotes 
4 and 7 below). 

3. Note that even if po and PG are stochastic the formulae are unaltered so long as the symbols po and 
PG used in the text are interpreted as the means of these prices, and these prices are uncorrelated with 0. This 
last condition is somewhat stronger than the traditional small-country assumption. A country could be small 
in the sense of being unable to affect world prices by altering its supply. But it still might be one of many 
countries subject to a common weather system that induces variations in world supplies sufficient to affect 
world prices. Formulae incorporating covariances and truncated covariances that parallel (6) and (7) can be 
derived and implemented as in Section 3. While po and PG might be negatively correlated with 0, PO -PG might 
be positively correlated with 0 since processing capacity will be relatively scarce in years of good harvest. 
Correlations between weather in Senegal and prices for groundnuts and groundnut products are, however, not 
significant, see Gersovitz (forthcoming). 

4. Omitted-variables bias would not seem to be a problem because weather is largely unpredictable. In 
Gersovitz (forthcoming), I reported that regressions of rainfall in June and July (Rl) on itself lagged up to five 
years produced insignificant results. Similar results were obtained for regressions of rainfall in August and 
September (R2) on itself lagged. Regressions of R2 on R, in the same year also yielded insignificant results; 
however, there was some evidence that June-July rainfall to the south of Diourbel could be used to predict 
August-September rainfall at Diourbel. On long cycles in Sahelian weather, see Nicholson (1979). Most 
decisions on input quantities are probably made before the weather affecting yields is known. Thus, Gersovitz 
(forthcoming) suggests that the percentage of total land allocated to groundnuts (rather than to millet) and the 
use of fertilizer on groundnuts are unrelated to contemporary weather. On the other hand, there may be scope 
for varying such inputs as harvest-time labour in response to contemporary weather shocks, so that these omitted 
variables will not be orthogonal. 

5. The average area under groundnuts (TG) for the most recent five years on which I have data (1976-1980) 
is 1150. It is also approximately the area from multiplying total land under millet and groundnuts (T) in 1980 
(2140) by the predicted ratio of TG/T as given by the regression TG/T=0 42+0 09p_-. The sample is 
1960-1980, the t-statistic on the coefficient of P-i is 2 52, and p = 1 40 in 1981. 

6. I arrived at this formula by visual inspection of a scatter plot of the amount that was not marketed 
against the marketed crop for the crop years 1963-1979. Data were from BCEAO (various dates). 

7. Even when rainfall is intertemporally independent (see footnote 4), there are other reasons why yields 
may be affected by last year's weather (see Gersovitz (forthcoming)). I tested for this type of persistence by 
adding a nonlinear term of the form a (y2R-1 + y3R2 1) to the equation of Table I. The estimated value of a 
was negative, small in absolute value (-0-03 1) and insignificant statistically (asymptotic standard error = 0 19). 
To test for a more general intertemporal dependence in yields as well as allowing for serial correlation in errors, 
I also estimated the equation y = y(X - 5X-1) + (a + 5)y_1 - a5y_2+ E where the X are the variables of the 
equation in Table I, a is the coefficient on Y-i before the Cochrane-Orcutt transform and u = 5u_1 + E is the 
error in the untransformed equation. Nonlinear estimation of this equation produced estimates of a = 0-0158 
and of 8 = -0-0511 with asymptotic standard errors of 0-20 and 0-27. The sum of squared errors (SSE) for this 
equation is 0-3457 while the SSE of the regression corresponding to that of Table I but estimated over the same 
period as this equation (1949-1980) is 0 3463. Thus a' and 8 are insignificant either individually or jointly. 
Persistence effects do not seem important. A variant of the equation in Table I was also estimated with a linear 
time trend, but it was insignificant. Finally, storage can make the availability of groundnuts to the mills 
intertemporally dependent, but, as discussed above, storage may not be a viable option for Senegal. See Wright 
and Williams (1982) on the simulation of markets with storage. 

8. Various discussions suggest this approximate value, calculated as follows. A kg of charcoal contains 
7800 calories of which 15% can be realized. A kg of groundnut shells contains 4500 calories with an efficiency 
of 10%. Thus a kg of unshelled groundnuts, which contains 0-24 kg of shells is the equivalent of 0-092 kg of 
charcoal. The official price for charcoal is 20 FCFA per kg, the black market price is perhaps 50 FCFA and 
an estimate of the social cost of charcoal including costs of replanting, perhaps as high as 80 FCFA. Hence, 
an estimate of the range of the value of shells in a kg of unshelled groundnuts is between 1-8 FCFA and 7-4 
FCFA per kg. 

9. The figure of 3295 is arrived at as 4166 total "fixed" costs (CPSP, p. 110) less 160 (taxes) less 711 
(transportation) (CPSP, p. 108). These fixed costs include labour costs of 850 million FCFA (CPSP, p. 108) 
since the labour force is not adjusted in response to fluctuations in groundnut supply. It is an open question 
as to how much of these labour costs represent redundant workers (hired under government policy after closing 
of other mills), how much scope there is for varying labour on an annual basis, and how much of a shadow 
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wage adjustment should be made for the opportunity cost of the, remainder. The fixed cost figure in the text 
makes no adjustment to labour costs. 

10. The estimate of these costs in 1981 for the products from a kg of unshelled groundnuts is approximately 
8-5 FCFA exclusive of taxes (CPSP, p. 194). I also take this figure to be an estimate for the costs of exporting 
0-76 tonnes of shelled groundnuts. The sorghum price is unadjusted for transportation costs since it is based 
on the CIF price for U.S. exports in Europe. Various discussions suggest the cost of marketing the unshelled 
groundnuts from the peasants to the mills is approximately 11 FCFA per kg. 

11. An alternative would be to fit a distribution to the Gmi, and then plot the cumulative distribution. I 
tried this more complicated approach for both the Beta and the Gamma distributions with similar results. 

12. None of these results depends on the different time periods spanned by the A^ and ;i series, as was 
confirmed by taking only those 9A corresponding to 1959-1980. Indeed, the comparisons are strengthened slightly. 
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