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COCOA, EMPLOYMENT AND CAPITAL IN THE GHANAIAN ECONOMY:

A THEORETICAL AND EMPIRICAL ANALYSIS

Richard A. Brecher and Ian C. Parker#®

1. Introduction

The present paper explores the cocoa industry's influence on
employment of labor and utilization of capital throughout the Ghanaian
economy. The discussion focuses upon the relationships among the size
of the country's cocoa industry, the distribution of the economy's
labor force between the commercial sectors and the subsistence sector,
and the value of the national stock of capital in its relation to
national income. These relationships are analyzed theoretically, and some
of the important parameters highlighted in this way are estimated em-
pirically for the cocoa sector. A major purpose of this analysis is
to reconsider the extent of Ghana's gain or loss--in terms of degree
of commercialization and magnitude of national income--arising from
an increased level of foreign demand for cocoa. Departing from most

of the conventional theory on economic development, the present dis-
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Vahid F. Nowshirvani for helpful comments, . vell as the members of the
Department of Economics and of the Institute ~f Statistical, Social and
Economic Research at the University of Ghana for their hospitality and
valuable suggestions. Of course, the authors alone are responsible for
any remaining errors or shortcomings.



cussion explicitly deals (both theoretically and empirically) with the
following important aspect of investment in sector-specific capital,
such as cocoa trees: although such investment may be labor-using, it
can also involve a long gestation period requiring intensive use of the
economy's limited quantity of investible funds, and hence for many
years may have repercussions on the national level and structure of
capital and employment.

Section 2 develops a simple general-equilibrium model, in which
heterogeneous capital goods of a sector-specific nature are produced by
labor over time as in Hicks (1973). The wage paid by the two capital-
using industries (cocoa and manufacturing) is at an exogenously fixed level,
as in Bhagwati (1968) and Brecher (1974 a and b); this level is determined by
the productivity of the subsistence (food) sector, as in Lewis (1954)
and in Fei and Ranis (1964). This model is used to show (among other
things) that, in comparing different stationary states, an increased
level of foreign demand for home cocoa may be associuted with 1) a
lower level of employment for the two commercial sectors (cocoa and
manufacturing) taken as a unit and 2) lower values of nationa' :apital
and income. The likelihood of these outcomes increases with the
cocoa sector's relative intensity in the use of limited investible
funds.

The investment costs per unit of labor and per unit of capital
in cocoa production, as discussed in Section 2, are estimated empirically
within the context of some simple numerical examplec in Section 3.
These examples are based upon the data given in the Appendix, which
generates new estimates of the time structure of yields and

labor inputs in cocoa by collating evidence from various



sources. The numerical examples are then used to examine the dynamic

properties of the model of Section 2 when the economy is not in stationary

state.

Finally, Section 4 concludes the paper with some suggesitions for

future research.

2. The Basic Model

Section 2.1 considers the production aspects of the model.
Savings and consumption are introduced in Section 2.2. Section 2.3

then compares the properties of different stationary states.

2.1. Production

Consider a simple economy that produces three consumer goods--
manufactures, cocoa and food. The only two primary inputs are homo-
geneous labor, which is in scarce supply and used in all three sectors,
and homogeneousl agricultural land, which is in surplus2 and free.3
In the course of using primary inputs over time to produce consumer
goods, capital is also created, as discussed below. Every productiaon
technique exhibits constant returns to scale in all of its primary
inputs.

The production relation in the food sector is

t . t
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where X; is the amount of food output in time t, time t being a unit
interval of calendar time; LE is the amount of labor used in food
production in time t; and Ye is the constant average product of labor
for the rest technique in the food sector. This pro-

duction relaticn is of the point-input-point-output variety, with inputs
and outputs occurr.ng simultaueously. This simple time pattern

of inputs and outputs is chosen to emphasize that produstion of food,
in comparison with cocoa and manufactures, involves a relatively in-
significant interval between initial investment of net inputs and the
subsequent receipt of net outputs.

The production relations for cocoa and manufactures are of the
more complicated flow-input-flow-output type, requiring both labor and
time for every technique of .ach sector. The profile of inputs and
outputs of a typical technique in sector i can be described in terms of

the following equations:

Q.
1
xt =z ..., i=c,m (2)
1 j=0 1] 19
Q.
t 1
L = L a, N° i=c,m (3)

b

1 =0 lj ij

where XE is the output of this typical technique in sector i in time t;

LE is the labor required by this techniquein time t; Bij is this technique's

output from a unit process at the end of its j-th period of

life; aij is the labor required by this unit process at the end of its j-th



period of 1lif. sz is the number of these unit processes in their j-th
period of life in time t; the unit process, started at the outset of its

0-th period (by contracting to have o,

i0 labor applied at the end of the

period), is terminated (with neither input nor output) at the beginning of
its (Qi+l)-th period; «nd, for the sake of simplicity, each period j (of
process life) coincides with some time t (as a unit interval of calendar time).u

The economy is endowed with an overall supply of labor in time t wh
which sets the total employment level in time t:

A A AR A | (u)
c m

when the economy is using only the three techniques described in equa-
tions (1), (2) and (3).5 Labor and investible funds (discussed below)
are perfectly mobile domestically but completely immobile international-
ly. Profits are maximized under perfect competition. It is assumed
throughout this paper that production remains incompletely specialized,
with all three sectors producing positive amounts. The economy cannot
affect the world price of its two importables--food, whose price is fixed
at the specific level Tes and manufactures, whose price is fixed at the
specific level T --but does have monopoly power in determining the world
price of its cocoa expor'ts.6 The absence of taxes and subsidies is assumed
for the sake of simplicity of exposition, so that world and domestic prices

are equal.7

The money wage in the food sector is YeTe z w, a constant which
sets the wage that the rest of the econumy uust pay. Thus, the
real wage in terms of manufactures is w/nm = w which is also constant.
This W uniquely determines the rate of prof?t (or interest) at the
specific level p in the manufacturing sector, according to this sector's

well-known wage-interest frontier represented by the ne-atively sloped



curve in the first quadrant of Figure l.8 Since competition and mobility
imply that the rate of profit must be at the same level (p) in the cocoa
sector, the real wage in terms of cocoa is uniquely determined at the
specific level W, according to the sector's wage-interest frontier shown
in the second quadrant of Figure 1. The equilibrium price of cocoa is then
w/wc 2T which is constant. Furthermore, p determines the i-th sector's
choice of technology, assumed to be a singleg technique, say the one de-
scribed for sector i in equations (2) and (3).
Along lines similar to those suggested by Hicks (1973), it is now possible to
define the value of the capital stock in the i-th sector in time t (Kg) as
k-j-th
i

(wai. - niBij)(l +p) T i=c,m (5)

=0 j=0 J
In other words, KE is the value of past net inputs into the i-th sector,
accumulated forward to the beginning of time t using a rate of profit (or interest)
equal to p, for all processes living (or just terminating) in time t. In equation
(5), the inner summation is the total capitalized value of all processes that are

k periods old at the beginning of time t, and the outer summation totals these
values fi-~ processes of all ages. The value of the total capital stock

in time t (Kt) may be defined as

Kt = kb + «F (6)
C m

The reason for treating capital in this way--rather than treating it as

a homogeneous, perfectly malleable, primary factor of production-- is to
emphasize that "transforming" cocoa capital (embodied in trees) into man-
ufactures capital (embodied in machines) requires an intersectoral

reallocation of investible funds over a number of time periods, and
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that this process may result in a change in the value of the total

stock of capital.

The reasoning of Hicks (1973) indicates that K' has the property
that

Yt = mLt + pKt (7)

where vyt is the net national income in time t, implying that pKt is a
measure of net profitsin time t.
Assuming no premature termination of any previously started process,

gross investment in sector i in time t (IE) is given by

Q,
1t = 21 n..(wa,. - 7.8 .)N?. i=cym (8)
i 520 il i) ivi377i5? ?
1, if wa,. - 7.B.,. > 03
where “ij = + B4 ,

0, otherwise.

In other words, IE is the total of net current inputs into all of the i-th sec-

tor's processes whose net inputs are positive in time t. Total gross

investment in time t(It) is given by
-+t t
I" =1 +1 (9)

2.2 Savings and Demand

The level of 1t is constrained by total gross savings in time t (St),

so that
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I"=8". (10)

S" = aY (11)

where 0, a constant, is the average propensity to save out of national
income. (Alternative assumptions cor.cerning saving could be analyzed
similarly, and their implications are discussed briefly helow). Al-
though investible funds are limited to St, they are assumed to be
perfectly mobile between sectors, as stated above.

It is assumed that domestic demand for cocoa is zero.lo All
cocoa production is offered for export, in exchange for imports of
manufactures and food to supplement domestic output of these two
goods. Thus Xz also deno*es home exports of cocoa. Foreign demand
for home cocoa is a stri-tly monotonic jecreasing function of the price
of cocoa (given e and nf). With the cocoa price equal to LI foreign
demand is at some specific level denoted by 7. Balance-of-payments

equilibrium then requires

xt= 7z, (12)
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2.3 Comparison of Stationary States

This section compares stationary states, in order to illustrate
as sharply and clearly as possible the important role of relative
investible-fund intensities, which would have analogous consequences in a

more general steady-state analysis (as suggested below in Section 3). Assuming

that the economy is in stationary state:

t . .

Nij = Nio , i=c,my §=0,e0., Qi (13)
for all t;

AICE (14)

for all t, assuming that all stationary states compared have the same
fixed labor force (L); and superscript t can be dropped from all
variables.

From equations (6), (7), (9), (10), (11) and (1l4), it follows

after simple manipulation that

Xy = emcwi/(ﬁm-op)-[em(dc-op)/ec(dm -oo)]Xc (15)
K = owf./(dm-op) - [(8 -8, )/ (8, -0p)0 IX (16)
L = Lo+ Ly = owi/xm + gpK/A =LA -2 )/y A IX (17)
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where Bi = xi/Ki . Gi = Ii/Ki’ Ai Ii/Li and v, = Xi/Li’ w>ich are all
constants according to straightforward use of equaticns (2), (3), (5),
(8) and (13). Equation (15) describes the stationary-state frontier uf
production possibilities for cocoa and manufactures, while :quations (16)
and (17) describe how K and L are related to XC along this frontier.ll
These three equations and equation (12) together determine all equili-
brium variables under present discussion. It is now possible to
consider (at constant prices) the significance of an exogeinously in-

creased level of foreign demand for cocoa, by using equations (12),

(15), (16) and (17) to examine the following derivatives:

de/dZ = de/ch = —em(Gc-cp)/ec(ém - op) (18)

dK/4zZ = dK/ch = (Gm - Gc)/(dm -op)ec (19)

dL/dz = dL/dxc = (- Ac)/vckm + (oo/Am)dx/dz (20)
Consider the case in which

Gm— op > 0 (21)

and

§ ~agp >0 (22)
c
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which yield de/dZ < 0. This case is interesting, because it illustrates
the possibility of an increased level of foreign demand corresponding to a
contracted manufacturing sector. It is also a versatile case, in the
sense that it allows for the possibilities of gain and of loss, as shown
below. This case is the only one discussed explicitly below, although

other possible cases could be analyzed similarly.

VIIA
VIIA
o

.

From equatims (19) and (21), it is clear that dk/dZ = 0 as Gm
Thus, a higher level of foreign demand for home cocoa may imply a lower
stationary-state value of the home capital stock--and hence of net
national income according to equation (7)-- as would be the case when
the investment requirement per unit of capital is higher in the cocoa
sector than in manufacturing (i.e., when Sc > Gm).

The first expression of equation (20) indicates the change in
[ for each unit of gross investment reallocated from manufacturing to
cocoa production in comparing two stationary states.l2 The second
expression of equation (20) indicates the change in I caused by the total
change in gross investment as the value of the capital stock varies in
comparing two stationary states. From equation (19), (20), and (21)
?

5 AL

it is clear that: if § <8 , dL/d7 is negative or ambiguous in sign as A
m c

if Gm = Gc, dL/dz

VA

0 as lm Ac; and if Gm > Gc’ dL/dZ is ambiguous in

VIIA

sign or positive as A Thus, an increased level of foreign demand

<
m f >‘c'
for home cocca may imply a smaller share of the labor force employed in

the commercial sectors--as would be the case, for example, when the

investment requirements per unit of capital and per unit of labor are

both higher in cocoa than in manufactures (i.e., when Gm < Gc and Am < Ac).l3
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3. Elementary Dynamics of the Model

Until this point,the theoretical focus has been on the comparison
of different stationary states, in part to suggest the relationship of
the model to others in the literature. The model, however, 15 equipped
to consider situations of equilibrium and disequilibrium growth and
decline, within sectors and for the economy as a whole. Anclytical
solutions are possible for the values of the major varialles in such
situations, under certain restrictive assumptions. In general, husever,
the results are quite sensitive to the behavioral and other assumptions
adopted.

This section illustrates, by means of stylized examples,lu
certain phenomena characteristic of periods of growth, decline and
transition. In order to highlight these phenomena, the internal
dynamics of a single sector--a stylized cu:oa sector--are analyzed.

For ease of exposition, it is assumed that other sectors adjust ap-
propriately in relation to changes in the cocoa sector. Within the
section, however, there is a brief discussion of the consequences if
"appropriate adjustments" in other sectors violate aggrepate feasibility
constraints.

The following cases are depicted: =zero growth or stationary
state, which serves as a benchmark case; steady-state growth and decline;
and transition from one stationary state to another, as a result of a
sustained increase in the level of new plantings.

The major conclusions which the examples illustrate are as fol-

lows. Coefficients such as the 6i and the Xi, while constant for any
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given rate of steady growth, should properly be considered as functions
of the rate of growth of a sector, in a general steady-state analysis.
Moreover, while these coefficients are constant in a situation of
steady-state growth or decline (given the growth rate), they will in
general vary over time in periods of transition between steady states.
This fact underlines the possibility that, in disequilibrium situations,
aggregate liquidity constraints may cause unforeseen premature trunca-
tion of processes. This result can occur because of the intertemporal
complementarity of inputs and outputs highlighted in the model. The

basis for these conclusions is illustrated below.

The stylized time profile of inputs and outputs, shown in Table I,
is based on the data in the Appendix, assuming (without loss of generality)
that the uhit process requires one acre. The profile has 5 periods,
each of whose coefficients represents the average value of the correspond-
ing Appendix coefficients over an ll-year period. Inputs and outputs
are assumed to occur at the midpoint of cach period. Capital values
are measured at the beginning of each period.16 Tables II and III are
based on the coefficients cf Table I, and are fairly self-explanatory.
The following remarks should highlight their main significance.

Table II has two basic purposes. The first is to provide reasonably
realistic estimates for the average aggregate variables

xi/nt, LEAE, «F

t t,,t .
/N LN c/Nc and Ic/Nc in three cases of steady-state growth at

Q
o . >
empirically plausible rates g(g P O);17 where Nt = zc sz, which denotes
j=0

total cocoa acreage in time t (given the assumptionAthat the unit process
requires one acre.) The second purpose is to use these estimates to

develop the values of the coefficients Gc, GC,A and Y,» 88 they vary with
c
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TIME PROFILE

TABLE

I

OF BASIC COEFFICIENTS OF

THE UNIT PROCESS

f i 3 . I m 8 . @, wa T B .-wa Kt./Nt.
| ! ci iocej cj c cj c cj el S
Age %Period (Cutput in Loads) . ; ) o
mance [ food ; , ( Valye of Capital in N¢
2Ye2rs) : (Cocoa- | "( Revenue : (Inputin i (Cost ( Net Revenue at p, = 15.35% per
\ , Cocoa | equivalent) | Toual in N€) i Mandays) in N¢) . in N¢) ; vear)
) B 1 T
i ! ! , !
0-10 0 l.3lui 3.857 5.171 _ 51.71 i 60.62 i £0.862 ! -8.91 } 0
! . ! i |
11-21 1 6.138 | - 6.138 - 61.38 | 26.€2 b 26.82 34.76 ' 19. 54
: 1 i . |
i l I i
22-32 2 5.232; - 5.232 : 52.32 { 17.94 ©17.94 ; 34,38 | 17.77
. ; § |
{ !
33-43 3 3.177 ¢ - 3.177 i 31.77 1 10.21 17.21 1 21,56 i 10.08
l ! ! |
Ly-55 L 1.122! - ; 1,122 11.22 : 3.61 3.61 ' 7.60 3.47
Notes: 1.

Capital values have been calculated assuming that the periods are actually 1l years long.

For further details, see footnote 16.

The rate of return pc

occur at the midpoint of each (eleven-year) period.

Kt /Nt
ci’e

ﬂc = N¢ 10, w

= N¢ 1, and one load of cocoa

= 60 1bs.

3 is the capitalized value of a unit process which is in its j-th period.

= 15.35% has been calculated on the assumption that inputs and outputs
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TABLE II

Composition of Cocoa Tree Stock (with growth rate g per period)

Age (3) 4 3 2 1 0
Acreage c ¢
t t 2 t 3 t L
(ch) Ney Nch£l+g) Neu(1te)™ Noy(1+g)” INoy(1te)
Case I: Stationary| Case II: Steady- |[Case III: Steady-
State (g=0) State Growth (g=50% |Decline (g=-33% per
per period: 3.75% |period: -3.62% per
t, - per year) year)
X /N 4,17 4,90 3.23
¢ ¢
Lt/ Nt .10 .15 .06
c c
Kt/ Nt 10.17 9.55 9.17
¢’ e ,
I/ W 5 1.78 3.42 .68
1t/a Xt 4.28% 6.99% 2.09%
¢ cc
o = xt/kt 4l .51 .35
c c ¢
s = 1%/t 175 36 074
c ¢’ ¢ * ' '
R PR o
A = 1I7/L 17.82 23.54 10.95
c ¢ e
= Xt/Lt 41.68 33.69 52.28
Ye c ¢ : : *
Notes 1. The units of variables are the same as in Table I, except that

Lz has been converted to man-years (assuming 1 man-year= 238

man-days).




TABLE III

EXAMPLE OF TRANSITIGN FROM ONE STATIONARY STATC TO ANOTHLR

Time
i
T T+l T+2 i T+3 T+4 T+5
Nt 10 2 o 20
o0 0 20 20 20
Nt 10 B 2 2
o1 10 20 0 0 0
|
|
Nt i !
i 10
o | 1o 0 20 20 20
Nt 10 10 0 L 10 20 20
c3 .
. | |
N, ; 10 10 1o | 10 10 20
B i
t |
N 50 60 70 80 30 100
t, t ;
X/ N .17 .34 4.59 | 4.67 4.51 .17
c H !
i ! ;
LE/Nt 10 b 126 Jlo4 ¢ .118 .109 .10
(o] . '
| |
K/ N 10.17 | 8.47 | 10.06 1102 | 10.92  10.17
i z
t,. t ' |
I/N 1.78 .97 2.54 | 2.25 1.98 1.78
t t 0 ! o s
t/n X 4.28% 8% 5.5% 4. 8% .45 4.28%
C c C i
ot = xt/kt ¢ w0 51 46 .2 413 410
c c ¢ ' i
st =1t 0 175 35 25 .20 .181 .175
C C [o] ! ;
t _ .ttt :
Ao = TL/L 17.82 23.57 20.48 | 19.07 18.17 17.82
t ottt
Yo = X/LT 41.68 3. 4y 37.02 39.58 41.38 41.68
Note: 1. The units of variables are the same as in Table II.

5. The Greek-letter coefficients now require superscript t

are no longer constants.

, since they
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the growth rate.

Table III provides the values for the same coefficients in a
highly stylized transition path from one stationary state to another.
The path, which results from a once-for-all increase in the level of
new plantings, illustrates the point that outside steady states the values of
the coefficients will generally be changing from period to period. If
the sector eventually converges to steady state at the original rate
of growth, then as shown in the present example, the end points of the
transition will (as expected) have the same values for the relative coef-
ficients, although absolute levels of employment, capital and income
may be different.18

The above considerations suggest that policy conclusions which
apparently follow from analyses based on comparison of stationary states
must also be assessed in terms of the costs and benefits that occur

during the period of transition from one stationary state to the other.
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4, Conclusion

————

The nunerous simplifving assumptions made throurtout this paper suppest
many avenues for further research. A fow of the possible extensions, addition-
al to those alreadv discussed in the forepoing sections and in the Anpendix, are
considered brieflv here. Broadlv speaking, these poscibilities relate to
the treatment of three aspects--nroductive inputs, technolosv, and sectoral
differences.

To deal with recurrent labor shortages, due to factors such as seasonal
neak demands in agriculture and imperfections in labor molilitv, a flexitle-
wage analysis would be appropriate. Gimilarlv, an exnlicit treatment of
variations in land rents would be needed to cope with a dimirishing abundance
of agricultural land. The abusa svstem of sharecropning in the cocoa sector
has implications for the distribution of income amonsg wares, nrofits and rents,
which supgest certain extensions [see Brecher (1972)]. To deal effectively
with non-labor inputs, further consideration should Fe rfiven to inter-industrv
flows and imported inputs. To the extent that there are intersectoral im-
mobilities of investible funds-- despite the powers of taxation and subsidiza-
tion vested in the GCovernment and the Cocoa Marketing Board--these frictions
should be incorporated explicitlv into the discussion. It is also important
to incorporate the fact that the rate of savings mav be varied, even under
constrained liquidity, bv (for examnle) intensifving work on cocoa farms or
reallocating family labor from non-cocoa to cocoa activities.

“he desirabilitv of considering technological change is supgested bv the

rapid increase in the use of Amazon cncoa (as compared with the more tradition-

al Amelonado variety) and bv the opportunitv of using new and improved
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machinerv in other sectors. Also important for consideration is the pos-
sibility of less significant changes [or "minor switches" in the terminology
of Hicks (1973)7, as (for example) when cocoa farmers respond to various
factors (such as price or climatic changes) bv adjusting their profile of
inputs and outputs without contracéinp or expanding their stock of productive
trecs. In addition, to deal with intra-industry differences hetween small-,
medium- and larpe-scale practices, as discussed by Rattacharya and Potakevy
(1969) for cocoa and bv Steel (1973) for manufacturing, the analysis should
he oxtended to allow explicitlv for the ¢imultaneous use of more than one
technique in a given sector.
Along the lines suppested in the present paper for the cocoa sector,
more detailed consideration should be piven to the empirical properties of
the manufacturing sector. Furthermore, it would be worthwhile to expand the
analysis to include additional sectors, such as non-traded roods like services,
whose price might fluctuate in response to changes in demand and supply.
Notwithstanding the significance of these factors, the basic model as
it now stands serves at least the “ollawing two purposes. For one, the
modnl sugrasts important pelicv implications of the time structure of capital,
as a determinant of emploviment distribution letween sectors. In cadition,
the model suspests a method for estimatine this time structurce and for analyzing

its effects.
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FOOTNOTES

lAlthough cocoa cannot be grown in many areas suitable for food
production while food can be grown in the cocoa belt, this difference

can be ignored in this paper, since land is assumed to be in surplus.,

2According to Morgan and Pugh (1969, p. 521), "Except in the
crowded areas of the south-east, in parts of Sierra Leone, in Western
Senegal and in Mossi and Hausa districts, there is no land shortage
in West Africa. The limitation on productivity has lain in the limit
to which the cultivator can extend the area under cultivation with
his present techniques." Although there may be increasing pressure
of population in parts of Ghana [see Killick (1966 a,p. 218)], land
shortage in food agriculture does not seem to be a problem in most
areas of the country. In any case, at least the historical relevance
of the surplus-land assumption would probably be accepted by most
experts,

According to Hill (1967, p. 282), writing about cocoa: "It is to
be presumed that owing to the introduction of the capsid sprayer many
hitherto marginal lands have become worth planting, co that the supply
of plantable lands in the possession of farmers has suddenly increased.
It is easy to understand why the migrant farmers themselves are not
worried by the prospect of land scarcity in the foreseeable future;
and this quite apart from the fact that the re-establishment of the
devastated lands will occupy many of them for years to come...It
should always be remembered that the original planting of their

southern Akim lands occupied many migrant farmers for a quarter of a
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century or more." Quoting Hill (1970, p.25 ) once more: "Much land
that was acquired in the 1930's has never yet been planted, although
suitable for cocoa."

According to Benneh (1968, p. 61), also discussing cocoa: "In
certain cases, people even clear plots of land which they do not intend
to cultivate during the current farming season with the sole purpose
of staking their claims over them." This practice would make cocoa
land appear more fully utilized than it actually is.

Direct evidence of cocoa land still available for new planting or
rehabilitation (after periods of disease or pest infaestation) is the
Ghana Covernment's current Eastern Region Cocoa Rehabilitation Project,
involving 36,000 acres of new planting and 54,000 acres for rehabili-
tation.

Admittedly, many experts would still argue that cocoa land is
scarce, or at least becoming scarce, today. If so, the surplus-land
assumption still has historical relevance, since cocoa land was un-
doubtedly in abundance during the earlier years of cultivation.

3Without changing any of the main results, the analysis extends

easily to the cases in which the surplus land receives a traditional
rental rate that is either a fixed fraction of output, a fixed frac-

tion of the wage rate or a fixed absolute amount.

4Other possible techniques in sector i could be characterized by

coefficient sets such as (Q;, aij, Bij)’ (Q;, a;j, ng) and so on.

Under the assumptions made below, however, it will be shown that only

one technique will ever be used in sector i.
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5Unemployment of the Harris-Todaro (1970) variety could be in-
corporated easily into the model, without qualitatively affecting any

of the main results reported below.

6As a small trader in world markets for manufactures and food,
Chana's influence on international prices of these goods is probably
negligible. On the other hand, as a major supplier of cocoa [see
Gill and Duffus (1973)] Ghana is undoubtedly able to influence the

world price of cocoa [see Blomqvist and Haessel (1972)].

7The analysis could be extended easily to incorporate a difference
between the world price of cocoa and the price received by the domestic
producer. If this were done, the resulting tax revenues of the govern-
ment would be included in net national income. In this case, the
higher level of cocoa exports discussed in Section 2 below would be
associated with a reduced level of net losses for the exporting country.
Subsidized provision of government rervices can likewise be readily
incorporated into the model.

8This frontier is the outer envelope of all of the i-th sector's

wage-interest curves, each of which corresponds to one of the i-th

sector's techniques, such as the one described in equations (2) and

(3). Along this envelope, the rate of profit (or interest)-—which is the internal
rate of return (equal for all time periods)--is a monotonic strictlv decreasing
function of the wage rate, assuming that every process can be termin-

ated at any time without any cost (except for the opportunity cost of

not continuing the process). For a more detailed discussion, see Hicks

(1973) and Nuti (1973).
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1f several techniques in sector i were equally profitable at
profit rate p, the analysis of this section would be qualitatively
unchanged as long as all of these techniques were used in fixed pro-
portions.

10This assumption, which is a realistic approximation for Ghana,

is not necessary but greatly simplifies the analysis.

t
f

equation (1) and from the fact that the subsistence sector absorbs any

llAlthough X. does not appear explicitly here, X; = Yf(i-i), from
labor not employed in the commercial industries.

As should be apparent, the relationship shown in equation (15)
is a perpendicular projection from the transformation
hyperplane in Xf—XC—Xm space into XC—Xm space, given the parameter
values.

12The role of Ai (i = ¢,m) in determining L here is analogous to

the role of Ei (i = 1,2) in decermining L in Brecher (1974b). A sim-
ilar role is played here by 6i (i = ¢,m) in determining K. The reader
is cautijoned, however, that Ai and 61 generally cease to be constant
out of steady state.

13By similar reasoning, the following results could be derived.

First, if savings out of wage income were assumed to be zero, it would

not be possible to have dx_/dZ < 0, dk/dZ = 0 or dL/dZ = 0; and

dK/di < 0 and di/dz < 0 would each require relaxation of the assumption
that domestic demand for cocoa is zero. Second, if the average pro-

pensities to save out of wages and profits were unequal (but still
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constant and positive), it would still be possible to have dxm/di
- < ~ = <
dK/dZ £ 0 and dL/dZ £ 0, as under the present saving assumption

stated in equation (11).

luThese examples are a prelude to full-scale simulation analysis,
using a 55-period model based on the data generated in the Appendix.
Certain characteristic phenomena, however, can be demonstrated more
clearly in the five-period model, with a sufficient approximation to

medium-term reality.

lsThis "appropriate adjustment” implies that, if there is a divergence
between savings generated by and investment required in the cocoa sector
at any time along a given path of cocoa growth (decline), this net surplus
(deficit) of savings will be absorbed (provided) by the other sectors,
given the assumption of incomplete specialization. On steady-state
growth paths at rate g (g % 0), consistent with the growth of demand at
constant prices, "appropriate adjustment” by other sectors can clearly
occur without violating aggregate feasibility constraints. Outside
steady state, however, "appropriate adjustment" by other sectors can
involve premature truncation of processes in the manufacturing sector.
Premature truncation would occur, for example, in any period whose re-
quired net inflow of savings into cocoa exceeded the sum of net savings
in the food sector plus the surplus of savings over required investment

in the manufacturing sector.
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16This procedure enables calculation of the capital values and

of pc, the rate of return in the cocoa sector, which are not unrealistic.
The value of G is intermediate between estimates made by Rourke (1973)

and implicit in Bateman (1973). The capital values and p, were

derived assuming that the periods are in fact 11 vears long, in order

to obtain a reasonable estimate for R and to suggest appropriate

relative magnitudes for the capital values. Clearly this implies that

net profits do not equal pcKz (since this equality is strictly true

only with the procedure of Section 2 or in the case of continuous time), but

that fact is of secondary importance for present purposes.

TWhile steady annual growth at a rate of 3.75% per year may
seem high, estimates cited in the Appendix suggest growth in acreage
of from 41% to 54% between 1953 and 1964, and a decline of 15% from
1964 to 1970. (These periods, of course, did not fulfil the conditions

of steady-state growth.)

8 .
The behavior of the coefficient values in Tables II and III

outside stationary state follows fairly smooth patterns. Most of

these patterns have some intuitive appeal given the reasonably regular
profiles of inputs and outputs in Table I. With more complex profiles
(including the full 55-period cccoa profile), however, morotonically
varying values for thecoefficients as functions of the rate of steady-
state growth are the exception, rather than the rule [as the value &f
KE/NE (Table II) suggests]. Similarly, coefficient values in periods
of transition between steady states will frequently contain numerous

peaks and troughs.
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APPENDIX

A-1. Introduction

This Appendix collates evidence from a number of sources to develop
estimates of the time structure of both yields and labor inputs in the
Ghanaian cocoa sector. These estimates serve as a basis for the analysis
in Section 3 above. Several points regarding the degree of abstraction
and the proper range of application of the estimates should be made at
the outset.

First, the age-specific relation between inputs and yields employed
in this study is an aggregated average concept. This relation therefcre
omits explicit consideration of certain variations which can occur from
farm to farm and from region to region, as a result of a number of factors,
some of which are examined above in Section 4. For this reason, the
Appendix also includes refevence to data which indicate the sources and
extent of these variations, and thereby provides an implicit cautionary
note concerning the limitations of thesc aggregated estimates in more
microeconomic applications.

Secondly, in agreement with the assessment of Galleti et al. (1856,
p. 188), who argue that "In the long-run the age of farm is the most im-
portant determinant of yields," the present method ignores several factors
which have been of some importance in Ghanaian cocoa development.l In
particular, the model gives no weight to the current producer price of
cocoa as a determinant of labor inputs and yields, with a given stock of

cc~ra trees. Rather, it is assumed that yield per acre of a given age will
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be constant (provided that premature truncation does not occur), be-
cause the same process is always used. Bv this "fixed-process" assumption,
the model also excludes the possibility that increased or reduced labor
inputs in one period can affect the current or subsequent yields of a given stock
of trees, since by assumption no such input variation (for price or
other reasons) occurs. More generally, the model does not explicitly
consider such factors as annual rainfall variation, the extent of diseases
such as Swollen Shoot and Black Pod and of pests such as capsids, or the role
of Gammalin spraying and other policy measures, although work by Bateman
{1973) suggests that these factors do affect the supply of cocoa in any
given year.

It is not possible to estimate directly the vield per acre of cocoa
of each age, averaged over all Ghanaian cocoa farms, since output and
acreage data for every age cre not available.3 There is, however, some
output and acreage information on a more aggregated basis, as well as
information on yield structure from research experiments. These three sets
of data can be used, under certain assumptions, to generate indirect es-
timates of yield per acre of cocoa of each age, as shown in Section A-2.
Section A-3 uses these estimates, together with microeconomic field-survey
data on labor inputs in farm establishment and harvesting, in order to
estimate a time profile of per-acre labor inputs corresponding to the es-
timated time profiie of yields.

A-2. Estimating Age-Specific Yields Per Acre

Without loss of generality, let the unit process in cocoa correspond

to one acre. Thus, sz denotes the number of acres devoted to j-year-old
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cocoa in time t, and Bci denotes the yield per acre of j-vear-old cocoa.
Also, let u . = B ./B*, where B* denotes the maximum value of B_. (occurring
cj cj ¢ c cj

at the most productive age), and ucj is called the relative yield of j-year-

old cocoa.
A-2.1, Evidence on Relative Yields

One set of data used here concerns research-station estimates of
ucj and Qc, denoted respectively by ;cj and ﬁc’ which are obtained from
experimental trials conducted at Tato by the Cocoa Research Institute, as
reported by Bateman (1973) and reproduced below in Table A-I. It is assumed
that

Q=9 (A-1)

and that

Bcj/8§ Sl ;cj (A-2)
which is not inconsistent with the generally acknowledged difference in
per-acre (absolute) yields between actual and experimental fields. Equa-
tion (A-2) implies only that the ratio between actual and experimental
yields per acre is the same for every age.

It should be noted that there are various factors which may cause
even the relative-yield profiles to differ between research statione and
actual farms. For example, it appears that lower planting densities in
research trials may reduce early yields per acre and increase later yields
per acre, particularly if replanting to maintain tree density and canopy
is undertaken for trees which die out at an early age.u Similarly, it is

possible that additional inputs of labor in earlier years could increase



experimental output in subsequent years.5 Both factors, insofar as they
were operative, would tend to impart an upward bias to the experimental
relative yields for later vears, as compared to relative yields achieved
on actual ¢ coa farms. Given the limited amount of actual field data
on age-specific yield profiles in Ghana, however, it is assumed that the
overall effect of these and similar factors is statistically negligible.
Evidence from other sources tends to reveal a roughly similar age
profile of relative yields. Field interviews in Mampong-Ashanti, conducted
by Boaten (1973, p. 10) with personnel of the Ministry of Agriculture, gen-
erated the estimates reproduced below in Table A-II. In the Boaten data,
as in Table A-I, the peak of relative yields occurs on farms 20 years old.
Boaten's relative yields for early and late years, however, are higher
than the corresponding coefficients in Table A-I. Boaten does not indi-
cate whether the estimates given in the interviews are systematic ones based
on statistical sampling, or instead are 'rule of thumb'" estimates based on
casual empiricism (by agricultural officers) on "best-practice" farms. In
the latter case, an upward bias very well may be present in the estimates
for early and later years.
Elliott (1973) has reported yield data from a cross-section survey
of fields planted in the Ivory Coast at much lower density than is normal
on Ghanaian cocoa farms. Table A-III reproduces these data, and adjusts
them to give a constant average density of “rees. The Elliott statistics
as adjusted do not allow for tree attrition, and hence may be expected
to overstate yields per acre on older farms, in the absence of additional

labor inputs on fields approximately 15 years of age and over. These



adjusted statistics suggest that, at least in the Ivory Coast, peak
yields were achieved somewhat earlier and decline in yields was somewhat
more rapid than in the Tafo trials. Given the inter-country differences
in field densities and in other conditions, the discrepancies between the
Elliott and the Tafo data do not seem sipnificant enough to warrant an
adjustment of Table A-I for equation (A-2).

Yield patterns on cocoa plantations in the Dominican Republic, as
reported by Mathis (1969, p. 27) and reproduced in Table A-IV, suggest a
more gradual rise to maximum yield and a substantially longer productive
age than do any of the Tables discussed above. It is not possible to
ascertain from the Mathis data, however, whether this difference reflects
primarily the effects of soil and climatic conditions, organizational con-
siderations, land availability and labor inputs, cocoa varieties adopted,
or other factors. In the absence of such information, the primary value
of the Mathis data is to suggest that, under certain conditions, the
longevity of cocoa fields may be substantially greater than that taken
as typical of Ghanaian cocoa fields in the present study.

The resurvey of Akokoaso in Eastern Ghana, undertaken in 1970-71 by
Okali and Kotey (1971) to trace developments since Beckett's (1947) original
survey of the village in 1935, suggests that the longevity of fields cor-
responds to that shown in Table A-I, although there is a significant
variation in the longevity of cocoa fields prior to their abandonment in
Akokoaso.

The Akokoaso resurvey by Okali and Kotey (1971, pp. Wi, 46) also
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suggests, as does Boaten (1973), that once yields begin to decline on

a given farm, little time, energy or money is allocated to that farm for
purposes other than to obtain the available crop. Such patterns of

farm maintenance can be expected to accelerate the rate of yield decline
(and shorten the productive lifetime) of cocoa stands, relative to the
rate implicit in Table A-I. This accelerated deteriation on some farms
may bte offset, however, by slower decline on others, as suggested by Okali
and Kotey's evidence on the existence of stands more than 55 years old.
Although there has been no thorough study of the precise relationship be-
tween the rate of decline and labor inputs on older farms under actual
farming conditions, some allowance for the relationship has been made in
the present calculation of labor coefficients.

All of the above data refer to yields on fields of a given age, rather
than trees of a given age. Killick (1966b, p. 242) cites the apparently
anomalous finding that individual trees do not reach full bearing until
they are over 30 years of age. This finding is not necessarily inconsistent
with the relative-yield profile of Table A-I, since there are changes in
the tree population of a given field over time (see Jolly, 1955), and these
changes will tend to shorten the period until peak yield on the field is
reached and to increase the field's rate of yield decline.

A-2.2.Evidence on Age Structure of Ghanaian Cocoa

The second set of data used here concerns acreage totals for (mutually
exclusive and exhaustive) age groups. For the k-th age group (k = 0y...,0),

total acreage may be denoted by I NE. , Where Jk is the set of all j
jed
k



within the k-th age group, and h+l is the number of such groups. Esti-

mates of L NE. for t = 1953-1960 and h = 3, provided by the Ministry of
]ch
Agriculture as reported by Killick (1966b, p. 2u3), are reproduced below

in Table A-V. These data are extrapolated (from 1959) to provide estimates

of L Nt. for t = 1970 and h = 4, which appear in Table A-VI. This ex-
ijkc

trapolation relies upon the assumption that total acreage of each 1959

age group is equally divided between all ages within the group. This "equal-

distribution" assumption may be stated generally for acreages within the

k-th age-group, as follows:

- t .
. = = . (= P J (A-3
Nog = R = (Z N /My, k = 0,...h; Jedy, )
jed
k
=t .
where ch is the average acreage for each age within the k-th age group

in time t, and LR is the number of ages within the k-th age group.

A few comments on this assumption are in order. If Moss's (1953)
age-group estimates (Table A-V) are extrapolated to 1958-60, assuming that
acreages within each 1953 age group were equally distributed between ages,
the results are anomalous when compared with the actual age-group estimates
for 1958-60. This equal-distribution projection from 1953 data produces
an abnormally low estimate for the proportion of acreage in the 16- to 30-year
age group in 1958-60, relative to what was actually observed, and an ex-
ceptionally high projection for acreage over 30 years of age. There are
likely two major explanations for these discrepancies.

First, the Moss (1953) age-group estimates are based on only 1.7

million of the 2.75 million cocoa acres surveyed to July 1953, and relate
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N\
to the older cocoa districts. Moss (1953, p. 89) considered that "in
view of this and the very extensive recent plantings not yet surveyed, it
is to be expected that for the country as a whole the proportion of young
trees is a good deal higher" than for the 1.7 million acres. If a large
proportion of the million remaining surveyed acres was in the 8- to l5-year
year age group in 1953, then the 1958-60 projection for the 16- to 30-year
group would correspond more closely to the actual 1958-60 estimates.

The second factor which would reduce the discrepancy relates to the
realism of the equal-distribution assumption. Since the 1953 age-group
estimates are based on the older districts, it is probable that a higher
proportion of trees in the acreage analyzed was in the over-30-year age
group, and that a higher relative proportion was of an age such that they
would be moribund by 1958-60. Excessive emphasis should not be placed on
this second factor, in view of the expansion of plantings and of output during
1900-1923; but given the relative-yield assumption in equation (A-2), farms
at peak bearing age around 1920 would on average be nearing the end of their
productive lives by 1953.

A-2.3 Combining the Evidence

From equations (2), (A-1), (A-2) and (A-3), it follows after simple

manipulation that

o Pt "
B .=X w . /E (N, T w_.) j = 0yeny Q (A-4)
cj c ¢ x=0 ck jEJk ¢l ] ’ LIPS

Using equation (A-4), all Bcj can be estimated with available data on Xz



for 1970 from Gill and Duffus (1973), on ucj and QC from Table

K (t = 1970 and k = 0,...4) calculated from Table A-VI.
6

The resulting estimates of Bcj are given below in Table A-VII.

A-I, and on ﬁz

The average maximum yield per acre on this calculation is 392.4
1bs/acre (on fields 15-20 years old). Although this estimate may appear
somewhat low, it must be remembered that the figure refers to both'pure"
and "mixed"cocoa stands. Furthermore, when the relative yields of Table
A-VII are applied to the 1958-60 acreage estimates in Table A-V, using the
equal-distribution assumption, a production estimate of 343,800 long tons
is generated. This figure is only 7.97% higher than 324,000 long tons, which
is the five-year average cen.ered on 1959/60 using the annual production
data of Gill and Duffus (1973). The size of this discrepancy provides some
indication of the reliability of the relative-yield estimates in Table A-VII.
These estimates could be improved by moras accurate knowledge of 1953 and
1958-60 total acreage, informed relaxation of the equal-distribution as-
sumption, knowledge of changes in the ratio of pure to mixed cocoa
stands, inclusion of short-run factors such as rainfall, and use of simi-
lar data. For present purposes, however, the estimates of relative yield
appear sufficiently accurate.

Parenthetically, when the 1970 acreage estimates in Table A-VI are
compared with the corresponding stationary-state estimates (for an equiva-
lent area) given in Table A-VI, an unpromising prognosis is suggested for
total Ghanaian cocoa production through most of the 1970's. This is
particularly true for the latter half of the decade, even in the event of

an intensification of the rate of plantings during the early 1970's.
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A-3. Estimating Age-Specific Labor Inputs Per Acre

The most thorough recent sources of microeconomic data on labor in-
puts in cocoa, based on actual observations on Ghanaian farms, are Okali
(1973) and Rourke (1973). Their findings have been used extensively in
developing the labor input coefficients reported in this section of the
Appendix.

Two points should be noted concerning the input coefficients of Okali
(1973) and Rourke (1973). First, they are based on data drawn from in-
tensive study of farming practices in restricted sites in the Brong-Ahafo
and Eastern Regions, respectively. The assumption that these data accurate-
ly represent standard furming practice throughout the Ghanaian cocoa belt
is justified only by the scarcity of similarly detailed data from other
regions, and by the relatively close correspondence between the coefficients
derived from study of two different regions.

Secondly, the labor input data relate only to the labor necessary to
bring cocoa to purchasing stations. It is reasonable to estimate that, on
average, approximately N¢ 60 per ton are required to transport one long
ton from the purchasing station to the docks for export. As a result of
the shortage of appropriate data for the transport and administration
sectors, the time structure of labor inputs into transportation has not been
calculated in the present study, just as net export tax revenues per ton
have not been calculated. The intention here is to provide an indication
of the net private return within the cocoa sector, although the social re-
turn to cocoa could be derived by utilizing export prices and deducting

the import component of transportation and of cocoa production costs, if
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these statistics were known.

The basic labor coefficients for cocoa are laid out in Table A-VIII,
on the basis of estimates derived from Okali's (1973) and Rourke's (1973)
data, as applied to the absolute yield coefficients of Table A-VII.

Normal practice in cocoa planting involves interplanting of cocoa
with plantains, cocoyams or other foodcrops. Plantains are planted as a
shade crop for the immature cocoa during the gestation period and,like
cocoyams,as a source of food. The labor devoted to plantains is therefore
required in the cocoa production process, while the net returns from all
food crops (whether consumed on the farm or marketed) relax the liquidity
constraint on farmers during the period when the cocoa has not yet begun
to bear. The inputs and returns for plantains and cocoyams are shown in
Table A-IX. The significance of interplanting is underlined by the fact
that areas with a high proportion of new cocoa acreage tend to be food-
surplus areas, while old cocoa areas tend to be food-deficit areas.7 The
appropriate procedure is therefore to include food crops with cocoa in
estimating input and output coefficients, as has been done in Table A-VIII,

Purchased inputs other than labor should properly be accounted for
in terms of their own time structure of production. Insofar as these in-
puts (such as Gammalin, sprayers and farm implements) are imported manu-
factured products, however, it is reasonable to value them at the cost of
exports for which they are exchanged or, as an approximation, at the value
of labor inputs into the cocoa sector. This approximate procedure has been

followed in calculating the coefficients in Table A-X.
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APPENDIX FOOTNOTES

1. Despite this emphasis, Section 3 suggests that the underlying model
is flexible enough to deal with a medium-run horizon, intermediate between
that of short-run supply-response models and tﬁe horizon of long-run
steady-state models.

2. Bateman's (1973) model is probably the most thoughtful and so-
phisticated existing econometric model of Ghanaian cocoa supply. None-
theless, his model (like the present one) omits some significant variables
which a priori appear to have had an important structural effect on the
supply of cocoa in Ghana in the period since 1939.

Bateman's (1973) model includes an "effort" coefficient relating the
producer price and cost of production of cocoa, a rainfall coefficient, a
Gammalin coefficient, and coefficients for the incidence and control of
Swollen Shoot. The model, however, necessarily relies on an indirect
measure of the cocoa capital stock, and omits adequate explicit consider-
ation of factors such as the following: the extent and rate of expansion
of capsid infestation, as distinct from the magnitude of prevention and
control measures; the possible declining secular effectiveness of Gammalin
as a method of capsid control [see Bateman (1973) and Leston (1973)]; the
pattern of extension of the transport system, which facilitated the intro-
duction of cocoa into previously economically inacessible areas, such as
parts of the western Brong-Ahafo Region and the Western Region; the im-
Plications of the Aliens' Compliance Order, and the effectiveness of its

enforcement (Addo, 1972), for cocoa output and total employment; the
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return to farmers from food crops planted along with cocoa, which sig-
nificantly affects the age profile of returns; the effects of the abusa
and related systems on the behavior of the "effort" céefficient; and
the factors treated in footnotes 4 and 5 below.

Insofar as the bateman (1973) model (or the present one) omits the
effects of these and other such factors, its predictive capacity is cor-
respondingly reduced.

3. Unpublished survey data collected by the éocoa Production Di-
vision of the Ghana Cocoa Marketing Board provide the basis both for more
detailed regional estimates of the age structure of the cocoa tree stock
and for improved estimates of yields per écre.' This survey has not been
completed, however, and.the data have not yet beeﬁ put in systematic and
publicly accessible form.

4. In general, planting densities on actual cocoa farms appear to
be somewhat higher than those on research stations. Tafo research on
planting densities reported by Bonaparte (1966, 1973) suggests two possible
reasons for this difference. These reasons are the apparently higher
variance of yield (at least in the early years) and the significantly
higher weeding costs, on low-density (as opposed to high-density) plantings.

5. To the extent that the input of labor on research stations in
any period is greater than economically warranted for a given discount rate,
the experimental relative yields in that period and subsequent ones may be
-'systematically biased upwards in comparison with the relative yields of

actual cocoa farms. In addition, if general farming practice does not
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noruwally include replanting of enough trees to maintain a continuous
canopy, deterioration of the farms has been found to be rapid (Galletti
et al, 1956, pp. 22, 183ff), and relative yields on such farms from about
age 25 onwards may be substantially lower than those in Table A-I. Im-
plicitly, it is assumed that the rate of decline on some fields is low
enough for later-year relative yields in Table A-I to represent a reason-
able weighted average of rapidly and slowly declining yields, on farms of
a given age.

6. If the cocoa sector were experie:ning steady-state growth in
somekknown rate g( E 0), it would be the case that sz = Nzo(l+g)-j and

QC

t _a
Nco I (1+g) I NZ, where Nz denotes total acreage devoted to cocoa in

1=0
time t. In this case, these two equations and equations (2), (A-1) and

(A-2) can be manipulated easily to obtain

~ ~

Q Q
t PS c - t c -~ . -~
- -] -3 .
. = X u.. ) =0,...
BcJ . u13[§=0(l+g) ]/Nc §=0 ucj(l+g) 3=0,...,0,

which allows each Bci to be calculated from available data, without the
need for Table A-VI.

This procadure was not followed because acreage percentages of age
groups in Table A-V do not remain constant between 1953 and 1958-60, al-
though they would be constant under steady-state conditions. Absence of
steady-state behavicr is also suggested by the observation that the sector's
total yield per acre, which would be constant from year t? year in (constant-

technology) steady-state, in fact has varied between observations, as the

following data indicate.
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The 1970 Ghana Sample Census of Agriculture by the Ministry of

Agriculture (1972) indicates that pure and mixed cocoa land in 1970

amounted to approximately 3,587,000 acres, while a five-year average of
Gill and Duffus (1973) production figures centered on 1970 indicates anm
average annual production of 400,200 long tons of cocoa for the period;

which implies ar. average yield of 250 lbs. per acre. Ministry of Agri-

culture estimates for March 1964 (see Killick, 1966b, p. 237) indicate
that 4,224,277 acres were under cocoa, so that average annual production
of 447,000 tons during 1961/62-1965/66 (using Gill and Duffus data)

suggests an average yield of 237 lbs. per acre. Moss (1953) reported that

approximately 2.75 million acres had been surveyed in the pericd up to
July 1953 (although not all cocoa land, particularly young cocoa land,
was included in this figure), and a five-year production average centered
on 1952/53 (using Gi'l and Duffus data) indicates an average annual
production of 230,200 long tons; which implies at most an average yield

of 188 lbs. per acre.

7. George Benneh, personal communication, August 1973.
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AGE-SPECIFIC. RELATIVE YIELDS IN EXPERIMENTAL TRIALS AT TAFO (GHANA)

Aca nlative Yield Ape Pelative Yield
{(Vears) (Years) _

0 n
1 0 31 B8F
2 n 32 .657
k! 0 33 L0249
L L0N21F 3y LG0n
5 .081u 35 971
c 252 3 503
7 . 3628 27 .51k
3 BUEr K1 Jhes
a Luaay 30 LB57
W LHun? 40 Y
11 6201 T3] N0
12 822 02 .371
13 L3224 3 303
14 tyast ul 314
15 1.00n00 b5 L8
10 1,000 uf I
17 j.00n n7 AN
18 1.100 WA , 200N
10 1.0n0 o 171
20 1.700 50 a3

c— i o e - ———r e e
21 171 51 Ll
2? L3 52 .NB6
23 .11y 53 .N57
24 L0286 54 .N29
25 La57 5 000
26 . 829
27 . BON
2R 771
219 743
an L7108

| — .

Notes: 1. Source: The relative yields have been adapted from Bateman(1973,
pp. 55-56). For ages 1-14, the relative yield is a simple
average of the relative yields that he cites. His assumption of a
linear decline from year 20 to year 55 is adopted here, in the
absence of conflicting experimental and field data [Cf. Galletti

et al.(1956), and Okali and Kotey (1971)].

2. Relative yield for each age is derived by dividing the experimental
or assumed yield per acre of that age by the maximum yield per acre
(occurring at the most productive age).
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TARLE A-I1

AGE-SPECIFIC YIELDS FOR MAM?ONG-ASHANTI (GHANA)

Creave) ({:Zég)/ e Relative Yield
5 5-6 300-360 367
10 (-8 360-480 .778
20 8-10 480-600 1.000
30 8-7 480-420 .833
40 6-U 360-2u40 . 556
50 y-2 240-120 .333
60 Below 2 Below 120 L1111

Source: Boaten (1973), p. 10.

TABLE A-III

AGE-SPECIFIC YIELDS FOR IVORY COAST

Adjusted

Age Trees/ | Pods/ Pods/| Lbs./ || Average Adiusted |Relative

i (Years) Acre Tree Ih. Acre Trees/Acre Ibs./Acre |Yield

— — b ; —_— -

! 5-7 456 l.4 9,€5 Y ue2.5 7.8 216

[}

i 8-10 436 h.8 a,.5n 220 LED LS 233.4 L7443

| 11-15 512 £.5 a.5¢ | 3u7.6 | uf2.5 314.0 1.000
16-20 496 5.5 a, 53 28F UG2.95 266.7 . BLua
21-25 430 5.8 6,28 2684 u62.5 288.7 919
26-30 yys 4.7 7.50 220 ue2.5 226.7 728

Notes: 1. Source: The first five columns are from Elliott (1973, p. 23).

The last three columns adjust his data to provide relative
yield estimates assuming constant tree density.




TARLE A-1V

AGE-SPECIFIC YIELDS FOR DOMINICAN REPUBLIC A-18

(TPADITINNAL PLANTATIONS)

YITLD YTELD. RELATIVE

AGL(Years) | (Lbs/Tarea) (Lbs/Acre) YIELD

0-3 0 0 0
5 15 36.5 .250
13 S0 321.75 . 833
20 €0 386.1 1.000
3n 60 386.1 1.n00
80 35 225.2 .583

Notes: 1. Cfource: Mathis (1796°, p. 27),

2. One tarea = 628.86 square meters, or .1554 acres; 1 acre=6.435 tareas.

3. Yields for intermediate vears are taken as linear interpolations
of the benchmar} vields in the table.

TABLL A=V

AGE COMPOSITION OF STOCK OF COCOA TREES (GHANA),1953 and 1958-60

Percentage of Percent of

Acreage in Qutput in 1953 Acreape 1953 Acrease| 1958-60

Age CGroup |Stationarv State Stationarv State Fstimate f1 Tstimatef!2 Acreace
0—7 0 o)
(7 vears) 12.7% 2.5% 13% 10% 25%
8-15 | .
(8 vears) 14.6% ! 20.,5% 14% 17% 10°

{

16-30 .
(15 years) 27.3% 47.0% u2% uns, u29
Nyer 30 .
(25 years) u5.u% 30.0% 30% 33% 23%
100.0% 100.0% 100% 100% 100%

Notes: 1. Source: The figures for 1953 and 1958-60 are from Killick
(1966b, p. 243) and references cited therein.

2. The stationary-state outputs are based on the relative yields in
Table A-I.

3. The 1953 acreage estimate #1 (Moss, 1953) is based on 1.7 million
acres out of 2.75 millicn surveyed.
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TABLE A-VI

AGE COMPOSITION OF STOCK OF COCOA TREES (GHANA),
1959 AND 1970 (PROJECTED FROM 1959)

STATTIONARY -GTATE

1959 1970 (1970 acreage)

Apse Group Acreage Acreage hecreape
(Years) Area (%) (000 acres) Area(™) (000 acres) prea(®)] (70nacres)| Output (%)

0-7
(7 vrs.) 259 00

8-15
(8 vrs.)

360

10%

16-30
(15 vrs.)

u2% . 1512

31-55

(25 vyrs.) 23% i 828

0-11
(11 vrs.)

- ,___{.. PN PN EERSS

10.7% . 384 20,00 717 6.90%,

[ RIS SPUIN
-

12-18

(7 vrs.)
19-26 : !
(8 vrs.)
27-41

(15 yrs.)
u2-55

(14 vyrs.)

_-y
s
'
I
3
i
’
.
4
14
L3
v
13
H
£
*
’
i

PREDNIGE SRR

25.1% - onn 12.75% 4e6 23.57¢

10.0% 360 14,5% 520 25.91%

PRI GHURIMINPIN ST

y2,1% 1512 27.3% a7a 31.517

g L ’ ~ e

172.0° 43l 25.5% a15 9,10¢

Ao b

TOTAL 100% .00 | ”106% 3587 1005 3587 1005,

Notes: 1. The 1970 estimates are based on a straightforward projection of 1959
acreage estimates, assuming that 1959 acreage of each age group was
equally distributed between all ages in the group. New plantings (the 0-
to ll-year age group ) are calculated as a residual.

2. This projection assumes that 1959 cocoa area was approximately 3.6 million
acres--or midway between an estimate of 3 million acres in 1953 and
4,224 million acres in 1964 (Killick, 1966b, p. 237).

3. The stationary-state output estimates are based on the coefficients
in Table A-I.
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TABLE A-VII

ESTIMATES OF AVERAGE AGE-SPECIFIC YIELD AND REVENUE PER ACRE (GHANA)

Yield Revenue | Yield Revenue
Age Per Acre Per Acre Age Per Acre Per Acre
(Years) |(Lbs./Acre) (N¢) (Years) (Lbs./Acre) (N¢)
0 0 , 0
1 0 0 31 269.2 4. 87
2 0 0 32 257.8 42.97
3 0 0 33 246.9 41.15
M 8.5 1.42 3y 235.5 39.25
5 31.9 | 5.32 35 224.1 37.35
6 98.9 16,48 36 213.1 35.52
7 142.4 " 23.73 37 201.7 33.62
8 175.3 ) 29.22 38 190.7 31.78
9 196.0 32.67 39 179.3 29.88
10 214.0 l 35.67 40 168.4 28.07
11 243.6 ' 40.60 41 157.0 26.17
12 322.8 ! 53.80 ) 145.6 24,27
13 365.9 . 60.98 43 134.6 22.43
14 383.2 . 63.87 t 4y 123.2 20.53
15 392.4 | 65.40 | 45 112.2 18.70
16 392.4 | B5.40 46 100.9 16.82
17 392.4 [ B5.40 47 89.9 14.98
18 392.4 I 65.40 ‘ u8 78.5 13.08
19 392.4 65.40 | 49 67.1 11.18
20 392.4 65.40 . 50 56.1 | 9.35
21 381.1 63. 52 t 51 . 7.5
22 370.1 61.68 | 52 33.8 , 5.63
23 358.7 59,78 : 53 22.4 ; 3.73
2 347.7 57.95 54 11.4 ; 1.90
25 336.3 56.05 55 0 ! 0
26 325.3 54,22 E
27 314.0 52.33 '
28 302.6 50.43
29 291.6 48.59 ,
30 | 280.2 46.70 :
| ' i
Notes:

1. The estimates of revenue per acre assume continuation of a real

producer price of N¢ 10 per 60-1b. headload at 1973 prices.
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TABLE A-VITI

AGE-SPECIFIC LABOR-EQUIVALENT INPUTS PER ACRE ON INTERPLANTED COCOA FARMS (GHANA)

L.abor-Tquivalent Tabor-Laouivalent |
Age Input (Man-days/ fpe Input (Man-days/
(Years) Acre) (Years) Acre)
0 150.30 1
1 37.70 31 14.42
2 147.60 32 13.81
3 106.60 33 13.22
4 58.50 3u 12.61
5 27.62 35 P 12.01
|
6 28.21 36 ] 11.u41
7 78.36% 37 10.82
8 28.30 38 10,22
9 28.00 B i 9.62
10 27.66 40 : 9.02
11 27.53 5] : 8.42
12 28.52 bou2 ’ 7.81
13 28.67 43 7.21
14 { 28.32 un 6.61
15 27.81 u5 6.01
16 27.11 4G 5.41
17 26.42 47 4,82
18 25.72 ug ! 4,21
19 25.03 ha 3.61
20 24,33 50 3.00
21 23,10 G3) 2.100
27 ! 22,49 50 1.80
23 21.57 53 1.20
24 20.66 51 .61
25 19.74 55 0
26 18.82
27 17.91
28 16.98
29 15.94
30 15.02
Notes: 1. The cost calculations hased on this Table assume a money wage rate

of N¢ 1.00 per man dav in the cocoa sector, at 1973 prices, as does

Rourke (1973). Purchased inputs have been valued at their man-dav
equivalent in computing labor inputs. That is,the "lahor-nquivalent input"
fig res also include a cpall proportion of opurchased Innuts, valued

as though thev were eauivalent to purchase of labor at the

1973 monev ware rate . Tor details see *ourre,

Notes continued on following page.
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Notes continued: TABLE A-VIII

Okali's (1973) figures for weeding and establishment inputs,

which are somewhat higher than Rourke's (1973), have been adopted

for ages 0 to 5. It is assumed that labor-equivalent maintenance
inputs f« -~ later ages decline linearly from a level of 27 man-days Per
acre at age 5 to a level of 9.6 man-days per acre at age 30, and that
(in response to declining yields) farm maintenance thereafter is
reduced annually by 4% of its age-30 level unftil there is no
maintenance at age 55.

Input figures for harvesting and marketing of cocoa are based on
Rourke's (1973) estimates. Since he provides figures for only
certain levels of yield per acre, the inputs per acre for other
levels of yield are derived by proportional interpolation. The
per-acre input (for harvesting and marketing) corresponding to
any given yield in Table A-VI is assumed to equal the (inter-
polated) Rourke input for that same yield.

The input cost figures exclude the cost of obtaining rights to
land. This cost represents a significant proportion of total
establishment cost from the standpoint of an individual farmer.
As long as cocoa land is not scarce, however, it essentially
involves a straight-forward redistribution within the private
sector.
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TARLE A-IX

COSTS, YIELDS AMD REVENULS PER ACRT.

FROM TOOD CROPS ON COCOA TARMS (GHANA)

Non-lahor Yi?ld /Acre Pevenue /Acre
Age Labor Input Input Cost Loads) (Ng)
(Years)i(Man- davs) (Man -dav Ecuivalents)| Plantains| Cocovams Plantains | Cocovams
0 16,00 15.59 N 0 "~ n
1 7.60 0 0 “ i
2 73.00 2€.40 ) 38 173,50 127,20
3 4e .00 15.00 35 15 72.50 54,20
L 21.50 .90 17 5] 25,27 21.70

Motes: 1. Source: Rourke (1773 , p. 20). Pourke assumed a per-load price of about
N¢ 2.07 for plantains and ¢ 3,71 for cocovams. These fipures
have been adopted in the present studv.

2. tlon-labor inputs have bheen converted to man-dav eauivalents assuming
a labor cost or wage of N¢ 1 per man dav, as in Pourke (1973).

3. The labor-equivalent costs of this Table are included in the
estimates of Table A-VIII.
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TABLE A-X
AVERAGE ANNUAL COSTS AND REVENUES PER ACRE OF COCOA (GHANA)
REVENUE (N¢) _ NET REVENUE (Ng¢) cosT | NET
COST REVENUE (Ng) . REVENUE
AGE |Non-Cocoa | Cocoa | Total (NZ) (NZ) AGE| _C2°°a (N¢)
0 0 0 0 150.30 |-150.30 31 | uu.s7 14.42 30.45
1 0 0 0 37.70 -37.70
2 240.70 0 240.70 | 147.60 93.10 32 | 42.97 13.81 29.16
3 126.70 0 126.70 | 106.60 20.10 33 | 41.15 13.22 27.93
4 56.90 1.42 58.32 | 58.50 -.18 34 i 39.25 12.61 26.64
5 0 5.32 5.32 | 27.62 -22.30 35 | 37.3% 12.01 25.34
6 0 16.48 16.48 | 28.21 -11.73 36 . 35.52 11.41 24,11
7 0 23.73 23.73 | 28.36 -4.63 37 , 33.62 10.82 22.80
8 0 29,22 29.22 | 28.30 .92 38 | 31.78 10.22 21.56
9 0 32.67 32.67 | 28.00 4.67 39 | 29.88 9.62 20.26
10 0 35.67 35.67 | 27.66 8.01 40 | 28.07 9.02 19.05
11 0 40.60 40.60 | 27.53 13.07 4l . 26.17 8.42 17.75
12 0 53.80 53.80 | 28.52 25.28 42 | 24.27 7.81 16.46
13 0 £0.98 60.98 | 28.67 32.31 43 | 22.u3 7.21 15.22
14 0 63.87 63.87 | 28.32 35.55 u4 ' 20,53 6.61 13.92
15 0 65.40 65.40 | 27.81 37.59 45  18.70 6.01 12.69
16 0 65.40 65.40 | 27.11 38.29 46  16.82 5.41 11.41
17 0 65.40 65.40 | 26.42 38.98 47  14.98 4,82 10.16
18 0 65. 40 65.40 | 25.72 39.68 48 i 13.08 4,21 8.87
19 0 65.40 65.40 | 25.03 40.37 49 | 11.18 3.61 7.57
20 0 65.40 65.40 | 24.33 41.07 50 ; 9.35 3.00 6.35
21 0 63.52 63.52 | 23.40 40.12 51 1 7.45 2.40 5.05
22 0 61.68 61.68 | 22.u9 39.19 52 ' 5,63 1.80 : 3.83
23 0 59.78 59.78 | 21.57 38.91 53 . 3.73 1.20 i 2.53
24 0 57.95 57.95| 20.66 37.29 54 ' 1.90 .61 1.29
25 0 56.05 56.05| 19.74 36.31 55 0 0 0
26 0 51,22 54,22 | 18.82 35,40 ' ?
27 0 52.33 52.33| 17.91 34,42
28 0 50.43 50.43 | 16.98 33.45 ‘
29 0 48.59 48.59 | 15.94 32.65 ;
30 0 46.70 46.70| 15.02 31.68 ;
Note: 1. The calculation of costs and revenues is based on Tables A-VII,

A-VIII, and A-IX.
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