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Abstract

This paper analyses the patterns of productivity and economic growth in the aggregated Kenyan agriculture between
1964 and 1996. In the 1964-1973 period, the average output growth exceeded 4% but stagnated to an average of 1.2%
during 1988-1996. Over the whole period, capital was the most important contributor to output growth. Mean growth rates
of intermediate inputs subsequently decreased and were negative in 1988-1996. Labour was the least significant source of
growth. The mean total factor productivity growth was less than 0.4% and decreased over time. The contribution of productivity
growth to output growth increased from 10.2% in 1964—1973 to 26.8% in 1988-1996. © 2002 Elsevier Science B.V. All rights

reserved.
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1. Introduction

This paper analyses productivity growth in the
Kenyan agricultural sector between 1964 and 1996.
Agriculture is the dominant sector in Kenya, the
sector’s performance has a large impact on the econ-
omy as a whole, and it is a major export sector. The
sector also engages a majority of the population,
mainly in small-scale farming.

In the past, growth in the agricultural sector
emanated mainly from expansion of area under cul-
tivation and transition from low value to high value
agricultural activities (Republic of Kenya, 1994). The
potential for continued growth from these sources
is diminishing rapidly. About 17% of total agricul-
tural land are considered as medium to high potential
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for rain-fed agriculture production. Although devel-
opment of Arid and Semi-Arid Lands (ASAL) has
received increased attention since the late 1970s, the
limited supply and increased difficulties to expand
the area of arable land remains a problem. There-
fore, to generate high growth in agriculture, the focus
has shifted increasingly towards means to increase
productivity.

After independence, Kenya adopted an import
substitution industrialisation (ISI) strategy for its in-
dustrial development. In the early 1970s, the degree
of industrial protection was increased substantially.
The government also imposed strict price controls
and adopted policies, which required producers to
buy domestically produced inputs whenever available.
As the ISI strategy in general raised manufacturing
output prices above international prices, the domes-
tic intermediates were generally more costly than
those available in the international market. This made
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Fig. 1. Selected indices of agricultural production.

agriculture dependent on high-cost inputs produced
by the import substitution industries while prices on
agricultural commodities were artificially held down
by the price controls. Consequently, the agricultural
terms of trade has worsened almost continuously since
the 1970s.

Importation of agricultural intermediate inputs,
such as fertilisers, required prior approval before allo-
cation of foreign exchange. It appears that the import
restrictions depressed intermediate use and fertiliser
use in particular. The quantities of fertilisers used in
agriculture remained almost at the same level from
1972 to 1984. In 1985, the government considerably
relaxed the procedures to import fertilisers. Conse-
quently, the quantum index of fertilisers rose substan-
tially from 110 in 1984 to 272 in 1988 (see Fig. 1).
However, increasing costs and shortages of foreign
exchange, seriously affected the use of fertiliser and
other intermediates in the late 1980s and early 1990s.
The quantum index of fertilisers fell rapidly from the
1988 level to 88.4 in 1993. Real output growth also
fell from 4.1% in 1988 to —3.8% in 1993. Activ-
ity in the sector picked up during 1994-1996. The
1994-1996 Development Plan pointed out that the
annual fertiliser consumption was considerably below
the estimated requirement for a growing agricultural
sector. The government also clearly expressed the

intention to initiate programmes to increase ferti-
liser use.

During the 1980s, the problems associated with the
IST strategy became evident and the emphasis gradu-
ally shifted toward export promotion. A major policy
shift was the introduction of structural adjustment
programs. These started in the early 1980s but one
might argue that it was not until the late 1980s when
the process started to accelerate. Price controls, for
example, prevailed until October 1994, when they
were finally abolished.

The Kenyan agricultural sector has experienced sev-
eral shocks and booms. Among these, the most im-
portant are the coffee-booms in 1976-1977 and 1986.
Agriculture is also vulnerable to climatic conditions.
Frequently the sector has been affected by insuffi-
cient rainfall and occasionally by droughts, where the
drought in 1984 were the most severe.

In what follows, we will consider three different
sub-periods in our analysis of productivity and growth
in the Kenyan agricultural sector. These are selected
to cover the immediate post-independence period
(1964-1973), the period following the oil-crisis and
the substantially increased protection of domestic
industries (1974-1987), and the period of struc-
tural adjustment and the shift to export promotion
(1988-1996).
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2. Data

Data on agricultural output, intermediate inputs and
values added during 1964-1971 are taken from Van-
demoortele (1984) and 1972-1996 from the Central
Bureau of Statistics (Republic of Kenya, various
years) publications: Statistical Abstract and Economic
Survey. Vandemoortele’s series are in constant 1976
prices and have been transformed to 1982 prices. Due
to specific data problems, agriculture also includes
fishery and forestry.

Output and intermediate inputs are in 1982 constant
prices. Since there are no published deflators for output
and intermediate inputs for forestry and fishing, the
deflators for agriculture has also been used for these
sectors.

Labour is the number of workers adjusted for the
average hours worked, where data on average hours
per week, 1972-1985, was taken from employment
and earnings in the modern sector (Republic of Kenya,
various years). For the period before 1972, it was as-
sumed that average hours per week was equal to those
in 1972. Average hours per week during 1985-1993
was provided by unpublished data from the CBS in
Nairobi, and average hours per week in 1994-1996
was assumed equal to those in 1993. The average
hours per week was then multiplied by 52 to get aver-
age hours worked on annual basis. Capital is the cap-
ital stock, constructed using the perpetual inventory
method according to

K=K 1(1=8)+ I

where K; is the capital stock at time ¢, § the de-
preciation rate and /; the real investments in period
t. Depreciation rates are taken from Wilson et al.
(1992). Investments during 1964-1971 are taken
from Vandemoortele (1984) and 1972-1996 from
Wilson et al. (1992), Wilson (1993) and Statistical
Abstract/Economic Survey.

3. Model specification and estimation

To study productivity in Kenyan manufacturing we
adopt a production function approach. The translog
functional form was chosen to avoid strong restrictions
on the technology.

The translog production function specification is
defined as

InY=ap+axInX+oaxgInK +opInL +arT
+1BxxIn X? + BxxkIn XInK + BxyIn XIn L
+BxrInXT + 3 pxxIn K* + Bx In K In L
+BxrIn KT+ B In L* + BrrIn LT
+3BrrT? M

where Y is the output, X the intermediate inputs, K the
capital, L the labour and T the time. The function is
symmetric such that 8;; = B;;.

We also assume that production is characterised by
constant returns to scale. Under constant returns to
scale, the value share for each input in the value of
output are equal to the elasticity of output with respect
to that input and the value shares sum up to unity.
Given the functional form defined in Eq. (1) we define
the value shares as

vx=ox + BxxIn X + BxxIn K + BxrIn L + BxrT,

vk=ak + BxxIn X + BxxIn K + BgrIn L + BgrT,

vi=ayp + BxrIn X + BxrIn K + BrpInL + BrrT
(2)

The translog function is characterised by constant
returns to scale if and only if the parameters satisfy
the conditions

ax +og +oap =1, Bxx + Bxx + Bx. =0,
Bxx + Bkk + Bk =0, Bxr + Bxr + B =0,
Bxr + Bkr + Brr =0 3

The complete model, as outlined above, con-
sists of the output equation (Eq. (1)) and the three
share-equations (Eq. (2)) set up to be solved as a
simultaneous equation system. Since the sum of the
value shares always equals one, only n — 1 of the
value shares are linearly independent. This implies
that the disturbance covariance matrix is singular and
non-diagonal (Berndt, 1991). To solve the singular-
ity problem, the labour equation (vp) is arbitrarily
dropped from the estimation. The parameter estimates
and their variances from the dropped equation can be
derived by indirect estimation. This set of seemingly
unrelated equations, Egs. (1) and (2) is solved using
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Table 1
Parameter restriction tests
LR-test statistics df. X(20_05)

Hicks neutrality 8.89 2 5.99
Separability 17.75 3 7.81
Piece-wise separability XK—L 8.93 2 5.99
Piece-wise separability KL-X 15.40 2 5.99
Piece-wise separability XL-K 12.90 2 5.99
Piece-wise non-linear separability XK—L 17.78 3 7.81
Piece-wise non-linear separability KL-X 22.74 3 7.81
Piece-wise non-linear separability XK 14.68 3 7.81

Zellner’s iterative seemingly unrelated regression
(ITSUR) procedure in SAS.

The resulting Durbin—Watson (DW) statistics from
preliminary estimations suggested that auto-correla-
tion was a problem. To solve this problem an
auto-regressive mechanism was induced. The prob-
lem associated with presence of auto-correlation is
that the parameter estimates are no longer invariant to
the choice of equation dropped. Trial estimations sug-
gest that, although not identical, the results were not
substantially altered when alternating share equation
dropped. However, when alternating share equations
dropped, there was a convergence problem.

The specification outlined above was tested for sep-
arability. In simplicity, separability addresses the ques-
tion if the marginal rate of rate of substitution between
input i and j are independent of the quantities of in-
put k. As a first test, global separability was tested. If
global separability was rejected, the second test was
for piece-wise linear separability between any two
pairs of inputs and, finally, we tested for piece-wise
non-linear separability (see Berndt and Christensen,
1973). All types of separability were rejected. The test
results are presented in Table 1.

As part of the estimations, price elasticities were
also calculated. These provide a measure of the effects
of a percentage change in the price of input i on the
demand for input j. The price elasticities are defined
as g = Sjoj;, where §; is the estimated value-share
of the jth input and o;; is the partial Allen elasticity
of substitution. We define the Allen elasticity as oj; =
S FuXnl|Fjl/X:X|F| where |F| is the determi-
nant of the bordered Hessian, and |I:“,~jl is the cofactor
of F;; in F. The price elasticities might be useful to
analyse the effects of price changes on input demand
since public policies were largely pricing policies.

Finally, total factor productivity (TFP) growth is
measured by a Tornqvist index. The Tornqvist index
has been shown an exact and superlative index and
a suitable discrete time approximation to the contin-
uous time Divisia-index (Diewert, 1976). This index
has been widely used especially when the translog
specification is considered. Between any two consec-
utive time periods, ¢ and ¢ + 1, the Térnqvist-index is
calculated (in log form) as

1
TFP; 41 =InYepy —In¥; = 3 S[Sira1 + Si
i

x[In X; ;41 — In X; /] “)

where S; denotes the respective input’s value-shares.

The Tornqvist index requires that the shares result in
perfect aggregation. This is ensured by the assumption
of constant returns to scale.

4. Results of parameter estimation

Table 2 presents the results from the parameter esti-
mation. R?-adjusted were 0.95 for the output equation,
0.58 for the capital share equation and 0.66 for the

Table 2
Parameter estimates

Parameters Estimate S.E. Parameters Estimate  S.E.
ay 0.128 0.004 Bxr —0.002 0.0003
oK 0.772  0.005 PBkk —0.037 0.027
ar 0.100 0.004 Bkr 0.002 0.0005
ar 0.004 0.003 PBrx 0.068 0.018
Bxx 0.056 0013 Brr —0.044 0.0136
Bxk —0.031 0.014 Brr —0.0002  0.0003
BLx —0.025 0.008 Brr —0.00005 0.0005
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intermediate share equation. Durbin—Watson statis-
tics were 1.68 for the output equation, 1.81 for the
capital share-equation and 2.10 for the intermediate
share-equation.

ar can be interpreted as the point estimate of
productivity growth and arr as the acceleration of
productivity growth. In agriculture, both productivity
growth and the acceleration of productivity growth
were neutral (not significant). The 8;r parameters in-
dicate the biases of productivity growth. Productivity
growth was intermediate saving, capital using, and
labour neutral (not significant).

5. Price elasticities

Table 3 presents the mean values of the own and
cross price elasticities for overall mean and the se-
lected sub-periods.

The mean own-price elasticity for intermediate
input was high, —1.97, while the labour and, in
particular, capital own-price elasticities were rela-
tively low. The own-price elasticity for intermediate
input increased particularly during 1988-1996 (see
Table 3). Cross price-elasticities suggest that a per-
centage change in the price of intermediate input
would have a large effect on demand for capital
while only a modest effect on demand for labour.
The low own-price elasticities for both labour and

~gapital suggest low substitution possibilities for both
these inputs. Demand responses from a change in
capital prices were particularly low in labour, close
to zero.

The high elasticity for intermediate input might
be surprising in a sense since one would normally

Table 3
Mean values of price elasticities
Elasticities =~ Mean 1964-1973  1974-1987  1988-1996
EKK -0.25 —0.25 —0.25 —0.26
E£xx -197 -1.80 —1.80 —2.44
erL —-0.68  —0.66 —0.68 —-0.72
exK 1.55 1.45 1.43 1.86
£k X 0.24 0.24 0.24 0.24
CoexL 0.42 0.35 0.38 0.58
Coerx 0.58 0.59 0.54 0.62
LK 0.10 0.07 0.13 0.10
KL 0.01 0.01 0.02 0.01

expect that intermediates such as fertilisers, seeds, and
similar items are essential in agriculture and not easily
substituted.

Due to the seasonality in agriculture and agricultural
incomes, the planning problem is particularly difficult
in agriculture. There is also a need to have certain
inputs such as seeds, fertilisers and other similar in-
puts, available at the right time. Therefore, agriculture
is highly vulnerable to unanticipated cost increases.
Many Kenyan farmers are also dependent on the in-
ternational market prices. Prices on the international
markets have often fluctuated, affecting some of the
major crop in Kenya, such as coffee and tea.

To add to this problem, the government policies,
which required farmers to buy domestically produced
inputs, although cheaper inputs were available on the
international market, is likely to have affected agricul-
ture. Import restrictions and the frequent shortages of
foreign exchange might have limited the ability to im-
port essential intermediates that where not available
on the domestic market. At the same time, price con-
trols are likely to have made it difficult for farmers to
get compensation for the increased costs, as suggested
by the falling agricultural terms of trade. The avail-
ability of agricultural credit facilities has also been
limited farmers. Together with the stagnation in out-
put growth, these factors are likely to have made it
increasingly more difficult for farmers to meet the in-
creased costs of intermediates.

As suggested by the price-elasticities, intermediate
use was substantially decreased when the intermediate
prices escalated in the late 1980s and early 1990s.

6. Output growth and TFP

Table 4 presents the average annual growth rates of
output and the weighted growth rates of intermediate,
capital, and labour inputs and TFP growth.

In agriculture, the mean growth rates of output de-
creased over time. Initially, the establishment of indi-
vidual ownership and large land-transfer programmes
enabled an expansion of land under cultivation and a
transition from low value to high value agricultural
activities. Besides, the build-up of the industrial sec-
tor and the generally high level of economic activity,
which prevailed throughout the economy during the
1960s, stimulated agricultural production. Afterwards,
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Table 4

Average annual growth rates of output and weighted growth rates of inputs and productivity growth (%)

Output growth Intermediate inputs

Capital inputs Labour inputs Productivity growth

Mean 2.80 0.34
1964-1973 4.10 0.82
1974-1987 2.99 0.51
1988-1996 1.22 —0.40

2.04 0.06 0.36
2.74 0.12 0.42
2.17 —0.05 0.36
1.13 0.16 0.32

expansion of the agricultural sector became more
problematic.

Agriculture was affected by the protectionist mea-
sures taken by the government in response to the eco-
nomic difficulties the economy ran into in the early
1970s. Later, the economic difficulties became ag-
gravated, including frequent foreign exchange crises,
which affected the whole economy. Agriculture was
also affected by the fluctuations in international trade.
Since the limited supply of arable land made expansion
of agricultural land increasingly more difficult, growth
would increasingly have to come from increases in
productivity. However, productivity growth has been
relatively low and increased on average by less than
0.4% per year. Our results also show that productiv-
ity growth has decreased over time, although its con-
tribution to output growth increased from 10.2% in
1964-1973 to 26.8% in 1988-96. One possible expla-
nation for the low levels of productivity growth might
be the low level of fertilisers and other inputs, which
would have a direct effect on the productivity of land,
used in agriculture. At least if we consider the substan-
tially increased level of fertiliser use, which occurred
in the 1985-1988 period after the relaxation of import
restrictions. If the level of fertiliser use during this pe-
riod reflects the level needed in agriculture, fertiliser
use has been less than half of the level needed for most
of the period. Therefore, it appears that there are po-
tential gains in productivity and growth by increased
level of fertiliser use. Besides, frequent adverse cli-
matic conditions have also affected agriculture. The
drought in 1984 seriously affected the sector but in-
adequate rainfalls have also affected agricultural pro-
duction, especially during the late 1980s and early
1990s.

Overall, capital was the clearly dominant source
of output growth in agriculture, while labour growth
was the least significant contributor to output growth
(see Table 4).

The average capital growth rates where high in
both the 1964-1973 and the 1974—-1987 periods but
decreased substantially during 1988-1996. Labour
growth fell and was negative in the 1974—-1987 period
but increased in 1988-1996 period.

Mean growth rates of intermediate inputs has sub-
sequently decreased over the sub-periods. Import re-
strictions and lack of foreign exchange might be the
major reason for the falling growth rates of intermedi-
ate inputs during the 1970s up to the mid-1980s. In the
1988-1996 period, the mean growth rates were even
negative essentially a consequence of the generally
rapid increases in intermediate prices in this period.

7. Conclusion

This paper has analysed the patterns of productivity
and economic growth in the aggregated Kenyan agri-
culture, 1964-1996.

In agriculture output growth stagnated over time.-
While average output growth exceeded 4% in the
19641973 period, the average output growth during
1988-1996 had fallen to 1.2%. This was well below
the population growth, approximately 3%, and might
indicate a matter of concern given the expressed goal
of self-sufficiency in food and food security.

Over the whole period, capital was the most im-
portant contributor to output growth. In particular,
capital growth was high in both the 1964-1973 and
1974-1987 period but decreased substantially in the
1988-1996 period. Mean growth rates of intermediate
inputs subsequently decreased and were negative in
1988-1996. Labour was the least significant source
of growth.Total factor productivity growth decreased
over time in agriculture. Its contribution to output
growth, however, increased from 10.2% in 1964-1973
to 26.8% in 1988-1996. On average, productivity
growth increased by less that 0.4% per year. One
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major source of the low productivity might be the low
level of fertiliser use. The low level of productivity
might also stem from a multitude of other factors,
some of which are difficult to trace. It might have
been affected by poor extension services, perhaps in-
ability to upgrade production methods, physical and
human capital. Agriculture has also been affected by
limited access to agricultural credits and shortages
of foreign exchange. Public policies during the im-
port substitution era might also have overemphasised
industrial expansion and allocated resources to the
industrial sector in disproportion to other sectors,
thereby affecting agriculture.
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