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Agriculture Productivity in Sub-Saharan Africa

Bingxin Yu, Lilyan E. Fulginiti, and Richard K. Perrin

I ntroduction.

Sub-Saharan Africa (SSA), the poorest region in the world, is said to be the most
important development challenge of the 21% century. 1t consists of 53 countries with 612
million people, about 10% of the world' stotal, and covers about 24.2 million square kilometer,
18% of the world stota (FAOSTAT). Gross Nationa Product (GNP) per capitain the region
in 1999 was only $510, compared to $1,240 in al developing countries or $2,060 in the Middle
East and North Africa (World Bank).

Currently, the mgority of population il livesin rurd areas and depends on agriculture
for therr livelihood. In SSA countries agriculture contributes about 35% of the regiond GNP
and employs more than two-thirds of the total labor force. 1n most of these countries,
agriculture is the largest contributor to foreign exchange, averaging about 40% in the region.
Thus, agriculturd productivity plays a strategic role in these economies both as a potentid
source of long-term development and as the essentia contributor to sustained food security.

While agriculturd productivity gainsin the industriglized countries have averaged 2%
per year or more in recent decades, and frequently more than that in such developing countries
as Chinaand India, most studies of SSA agriculture have indicated agriculturd productivity
losses during the 1970's and 1980's. On the other hand a recent study by FAO used input
weightsfor Brazil and Indiato weight agricultura input changesin 47 SSA countries, and
using this gpproach, calculated average SSA productivity gains of about 0.5% annudly from

1961 to 1996. We cannot be very confident of this estimate because of the weighting



procedure, but the report serves as areminder that we are not yet very certain whether SSA
agriculture has gained or lost productivity in the past haf-century, let done an understanding
of the contributing factors.

The present study is thus an effort to improve our confidence in the estimates of
agricultura productivity in SSA, and to identify important contributing factors. Here we
examine the agricultura productivity performance of a pand of 41 SSA countries for 1961 to
1999, using astochastic frontier specified as a Fourier flexible form. This approach dlows us
to examine whether variability in productivity gainsis related in important ways to inditutiona

and palitical environment, and to specify the time path of productivity in aflexible manner.

Section Two Literature Review

Studies on SSA agriculture, epecidly in the field of agriculturd productivity, are few
relative to the importance of the topic. Many of them are limited to one or afew countries
ingtead of SSA asawhole, for example, Thirtle et al’s sudies in Zimbabwe and Morrison’s
work in Burkina Faso and Mdli.

Severd important investigations on total factor productivity (TFP) growth in SSA have
been made during the last decade. Block estimated a system of aggregated production
functions with equa dope coefficients and TFP growth is computed from the difference
between intercepts of two consecutive production functions. He reported average annua TFP
changes between —0.5% and 1.6% for 39 SSA countries. Thirtle, Hardley, and Townsend
estimated alow annua TFP growth rate of 0.838%, usng an input-based Mamaquist index for
22 SSA countries during 1971-1986. Investments in infrastructure, research and devel opment,

and secondary education were found to explain variationsin technical progress. Lusgi and



Thirtle estimated that the average rate of TFP growth in Africawas 1.27% per year for the
period 1961-1991 by cd culating input- based multilaterd Mamquist indexes of TFP growth for
agriculturein 47 African countries. They also estimated a determinigtic frontier mode (using
COLS) and astochadtic frontier and found that land quaity and R& D contributed to output
growth. Recently, this figure was modified to —0.86% per year by Suhariyanto, Lusigi, and
Thirtle, after changing the variables for modern inputs from ratios of variablesto land to
sampleleves.

In the 2000 annud report of Food and Agricultura Organization of the United Nations
(FAO), agricultura growth rates for 89 devel oping countries were calculated as a Tornqvist-
Thell index, usng input cost shares from studies in Brazil and India. This sudy estimated the
average productivity growth rate to be 0.49% per year for 1961-1996. Eleven of fourteen
countries were estimated to have negative TFP growth rates, which researchers attributed to
land degradation. Yu, Fulginiti, and Perrin used a nonparametric Malmaquist to examine
agricultural productivity in 37 SSA countries from 1961 to 1998, and found a deterioration of
1.1% per year.

The studies to date of productivity trendsin SSA provide conflicting and incomplete
edimates. Andysswith awider sample of countries including those with higher agriculturd
productivity have been important in quantifying the reative importance of factors affecting
productivity performance, such as modern input use, research, infrastructure, and relative
prices. Many of these studies found that TFP for the agricultural sector has declined among
developing countries. Fulginiti and Perrin (1997) reported deterioration in more than half of
the less developed countries (LDCs) sduring 1961-85 in a sample of eighteen countries that

included threein SSA. Rao and Codlli studied 97 countries and found that 9 out of 22 SSA



countries exhibited negative TFP growth in 1980-1995. Arnade examined 70 countries and
found productivity regressin 5 out of 6 SSA countries over 1961-1993. The weight of
evidence from these studiesisthat SSA agricultural productivity declined between 1960 and
1990.

Some researchers have used the concept of partia productivity to examine sources of
vaiationsin agriculturd performance. Frisvold and Ingram indicated that growth in the stocks
of traditiona inputs (land, labor, and livestock) remained the dominant source of agriculture
growth in 28 SSA countries for 1973-1985, and estimated that land productivity grew at an
annual rate of 1.5-1.8% for most countries. Kawagoe, Hayami, and Ruttan showed that labor
productivity in LDCs can be increased by invesments in education, research, and modern
technicd inputs. Labor productivity in agriculture was aso investigated by Craig, Pardey, and
Rossboom in astudy of 67 developing countries, including 25 SSA countries. They found that
conventiond inputs explain nearly three-fourths of the variation in labor productivity across
countries.

Chan, et al., used asmilar labor productivity modd and confirmed thet treditiond
inputs continued to be a dominant source of labor productivity growth and modern technology
has not yet had a pervasive impact on Africa agriculture. Based on alabor productivity modd,
Wiebe, et al.(1999) observed decreasing return to scale in SSA (which agrees with Chan, et al.)
and determined that land quality had a Significant impact on productivity. They initidly
edimated sgnificant and negetive fertilizer responsein SSA, but further andysis (2000)
showed the coefficient on fertilizer to be sgnificant and positive.

Acemoglu, Johnson, and Robinson hypothesized that African countries are poorer not

because of cultura or geographic factors, but mostly because of worse ingtitutions and



governance. This suggests that these factors should be considered in determining the causes of

agriculturd productivity performance.

A Modéd to Measure Productivity.

Productivity is defined as output per unit of input. Productivity growth ams a
capturing output growth not accounted for by growth in inputs. In this context two questions
immediately arise. First, what are the components of productivity growth? Second, what
potentia ingtitutiona and socio-palitica factors have affected agricultural productivity
performance in SSA in the last four decades? We will try to shed light on both questions.

Among the many aternatives available to estimate productivity growth, the one we
adopt isthat pioneered by Solow and Griliches and used by many others in the multi-country
context. We use a production function to break down the growth rate of aggregate output into
contribution from the growth of inputs versus productivity change. We start with a standard
neoclassicd production function:

(M Y%= f(x:b)
where Y, isoutput of thei-th country intime period t, x, isan nx1 vector of inputs for thei-th
country intime periodt, andb isavector of unknown parameters.

Following Jorgenson and Griliches, and consistent with the definition of productivity

growth introduced above, we specify totd factor productivity growth (TFP) asaresdud:

(2) TFRt = Yit' Xit = Y.it- & Sin Xiltn

where adot over avariable indicatesits rate of change, and s, is the observed expenditure
share of input n, for country i inyear t. Equation (2) assumestechnica and alocative

efficiency dong with congtant returnsto scale.



In this context our firgt task isto relax the restrictive conditions imposed on equation
(2) in order to identify the potential components of TFP growth. We then follow Kumbhakar
and Lovel and modify equation (1) to dlow for technical and dlocetive inefficiencies, for
departures from congtant returns to scale, and for the possibility of shifts of the production
function representing the introduction of new techniques of production. We rewrite the
production function the following way, re-1abding it a production frontier :
3 Y, = f(x,,t;b)exp(- u,)
wheret isthe technology index, and u;; is a non-negative random variable associated with
technica inefficiency across production units. In our case, it accounts for heterogeneity across
countries that can cause departures from maximum potentia output. If nothing is assumed in
terms of returns to scae and dlocative efficiency in inputs markets, then TFP growth using the

production function in equation (3) and dropping the it subscriptsfor smplicity, yidds

TFP=TC+4 (e, - ) X, + EC
(4) n
where a shift of the production frontier representing technical changeis

_fInf(xth)
(5) TC_ ﬂt )
the dadticity of output with respect to input n is

_TInf(xt,b)
© e= TInx,

and the scale dadticity is

(7 e=de,

n



which provides a measure of returnsto scale in production. The last term in equation (4)

represents technical efficiency change and is obtained as.

u
it

(8 EC=
which indicates that a country is more efficient in the use of its inputs when EC is positive.
EC can be interpreted as the rate at which a country moves toward or away from the

production frontier, which itsef may be shifting through time. We can rewrite equation (4) o

asto answer our first question:

. o en . o en .
9) TFP:TC+(e-])a?xn+a(F-%)xn+EC

scale

where the right hand side terms represent the different components of productivity growth, that
is, technica change, scde change, an adjustment for input growth when competitive conditions
in the input markets are not necessarily maintained, and efficiency change. Dueto lack of

information on prices and actud expenditure shares, we are unable to calculate the fourth term

of expresson (9) soweassumethat s, = %” and the decompostion smplifiesto

. ) e .
() TFP=TC+(e- DA —x, +EC,

The technical efficiency change component requires a little more explanation given that
it will dso be the basis for information that will lead us to answer the second of our questions,
the identification of ingtitutional and politicd factors that underlie differentid productivity
growth performance across countries in SSA. Technica inefficiency across the production
unitsinvolved is captured in the production frontier of equation (3) by the non-negative

random varigble u. The ratio of observed output for the i-th country relative to its potentia



output defined by the production frontier, given the levels of inputs, is used to define the
technicd efficiency of thei-th country in period t:

Yit _ f (Xit ;b) E‘Xp(- uit)

(11) TEit = f(Xltab) - f(X.t,b) = exp(- uit)

This measure of technicd efficiency does not depend on the level of the factor inputs and takes
on vaues zero to one, with avaue of oneindicating full technicd efficiency. It can dso be
thought of as indicating the Size of the output of thei-th country at timet relative to the output
produced by afully efficient country using the same input vector. Theratio of TE’'s between
two periods gives an dternative way of caculating EC.

Given that the TE term indicates discrepancies in the productivity performance across
countries, the frontier methodology lendsitsdf to the incluson of potentia determinants of
country heterogeneity which we refer to as* efficiency changing variables . We specify a
frontier modd where the technica inefficiency effects are defined to be an explicit function of
country-specific indtitutional and socio- politica factors that we hypothesize have influenced
the differentid performance of these countries. We then specify the technicd inefficency
effect u;; of thei-th country in the t-th period as a truncated N(pit, s2) distribution, where
(12) m, = hd,
inwhich h;; isa (1xp) vector of variables that influence the efficiency of the country, such as
inditutiona and socio-poalitica conditions, and d is (px1)vector of unknown scalar parameters

to be estimated.

Data and Estimation
FAO data on output and conventiond agricultura inputs (land, labor, fertilizer, tractors

and animals) are reasonably complete for 41 SSA countries for 1961-1999, and are available at



the FAOSTAT webste. These data have been used in nearly every previous sudy of
agricultura productivity in SSA countries. The data are based on reports submitted to FAO
that are frequently incomplete or missing. Some of the data on the website have therefore been
estimated by FAO, and some of the data series are obvioudy rather casualy generated (the
same number for many years followed by a different number for many years, occasondly
abrupt year-to-year changes, etc.) Nonetheless, an examination of other internationa agency
reports reveds that these are virtudly the only data of this type available, despite their dubious
accuracy in many instances.

Agriculturd output is expressed as the quantity of agriculturd production in millions of
1989-1991 “internationa dollars’. Agriculturd land is measured as the sum of arable land,
permanent crops and permanent pastures, in 1,000 hectares. Agricultura labor is measured as
the number of persons who are economicaly actively engaged in agriculture, in thousands.
The livestock varigble is aweighted average of the number of animas on farms (weights are;
camds 1.1; buffalo, horses and mules 1.0; cattle and asses 0.8; sheep and goats 0.1; pigs 0.2;
fowl 0.01 ), in 1,000's. The farm machinery varigble we use is smply the number of
agriculturd tractors. Fertilizer is quantity of fertilizer plant nutrient consumed (N plus P,Os
plus K20), in metric tons.

Our approach isto consider productivity to constitute changes in output, SO measured,
for given levels of this set of traditiond inputs. Some measurable factors that we hypothesize
may impact this productivity include the qudity of labor and land, and inditutional or political
factors such aswar that affect the ability or incentive of producers to extract output from a
given bundle of traditiond inputs. These varigbleswe cdl efficiency-changing variables,

because systemdtic differences in productivity in our modd are defined as differencesin



efficiency. Thiseffort to explain the differences among countries and through time follows a
tradition originated by Hayami and Ruttan, that includes Kawagoe, Hayami and Ruttan who
found that labor productivity can be increased by investments in education and research;
Fulginiti and Perrin who suggested positive productivity effects of public research, land qudity
and human capitd in 18 LDC countries; Antle who aso found that research and infrastructure
contribute pogtively to agriculturd productivity; and Schuh and Norton who found that
education had a sgnificant influence on agricultura output.

The efficiency-changing variables we congder are asfollows.

a) Labor qudity - adult illiteracy rate and life expectancy a birth are taken from World
Development Indicators (World Bark);

b) Land qudity — both a quality index and percentage of irrigated land are used as
proxiesfor land quality. Theland qudity index is the percentage of IGBP class 12 cropland, as
identified by USGS, that isin land qudity class 1, 2 or 3, asidentified by NRCS (Wiebe et d.
(1999)). It isobtained by combined high-resolution land-cover data and spatialy referenced
soil and climate. Itisavailable at ERS, USDA for 35 SSA countries, and we have constructed
estimates for missng countries by averaging scores from neighboring sates. The percentage
of irrigated land was calculated from theratio of irrigation land (World Bank) over tota
agriculturd land (FAOSTAT). Missng vaues were estimated by extrapolation of the growth
rates of the three years closest to the missing observations.

C) Indtitutiona/palitica environment - Differencesin colonid heritage persst in
paliticd, economic, culturd, military, financid and rdigious sructure. We utilize dummy
variables for former British and French colonies (versus Belgian, Dutch and Itdian as

reference), and adummy variable equa to 1.0 if the country was independent at the time of the

10



observation. These data were collected from Encyclopedia Britannica. Because war could
clearly affect productivity, we congructed adummy varigble to indicate armed conflict by
country and year from 1970 to 1999, based on data from Wallensteen and Sollenberg, and
Svard. Finaly, we aso constructed two dummy variables to represent the Freedom House
index of political rights and civil liberties, with countries categorized asfree or partly free
(contrasted with not free), from 1972 to 1999. We extrapolated growth rates of index vaues
for the three closest years to estimate missing values.

In order to implement the model suggested above with the objective of measuring
productivity growth in SSA countries we need to choose a particular functiona form to
approximate the production frontier in (3). Two mathematical series have been used to
gpproximate production structures. These are Taylor series and Fourier series. Taylor's
theorem gives alocally second-order approximation of any function at a certain point but will
not warrant a close gpproximation for the whole sample. Hence, estimations using a globa
method, such as OLS, will generdly give biased and inconsstent estimates of the derivetives
of Taylor-type functions like the trand og, the generdized Leontieff, or the generdized
quadratic. Conclusions drawn from these models are of limited generdity because they merdy
express empirical results with respect to the performance of these modes at the neighborhood
of an gpproximation point. As demonstrated by White, except for highly redtrictive conditions,
ordinary least squares estimates of a second-order polynomid such asatrandog fail to
correspond to the true Taylor series expangon of the underlying function at the expansion
point and hence gives biased parameter estimates and test statistics. Capal bo aso noticed that
empirica results and theoretical consstency are sendtive to modd specification, and curvature

properties and monotonicity hold only localy for afunction like the trand og.
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We choose to gpproximeate the production frontier in equation (3) with a Fourier flexible
form. The Fourier seriesis defined as alinear combination of trigonometric and polynomia
terms that have the capability of representing exactly any well-behaved multivariate function.

It differs fundamentaly from Taylor seriesin that it has a variable number of parameters and a
known bound to approximate an arbitrary function well over the entire range of deta. Thisis
possible because the sne and cosine functions are mutudly orthogona and function space
gpanning. Thus an arbitrary function may avoid function misspecification with a Fourier series
even without knowledge of the true form.

There are papersin the literature that compare the two gpproximation methods. Gallant
(1981) neticed that the trandog power curve only increases locally while Fourier form gains
full power as departures from the null case become extreme. Wohlgenant compared the Fourier
form with atrandog and a generdized Leontief functiona form and showed that the Fourier
flexible form was superior on both theoretica and empirica grounds. The trandog cost
function has been found to be biased by Mitchel and Onvura and less favorable than the
Fourier flexible form by Huang and Wang.

The Fourier flexible form introduced by Galant and his colleagues is a semi-nonparametric
form because it combines a tandard linear and quadratic form with a non-parametric Fourier
seriesfor a closer gpproximation. The procedure for congtructing a Fourier flexible form was
described by Gallant (1981, 1982, 1984), and more detailed discussions can be foundin
Elbadawi, Galant and Souza, Chdfant and Gallant, Eastwood and Gallant and Gallant and

Souza. The Fourier flexible form for anon-periodic function is written as.

1 ' ) L o
(13 609 = b+ BX+ 5XCx+ A {bo, + 2 b, 008k, X) +a, Sn(jk, T}

j=1



where x isaNx1 vector of scaled inputs (scaed between 0 and 2p,) b isaNx1 vector of

coefficients, C isaNxN symmetric matrix of coefficients, and u, v are AxJ matrices of

coefficients. ka = [k ki, ]’ ae multi-indices (Nx1 elementary vectors).

% ! x "

It isclear that the Fourier flexible form as agloba approximation dominates the
commonly used trandog form. This globa property is particularly important in production,
where scales of inputs and outputs are often far from the mean. However, increasing the
number of parameters reduces approximation error while increasing the variance of test
datistics used in hypothesis teting. As Chafant observed, bias-ingability trade-offs can be
substantial dthough the Fourier form features desirable property of unbiasedness.

The Fourier flexible functiona form has been used to approximate dua cost structures but
it has not been used to approximate a primal production frontier. This paper doesso. We
follow Eastwood and Gallant to select the order of expansion to use. Thisleads usto achoice
of of A=27, 1.

Assuming symmetry, the production frontier to estimate for SSA agricultureis.

5 5 5

2
InY —bo+ a bilnx +Iei Ja|b'1 Inx Inth |:1bi Inx t+btt+btt

6 6 6
(14) + 8 [bj coszg) +aj sin(z)] + &, &, [byj cos(zig + Zjp) + ajj SNz + 7))
(Vg - Uy)
where Yisagriculturd output and x isthe vector of inputs (land, labor, livestock, machinery
and fertilizer,); t isatime trend used as a proxy for technica change; the Z s are scaled values
of InxX' sand t. uj; is the one sided introduced before that captures heterogeneity across countries

and isthe bags for differencesin technicd efficiency. In order to dlow for measuremert error
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and other random factors we augment the production frontier by adding arandom error v;;, an
i.i.d. N(0, s,?) that isindependent of u;; which was assumed haf N(, s ;). Thisisastochastic
frontier production function.

Next we present the specifications for the inefficiency effects that will help understand
sources of differentiad productivity performance across countries. Aswas stated before we
meake the technicd inefficiency term afunction of indtitutional and socio-politica variables.

Due to data availability, two efficiency models are introduced that accommodate different
sampling period.
In model 1, estimated with data from 1961 to 1999, we specify technica inefficiency as

m, =d, +d,ILL + d,LIFE + d,IRRIGATE +d, LQI
(15)
+d INDEP + d UK + d, FRANCE

where d isa1x8 vector of parametersto be estimated, ILL isadult illiteracy rate, LIFE islife
expectancy at birth, IRRIGATE is the percentage of irrigated land in agriculturd land, LQI is
the land qudity index, INDEP is the dummy variable indicating independence, UK and
FRANCE are dummy variables for pre-colonid metropolitan countries.

Modd 2 adds indtitutiona variables, armed conflicts and democracy dummies, to modd 1,
and it is estimated for periods the data are available, 1972-1999. Thetechnicd inefficiency
modd is

m, =d, +d,ILL+ d,LIFE +d,IRRIGATE + d,LQI +d.INDEP + d UK
(16)
+d, FRANCE + d,WAR+ d, FREE + d,, PARTLYFREE

Equations (14) and (15), or (14) and (16) are estimated using the maximum-likelihood
(ML) method suggested by Codli. Aigner Lovel and Schmidt derived the log-likelihood

function for thismode and expressed the likelihood function in terms of the two variance
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parameterss® =s 2 +s,? andf = sy s,. Battese and Corra suggests that the parameter ?=s .2/
s2 be usad instead because it has values between zero and one. The ML estimates of the

parameters (3, s, ?, and d re obtained using Codli’s FRONTIER program.

Estimates of Productivity for SSA

Severd nested hypotheses are tested using likelihood ratio tests, with the objective of finding
the most appropriate form to represent the production relationship and to estimate TFP growth
and its components.

Firg atest to check the nature of technica change is performed. Hicks-neutraity
implies that the coefficients of the interactions between the logs of inputs and the time trend
aredl| zero. That is, wetest b, = b,, = b, = b, = b, = 0. Thelog-likdihood function values
for both modd 1 and modd 2 are summarized in table 1 and 2. The null hypothesis of Hicks-
neutral technica changeis rgected.

The next hypothes's asks whether there has been any technical change over the sample
period. This test imposes a restriction that dl the coefficients associated with the time trend be
zero. Theresults shows alikelihood ratio of 225.04 (modd 1) and 206.76 (mode 2), implying
the occurrence of technica change during sample period.

To test the null hypothesis that the production structure is of atranlog typeis of interest
given the wide use of thisform in production andlyss. If this hypothesisis not regjected, the
edimation and andydsis dramaticaly smplified. The null hypothesisis

Ho:u =v; =y, =v; =0 fordliandj.

The vaue of the log-likelihood functions is reduced draméticdly after dl trigonometric

terms are dropped and the null hypothesisis strongly regjected. Thisindicates the Fourier series

15



terms are Sgnificant additions to the modd and the popular trandog mode might be
mideading.

A number of tests are aso performed on the technicdl inefficiency modd. Firet, atest of
the null hypothesis of no technica inefficiency is done. If the null hypothesisistrue, the
technicd inefficiency error term, u, should be omitted from (13) and the modd can be
estimated with OLS. The null hypothessis

Ho:g:dozdlz...=d720 mode 1

:g:dozdlz...:dlozo mode 2

The LR test rgjects Hop, confirming the presence of technical ingfficiency.
Next, we test for the influence of country specific factors on the degree of technica
inefficiency. Thusatest of the hypothesis that

H :dl:...:d =0 in modd 1 and

0 7

d,=...=d, . =0 in modd 2

is performed and the results are listed in the find rows of table 1 and 2. The likelihood ratio
gatistic indicates rejection of the null hypothesis of no technicd inefficiency.

With the conclusion of the above tests, the appropriate model appears to be the trandog
Fourier flexible form modd without any restrictions. Most of the parameter estimates are
sgnificant (78 of 91 in modd 1 and 81 of 94 in model 2.)

Table 3 provides the estimates of eadticities, returns to scae and technica change for
both models. In modd 1, the production dasticities of output with respect to inputs, measured
at mean, are of the correct Sgn for labor, machinery and fertilizer, but are negetive (though

amal) for land. The estimated scale dadticity of 0.890 indicates decreasing returns to scale.
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The last row shows the rate of technicad change, estimated at the mean with vaue -0.002,
implying that SSA countries have experienced technica regresson over the sample period, that
is, the production frontier has shrunk toward the origin at an average rate of —0.2% per year.

Results from mode 2 indicate a rate of technical progress of 1.4% per year, but land
eladicity is negative and large (-.3) and livestock eadticity is negative though tiny. The
estimated |abor dadticity of .94 isimplausbly large, and the dadticities of machinery and
livestock are suspicioudy large, aswell. Thus, athough modd 2 offers some hope that
technical progress has actualy occurred, the estimates are clearly not believable, and will
require further investigation to identify the reasons for that.

We now turn to examine the parameters of the efficiency-changing variables associated
with the error term u (that is, the d’s). Recdl that negative values of these parametersimply
improved efficiency. The maximum likedlihood estimates of severd of these parameters are
both of the expected negative sign and sgnificant, namely, life expectancy, illiteracy (in modd
1), irrigation, and independence (in model 1). The land qudity index, however, is Sgnificantly
positive, indicating that higher land quality reduces efficiency.  Either the index isa grosdy
poor measure of quality, or the estimate is confounded by multicollinearity or some other
econometric difficulty that will take additiond effort to identify.

We had no apriori Sign expectation for British and French colonid higtories. The
results of modd 1 suggest that both of these empires left inefficient agricultural colonies
relative to Belgian, Dutch and other colonia magters. However, when civil liberties and armed
conflict variables are added in mode! 2, the French effect is reversed and the British effect is
subgtantidly reduced. Thewar coefficient istiny and not significantly different from zero

(conggtent with the results of Wiebe, Soule, Narrod and Breneman), but the civil liberties
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vaiadles ggnificantly improve efficiency (consstent with estimates by ChantKang, et al., for a
labor productivity function for African agriculture.)

Taken a face vaue, the technicd efficiency results of the two models suggest that gpart
from alegacy of poor civil rights, former French colonies are quite efficient — it's just thet this
efficiency islogt in these countriesin genera because of the poor civil rights. The British
colonies appear to be basicdly less efficient, with the inefficiency compounded by poor civil
rights relative to countries that were never French or British colonies. Given the somewhat
shaky plausibility of other parameter estimates of these models, however, these hypotheses
bear consderable more scrutiny before they can be maintained with any confidence.

According to Battese and Corra (1977),g =s 5 /(s 2 + s ) can beloosdy interpreted

as an indication of the amount of unexplained variaion in technicd inefficiency, relaive to the

sum of vaianceinboth uandv. Here,s ? = s

+ s issgnificantly different from zeroin
both models. Comparing mode 2 with mode 1, the total variance decreased by hdf, with the
bulk of the decrease clearly occurring in the variance of u , the unexplained portion of
vaidionsin technicd efficiency.

The technicd efficiencies of each country in each year were estimated from the model
and their averageis plotted againgt timein figure 1. The plot for model 1 shows an average
efficiency around 0.8, with avery dight decrease over time. The plot for model 2 averages
somewhat |ess than 0.7, and shows a marked decline through time.

Technica change as Specified by the Fourier modd is sufficiently flexible to follow
virtuadly any time path. The plot of the estimated path of technica change from modd 1 in

Figure 2 shows asurge in the first haf of the 1960's, a second surge in the early 1980's, and a
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third surge in the late 1990's. It isnot a this point evident to us what new technologies or
wesether patterns might have contributed to these surges.
TFP change is acomposite of technical change, scale change, and efficiency change.

The cdculated average rates of TFP change by country, from mode 1, are summarized in table
5. Only 9 of the 41 countries had positive TFP growth over the 1961-99 period, while 32
countries exhibit deterioration in al components of TFP change. On average over dl
countries, the estimated productivity decline is 0.57% per year. Technical change appearsto be
the main determinant for productivity development. Since agricuture in SSA shows
decreasing return to scale, scae changes are negative for most of countries except for
Mauritius and South Africa

In an earlier sudy, we used a nonparametric frontier gpproach to examine agricultura
productivity in asubset of these countries (Yu, Fulginiti and Perrin.) The mean efficiency
estimated in that study was 0.747, which is close to the mean technicdl efficiency 0.8 from the
econometric approach in the present study. In the earlier sudy, average technica efficiency
and technica change both regressed over time. Results from this paper are consistent with that
previous study, and with most other studies, but quite incondstent with the FAO study that

estimated productivity gains of 0.5% per year over this period in SSA.

Summary and Concluson

This study has estimated a Fourier trandog production frontier to examine agriculturd
productivity in 41 sub- Ssharan Africa (SSA) countries during 1961-1999. The primary
empiricd result isthat only nine of these countries experienced productivity improvements,

and the average productivity across dl counties declined by an average of —0.57% per year.
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This generd conclusion is conggtent with our own previous result usng a non-parametric
andyssof asmilar data set, and it is consgstent with a number of other studies of SSA
agriculture. Theseresultsdl contradict those of arecent FAO study that estimated
productivity increases of +0.5% per year over essentialy the same period.

Decomposition of this poor performance record indicated a mean efficiency leve of
about 0.8, with an average annud decline in efficiency of about .06% of potentia output each
year. Efficiency-changing variables such asliteracy and irrigation contributed signficant
improvementsin efficiency. We aso found that civil liberties had Sgnificant postive effects
on efficiency, while countries that had previoudy been colonies of Britain or France had
sgnificantly poorer efficiency performance. Technica change, on average, declined by 0.21%
per year, and scae efficiency fel by 0.29% per year.

We conclude that the Fourier trand og specification has merit in sudies such asthis.
Satidicd tests strongly supported this conclusion, and the flexibility of the time path of
productivity is clearly advantageous. In this particular study, that time path showed surges of
productivity in the 1960's, early 1980's and late 1990's that warrant further investigation.

We cannot conclude that we have sufficiently robust estimates of agricultura
productivity and its componentsin SSA. Our estimates reved ingtability in some of the
parameters that demands our attention in the near future. The usefulness of the political
variables encourages us to explore others of these measures more fully.  We bdlieve that
wesether patterns may explain asubstantia portion of estimated inefficiencies, and may
improve the sability of other parameter estimates.  Agriculturd productivity gains are clearly
an important god for SSA, and further efforts to determine the actud path of productivity and

factors that have determined it seem wdl warranted.
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Table 1. Hypotheses testing modd 1

Restrictions model log likelihood-ratio chi-square decision
description likelihood statistic critical value
(lamda) (5%)

none translog Fourier 208.15
Hicks-neutral no timeinteraction  193.24 29.82 111 reject HO
no technical no time trend 95.63 225.04 32.7 reject HO
change terms
translog no trigonometric  -359.50 1135.30 43.8 reject HO

terms
gamma= translog Fourier 29.48 357.34 155 reject HO
delta=0 (OLYS)
delta=0 translog Fourier 29.48 357.34 14.1 reject HO

(OLYS)
Table 2. Hypotheses testing of model 2
Restrictions model log likelihood-  chi-square decision

description likelihood ratio statistic  critical
(landa)  vaueat 5%

none trandog Fourier ~ 287.33
Hicks-neutral no timeinteraction 239.21 96.24 111 regject HO
no technical no time trend 156.95 260.76 32.7 regject HO
change terms
translog no trigonometric  -236.21 1047.1 43.8 reject HO

terms
gamma= trandog Fourier ~ 107.87 358.92 15.5 reject HO
delta=0 (OLYS)
delta=0 trandog Fourier ~ 107.87 358.92 14.1 regject HO

(OLYS)
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Table 3. Estimates derived from the trandog Fourier flexible form

mode 1 mode 2
description edimate at mean edimate & mean
Land dadticity -0.086 -0.309
Labor eadticity 0.713 0.940
Livestock eadticity 0.059 -0.007
Machinery dasticity 0.166 0.222
Fertilizer dadticity 0.038 0.087
Returnsto scale 0.890 0.932
Technicd change -0.002 0.014

Table4. . ML Estimates of the technica efficiency coefficients
model 1 model 2

estimate t-ratio estimate t-ratio
delta0 -0.928 -7.97 0.556 4.50
life expectancy -0.003 -4.01 -0.005 -8.91
adult illiteracy 0.007 3.84 0.003 1.58
irrigation -0.001 -21.04 0.000 -6.92
land quality index 0.017 12.08 0.005 10.90
independence -0.170 -4.20 -0.005 -0.10
UK 1.379 17.90 0.269 7.87
France 0.664 9.84 -0.454 -10.32
war -0.008 -0.34
free -0.057 -3.66
partly free -0.020 -0.53
sigma_squared 0.07 21.15 0.036 22.06
gamma 0.58 15.71 0.028 6.33




Table 5. TFP and its components

| mean efficiency EC C TC TFP
Angola 0.97 -0.01 -0.34 -0.41 -0.76
Benin 0.92 0.27 -0.21 -0.01 0.05
Botswana 0.55 0.08 -0.23 1.43 1.28
Burkina Faso 0.80 -0.32 -0.51 -0.48 -1.32
Burundi 0.94 -0.02 -0.50 -1.77 -2.30
Cameroon 0.95 0.02 -0.31 -0.24 -0.53
Cape Verde 0.96 0.02 -0.22 0.00 -0.21
Central 0.91 0.00 -0.21 -0.25 -0.46
Chad 0.89 -0.14 -0.33 0.43 -0.04
Zaire 0.96 -0.08 -0.27 -1.89 -2.24
Congo 0.96 -0.04 -0.25 -0.19 -0.48
Céte d'lvaire 0.92 0.18 -0.46 -0.41 -0.70
Ethiopia PDR 0.58 -0.39 -0.41 -0.52 -1.33
Gabon 0.93 -0.06 -0.34 -0.52 -0.92
Gambia 0.67 -0.79 -0.37 0.14 -1.02
Ghana 0.75 0.37 -0.34 -0.79 -0.76
Guinea 0.93 -0.04 -0.46 -0.84 -1.34
Guinea-Bissau 0.95 0.01 -0.33 -0.02 -0.34
Kenya 0.55 -0.13 -0.35 -0.21 -0.70
Lesotho 0.62 -0.18 -0.31 0.96 0.46
Liberia 0.95 -0.04 -0.24 -1.59 -1.87
Madagascar 0.96 0.12 -0.29 -0.11 -0.27
Malawi 0.49 -0.16 -0.36 -0.79 -1.30
Mali 0.84 0.17 -0.43 -0.01 -0.28
Mauritius 0.70 -0.62 0.03 1.03 0.45
Mozambique 0.95 0.04 -0.23 -1.23 -141
Namibia 0.68 0.22 -0.18 0.88 0.92
Niger 0.93 -0.03 -0.52 -0.49 -1.03
Nigeria 0.65 0.05 -0.37 -0.62 -0.94
Rwanda 0.92 0.16 -0.36 -1.73 -1.93
Senegal 0.91 -0.13 -0.29 0.04 -0.38
SierralLeone 0.81 0.00 0.00 -0.67 -0.67
Somalia 0.83 -0.42 -0.24 0.39 -0.26
South Africa 0.96 0.06 0.09 141 155
Sudan 0.97 0.04 -0.29 0.31 0.06
Swarziland 0.47 0.17 -0.13 1.53 157
Tanzania 0.61 -0.01 -0.23 -0.39 -0.62
Togo 0.92 -0.22 -0.37 -0.12 -0.71
Uganda 0.71 -0.92 -0.35 -1.49 -2.75
Zambia 0.41 0.04 -0.29 0.20 -0.04
Zimbabwe 0.41 0.18 -0.26 0.42 0.35
mean 0.80 -0.06 -0.29 -0.21 -0.57
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Figure 1. Efficiency measure over timein SSA
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