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ABSTRACT

This study compares data envelopment analysis and stochastic frontier analysis to
assess productivity growth of rice farming in Economic Community of West African States
(ECOWAS). The data are collected from Food and Agriculture Organization Statistical
(FAOSTAT ) database and International Rice Research Institute (IRRI)’s world rice statistics
and cover a 45 year period (1961-2005) separated into pre-ECOWAS (1961-1978) and
ECOWAS (1979-2005). The results show consistency between the approaches to the extent
that: (1) there are potentials for efficiency improvements, but the magnitudes depend on the
model applied and segmentation of the data set, (2) there has been a productivity improvement
in the sector, in the interval 0.7-15% in the periods studied and (3) technical change has had the
greatest impact on productivity, indicating that producers have a tendency to catch-up with the
front runners. The average TFP in pre-ECOWAS period is larger than that of ECOWAS period.
In both periods, productivity growth is sustained through technological progress. In general,
policy-makers should try not to be indifferent with respect to the approach used for productivity

measurement as these may give different results.
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1. INTRODUCTION

Following the pioneering work of Farrell (1957), tremendous literature has been
published on the measurement of frontier production functions and productive efficiency as well
as how they compare ( Shephard, 1970, Fan, 1991, Fare 1994, Coelli and Rao 2001; Kwon
and Lee 2004.) Many of the studies used either the non-parametric programming approach,
commonly referred to as data envelopment analysis (Charnes er al. 1978); or the parametric
stochastic approach (Aigner et al. 1977). The two alternative approaches have different
strengths and weaknesses. The essential differences largely reflect the different maintained
assumptions used in the estimation of the frontier. The principal advantage of the DEA
framework is that it requires neither profit maximization nor cost minimization but only
quantity data and that efficiency is measured relative to the highest observed performance rather
than some average (Hjalmarsson and Veiderpass 1992). However, because DEA is deterministic
and attribute all deviation from the frontier to inefficiencies, a frontier estimated by DEA is
likely to be sensitive to measurement errors or other noise in the data. The main strength of SFA
is that it deals with stochastic noise and also allows statistical tests of hypothesis concerning
production structure and degree of inefficiency. Its main weaknesses are that it requires an
explicit imposition of a particular parametric functional form for the underlying technology and
an explicit distributional assumption for the inefficiency terms. The rationale for using two
competing approaches is to counter-check whether results obtained by one can be confirmed by
the other.

While much evidence has been provided attesting the productive performance of the
agricultural sector in Africa and factors influencing it (Thirtle and Townsend, 1995; Coelli et. al
2001; Nkamleu et.al 2004, 2008) there is little evidence on crop — specific and sub — regional
productive performance. An assessment of crop — specific efficiency and productivity analysis
should be of more interest to policy-makers implementing liberalization policy than overall
aggregates. The rationale is twofold; (1) An insight can be gained on the potential for resource
savings and productivity improvements of individual crops and, (2) the producers can learn
from the front-runners how best to utilize their resources efficiently. Inter alia, issues of interest
in this study are: (a) is there any potential for improving the efficiency of rice producers in
ECOWAS? If so, what are the magnitudes? (b) Has there been any productivity progress in
ECOWAS rice production since 1979? The choice of 1979 as reference point is to account for
periods before ECOWAS policies become effective in member states. (c) Are the results of (a)
and (b) irrespective of the methodology applied? While questions (a) and (b) are interesting to
the extent that the much needed insight on the performance the sector is gained, question (c)

provides evidence on the consistency of frontier techniques within two different and most



commonly used approaches. This is of considerable interest for policy purpose. If methods do
not give results that are similar or highly correlated to each other, the policy may be fragile and
depends on which frontier approach is employed. While the vast majority of empirical studies
on productivity growth in the agricultural sector mostly have utilized only one method to
estimate their efficiencies, this study focuses on two methodological approaches for measuring
efficiency as follows:

(1) The construction of a nonparametric piecewise linear frontier using linear programming
method known as data envelopment analysis (DEA) (Charnes et al., 1978);

(2) the construction of a parametric production function using stochastic frontier analysis (SFA)
(Aigner et. al 1977; Meeusen and van de Broeck, 1977; Coelli, 1996).

The rest of this paper is organized as follows: section 2 presents the trend in the yield of
rice. The theoretical foundation for the stochastic and non-stochastic measurement of the TFP
and empirical evidence of its application is presented in section 3 and, in section 4, the data used
are described and the parameter estimates are reported to infer which factors explain the growth

of output. A final section concludes.

2. PRODUCTIVITY OF RICE IN ECOWAS

Rice production in West Africa represents about 50% of consumers' needs in the sub-
region. In terms of per capita apparent consumption, rice is the core staple in Senegal (93 kg per
head per year) while it is only one staple in a more diversified diet in Ghana and Nigeria with
respectively 25 kg and 29 kg of rice consumed yearly per capita. The shift to rice consumption
in Senegal started as early as the colonial period. Production efforts were then driven towards
production of groundnuts to the detriment of millet and broken rice was imported from
Indochina as cheap staple food. Nigeria has experienced its rice diet transition in the seventies
(with a rice per capita consumption annual growth rate of 11%) induced by income growth
triggered by the oil industry boom. Ghanaian consumers started to shift to rice only recently
compared to the two other countries and experienced a faster growth of rice per capita since
2000 (Lancon and Benz 2007). Most of these countries have adopted enhanced food security as
a common policy goal. Dramatic changes in consumption patterns during the past two decades
have led to a large increase in the demand for rice from African consumers. Growth in
consumption has been most substantial in Africa’s rapidly growing cities, where rice is
increasingly becoming the staple diet of the poorest urban households. Rice has therefore
become a staple of considerable strategic importance. At present rice imports is still substantial
perhaps because the region is not self sufficient in rice production. The way imports have been

managed mean that there has not yet been any measurable impact of market opening on the



domestic market. But, it is obvious to rice farmers in ECOWAS that the changing domestic and
world policy environment require them to pay increasing attention to productivity issues.

To provide an historical perspective on ECOWAS rice production, figure 1 depicts land
productivity over the last three-and-a-half decades (1961-2005) using the production - land
ratio. Before inception of ECOWAS, ECOWAS rice productivity has been sluggish, with year-
to-year fluctuations. Since 1979/1980 production season, there seems to be some improvement
in the productivity of rice in all the major producing countries. Largest improvement can be
observed in Senegal. Apparently it has the highest rate of per capita consumption in the region.
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Figure 1: The yield of rice in tonnes per hectare

3. THEORETICAL FRAMEWORK AND LITERATURE REVIEW

This study utilizes two methodological approaches for measuring efficiency namely: data
envelopment analysis (DEA) (Charnes et.al 1978) and production function using stochastic
frontier analysis (SFA) (Coelli, 1996). For measuring productivity growth, both methods and
their extensions to Malmquist index approach are used throughout the study. Each of the

methods and their subsequent Malmquist indices is briefly described as follows:

DEA



Cave et.al (1982) introduces the output based Malmquist productivity index as a measure of
productivity growth. They specify the Malmquist productivity index as the geometric mean of

these two indices

(1)
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Where d,(x,,y,)is the output distance for year t, which is defined as the ratio of observed

output to the maximum output, y producible with given technology and input vectors, X
(Shapard, 1970). The superscript is the value of the output distance evaluated at input-output of
year t+1 using technology of year t.

Equation (1) can be decomposed into the following two components namely efficiency change
index which measures the output-oriented shift in technology between two periods and the
technical change between period t+1 and 7. If the technical change is greater (or less) than one,

then technological progress (or regress) exists. Symbolically,
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There exist several methods of estimating the distance functions which makes up the
Malmquist TFP index. The most popular and widely adopted in recent time has been the DEA-
like linear programming (LP) methods suggested by Fare et. al (1994) and its parametric

equivalent — stochastic frontier method adopted in this study.
Stochastic Frontier Method

The stochastic production function for panel data can be written as
In(y, = f(x,.t,a,v, —u, “4)
1i=1,2, il Nandt=12,.....ccceviiiiinnna... T (Battese and Coelli 1992)

Where y, is production of the ith firm in year t, & is the vector of parameters to be estimated.

The v, are the error component and are assumed to follow a normal distribution N (0, 63) , u,
are non negative random variables associated with technical inefficiency in production which

are assumed to arise from a normal distribution with mean (# and variance o, which is



truncated at zero. f(.)is a suitable functional form (e.g translog), ¢ is a time trend representing

the technical change.

In this parametric case, according to Coelli et. al (1998), the technical efficiency are obtained as
TE, = E(exp)(~u,)/v, —u, %)

This can be used to compute the efficiency change component by observing that
TE, =d!(x,,y,) and TE,, , = d{’;"ﬂ (x Yi.+1) the efficiency change (EC) is

i+l i+

EC =TE, /TE,,,, (6)

An index of technological change between the two adjacent periods ¢ and ¢+ 1for the ith
region can be directly calculated from the estimated parameters of the stochastic production

frontier by simply evaluating the partial derivatives of the production function with respects to

time at x,, and X, ,, . Following Coelli et al (1998), the technical change (7'C) index is

i+l
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The TFP index can be obtained by simply multiplying the technical change and the

technological change i.e
TFP, = EC,*TC, (8)

This is equivalent to the decomposition of the Malmquist index suggested by Fare et al (1994).
Empirical Specification

This study utilized data on output and inputs of rice, from major producers of the crops
to construct indices of TFP using the two methods described by equations 1 — 8. The sample
data comprise annual measures of the output of each crop and 6 direct inputs (land area, seed,
fertilizer, labour, capital and irrigation). The major countries producing rice are : Cote d’Ivoire
Ghana Guinea Mali Nigeria Senegal. For the purposes of the present study, several functional
forms were fitted beginning with Cobb-Douglas technology. The underlying stochastic
production frontier function upon which the results and discussion of this study are based is
approximated by the generalized Cobb-Douglas form (Fan 1991). The function may also be
viewed as a translog specification without cross terms, i.e. a strongly separable-inputs translog

production frontier function. For rice the specification is:

1
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The symbols are defined as follows:

v, 1s the output of crop i in the tth year
H , is the hectares of land cultivated to each crop
S, is the quantity of seed planted in ‘000 tonnes

F,

., 1s the quantity of fertilizer used in ‘000 tonnes

L. is amount of labour used in mandays

it

K

. 1s the amount of capital used

Il

. 18 the proportion of each crop land area under irrigation

In is the natural log

«;s are unknown parameters to be estimated
v, s are iidN (0,0 , ) random errors and are assumed to be independently distributed of the u,, s

which are non negative random variables associated with TE inefficiency. The distribution of

the u, s are obtained by truncation at zero. The mean is defined as:

K, 4
w, =P+ 05 Lt +B5,M, +:B4szg (10)
. =

L

Where

— i capital — labour ratio for crop i in the tth year

it
D; is the dummy variable which takes the value of 1 for the jth state producing the selected
Crops.
[s are unknown parameters to be estimated.

Where M indicates import of rice milled measured in tonnes.

Data and estimation of TFP

Data for inputs and outputs are collected principally from FAOSTAT 2007.This is
supplemented with International rice research institute’s (IRRI) world rice statistics. The data
covered a period of 45 years from 1961 to 2005. The data are from six countries producing more
than 80% of rice paddy in ECOWAS. They are Cote d’Ivoire, Ghana, Guinea, Mali, Nigeria and
Senegal. The data set contains six inputs namely land area, seed, fertilizer, labour, tractor,

irrigation and country dummies. The descriptions of the input-output data used in this study are:



Outputs:

This is the Quantity of rice production in tones. This is taken from FAOSTAT database

Inputs

Fertilizer: Fertilizer use is proxyed as the total fertilizer use in metric tones times the share of
rice harvested fields over arable land (FAO, 2007).

Labour: This is measured as the amount of labor in each crop production proxyed as the
economically active agricultural labor force per unit of agricultural land times rice harvested
area (FAO, 2007). Some studies have used active workers in rural areas (World Bank, 2007,
Nkamleu, 2008). This was tried also but the results were not as good as when the former was
used.

Capital : Capital as used in this study refers to the amount of capital used in rice production. It
is proxyed as tractors used per unit of agricultural land times rice-harvested area (FAO, 2007).
Land: Expressed in ‘000 ha, it is measured as land area under rice cultivation. Land data is
also drawn from FAOSTAT data base

Seed: Drawn from FAOSTAT data base and expressed in ‘000 metric tones, it covers quantity
of rice seed planted.

Irrigation: This is the proportion of rice land area that is irrigated. It is taken from IRRI world
rice statistics.

Import: This is included in the inefficiency model. It is measured as the metric tones of rice

milled imported by the major producers considered in this study.

S. EMPIRICAL RESULTS AND ANALYSIS

The Results of the Stochastic Frontier Model

Parametric productivity measures are based on the estimated parameters of the
stochastic frontier function (18), and so a brief discussion of these estimates and their statistical
properties precedes our comparative analysis of productivity indices. The estimated parameter
of the stochastic quasi translog production frontier function is estimated using FRONTIER 4.1
software (Coelli, 1996). The parameter estimates of the model for the whole period (1961-
2005), pre-ECOWAS period (1961-1978) and ECOWAS period (1979-2005) are presented in

Table 1. The variance parameters, ¢, and y are significantly different from zero. This
provides statistical confirmation of the presumption that there are differences in technical
efficiency among farmers. The mode of the truncated normal distribution &, is significantly
different from zero, providing statistical evidence that the distribution of the random variable

M, has a non-zero mean and is truncated below zero. The ratio of the country specific



variability to total variability measured by ¥ is positive and significant at 1% significant level

for all the crops. This implies that the country specific technical efficiency is important in
explaining the total variability of rice output produced in ECOWAS. Thus the stochastic frontier
production function is empirically justified. Further, the statistical significance of modeling
country effects is further examined using likelihood ratio tests. The logarithm of the likelihood
function indicates a satisfactory fit for the generalized Cobb Douglas specification. The

statistical significance of all of the parameters, 0'2, 7, and L, reinforces the view that

technical efficiency affects productivity.

Table 1: MLE Estimates of The Stochastic Frontier Model For ECOWAS Rice

1961 — 2005 1961 — 1978 1979 — 2005

Coefficient estimate t-ratio estimate t-ratio estimate t-ratio
a, -1.44 -3.42 2.00 5.54 1.10 5.44
a, 0.61 6.81 0.73 4.96 0.56 16.13
a, -0.052 -3.67 0.056 2.86 -0.0097 -0.74
Q, 0.41 9.94 -0.020 -0.28 0.26 8.49
a, 0.33 6.25 0.098 1.71 0.021 0.76
Q, 0.029 1.28 0.13 1.39 0.43 12.75
o, 0.012 0.85 -0.12 -7.36 0.058 491
Q, 0.12 9.81 -0.066 -0.92 0.082 6.20
0.5¢, 0.0011 5.64 -0.0067 -6.74 0.0011 5.12
a, 0.0044 1.39 0.025 9.09 0.012 4.59
a, 0.0020 3.02 -0.0053 -2.06 0.00032 0.34
o, -0.012 -7.36 -0.00064  -0.11 -0.015 -7.66

. -0.013 -6.31 -0.013 -1.11 -0.0053 -2.23

f 0.0065 5.79 0.00042 0.23 -0.013 -6.76
o, 0.0020 3.28 0.0051 6.84 0.00088 0.90
i 0.37 0.93 -0.21 -0.51 0.88 1.93
B, -0.97 -3.52 0.79 2.37 -0.017 -4.43
b, -0.00060  -3.55 -0.55 -1.31 0.59 0.84
X 0.56 1.47 -0.56 -1.52 -0.83 -1.76
i 0.51 1.32 0.15 0.37 -0.039 -0.096
b5 -1.64 -3.95 -0.83 -2.26 -1.36 -3.55
B, 0.30 0.77 0.40 1.03 0.61 1.55
i 0.45 1.18 0.15 0.40 0.85 2.02
B, 0.18 0.48 0.50 1.37 1.65 3.21
o’ 0.054 8.54 0.048 6.31 0.041 10.86



4 0.99 3.04 1.00 56642 1.00 6124100
L 173.33 78.51 183.79
* 4, Mindicate significant at 1, 5, and 10% respectively.

The Maximum Likelihood Estimates (MLE) results indicate that fourteen out of twenty
two variables are found to be statistically significant. Apart from fertilizer, the coefficients of all
the variables have the expected positive signs over the entire analysis period. However, in pre-
ECOWAS era, the coefficient of fertilizer follows a priori expectation of positive and significant
sign while in ECOWAS it is insignificant. The result is a reflection of the political economy of
fertilizer in the region. The removal of fertilizer subsidies appears to have drastically limited or
delayed the availability of fertilizer to the rice farmers at when needed and/or at affordable price
in the region. The negative coefficient of fertilizer over the entire analysis period suggests
operation in stage III of the production function where there is considerable congestion in the
use of fertilizer. Such congestion might be due to late availability of fertilizer to farmers in the
region. Over the analysis period the coefficient of both labour and capital are positive and
significant. The capital - labour ratio however has negative impact on the rice technical
efficiency. The coefficient on the time trend indicates positive technological progress in rice
production between 1961 and 2005. The frontier is shifting upwards at annual rate of 12%. The
technological progress actually takes place in the ECOWAS era as the results indicate

technological decline in pre-reform period.

Tfp and its decomposition

Malmquist productivity indices: SFA

The summary description of the average annual TFP obtained from using the stochastic
frontier analysis and its decomposition into efficiency and technical changes over the entire
period for each country are presented in Table 2. The evolution is made clearer in figure 2. It
should be recalled that if the value of the Malmquist index or any of its components is less than
one, it implies regress between two adjacent periods, whereas values greater than 1 imply
progress or improvement. In order to obtain the magnitude of progress or regress, the values of
Malmquist indices or any of its components can be subtracted from 1. The values of the indices
capture productivity relative to the best performers. In this study, the Malmquist indices
measure year to year changes in productivity. The evolution in Figure 2 indicates that

differences exist among the years.
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Figure 2: Rice TFP and its decomposition by year using SFA

A comparison of the productivity in the pre-ECOWAS era with ECOWAS in Table 2
shows that more technological progress and hence more improvement in productivity is
recorded in pre-ECOWAS than in ECOWAS period. The mean technical change in pre-
ECOWAS and ECOWAS periods are 1.131 and 0.992 respectively. The annual TFP growth
over the whole period is 15.2%. The breakdown of the results by different rice producing
countries indicates productivity growth in all the major rice producing countries on the average.
The mean across the nations indicate that the highest growth is however recorded by Guinea
with 28.11% growth rate on the average. The growth is more due to technological progress
rather than improvement in efficiency. Cote d’Ivoire and Ghana have the lowest TFP growth. A
look at the period by period breakdown in Table 3 shows that Guinea has the highest TFP in all
the three periods.

This implies that Guinea is especially good at moving toward the frontier than other
major producers. A major contributor to rice TFP growth in all the countries has been the
technical change. All the countries have impressive technological progress on the average. The
TFP changes indicate more progress in ECOWAS than in pre-ECOWAS era. Two things could
be responsible for this phenomenon. First, the impressive performance of West Africa Rice
Development Association (WARDA) and International Institute for Tropical Agriculture (IITA)

which led to adoption of over 20 improved varieties of rice in West Africa including NERICA.
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The second is the ECOWAS liberalization schemes which tend to boost farmers’ income

through increase in prices of agricultural export commodities.

Dea Result

The same sample data were used to calculate the set of indices using DEA-like method
described in equations 9 to 12. The calculations were done using a DEAP version 2.1 Computer
programme and the evolution is shown in Figure 3. The overall TFP growth rate is 4.3% and it
is driven mainly by technical change as is the case with the stochastic approach. In general
however, the two approaches agree that over the analysis period, there have been a productivity
progress in the ECOWAS rice production sector. Like the SFA approach, the DEA approach
show on the average that efficiency change indices are smaller than the technical change
components. Also, it can be observed that the TFP of SFA are higher than DEA’s perhaps
because the efficiency scores of SFA tends to be higher than DEA’s. Quite similar conclusion
was reached by Kwon and Lee 2004 when considering the TFP of Korean rice using both DEA
and SFA methods. The finding is however contrary to Odeck 2007 who discovered that the

DEA’s efficiency scores and TFPs tend to be higher than SFA in Norwegian grain farming.
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Figure 3: Rice TFP and its decomposition using DEA
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Over the entire analysis period, the efficiency change is about 0.998 which is by far
lower than 1.052 obtained in case of stochastic approach. However, an even greater difference
is observed in the technical change component. Though both methods indicate TFP progress,
the SFA indicates more productivity progress than the DEA method over the analysis period.
Table 3 shows a summary description of the average performance of each country over the
entire time period of 1961 — 2005; pre-ECOWAS era (1961-1978) and ECOWAS era (1979 —
2005). Taking a look at the result, the entire period (1961 — 2005) productivity increased on the
average for Mali, Nigeria and Senegal over the 1961 — 2005 periods while Cote d’Ivoire, Ghana
and Guinea regressed in their performances. On the average, that growth was due mainly to
technical change rather than improvement in technical Efficiency. In the Pre-ECOWAS and the
ECOWAS era, productivity maintained its increase in Mali, Nigeria and Senegal. However TFP
decline on the average in pre-ECOWAS period whereas the average changes in the total factor
productivity index in ECOWAS period is 4.5%. The growth in ECOWAS era is due mainly to

innovation rather than improvement in efficiency.
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Table 2: TFP and its Decomposition

Stochastic frontier analysis (SFA) Data Envelopment Analysis (DEA)

Efficiency Technical Total Factor Efficiency Technical Total Factor
Year Change Change productivity Change Change productivity
1961 1.000 1.000 1.000 1.000 1.000 1.000
1962 1.141 1.071 1.222 0.806 0.976 0.787
1963 1.055 1.072 1.131 0.888 1.017 0.902
1964 0.967 1.073 1.038 0.905 0.970 0.878
1965 1.043 1.075 1.121 1.097 1.039 1.140
1966 0.832 1.077 0.896 0.986 0.998 0.984
1967 1.063 1.078 1.146 0.954 1.002 0.956
1968 0.973 1.079 1.050 1.991 1.002 1.995
1969 1.094 1.080 1.181 0.826 0.949 0.784
1970 0.866 1.081 0.937 0.665 1.045 0.695
1971 1.094 1.083 1.185 0.797 1.014 0.808
1972 0.920 1.085 0.998 1.067 0.953 1.017
1973 1.032 1.085 1.120 1.544 0.983 1.517
1974 1.314 1.087 1.428 1.107 1.075 1.190
1975 0.962 1.088 1.046 1.120 0.977 1.095
1976 0.952 1.090 1.037 1.740 1.025 1.783
1977 0.988 1.090 1.078 0.733 1.000 0.733
1978 1.137 1.091 1.241 1.189 1.000 1.189
1979 0.914 1.092 0.997 1.095 1.000 1.095
1980 0.935 1.092 1.022 1.078 1.000 1.078
1981 1.174 1.094 1.284 0.909 1.000 0.909
1982 0.922 1.095 1.009 0.935 1.000 0.934
1983 1.123 1.096 1.231 2.292 1.000 2.292
1984 0.964 1.096 1.057 0.541 0.996 0.539
1985 1.138 1.097 1.249 0.834 0.918 0.765
1986 0.947 1.098 1.039 0.929 1.072 0.995
1987 1.073 1.099 1.179 0.816 1.008 0.822
1988 1.066 1.099 1.172 1.162 0.992 1.153
1989 0.964 1.100 1.061 1.192 1.013 1.207
1990 1.089 1.102 1.200 0.954 1.004 0.958
1991 1.019 1.102 1.123 2.653 1.018 2.701
1992 0.996 1.103 1.098 0.822 1.006 0.826
1993 1.075 1.104 1.186 0.761 0.933 0.710
1994 0.897 1.105 0.990 1.039 1.111 1.154
1995 1.023 1.105 1.131 1.045 0.978 1.021
1996 1.063 1.106 1.175 0.915 1.016 0.929
1997 0.948 1.107 1.050 0.964 1.001 0.965
1998 1.006 1.108 1.116 2.267 1.001 2.269
1999 1.062 1.109 1.178 0.676 0.941 0.636
2000 0.991 1.110 1.100 0.800 0.829 0.664
2001 0.946 1.111 1.051 1.014 1.055 1.069
2002 0.995 1.112 1.106 1.159 1.124 1.303
2003 1.045 1.113 1.163 1.217 1.005 1.223
2004 0.932 1.114 1.038 0.957 0.993 0.950
2005 1.122 1.115 1.251 0.987 0.934 0.922

Turning to country-by-country results in Table 3, Senegal has the highest TFP over the

entire analysis period. The results show a sharp contrast to the SFA estimates which indicates
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that Guinea has the highest TFP. The DEA result implies that Senegal was especially good at
moving toward the frontier or “catching up” in the pre-ECOWAS period. The result of this
study differ significantly from few examples of rice — specific TFP studies such as Cassman and
Pingali 1995 and Pardey et.al 1992. While they discover decline in rice TFP in Asia, the result
of this study indicates increase. Another major difference is that the major source of rice
productivity growth in Asia is efficiency change while in ECOWAS it is due mainly to technical
change. The use of inputs efficiently in Asia contributes more to TFP growth than net gains
from technological change. This signals a thorough perusal of ASEAN green revolution by
ECOWAS and WARDA to enhance improve their policies as it affects rice productivity in the
region. The agricultural policy content of each rice producing country in ECOWAS could be re-

defined to accommodate productivity increasing policies inherent in ASEAN green revolution.

Table 3: Total Factor Productivity by Reform Periods:

Country 1961 — 2005 1961-1978 1979 — 2005

EFFCH TECH TFP EFFCH TECH TFP EFFCH TECH TFP

Stochastic Frontier Analysis (SFA)

C.Ivoire 1.025 1.097 1.125 0.965 1.138 1.098 0.970  0.989 0.960
Ghana  1.019 1.095 1.116 0.986 1.067 1.052 1.015 1.004 1.019
Guinea 1.179 1.087 1.281 1.029 1.033 1.063 1.009 1.002 1.011
Mali 1.026 1.107 1.136 1.027 1.144 1.175 1.023 1.003 1.026
Nigeria 1.038 1.084 1.125 1.030 1.166 1.201 1.009  0.960 0.969
Senegal 1.027 1.097 1.127 1.056 1.135 1.198 1.014  0.993 1.007
Mean 1.052 1.095 1.152 1.016 1.114 1.131 1.007  0.992 0.999
Data Envelopment Analysis (DEA)
C.lvoire 0998  0.846 0.844 0997 0964 0962 0997  0.907 0.905
Ghana 0998 0.892 0.891 1.000 0963 0963 0999 0917 00916
Guinea 0.996 0941 0.938 0.996 1.001 0.997 0.997  0.952 0.949
Mali 0.999 1.162 1.161 0.999 1.093 1.093 0.999 1.123  1.122
Nigeria 0.997 1.199 1.195 0.975 1.193 1.163 1.006 1.179 1.186
Senegal 1.000 1.230 1.230 1.000 1.241 1.214 1.000 1.189 1.189
Mean 0.998 1.045 1.043 0.995 1.076  1.065 1 1.045 1.045
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6. CONCLUSION AND POLICY RECOMMENDATION

The present research applied non-parametric and parametric models to a sample of
panel data of ECOWAS rice production for the period of 1961-2005. The productivity growth
was estimated using the Malmquist index obtained through both parametric and non-parametric
approaches. The productivity measures are decomposed into two sources of growth namely
efficiency change and technical change. The results show evidence of phenomenal growth in the
rice TFP. Millet however has the most impressive results among the crops. A closer look at the
TFP in ECOWAS and pre-ECOWAS sub-period shows larger TFP in ECOWAS period (1979-
2005). In both periods, productivity are sustained through technological progress. Several
inferences may now be drawn from the comparative analysis of DEA and SFA efficiency and
productivity models examined. First, the non-parametric results tend to fluctuate widely. This is
clearly the consequence of the assumption on the stochastic component, something which may
be intensified for agricultural data. The second is that inefficiency and productivity growth
exists among rice producing countries in ECOWAS. The magnitude of inefficiency and the
extent of productivity growth that has taken place vary between the approaches applied. Third,
examining the components relating to the shift in the frontier (TC) and efficiency change (EC),
technical change turned out to be a more important source of growth in both parametric and
non-parametric models. A promising finding thereupon is that the two approaches applied are,
on average, in conformity to each other although the magnitudes are different. In terms of
efficiency measurements, the differences between the methodologies are very sensitive on levels
of segmentations. In this respect, the somehow conform to previous findings in the literature
e.g., Wadud and White (2000). In terms of productivity measurement, even though both
approaches track total productivity similarly, they do not map each well at the decomposition
level. The deviations between DEA and SFA could have been anticipated because the SFA
incorporates stochastic factor while DEA does not. The differences between the techniques
applied here suggests that policy-makers as well as researchers should not be indifferent as to
the choice of technique for assessing efficiency and productivity, at least with respect to the
magnitudes of potential for efficiency improvements and productivity growth. Finally, studies
have not been able to detect why and how the different approaches are so different with respect
to the decomposed productivity measures. In this respect necessary caution should be observed
against widespread application of either SFA or DEA until such time that the field of efficiency
and productivity measurement understand how and why these approaches portray efficiency and
productivity the way they do. To this end, there is a need for continuous research in
understanding the differences observed, which in this study concerns the magnitudes rather than
conflicts. Further limitation of the study is that the data used as shown in the yield curves tend

to fluctuate considerably. This mean that the productivity measures are based on low
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productivity year. Also a six country panel data is relatively short to draw convincing results on
variation in productivity among the producing country. It is unlikely that the differences in
productivity among the countries can be sustained rather it is confined to the specific data
period and countries. Given the caution in interpreting the results, the following policy
recommendations are suggested from the findings:

1. The government of the major producers of rice and cotton should invest more in
functional agricultural extension services to enhance efficient use of available
productivity increasing inputs.

2. Given differences in the contribution of efficiency change and technological progress to
the TFP of the selected crops, ECOWAP should take a leave from EU CAP, by
marrying policy with specific crop need.

3. Future works should quantify parametrically, further the determinants of the

productivity growth in the crops.
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