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- ABSTRACT

This study used a restricted translog production function to estimate the
technical efficiency of 300 farms in the south-eastern part of Nigeria. We
specified the stochastic paramietric frontier with a composite error term.
By means of maximum likelihood estimation, asymptotically consistent
and efficient ML estimates were obtained together with inefficiency
determinants. The empirical results show that the mean level of technical
.efficiency is 77 per cent, while the best farm is 98 per cent efficient. This
shows that with the present technology, thete is still room for a 23 per
cent increase in crop prodyction. As technical efficiency is concerned,
socio-economic factors which positively affect the farm potential frontier
strategies for increasing input-use productivity and efficiency are
urgently needed. ‘

JEL classification: Q12, Q16

1. Introduction
ONE way peasant farmers can achieve sustainable agricultural development is to
raise the productivity of their farms by improving efficiency within the limits of
the existing resource base and available technology. The factor productivity
growth of input-output relations and enterprises shows that small-scale farmers
operate on the frontiers of the production function. )

" Farrell (1957) developed the concept of technical efticiency based on the input
/ output relationship. He suggested a method of measuring technical efficiency by
estimating the production function of firms which are fully etficient. However, a
farm is said to be technically inefficient when actual or observed output from a
given input mix is less than the maximum possible. Efficient use of various inputs
is an important part of sustainability (Harwood, 1987), which implies either fewer |
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inputs to produce the same level of output or higher output at the same level of
mpu,t:; in most developing countries, agriculture is the mainstay of the ngerw\(t:f
¢conomy and improvement in the sector has' been tpe common colncc;:,:lr:l o
development stakeholders. The sector has efperler}(f‘ed dlvers‘e stru;:tur'adicamgrg
in the past which have been ;rans.lated {nFo different et,ons%mc 1?985 ﬂ;é
According Central Bank of Nigeria statisics, between. 1_9 to i ; -
contribution of agriculture to GPD averaged N34,590.QO m}lhon ndlrdéoo()wi\i" n
from 1986 to 1996, agricultural GDP improved, moving, from ﬁ40, ; ‘r'm 1tor
naira in 1986 to 159,389 million in 1996. Aggregate a'lgn?ultural 'pr.o‘ uu.‘;“é; [())P
the period declined, however, leading to a sharp' declme'm‘pe'r ca;‘:ﬁ‘ 'r::] e
in agriculture. The population has, h()wcw.:r., conqued t().mc.re:se. o ‘.it'mn ami
given the growing demand for land arising from rapid in u;tn% lf'd il
urbanization, the trend of declining agricultqral land has persisted, piir 1c1t1) i, yt :
outheastern Nigeria, the study ared. Basically, the.:re !ws ’been ;)su S;;; -
decrease in productivity in the agricultural sector. ngt.:rla has ‘noth een atre o
sustiin a high degree of sclf-sufﬁcicn.cy. This is essentially so as t e sE)e(iin er
hunger, mounting food deficits and w1dcsprﬁcad rural pove'rty C(;ntl(ll\l:i(; n(l)andga m.j
I'he high population growth rate has lf:d to increased pt?r caput (?0 o
consumption, In response, the Nigc.nan g.over‘nme'nt has el'lcouraged a;ogd uétion
{arming, the use of more inputs,” intensive tar‘mmg and lmprovteh pco g
(cchniques to meet the rising demand for food. Howe;e;, & ef sct tgatthc
productivity growth by using more inputs may well be limite : y c;, a e
gradual reduction/decrease in land will eventua.llly cause the_marglﬁa prlo f\:lrmm),f
of such inputs to diminish. Therefore, pr_oduct!\‘ut'y growth in sm‘a -sca zm I thge
should rely on improvements in tcchmcal.ethcxency. T'he m‘easurem‘“. X
technical efticiency of farms is therefore, fundamental, as doing s0 wi ! g{)“m
determine whether to improve efficiency or develop new technologies in the ¢
run'Farms have to use available ipputs as efﬁcient_ly as p_nsm'blezl ‘tol ?fgﬁ;c
optimum crop production. Inefticient use of inputs can Jeopar.d. ilze to;_) a‘va1rze-u§)€/
and security. In the light of sustainable crop production, an l‘n ex 0 res;)u Tl';ig
productivity measurement i constitutes important en‘xpnnc{l‘lr}vestlgafn‘nn. [ Aa
dy. therefore, alms (0 MEMANIY furm level technical ettnuen(fy e ‘rec}s in
s al way, as a rato of the obaerved output to the maximum teasible
b the,latter is obtained by u stowhuath production frontier. Another
o study 1s tO relate estimuted plenl elficlencies to social,

i : ariables.
geonomic, and farm management variab

purpose of the
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2. Theoretical/Conceptual Framework
Efficiency measurement and the procedure of maximum likelihood estimation are
the basic theoretical constructs on which this study is conceptualized.

The concept of efficiency goes back to the pioneering work of Farrell (1957),
who drew extensively upon the works of Debreu (1951) and Koopmans (1951) to
define a simple measure of firm efficiency which could account for multiple
inputs. Farrell’s concept of efficiency consists of two components: technical and
allocative efficiency. The combination of these two components provides a
measure of total economic efficiency (overall efficiency).It is possible to measure
technical efficiency using an input-conserving orientation, ie, a ratio of minimum
teasible input use to observed input use, conditional on technology and observed
output level. It is also possible to measure technical efficiency using an output-
expanding orientation, ie, the ratio of observed output to maximum feasible
output, conditional on technological and observed input usage. This study
measures technical efficiency effects using the output-expanding orientation,

The measurement of efficiency has resulted in the specification of various
estimation methods. According to Kalaizandonakes et al. (1992), these methods
can be categorized according to:

* the specification of the frontier (ie, parametric and non-parametric),

o the way the frontier is computed (ie, through programming or statibticul
procedures); and

 the way deviations from the frontier are interpreted (ie, as inefticiency or
as a mixture of inefficiency and statistical noise).

The parametric frontier estimation can be deterministic or stochastic and
programming. With the specification of the stochastic parametric frontier,
deviation trom the production frontier is accounted for, not only by technical
inefficiency, but also by measurement error, statistical noise and other non-
systematic influences (Stevenson, 1980; Greene, 1990; Coelli, 1995). Estimation
of this was independently proposed by Aigner, Lovell and Schmidt (1977) and
Meeusen and Vanden Broeck (1977) and has been extended by Jondrow et al.
(1982). It allows for the estimation of individual firm efficiency levels with both
time variations and cross sectional data. The stochastic frontier production
function is defined by:

Y =FXPexp(V-U)i=12,...N (N
where:

Y s the output of * firm
X, is the corresponding (M x Z) vector of inputs
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B is a vector of unknown parameter to be estimated

F(.) denotes an appropriate functional form
V is a symmetric error component that accounts for random effects and

exogenous shock
U, <0 is a one-sided error component that measures tec ical inefficiency

Estimation of inefficiency effect, -U, from statistical noise, V, is accomplished
by estimating the means of conditional distribution of U given V expressed as:

(w24

: 2 2\% 2
where: L o, - (-0, e)
- ’ = ’
o? o?

fis the standard density function, and
F is the standard distribution function

This is done by means of maximum likelihood (ML) estimation. This involves
the estimation of population parameters such that the probatility density for
obtaining the actual sample observations that have been obtained from the
population is greater than the probability density obtainable with any other
assumed values (estimations) of the population parameters (Draper and Smith,
1966 and Olayemi, 1998). The ML method provides estimators that ‘are
asymptotically consistent and efficient. This study relies upon the estimation of the
stochastic frontier by the ML method.

Advances have been made in the evaluation of efficiency. Studies by Clayton
(1961), Ogunfowora (1970), Abalu (1975), and Belete et al., (1993) utilized
mathematical programming to estimate firm efficiency. Hopper (1965) and Ram
(1980) evaluated efficiency by using the ordinary least squares method, commonly
called the deterministic approach. In recent years, however, econometric modeling
of stochastic frontier methodology associated with efficiency estimation has been

_an important area of research. These studies are mostly based on the Cobb-
Douglas function and the transcendental logarithmic functions that are specified
either as a production function or a cost function (see Battese and Corra, 1977,
Kalirajah, 1981; Bagi, 1984; Bagi and Humpag, 1983; Kumbhakar, 1994; Ali,
1996; Apezteguia and Gerate 1977; Yao and Liu, 1998 and Reinhard et al., 1999).
For all these studies, farm level technical efficiency effects ranged from 0.20 to
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0.98. In Nigeri i
s :CI;Lgf:;::; :?i\:;ve;,l'the. uze ’(;; the stochastic frontier to estimate farm-level
eed limited. This study uses a producti i
. : 1. T} . production function approach
imate efficiency at farm level by assuming a stochastic nature of progl[:ctiun

3. Methodology

% hl The study area, sampling and data collection
S[aieszl;(;yltvlvlaigflidé(;ted in Odukpani Local Government Area in Cross River
al Government Area in Akwa Ibom State. Th s o
along the Calabar-Itu highwa j king A B Gceb B oo
ong t Yy - a major road linking the two states wi
states in the eastern part of the count  lies withi i)
. ry, and lies within the rainforest ecologi
g(;:iec; 1v|v;t2 gc:rll(ifncl)f mang;ove swamps. It is an intensive crop-growing frt: !
ement. Farmers, both full-time and i i '
area for crop production, and farmi iviti Ly
on, arming activities continue throughout the yea
o t:et::l(:(-is;a%c; rssa;ms}i))l(n‘llgl;echmque was employed in selecting the samples};)eer(ied
- First, six villages were randomly selected al jor hi
. - ong the major high
s;;o;;d,r :21 farmers were selected from each village throuigh a modgﬁed fgor:;az'f
Cosg o ndom sampling (.:alled the random walk method. Farm-level intensive
sectionalrzr: tasu;veys provided the basic primary quantitative and qualitative cr.ow-
rom 300 sample farms, collected with the aid of structurle‘d

questionnaires. The baseline su i
: : rvey covers information on inj
practices, output level, crop diversity, etc. - T i

3.2 The empirical models

5 : . ;
restrg(s:ttli'xoc;ecviv trgnslog production function was estimated in this study. The
as mmposed so that only theoretically and economically pIaLlsiblc

Q=ay =3 ainx, + Y} b,g(InXlllnX”)+I§ 220

eS| i=1 g=1

n

b (XY + %Yy
-1 k) *AZZei(lnXifInXij)+lJ,+V (3)

=1 k=1

I

1, 2 .., n farms
- = 1, 2, ... n are physical inputs a [

kit puts as a quantity of crop expressed in
. physical inputs

<
H
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D = diversification index. The diversification index is calculated using the
Herfindel index represented as:

rop DI = i P
i=1

where:
P, = ‘proportion_of the net farm .income from the i* crop inthe

combination.
U and V are as previously defined in equation 1.
Ay, a;, b, G, bjand e are parameters of intercept, physical inputs, interaction
across i and g" physical inputs, diversification index, square terms of
physical inputs and interaction between i physical input and diversification

index respectively.

The term U; < Ointhe above equation as it represents technical inefficiency

is assumed to arise from a normal
which is truncated at zero. It is further assumed that the average level of technical

inefficiency, measured by the mode of the truncated normal distribution (ie, p;),
is a function of factors believed to effect technical efficiency (Yao and Liu, 1998).
* In this study, estimated technical inefficiency is related to certain variables as

defined in the expression below (equation 4).
¢9 =P, + P, (FS) + P, (Age) + P (EDU)) + POFW) +

P(FRG)) + PMIG) + P,(FMS)) + Z; 4)
The values of unknown coefficients in equations (3) and (4) are jointly
estimated by maximizing the likelihood function given as:

i=1

InL = -Izln(-z—) -Nho +E[1—F( -_&l)}~,/2022 £ 5)
2 T ., O i=1

where:
n is the number of observations (300)

F(.) is the standard distribution tunction
& is the component €rror term
= 3.1415

distribution/with p, mean and variance &,
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4. Results and Interpretations

:‘hl ML Empirigzl Result and Inefficiency Model
‘ e model specified is estimated by the maximum likelih
computer programme FRONTIER 4.1 developed by él

estimates are presented in table 1 below

Table

1. ML Esti
imates of Translog Production Frontier and Inefficiency Function

Variable

Coefficient

Production Function
Constant (a,)

Land (p])

Labour (8,)

Other expenses (B,)

Diversification index ®B,)

Land x Land (8,)

Labour x Labour Be

Other expenses x other expenses (f3,)
Land x Labour (8,)

Land x other expense By)

Land x Diversification index Bro)
Labour x Diversification index B,
Other expenses x Diversification index B

Inefficiency Function
Intercept o

Farm size (y,)

Age (Y2)

Education (y,)

Ql'f-farm work (Y,)
!"ragmemmion (Ys)
Migrant Status (Ys)

;F‘zlmily Size (v,)

Diagnosis Statistics
Sigma-square o?
Gamma (1)
Ln(likelihbod)

LR test

1.367 (1.805)*
0.0382 (1.8104)*
0.6021 (2.4142)%#+
0.00314 (0.0061)
-0.8176 (8.5344)%++
0.1094 (2.5149)*+
0.1028 (1.6527)*
0.0219 (6.8438)%*+
0.5060 (4.019])*+*
0.3347 (3.8604)**+
-0.0877 (1.2710)
0.1949 (1.2615)
0.2499 (2.8047)%#+

4.3982 (3.6726)%**
0.1051(3.8925)%#+*
0.0062 (1.2674)
-0.008 (2.6899)***
0.00003 (-1.32)
0.00006 (l_gg)tlm
-0.2951 (-2.8650)***
-0.144 (-3.78)

0.8726 (4.984] )% #+
0.9506 (2.6560)***
105.776
97.00

Source:

Derived from Analysis

ood method using a
oelli (1995). The ML

The table abo i
i \"[f:h:f:(i)ws'ML estimates and inefficiency determinants of th
onprt fmn; Zem. a%rza _s%uz(i)rle S](‘)h8725) is large and statistically sig;lit'icallf
i -01. This indicates a good fit and the ¢ ‘tness
pecitied distributed assumption of the composite error term l\: (;(c):)f::rm:}:\
: , the
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variance ratio, defined as A = 4,%/6,207, is estimated to be as high as 95.06 per
cent, suggesting that the systematic influences that are unexplained by the
production function are the dominant sources of random errors. In other words,
the existence of technical inefficiency among the sample farms accounts for about
95 per cent of the variation in the output level of the crops grown. This confirms
that in the specified model, there is the presence of a one-sided error component
and that a classical regression model of the production function based on the
ordinary least squares estimation would be an inadequate representation of the
data. The results of the diagnostic statistics therefore confirm the relevance of the
stochastic parameters of the production frontier and maximum likelihood
estimation. Over 76 per cent of the coefficients are statistically significant at
different critical values indicating the relative importance of factor inputs in crop
production. Labour appears to be the most important factor of production with an
elasticity of 0.6021, showing the labour-intensive nature of farming in the study
area. The sign and magnitude of.the crop diversification index coefficient, -
0.8176, indicate that a higher level of crop diversification is associated with
decreasing output. Therefore, it is likely that the diversification practices may not
be optimal in terms of ditferent classes of crops in a mixture (see tables 3 and 4)
and that the nutrient status of the land may not be adequate to support more crops
per plot. Basically, the coetticients of the conventional inputs and their interaction
terms are a priori signs and magnitude except for ‘other expenses’.

The estimated coefficients of the inefficiency function provide some
explanations for the relative efficiency levels among individual farms. All the
etficiency variables are highly significant, except age and off-farm work. Since the
dependent variable of the inefficiency function represents the mode of inefficiency,
a positive sign of an estimated parameter implies that the associated variable has
a negative effect on efficiency, and a negative sign indicates that the reverse is the
case. Thus farm size, oft-farm work and fragmentation has a negative etfect on
etticiency. The allocation of more time to oft-farm work produces extra cash for
the family, but it has a negative impact on farm activities. This is because farmers
have an incentive to work elsewhere if the income they receive from off-farm
work more than offsets the loss resulting from the negligence of farm activities.

On the other hand, education, migrant status and family size each have a
positive impact on efficiency. These results seem plausible. Large family size
ensures availability of enough labour for farm operations. More years of education
enable farmers to acquire and process relevant information more effectively. This
result agrees with previous works by Ram (1980); Huffman (1977) and Parikh et
al. (1995).
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4.2 Resource-use efficiency
Farm-specific resource use efficiency indices are shown in table 2 below:

Table 2. Distribution of Farm-Specific Technical Efficiency Indices Among Farmers

Efficiency Class (%) Frequency Percentage
1-10 2 0.67
11-20 2 0.67
21-30 2 0.67
31-40 2 0.67
41 - 50 7) 0.33
51-60 17 5.67
61-70 32 10.67
71- 80 80 28.67
81-90 134 44.67
91 - 100 16 5.33
Mean value = 077 Maximum value = 0.9
Mode value = 0.8 Skewedness = -0.50

Minimum value 0.01

The results show a wide variation across farms. The minimum efficiency index
is 0.01 while the maximum value is 0.98. The distribution spreads trom left to
right at different intervals and the modal class does not fall into any of the extreme
classes. Therefore, the mode of 0.84 supports the use of a more general truncated-
normal distribution, instead of the commonly assumed halt normal distribution for
the efficiency eftect.

The rather high degree of technical efficiency suggests that very little
marketable output is wasted. The inability of any farm to be on the frontier could
be attributed to certain factors, ranging from technical production constraints and
socio-economic factors to-environmental factors. Specifically, in subsistence
agriculture, scarce inputs may be allocated to various uses on the basis of their
marginal shadow values thereby preventing the farmers from reaching the
etticiency frontier. Furthermore, non-physical inputs like experience, information
asymmetry and other socio-economic factors influence the ability of a farmer to
use the available technology efficiently. When the land use and management
practices of the farmers result in degradation, the frontier production level would

- also be affected.

4.2 Analysis of crop diversification pattern -
The pattern of land use as regards planting of crops is measured using an index of
crop diversitication. The index is the Herfindel Index which is modelled in terms
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of the proportion of net income from the various crops in each combination. Table
3 shows the indices.

Tahle 3. Herfindel Index of Crop Diversification

Description Frequency Indices $.D. Min Max Value C.V. (%)
Value

Sole 57 1 1 | 1 100
‘Two-Crop 102 0.57 0.12 0.22 0.96 21.00
Three-Crop 89 0.45 0.07 0.35 0.78 15.00
Five-Crop 43 0.40 0.09 0.22 0.71 24.00
Other Crop Patterns 4 9 0.35 0.13 0.18 0.60 37.00
Sample Mcan 300 0.59 0.23 0.31 1 39.00

Table 3 shows that about 34 per cent of the farmers had a two-crop mixture on
their field with a combination mean of diversification index being0.57. For the
three-crop combination and four-crop combination, the average H-index was 0.45
(C.V. =0.15) and 0.40 (C.V. =0.24) respectively. This res.ult shows that as the
number of crops in a combination decreases, the H-index increases and would
become one for sole cropping. However, the distribution of the indices supports
the description of major crop combinations in the area of study. Table 4 reveals
the major crop combination pattern in the area.

Table 4. Description of Major Crop Combinations in the Area

Combination Frequency Age of sel;ctcd farms Age of u‘;lal farms
Maize-Cassava-Cocoyam 25" 8.77 8.33
Cassava 41 14.39 13.67
CHSS;IVEI-CIKJ())HIIH 25 8.77 8.33
Maize-Cassava 48 16.84 16.00
Maize-Cassava-Yam 21 1.37 7.00
Melon-Maize-Cassava-Okra 38 13.33 12.67
Cassava-Okra-Yam 24 8.42 8.00
Maize-Mclon-Cassava 20 7.02 6.67
Maize-Cassava-Okra 23 8.07 7.67
Melon-Cassava 20 7.02 6.67
Total 285* 100 95.01

*Less the other forms of crop combination.
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On the issue of crop diversity, about thirty-two (32) ditterent types of levels
of crop combinations were observed among the sampled farms. On the criteria of
level of occupancy, however, only cropping patterns with a sampling fraction of
5 per cent are presented in table 4. The table shows that the cassava-maize mix
was the combination most widely adopted by the farmers. Sole cassava and melon-
maize-cassava-okra mix were the second and third widely adopted crop mixture,
Cassava and maize, however, had the highest number of occurrences. This may
not be unconnected with the easy adaptation of cassava and maize to the
environment and the farmers’ interest in the crops for income generation and food
security.,

5. Summary and Conclusion

The study centered on farm-level estimation of technical efficiency effects through
stochastic parametric estimation methods. A restricted translog production frontier
was estimated by maximum likelihood estimation procedure to obtain ML
estimates and inefficiency determinants. The parameters obtained were
asymptotically efficient and consistent. The diagnostic statistics confirmed the
relevance of the stochastic function and maximum likelihood estimation; the
presence of the one-sided error component; and that a classical regression model
of production based on ordinary least squares estimation would be an inadequate
representation of the data.

Overall, a mean technical efficiency of 77 per cent was achieved by farmers
in the area showing that crop production can still be increased by 23 per cent using
available technology (technique). Consequently, the estimation and identification
of specific factors that affect technical efficiency is of utmost relevance for
formulating strategies required to narrow the existing gap as well as increase
input-use productivity. :
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