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Abstract: The environmental risk factors affecting rice farming in Ebonyi State was examined using coefficient
of variation and stochastic production function. Stochastic production function provides a means of assessing
the effects of environmental factors on variance of rice yield. Data analysis shows that rainfall characteristics
(intensity and duration) exhibited high degree of variation than relative humidity and temperature within the
growing season. However, variability was most associated with rainfall intensity. Results also show that the
growing season rainfall intensity and duration qualify as risk-reducing factors in rice production while the
growing seasons relative humidity and temperature were risk-increasing factors. The synergistic effect of these
environmental risk factors on rice yield variability was significant. The research suggests the need to provide
water supplementation facilities and management for farmers in the state to reduce variability in rice yield.
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INTRODUCTION yield and its variability. Some of these factors are

Crop yield variability is a defining characteristic of the opposite effect.
agriculture which is strongly influenced by fluctuations in The study of the environmental risk factors in rice
weather [1, 2]. Studies [3-6] show that the year-to-year farming in Ebonyi state entails primarily the evaluation of
variations in crop yields are normally associated with the effect of these factors on the variance of rice yield.
fluctuations in weather. Therefore, the impact of weather Ebonyi state is located in the northern part of the south
cannot be neglected in agricultural production. It zone of Nigeria with great potentials for rice production.
constitutes the physical environment, which affect the The unique environmental conditions of the state allow
performance of any organism in terms of yield and for both upland and lowland production [8]. However,
survival. The variations in the physical environment of measurements  with  regards  to improving predictability
both  crops  and  animals in a given area pose a risk to of rice yield or decreasing rice yield variability are
their production. generally lacking. In this study therefore, a stochastic

Rice (Oryza spp) farming depends greatly on the production function is estimated to determine the effect of
environmental factors, which are the most important environmental risk factors on the variance of rice yield in
among the several factors that influence agricultural Ebonyi state.
production [7].Rice production depends on optimum
combination of production inputs to achieve remarkable MATERIALS AND METHODS
yield. These inputs are not limited to the familiar
productions inputs but include the various environmental The Study Area: The study area is Ebonyi state, which
factors provided by nature. Rainfall characteristics lies approximately 7°3N and longitudes 5°4E and 6°4' E. It
(intensity and duration), relative humidity and temperature has a landmass of approximately 5,932 square kilometers
constitute these environmental factors that affect rice [9] and a population of 2.1 million people [10].

expected to increase yield variance, while others will have
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Ebonyi state is located in the southeast zone of identifies inputs that are risk-decreasing [15]. A three-step
Nigeria, which is characterized by mean annual rainfall of approach  was  adopted  to  estimate  the  models.  First,
between 2250mm in the south and 1500mm in the northern Y  = f(X ) +  was estimated with a heteroscedastic error
part of the zone, average annual temperature of about term ( ) yielding the regression line f (X ). Second, the
27°C with relative humidity of 85% [11].The vegetation of residuals [Y -f (X )] were used to estimate the variance of
the state is a mixture of savanna and semi-tropical forest Y [Var(Y )]. Third, the variance model [h(X , )] was
with agriculture as the mainstay of the economy. The estimated. The yield variability model used is given as:
underlying  parent materials consist of shales inter-
bedded with sand and limestone. The soil is texturally clay YieldVar = h(X ) + .
loam, fairly to poorly drained with gravely sub-soil in
some locations especially the upland adjacent to lowland X  is a vector of the environmental risk factors affecting
areas [12]. rice yield variability and  is the error term with

Two main seasons prevail in the area-the rainy homoscedastic characteristics.
season, which spans from late April to early November The models were estimated by using the OLS
and the dry season, which lasts from late November to procedure. Given the importance of the stochastic
early April. However, short dry spell is usually component in modeling production risk, it is useful to test
experienced during the month of August and this is the assumption that the environmental factors have a
termed  the  August  break. Lowland areas popularly significant synergistic effect on yield variance.
called fadamas are largely available and serve as good
sites for rice and dry season vegetable farming. Major RESULTS AND DISCUSSION
crops grown in the area include rice, yam, groundnut,
cocoyam, vegetables, cassava, maize and cowpea. The degree of variability associated with each of the

Data and Sources: This study involved the use of time result shows that the rainfall intensity in the area exhibited
series data sourced from the Ebonyi State Agricultural the highest degree of variability with a coefficient of
Development Programme. The annual data were collected variation; CV, of 0.293 or 29.30%.This is followed by
for rice yield and the environmental factors: rainfall rainfall duration with a coefficient of variation of 0.167 or
intensity and duration, temperature and relative humidity, 16.70%. Growing season temperature exhibited the least
for the period 2000-2006. The data on these factors were variability (CV = 0.084 or 8.40%), which is just slightly
based on the observed values for the growing season lower than that of relative humidity of 0.085 or 8.50%. This
periods (May-October). points out that rainfall characteristics (intensity and

Analytical Technique: In this study, the coefficient of and could be the major source of variation in rice yield in
variation and the stochastic production function were the area. This colloborates the finding of [5] which noted
used. The stochastic production function not only that rainfall variation is a major cause of uncertainty in
provides an estimate of the effect of the environmental crop production in the semi-arid zone of Africa.
risk factors on the expected rice yield, but also the effect In Table 2, the parameter estimates of the stochastic
of these risk factors on the variability of rice yield. The production function were presented. The influence of the
variability of yield is considered a measure of production growing season rainfall intensity (GRSI) on rice yield
risk [13]. In order to estimate this, the [14] model of the variability was negative and significant at (P<0.1). This
form: g(X, V) = f(X) + [h(X)]  as described in [2] was implies that an increase in rainfall intensity will result in1/2

adopted. Where h(X) > 0 and e(v) is a random variable decreased variability of rice yield. Thus, production risk
with mean zero and variance 1. in rice farming is reduced as rainfall intensity increases.

In this context, the Just and Pope function can be This colloborates the findings of [1, 2] that increase in
stated as: Y  = f(X , ) + h(X , ). This implies that f(x) rainfall results in decreased variability of crop yield.t t t

represents the mean production function while h(x) is the Hence, the growing rainfall intensity is a risk-reducing
variance of output ie E(Y ) = f(X ) and Var (Y ) = h(X ). environmental factor in rice production. Also, the growingt t t t

Given that var(Y)/ x  = h/ x it follows that h/ x  > 0 season rainfall duration (GSRD) has its coefficientt t t,, t

identifies inputs that are risk-increasing while h/ x  < 0 negatively  signed though not significant. This suggestst
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environmental risk factors is presented in Table 1. The

duration) are generally less predictable than other factors
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Table 1: Nature of Variation Associated with the Environmental Risk Factors in the Study Area

Environmental Risk Factor Max Min Mean SD CV

Rainfall intensity (mm) 2600.71 1157.30 1672.55 490.16 0.293
Rainfall Duration (days) 99.00 64.00 76.29 12.71 0.167
Relative Humidity (%) 86.90 70.25 77.68 6.64 0.085
Temperature (°C) 32.49 26.39 30.09 2.53 0.084

Source: Calculated from Field Data, 2006.

Table 2: Parameter Estimates of the Stochastic Production Function of Effect of Environmental Risk Factors on Rice Yield Variability

Dependent Variable Independent Variable Coefficient t-statistics

Log of Var (Y ) Growing season rainfall intensity (GSRI) -0.0021** -7.8045t

Growing season rainfall duration (GSRD) -0.0326 -1.0017
Growing season relative humidity (GSRH) 0.1458* 1.6226
Growing season temperature (GSTemp) 0.7903** 2.5988
Constant (c) -33.5766* -1.9329

R = 0.9947 or 99.47% * Significant at 10%2

R  Adjusted = 0.9735 ** Significant at 5%2

F-statistic = 46.91
DW = 1.0839

Source: SPSS Regression Output

that an increase in rainfall duration (number of rainy days) CONCLUSION
will decrease rice yield variability. Hence, the growing
season rainfall duration qualifies as a risk-reducing As shown by the study, the rainfall characteristics
environmental factor in rice farming. The positive sign (intensity  and  duration)  exhibit   high   level of
associated with the coefficient of the growing season variation, which greatly affects the variability of rice yield
relative humidity (GSRH) implies that an increase in in the study area. The risk-reducing feature of rainfall
relative humidity increases rice yield variability and this intensity and  duration  implies  that farmers, who are
qualifies it as a risk-increasing factor in rice production. concerned with reducing yield variability, can use
This may be due to an increase in pests and disease rainwater supplementation as a means of reducing
incidence associated with high relative humidity [17]. In production risk. As a result of reducing yield variability,
the same vein, the coefficient of the growing season rice farmers can make more reliable projections of rice
temperature (GSTemp) was positively signed and yield. Apart from the provision of irrigation facilities and
significant at 5% level. Thus, an increase in temperature using rainwater harnessing technologies, the use of
will lead to increased rice yield variability. [1] observed improved rice varieties that can withstand water stress
that an increase in temperature results in increased and the use of crop yield insurance scheme of NAIC were
variability of crop yield. Again, this describes temperature recommended.
as a risk-increasing environmental factor in rice
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