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ABSTRACT 

 
The study hypothesized that increased variability in paddy yields is related with 

increased risk and investigate the impact of climatic and production factors on risk. 

A production function was estimated with related risk properties to see how 

variation in climatic variables and production factors affects the probability 

distribution of paddy yields. Data consisted of a panel of 6 major paddy growing 

districts for the period, 1980 to 2010 for the two major paddy growing seasons, 

Yala and Maha. A three step Feasible Generalized Least Squares method is used to 

estimate the production function with risk properties.  Results reveal that climatic 

factors as rainfall, maximum temperature, and production factors such as labor, 

machinery cost and cultivation extents are positively related with the probability 

distribution of yield. Hence their variability tends to increase risk. This highlights 

the importance of crop insurance schemes and policies that reduce food insecurity 

in the light of expected climate change in the years to come. 

KEYWORDS: Climate, Feasible Generalized Least Squares, Just and Pope Production 

Function, Risk  

Introduction 
 

In Agricultural production, there is a time lag between input decision making and 

production realization. Farm production decision marking depends on known input 

levels but uncertain levels of output, because of the inherent volatility of 

agricultural production (Mekki and Jemaa, 2007). Volatility in agriculture sector is 

explained by production volatility which is mostly driven by climate change as well 

as price.  Higher production volatility affects the tight supply/demand balance. 

Decision-making under higher volatile and uncertain conditions always lead to risk 

(Schaffnit-Chatterjee, 2010).  
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Risk can be defined as the potential deviation between expected and real outcomes. 

If there is high risk, it is difficult to make economic decisions. This volatile nature 

of agricultural production is due to uncontrollable elements, such as climatic 

factors.  Climatic factors serve as direct inputs to agriculture. Any change in a 

climatic factor is bound to have a significant impact on crop yield and production. 

This area has caught attention of researchers in recent times as evident by the 

growing number of studies on the impact of climate change on agriculture (Barnwal 

and Kotani, 2010). 

 

A wide variety of findings have pointed out regarding the effect of climate change 

on crop yields. Many studies find that climate change alters mean crop yields 

(Reilly et al., 2002; Schlenker and Roberts, 2009; Huang and Khanna, 2010). 

However, Greenstone and Deschenes (2007), find a statistically insignificant 

relationship between climate change and crop yields. Some other studies have 

addressed the contribution of climate change to yield variability (Chen, McCarl, and 

Schimmelpfennig, 2004; Isik and Devadoss, 2006; McCarl, et al., 2008). Moreover, 

the impact of the changes in crop yield induced by the change in climate has 

implications on the market outcomes and the welfare of economic units (Greenstone 

and Deschenes, 2007).  

 

Agricultural sector is one of the key sectors in the Sri Lankan economy. The Goss 

Domestic Production (GDP) of the agricultural sector was 11.9% in 2010. It 

employed 33.7% of the national labor force in 2010 (Central Bank, 2010). Paddy is 

one of the most important crops in Sri Lanka. It contributes to agricultural GDP by 

11.9 per cent and by 1.8 per cent to the total GDP 2010 (Central Bank, 2010). Total 

land devoted for paddy is about 708,000 hectares at present.  

 

Paddy occupies about 45 per cent of the total permanent agriculture land holdings 

(Census and Statistics, 2010) and is the main staple food product in Sri Lanka and 

also the main source of calories in the Sri Lankan diet. One of the main causes of 

food insecurity is the country’s insufficiency of net rice production to meet 

household demand (Anon, 2007). Therefore, paddy production has high 

implications on food security of the nation. Therefore, it is vital that how variations 

in climate affect paddy production and its variability. Hence, this study attempts to 

model the impact of climatic variation on mean and variance (risk) of paddy yields 

in Sri Lanka. 

  

Methodology 

 

The effects of climate change and related risk condition to the average and 

variability of crop yields can be determine by using a stochastic production 

function. The production function suggested by Just and Pope (1978, 1979) 
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provides a way to study the impact of independent variables on the mean production 

as well as the variability of production.  

 

Therefore, this study used the Just and pope production function for analysis. There 

are two methods to estimate this function, a three-step Feasible Generalized Least 

squares (FGLS) method and Maximum Likelihood Estimation (MLE). This study 

employs a three-step, FGLS estimation.  The Just and Pope Production function is 

of the form; 

(1) Y = f (X, β) + μ = f(X ,β) + h(X,α)
0:5 
   

Where, Y is the output or yield, X is a vector of independent  variables, f (.) denotes 

the deterministic component (mean function) of yield and relates X to average yield 

with β representing the set of estimated coefficients. μ is the heteroskedastic 

disturbance term with a zero mean, h (.) is the stochastic component (variance 

function) of yield and relates X to the standard deviation of yield with α 

representing the corresponding set of estimated coefficients.  is a random error 

term with a mean of zero and variance of 
2
.  

 

The three step FGLS takes following steps. First, the model was estimated by 

Ordinary Least Squares (OLS) regression and the n residuals (  are obtained.  

(2) Y = f (X,β) + µ        

Second, the logarithm of squared residuals was regressed on X. 

(3) ln (  = h(X,α) + ε       

Using this second stage estimation, variances are predicted. Using the square roots 

of these variances as weights, the original model was re-estimated using a Weighted 

Least Squares (WLS) technique as; 

(4) y.h 
-1/2

 (X, 
^
α ) = f (X,β).h

-1/2
(X, 

^
α )+ µ h

-1/2
(X, 

^
α ) 

        

labor, machinery cost, fertilizer cost, extent of paddy cultivation,  total rainfall in 

the season, maximum temperature and minimum temperature which is calculated as 

average temperature  for the season   and a time trend were incorporates as X 

matrix. Before estimating, the FGLS, all data were tested for unit roots and 

confirmed that they are stationary. The three step FGLS was estimated for both the 

Random Effect (RE) and the Fixed Effects (FE) model keeping in line with the 

panel data literature by using Housman tests. Stata version 9.2 was used to estimate 

the regression. 
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Results and Discussion 

 

Descriptive Statistics 

 

Data source of this study was `Cost of cultivation of Agricultural crops` published 

by the Department of Agriculture. Time series data were used from 6 major paddy 

growing districts (Anuradhapura, Polonnaruwa, Kurunegala, Hambanthota, Kandy 

and Kaluthara), in the two major growing seasons; Maha (September to February in 

the following year) and yala (March to August). Thus, the data set consisted of a 

panel from 1980 to 2010.  

 

The major paddy irrigation types are there major irrigation and rain fed. Three 

variables were included as climate variables such as total rainfall, maximum 

temperature and minimum temperature. Total rainfall calculated according to the 

yala and Maha season. Maximum temperature and minimum temperature calculated 

as average temperature value during the season. Total labor, machinery cost, 

fertilizer cost, extent of paddy cultivation, data were used as production data.  

 

Total labor was calculated as man days. Extent of paddy cultivation is in Acers.  

The average total rainfall amount is 941.43 mm in these paddy growing areas. The 

average cultivated extent is 39557.64 Acers. The average minimum and maximum 

temperature values are 23.72 
0
C and 31.72 

0
C. Total rainfall, maximum temperature 

and minimum temperature in Maha and Yala season over the 31 years of period are 

shown in following Figure 1. 

 

 

 
 

(a) 
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(b) 

 

 
(c) 

 

Figure 1: Variation in climate variables in Maha and Yala Season (1980 – 

2010): (a) Total rainfall, (b) Average maximum temperature (c) Average 

minimum temperature 

 

It revealed that the amount of annual rainfall in Maha season is greater than Yala 

season except 2008 and 2010. The average maximum temperature in both seasons is 

distributed in almost similar Pattern. The average maximum temperature in both 

season distributed in almost similar pattern. 

 

Results of FGLS Estimation 

 

Hausman tests confirmed that the Random Effects (RE) model performs better and 

therefore, the discussion follows is related to the RE model estimated. The results of 

the variance function (Equation 3) show that climatic factors, which are rainfall, 

minimum temperature and the production variables as labor, machinery cost and 
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extent of paddy cultivation have a positive relationship with the yield variability 

(Table 1). The maximum temperature, time trend and fertilizer cost have negative 

relationship with yield distribution.  

 

Table 1: Parameter estimates from the FGLS variance equation 

 

*Significant at 5%.  Probability 0.000 R2=
 
55.37% 

 

The results of the mean function show that, climatic factors as rainfall, minimum 

temperature and fertilizer cost negative effect to the mean yield (Table 2). But the 

maximum temperature and other production factors as labor, machinery cost, time 

trend, extent of paddy cultivation have a positive relationship with the mean yield 

distribution.  

 

Table 2: Parameter estimates from the FGLS - mean equation 

 

       Variable Coef. Std. Err. Z p>|t| 

Rainfall       -16185.0* 4290.66 -3.77 0.000 

Temp.min -125046** 656484.6   -1.90 0.057   

Temp.max 705147 489247.6 0.44 0.150 

Labour  6.12* 2.70 2.26 0.024 

Machinery 0.48*    0.120   3.98 0.000 

Fertilizer  -0.126   0.227 -0.56 0.577   

Extent  1808.60 173.00 10.45 0.505   

Time 344.70                 20333.4          .02         0.986 

cons 2489046  1586422 1.57 0.117 

 *Significant at 5% **Significant at 10%      

 Probability 0.000      R
2
=99.74% 

 

   Variable  Coef. Std. Err.  Z p>|t 

Rainfall       0.001 * 0.0003 2.77 .006 

Temp.min 0.026 0.046 0.57 .569 

Temp.max -0.066 0.124 -0.5 .595 

Labour  2.91x10
-7

 2.62x10
-7

 1.11    .266 

Machinery 1.17x10
-8

 8.02x10
-9

 1.46 .144 

Fertilizer  -3.0x10
-8

* 1.48ex10
-8

 -2.0 .043 

Extent  8.00x10
-6

 0.000012 0.67 .505   

Time  -0.005*                  0.0017                     -3.23        .001 

cons 31.839* 3.950 8.06 .000 
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Increases in amount of rainfall leads to high yield variability and a decline in the 

mean yield. However, Barnwal and Kotani, (2010) reports that increase in total 

precipitation reduce the yield variability for most of the agro-climatic zones in 

India. But, if rainfall variability is associated with an untimely at the reproductive or 

ripening stage of the rice crop, yield reduction is severe as found in Bangladesh 

(Jayanta, 2007). There is considerable variation on the changes in rainfall patterns, 

the degree of severity and the geographic effects are to be expected in Sri Lanka 

(Eriyagama et al 2010). Therefore, mitigating the impact of rainfall on yield 

variation is important.   

 

The degree of enhancement of CO2 was related to the maximum temperature. The 

process of photosynthesis in paddy is constant at about 60%, from 32 to 38 degrees 

of Celsius (Vu et al, 1997).  Therefore maximum temperature related to reduce the 

risk of paddy production. Previous studies have used the average temperature to 

study the impact of temperature on paddy yields and finds that average temperature 

is associated with a decline in the yields (Barnwal and Kotani, 2010).  

 

Instead, we have used average minimum and maximum temperatures in the relevant 

growing seasons. Although not significant, increases in the minimum temperature 

show a positive sign with the yield variability and a negative sign with the mean 

yields. This implies that increases in minimum temperature increases variability and 

thus increases yield risk. Contrastingly, the maximum temperature returned opposite 

signs to that of minimum temperatures. Further studies with longer term time series 

data needs to be carried out to see the true impacts of the minimum and maximum 

temperatures on paddy yields.   

 

Production factors as labor, machinery cost and extent of paddy cultivation reduce 

the yield variability and therefore, the risk. Although, fertilizer was found to be 

reducing risk, a previous study found that fertilizer, crop area and labor are risk 

increasing factors (Rento et. al., 2005).  

 

Conclusion 

 

The findings of this research suggest for policies related to food security and crop 

insurance schemes. As the yields are expected to vary due to climatic and economic 

factors, the impact of variation in yields will reflect upon the food security of 

peasant farmers. Policies should be directed at promoting crop insurance schemes 

and those that can reduce food insecurity in the light of expected changes in rainfall 

and temperatures due to climate change.  

 

This study can be further extended to yield forecasting for various climate 

scenarios, which will be useful for an assessment of future risk and trends in crop 

yields. One major limitation of the study is that it had to rely upon climate data of a 
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few meteorological stations and generalize it to the districts studied.  Future studies 

of this kind should circumvent these limitations by collecting more relevant data 
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