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सार ‒ धान, गÛ ना तथा गेह की उपज के पवार्नमान के िलए गजरात के दो िजलɉ ू ँ ू ु ु (नवसारी तथा भǾच) के िलए 

बह समाĮयण िनदशɟ का िवकास िकया गया। इसम नवसारी के ु Ʌ 31 वषɟ (1980-2010) तथा भǾच के 27 वषɟ (1984-
2010) के मौसम तथा उपज के आँकड़ɉ का उपयोग िकया गया। दोनɉ िजलɉ के िलए मॉडल तैयार करने के िलए नवसारी 
िजले के 27 वषɟ तथा भǾच िजले के 23 वषɟ के िडट्रड उपज के आँकड़ तथा िवकिसत िकए गए मौसम के आकँड़ɉ का Ʌ Ʌ
उपयोग िकया गया। मॉडल के िवकास के िलए मह× वपणर् मौसम आकँड़ɉ का चयन अिधकतम ू R² तथा P के आधार पर 
िकया गया तथा परीक्षण और त्रिट पद्धित के आधार पर बह समाĮयण िवæ लेु ु षण िकया गया। मॉडल का माÛ यकरण चार 
सालɉ (2007-2010) के è वतंत्र आकँड़ा समÍ चु यɉ के आधार पर िकया गया । मॉडल के माÛ यकरण के दौरान नवसारी के 
िलए धान, गह तथा गÛ नाɅ ँू  म िवचलन क्रमशɅ : -7.30 से 3.41% , 1.68 से 2.05% तथा -8.27 से 11.51% पाया गया। 
इसी प्रकार भǾच िजले के िलए धान, गह तथा गÛ नाɅ ँू  म िवचलन क्रमशɅ : 5.35 से 11.76%, -12.65 से 7.18% तथा    

-12.07 से 6.86% पाया गया।   
 
 
ABSTRACT. Multiple regression models were developed for yield forecasting of paddy, sugarcane and wheat for 

two districts of Gujarat (Navsari and Bharuch). The historical weather and crop yield data of 31 years of Navsari (1980-
2010) and 27 years of Bharuch (1984-2010) were used. The data of de-trend yield and generated weather variables for 27 
years of Navsari (1980-2006) and 23 years of Bharuch (1984-2006) were used for generation of  the model for both 
districts. Significant weather variables are obtained on the basis of highest R2 and significant P-value. The multiple 
regression analysis was executed by trial and error method. The models were validated with 4 years independent data set 
(2007 to 2010) of these two districts. During the validation period, Navsari district model deviations for paddy, sugarcane 
and wheat were between -7.30 to 3.41%, 1.68 to 2.05% and -8.27 to 11.51% respectively. Similarly Bharuch model 
deviations for paddy, sugarcane and wheat were between 5.35 to 11.76%, -12.65 to 7.18% and -12.07 to 6.86% 
respectively. 
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1.  Introduction 
 
 Agriculture is an economic sector which depends 
highly on climatic conditions. Crop models are frequently 
used to evaluate the ability of climate forecasts in guiding 
crop management practices. In statistical model approach, 
one or several variables (representing weather or climate) 
are related to crop responses such as yield and yield 
contributing characters.  Crop yield is the integrated effect 
of a number of physical and physiological processes that 
occur during the crop-growing period. These processes are 
influenced by the characteristics of the crop, weather, soil 
and time management factors (Rafi and Rehan, 2005).  
Statistical models provide simple alternative to process- 
based models. The main advantages of statistical models 
are their limited reliance on field calibration data and their 
transparent assessment of model uncertainties (Lobell and 

Burke, 2010). Shankar and Gupta (1988) related the 
meteorological parameters and yield data using the 
phenological periods, in which weather elements illustrate 
significant correlation with crop yield, by using multiple 
linear regressions. The work of Wickham (1973) also 
clearly brought out that the yield variation in paddy crop 
production, due to weather, management and biotic factors 
can be addressed through a statistical modelling approach. 
Regression models are often used because of their simple 
and straight forward nature, relating yield with one or 
more meteorological factors. As such these are used 
extensively in the studies on soils, agronomic practices 
and insect-disease; a combination of such factors is still 
difficult with some of the dynamic simulation models. 
Many earlier researchers (Norman 1979), Fisher (1924) 
and Hendrick and Scholl (1943) have suggested models 
which require small number of parameters to be used 
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while taking care of distribution pattern of weather over 
the crop season. Models based on weather parameters can 
provide reliable forecast of crop yield in advance of 
harvest (Agrawal and Mehta, 2007). Parthasarathy et al. 
(1988) and Ramakrishna et al. (2003) have developed 
forecast equations based on regression model, for total 
Indian food grain production using monsoon rainfall and 
soil index. Regression equations have also been developed 
for forecasting paddy yield (Shankar and Gupta, 1987), 
for estimation of sugarcane yield (Singh and Bapat, 1988) 
and for wheat yield (Agarwal et al., 2012). Keeping above 
facts in view, the present study was undertaken to predict 
yields of rice, wheat and sugarcane. 
 
 Rice is cultivated during Kharif season (June to 
October), wheat is sown during Rabi season (November to 
March) and Sugarcane which is one year crop, grown 
during Nov to Nov in both the districts of Gujarat.      
 
 2. Materials and methodology 
 
 Weekly weather data of crop growing season of 31 
years (1980-2010) of Navsari district (20°57' latitude, 
72°54' longitude and 11.89 m above mean sea level) and 
27 years (1984-2010) of Bharuch district (21°42' latitude, 
72°58' longitude and 15.0 m above mean sea level) were 
collected and used in the present study. The yield data was 
procured from the official site (Directorate of Agriculture, 
Gujarat) for Navsari and Bharuch for the same time 
period.  Weekly  data of maximum temperature (Tmax) 
°C, minimum temperature (Tmin) °C, morning relative 
humidity (RH-I)%, afternoon relative humidity (RH-II)%, 
bright sunshine hours (BSS) hours/day and rainfall (mm) 
were employed according to growing period of each crop. 
Correlations were worked out between forecasters 
(weather parameters) with respective year yield of crop. 
The yield data was detrended. 
 
 The step-wise forward model (1) can be  used for 
obtaining the most significant weather variable, by which 
we can fit the multiple regression model (2) and these 
most significant variables can be used for correlation 
coefficient. 
 
 Y = a + b1 X1 + b2 X2 + b3 X3 + … + bn Xn   
 

  n = 1, 2, …. 5       (1) 
 

 Y = a + b1 X1 + b2 X2 + b3 X3 + … + bn Xn 
 

 n = 1, 2, 3                  (2)  
 
 The summary measures describe the quality of 
simulation while the difference measures try to locate and 
quantify errors. The latter include the Mean Absolute 
Error (MAE), the Mean Bias Error (MBE) and the Root 
Mean Square Error (RMSE) (Varshneya et al., 2010). 
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 MAE and RMSE indicate the magnitude of the 
average error, but provide no information on the relative 
size of the average difference between (F) and (O). The 
statistic MBE describes the direction of the error bias. The 
value of MBE is related to the magnitude of the values 
under investigation. A negative MBE indicates that the 
forecasting is smaller in values than those of the 
corresponding observations. PE is defined as ratio of 
RMSE to mean observed value expressed as percentage 
(Varshneya et al., 2010). 
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3.  Results and discussion 
 
 3.1.  Validation of models 
 
 The observed and forecasted yields for period (2007-
2010) have been presented in Table 2 and various error 
analysis of independent and all data set in Table 3. The 
regressions models were validated with the four years 
(2007-2010) of independent data set. The data exposed 
that the Navsari district paddy model deviated -7.30 to 
3.41% from the observed yield, the error analysis revealed 
that the MAE, MBE, RMSE, PE and average error of 
model were 94.25 kg ha-1, -94.25 kg ha-1, RMSE ± 96.42 
kg ha-1, 2.87 % and 4.9% respectively. Bharuch regression 
model for paddy deviated between 5.35 to 11.76% and 
MAE, MBE, RMSE, PE and average error of model were 
89.21 kg ha-1, -89.21 kg ha-1, ± 102.87 kg ha-1, 2.68% and 
3.6% respectively.  
 
 For sugarcane crop the Navsari district model 
diverged between 1.68 to 2.05%  and error analysis values 
of MAE, MBE, RMSE, PE and average error of  model 
were 526.22 kg ha-1, -526.22 kg ha-1, ± 466.46 kg ha-1, 
5.66 % and 6.66% respectively. Similarly for Bharuch 
district the model deviated between -12.65 to 7.18% and 
error analysis values of MAE, MBE, RMSE, PE and   
average error of model were 479.89 kg ha-1, -479.89 kg 
ha-1, ±378.59 kg ha-1, 14.68% and 7.9%, respectively.  
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TABLE 1 
 

 Statistical models for paddy, sugarcane and wheat forecast at Navsari and Bharuch districts 
 

Model Crops Equation R2 Model Error 
Paddy Y = 20.791 + 0.019*Rain + 0.721*BSS + 0.362*EP 0.69 4.9% 

Sugarcane Y = 875.667 - 83.72*Tmin + 0.846*BSS 0.63 6.6% 
Navsari 

Wheat Y = 64.942 - 1.687*Tmin 0.57 7.2% 

Paddy Y = 17.458 + 0.328*Rain - 0.871*BSS + 0.687*RH-II 0.78 3.6% 
Sugarcane Y = 677.254 - 7.017*Tmax + 0.595*Tmin 0.58 7.9% 

Bharuch 

Wheat Y = 7.992 - 3.367*Tmax +  3.768*Tmin 0.53 8.7% 
 
 

TABLE 2 
 

Validation of model for Navsari and Bharuch districts 
 

Navsari Bharuch 
Crops Years 

Observed Forecast Error (%) Observed Forecast Error (%) 

2007 2580 2492 3.41 1646 1558 5.35 
2008 2469 2567 -3.97 1671 1573 5.86 
2009 2487 2419 2.73 1590 1482 6.79 

Paddy (kg ha-1) 

2010 2577 2765 -7.30 1684 1486 11.76 
2007 72000 70789 1.68 74640 76491 -2.48 
2008 68700 67289 2.05 71010 73121 -2.97 
2009 70300 68989 1.86 72600 67389 7.18 

Sugarcane (kg ha-1) 

2010 72200 70989 1.68 72810 82021 -12.65 
2007 3179 3333 -4.84 1930 2163 -12.07 
2008 2503 2215 11.51 1374 1306 4.95 
2009 2571 2749 -6.92 1559 1452 6.86 

Wheat (kg ha-1) 

2010 3121 3379 -8.27 1600 1788 -11.75 
 
 

TABLE 3 
 

Error analysis of forecasting models for Navsari and Bharuch districts 
 

Navsari Bharuch 
Crops Error analysis 

All data set Independent data set (2006-2010) All data set Independent data set (2006-2010) 
MAE (kg ha-1) 87.75 94.25 78.88 89.21 
MBE (kg ha-1) -16.46 -94.25 -13.46 -89.21 

RMSE (kg ha-1) 22.67 96.42 46.28 102.87 
PE (%) 3.64 2.87 3.2 2.68 

Paddy 

Average error (%) 2.2 4.9 8.7 3.6 
MAE (kg ha-1) 917.79 526.22 1012.38 479.89 
MBE (kg ha-1) -64.33 -526.22 -83.26 -479.89 

RMSE (kg ha-1) 523.06 466.46 697.57 378.59 
PE (%) 3.33 5.66 7.99 14.68 

Sugarcane 

Average error (%) 0.88 6.6 2.28 7.9 
MAE (kg ha-1) 68.53 67.42 76.87 39.6 
MBE (kg ha-1) -17.64 -67.42 -11.25 -39.6 

RMSE (kg ha-1) 89.82 77.28 86.42 62.11 
PE (%) 8.76 2.49 9.52 6.42 

Wheat 

Average error (%) 0.97 7.2 1.49 8.7 

 
 

 
 In Navsari district wheat model oscillated between     
-8.27 to 11.51% and error analysis values of MAE, MBE, 
RMSE, PE and average error of model were 67.42 kg ha-1, 
-67.42 kg ha-1, ±77.28 kg ha-1, 2.49% and 7.2% 
respectively, while at Bharuch district model variations 

were between -12.07 to 6.86% and error analysis values of 
MAE, MBE, RMSE, PE and average error of model were 
39.6 kg ha-1, -39.6 kg ha-1, ± 62.11 kg ha-1, 6.42% and 
8.7%, respectively. All the models performed very well 
under diverse conditions.  
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 3.2.  Regression model evaluation for paddy         
(kg ha-1) 

             Agrawal, Ranjana and Mehta, S. C., 2007, “Weather based forecasting of 
crop yields, pests and diseases - IASRI Models”, J. Ind. Soc. 
Agril. Stati. ft., 61, 2, 255-263. 

 
 The step wise regression analysis was indicating that 
rainfall, bright sunshine hours and evaporation at Navsari, 
while at Bharuch rainfall, bright sunshine hours and 
maximum relative humidity showed maximum and 
significant effect on paddy yield. The R2 and model error 
percent values for paddy crop for Navsari were 0.69 and 
4.9% respectively and for Bharuch, value of R2 was 0.78 
and model error percent was 3.6% (Table 1). 
   
 3.3.  Regression model evaluation for sugarcane    

(kg ha-1) 
   
 The step wise regression analysis was indicating that 
minimum temperature and bright sunshine hours at 
Navsari, while at Bharuch maximum temperature and 
minimum temperature showed maximum and significant 
effect on sugarcane yield. Navsari district R2 value and 
model error percent were 0.63 and 6.6% respectively and 
for Bharuch values of R2 along with model error percent 
were 0.58 and 7.9% respectively (Table 1). These results 
are comparable with the sugarcane forecasting by Singh 
and Bapat (1988) and Mehta et al. (2000).  
 
 3.4.  Regression model evaluation for wheat            

(kg ha-1) 
 
 The step wise regression analysis was indicating that 
only one parameter like minimum temperature at Navsari 
while at Bharuch maximum temperature and minimum 
temperature showed maximum and significant effect on 
sugarcane yield. Navsari district R2 value and model error 
percent were 0.57 and 7.2% respectively and for Bharuch 
district values of R2 and model error percent were 0.53 
and 8.7% respectively (Table 1). Similar results have also 
been reported by Singh et al. (2008). 
 
4. Conclusion 
 
 In this paper an attempt has been made to obtain 
yield forecast for paddy, wheat and sugarcane by using 
weather data. Analysis is based on time series weather and 
yield data. The performance of weather variables indicate 
that rainfall is important for rice crop, while minimum 
temperature for sugarcane and wheat are more important 
in both the districts. The multiple regression models were 
found to be efficient in forecasting yields satisfactorily in 
respect of the three crops. 
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