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ABSTRACT

	The weather parameters play a very important role in agriculture and data on these is most useful in evaluation of potential aspects of crop production. The present study is focused to develop pre-harvest forecast models for Bengal gram yield based on agro-meteorological data in Bidar district of Karnataka State. The correlation coefficient (r) was calculated to study the week wise association between Bengal gram yield and weather parameters and the value of ‘r’ ranges from -0.62 to +0.65. It is observed that trend of Bengal gram yield with respect to year is almost linear. The forecast models were developed using the weather parameters namely Maximum Temperature, Minimum Temperature, Morning Relative Humidity, Evening Relative Humidity, Wind Speed and Rainfall. The weather indices were developed using the data from 2006 to 2017 and the validation of the developed models were confirmed using data of the year 2018 to 2020. The study found that high value of adjusted R2 in the developed forecast model and for the year 2019 the predicted values were between 0.5 to 6 % lower than actual values. The study shows that pre-harvest forecasting can be done using the best fitted model in the 10th SMW (i.e., 5th March to 11th March) before harvest of the Bengal gram crop.
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1. INTRODUCTION

“As the world population continues to rise, food production will have to be increased to meet and sustain the demands of rapidly growing population. Not only will food production need to increase, but yields will need to be withstanding changing climatic conditions like increased temperatures and uneven distribution of rainfall patterns. Crop and pre harvest modelling in agriculture has more recently been a key tool in assessing the impact of climate change. By collecting large amounts of input data from different locations for model calibration and validation, even researchers can also evaluate the possible adaptation strategies and management decisions under varied climate situations” (Agrawal et al., 1986).
“India is predominantly an agriculture dependent nation and the south west monsoon plays an important role in its economy. It is highly sensitive to climatic variability and likely to be affected most to predicted climate change. There are many weather variables which affect crop growth and development in different ways and at different times during the growth cycle of the crop. Weather has long been recognized as major control over growth and yield of crops. Crop production and productivity depends on climate in general and weather in particular” (Marviya et al., 2020).
India is the largest producer of Bengal gram followed by Pakistan, Turkey and Iran. It contributes around 70 per cent of the total world production. It is the most largely produced pulse crop in India accounting for a share of 40 per cent of the total pulse production. About 90.86 lakh ha area coverage was reported during rabi 2020-21. Among different states, Madhya Pradesh (23.43 lakh ha), Maharashtra (15.75 lakh ha), Rajasthan (19.93 lakh ha), Karnataka (9.91 lakh ha), Uttar Pradesh (5.77 lakh ha) and Andhra Pradesh (3.06 lakh ha) are the major producers of Bengal gram. In the present scenario of un-certainty of rainfall, Bengal gram crop would be an excellent crop for rabi season to get the more benefit, since it can withstand drought condition, ideally suited for cultivation in cooler (utilizing the dew water) with lower rainfall areas. But it is very sensitive to excess water. The rabi season that coincides with North East Monsoon, is an important cropping season for the rainfed crops.
Bengal gram is the major pulse crop grown in Karnataka which has protein rich supplement to cereal-based diet. It is cultivated in an area of 11.85 Lakh hectares with total production of 5.75 Lakh tonnes in Karnataka during the year 2019-20. Karnataka stands fourth position in production of Bengal gram in India and Kalaburagi, Dharwad, Bidar, Raichur, Yadgir and Gadag districts of Karnataka state are the major Bengal gram growing districts. The crop is well suited for semi-arid and dry conditions, sown during the rabi season after the monsoon has ended. The ideal temperature for sowing is between 200C to 250C with adequate moisture in the soil. In the vegetative phase from 20 to 40 days after sowing, the plant establishes its root system and produces leaves. The weather parameters like Temperature, Moisture and Humidity plays important role during the vegetative, maturity and harvesting phase of the crop.    
“Bidar district is the northernmost part of the Karnataka and experiences semi-arid climate with extreme summer. The dust storms and severe heat waves are common in this district between April and May. The coldest months are December and January while May is the hottest month. The summer season in Bidar starts in the first week of March and lasts until mid-June. This is followed by southwest monsoon which continues till late September, and from September to end of January is winter. Most of the rainfall of this districts received during the monsoon season” (Agrawal et al., 1986). The variation in rainfall from year to year is large and district is prone to drought. Annual temperatures and annual rainfall of Bidar district are shown in Figure 1.
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Fig 1: Annual temperatures and annual rainfall in Bidar district

The pioneer work on crop weather relationship study has been done by Fisher (1924) and Hendricks and Scholl (1943), later Agrawal et al. (1986) and Jain et al. (1980) modified “the models by expressing effects of changes in weather parameters on yield in the particular week as second-degree polynomial in respective correlation coefficients between yield and weather parameters. This model was further modified (Agrawal et al. 1986) by explaining the effects of changes in weather parameters on yield in particular week using correlation as weight using linear function”. 
[bookmark: _GoBack]“The pre harvest forecast models plays very important role as they are needed in policy decision regarding food procurement and distribution, price policies and exercising several administrative measures for storage and marketing of agricultural commodities. Use of statistical models in forecasting food production and prices for agriculture hold great significance. Although no statistical model can help in forecasting the values exactly but by knowing even approximate values can help in formulating future plans” (Agrawal et al., 1986). Since the Bidar district is the major Bengal gram producing district in the state, it is important to analyse these forecast models using weather parameters in the district.

2. material and methods

The secondary data on yield of Bengal gram has been taken from ‘Karnataka at a glance’ reports published by Directorate of Economics and Statistics, Bengaluru for a period of 2006 to 2020. The data on weather parameters has been collected from Meteorological Department. Statistical Analysis of the data was performed using IBM SPSS 20 software.
The weather parameter data on Maximum Temperature (X1), Minimum Temperature (X2), Morning Relative Humidity (X3), Evening Relative Humidity (X4), Wind Speed (X5) and Rainfall (X6) were considered for the study.
	The forecast models were developed using the partial crop season data i.e., the data on weather parameters during active vegetative phase has been used for the study. The weekly weather data related to Bengal gram crop season starting from a first fortnight before sowing to last of reproductive stage were utilized for the development of statistical models.
	Therefore, for each year weather data, from October (40th Standard Meteorological Week - SMW) to March (10th SMW) were utilized for the study.

2.1 Development of weather indices for yield forecasting
The yield forecast model is given by

Where and  .

Here, Y is the Bengal gram yield (Kg/Hectare)
Xiw is the value of ith weather parameter in the wth week
Riw  is correlation coefficient of Y with i th weather parameter in wth week 
m is week of forecast; p is number of weather parameters = 6 
Zij is developed weather indices of jth weight for ith weather parameter.
i=1, 2, …., p 
j=0, 1 

2.2 Comparison and Validation of models
The comparisons and validation of models were done using following approaches.
Forecast Error (%) 
	The validation of the model using observed yield (Oi) and forecasted yield (Ei) was computed using below formula. 
Forecast Error = 
Coefficient of multiple determination (Adjusted r2)
	The best fitted model among developed models were selected based on highest value of Adjusted R2.

        Where,  is the residual mean sum of square 
                                                       is the total mean sum of square 
The best fitted models were selected based on lower RMSE, MAE and MAPE values.

Root Mean Squared Error (RMSE)


Mean Absolute Error (MAE)

Mean Absolute Percentage Error (MAPE)




3. results and discussion

3.1 Trend Analysis for Bengal gram yield 
	Average Bengal gram yield (dependent variable) data has been regressed against year (independent variable) to do the trend analysis. From figure 2, it is observed that trend of Bengal gram yield with respect to year is almost linear. The observed highest yield was 924 Kg/Hectare whereas lowest yield was 407 Kg/Hectare during the study period. It is observed that over a period the average yield was increasing during the study period.

Fig 2: Trend of Bengal gram yield of Bidar district 

3.2 Association between Bengal gram yield and weather parameters 

	The standard method of Karl Pearson correlation coefficient was calculated to study the week wise association between Bengal gram yield and weather parameters, the results were presented in Table 1. It was observed that there is a negative significant correlation between Bengal gram yield and some of weather parameters viz, Maximum Temp. (45th and 8th SMW i.e, Vegetative and Maturity phase of crop), Min. Temp. (8th SMW i.e, Maturity phase). There is a positive and significant correlation was observed for the relative humidity (41th, 43rd, 47th and 52nd i.e., Establishment, Vegetative and flowering phase of crop). The remaining week wise correlation coefficient found to be non-significant. The value of ‘r’ ranges from -0.62 to +0.65, indicating that individual parameters does not explain more variation in the yield. This suggests that simple regression using single weather variable is not adequate to forecast the yield. It is necessary to utilize all weather parameters simultaneously. Therefore, it is done by constructing unweighted indices and weighted indices.

Table 1. Week wise correlation between Bengal gram yield and weather parameters
	SMW
	Max. Temp
(X1)
	Min. Temp 
(X2)
	RH I
(X3)
	RH II
(X4)
	Wind Speed
(X5)
	Rainfall
(X6)

	40
	-0.42
	0.44
	0.51
	0.50
	-0.10
	0.38

	41
	-0.37
	0.11
	0.61*
	0.42
	-0.18
	-0.03

	42
	-0.3
	-0.22
	0.41
	0.01
	-0.10
	0.03

	43
	-0.32
	0.21
	0.52*
	0.16
	-0.12
	0.39

	44
	-0.32
	-0.10
	0.17
	0.00
	-0.04
	-0.20

	45
	-0.52*
	-0.23
	0.37
	-0.08
	-0.07
	0.18

	46
	-0.37
	-0.06
	0.18
	-0.06
	-0.14
	-0.04

	47
	-0.24
	-0.21
	0.59*
	0.29
	-0.16
	0.50

	48
	-0.02
	-0.25
	0.47
	0.06
	-0.08
	-0.09

	49
	-0.37
	-0.17
	0.24
	0.20
	-0.07
	0.21

	50
	-0.38
	-0.51
	0.17
	0.00
	-0.09
	-0.06

	51
	-0.11
	-0.50
	0.16
	0.00
	-0.05
	-0.04

	52
	-0.06
	-0.12
	0.65*
	0.12
	-0.08
	-0.04

	1
	-0.46
	-0.03
	0.45
	0.35
	-0.20
	-0.02

	2
	-0.20
	0.11
	0.25
	0.33
	-0.16
	0.03

	3
	-0.03
	0.09
	0.31
	0.43
	-0.21
	0.30

	4
	0.13
	-0.21
	0.13
	0.04
	-0.23
	-0.46

	5
	-0.08
	-0.16
	0.26
	0.30
	-0.23
	-0.02

	6
	-0.20
	-0.34
	0.12
	0.14
	-0.21
	-0.44

	7
	-0.37
	-0.42
	0.14
	0.06
	-0.23
	-0.30

	8
	-0.54*
	-0.62*
	0.30
	0.31
	-0.19
	-0.03

	9
	-0.10
	-0.37
	0.17
	0.17
	-0.14
	-0.02

	10
	-0.28
	-0.15
	-0.04
	0.32
	-0.06
	0.07


* Significant at 5 percent 


Table 2. Pre harvest forecast models
	SMW
	Model
	Adjusted R2
	MSE
	MAE
	MAPE

	8
	Y=2006.59+0.47Z121
	68.20
	6141.53
	70.18
	10.59

	9
	Y=1988.89+0.45Z121
	66.50
	6482.08
	70.89
	10.71

	10
	Y=1228.65+0.35Z121+0.076Z131
	78.00
	3828.83
	53.32
	08.68



Table 3: Comparison of models
	SMW
	Year
	Actual Yield
	Predicted yield
	Forecast error
	RMSE
	MAE
	MAPE

	8
	2018
	407
	742
	-82.37
	258.03
	211.95
	44.34

	
	2019
	775
	780
	-0.66
	
	
	

	
	2020
	591
	887
	-50.00
	
	
	

	9
	2018
	407
	739
	-81.66
	253.43
	207.88
	43.58

	
	2019
	775
	780
	-0.59
	
	
	

	
	2020
	591
	878
	-48.51
	
	
	

	10
	2018
	407
	757
	-85.87
	248.28
	214.91
	44.61

	
	2019
	775
	825
	-6.40
	
	
	

	
	2020
	591
	837
	-41.56
	
	
	



The models were developed using the significant generated weather variables. The pre harvest forecast models using important weather variables along with its adjusted R2, MSE, MAE & MAPE values are presented in Table 2. The adjusted R2 values varies from 66.50 per cent to 78.00 per cent. The highest adjusted R2 value and minimum value of MSE, MAE & MAPE were observed for the model equation Y=1228.65 + 0.35*Z121 + 0.076*Z131. Therefore, this model equation is the best fitted model for pre harvest forecast with adjusted R2 value of 78.00 per cent.
 
The validation of the Bengal gram pre harvest forecast model has been tested by comparing the predicted yield with observed yield for the period of three years (2018-2020) which are presented in the Table 3.
	The predicted values were between 25 to 35 % lower than actual values for the year 2018, But for the year 2019 the predicted values were between 0.5 to 6 % lower than actual values. The results of Table 3 indicate that forecasted yield are satisfactory and results reflect that the performance of the yield forecast model is acceptable. Therefore, pre-harvest forecasting was done using the best fitted model in the 10th SMW before harvest of the Bengal gram crop.


4. Conclusion

Using the forecast model, pre harvest estimates of Bengal gram yield could be computed successfully before few weeks of actual harvest. KB Banakara et al., (2023) and Kumari et al., (2016) were studied the pre harvest forecast models, similar results were obtained. There is a wide scope for using alternative approaches like discriminant function analysis and logistic regression to develop predictors that could be used in forecasting models for reliable and dependable forecast. Therefore, it is important to develop pre harvest forecasting models and these have significant value in agricultural planning and policy making. 
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