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ABSTRACT
The study was conducted for Meerut district of Uttar Pradesh with Pusa Basmati-1121 using DSSAT crop simulation model. The two years weather data (2020 and 2021) used for calibration and validation of model, to find the effect of climate change on rice yield. The simulation of DSSAT model showed yield results of 4260 kg/ha and 4380 kg/ ha for the year 2020 and 2021 respectively. The RMSE % between observed and simulated yield was 11.32%.   The Maksim MICROC model (MIR1) on 8.5 RCP was used to generate weather files for 2030, 2040, 2050, 2060, 2070, 2080 and 2090. The weather file from 2030 to 2090 was used in DSSAT to get results of climate change on yield. Then SPSS software was used to find the weather variable effects on rice yield with climate change. The SPSS results showed that September 1th week solar radiation followed by  June 3rd week rainfall have major affect on rice yield as compare to other weather variables with climate change. These results were supported by 2021 weather events where rainfall caused lodging in rice and yield was reduced. The results also showed that for more yield of rice more number of rainy days are required as in case of 2070 rainy days (78) was more than 2040 (rainy days 60) so rice yield (2103 kg/ha) in 2070 was higher than 2040 (1139 kg/ha). Where as in 2030 (83) and 2080 (94) also have more rainy days then 2070 but results  concluded that in 2080 temperature was highest after 2090 and in case of 2030 the rainfall amount was lowest then all years. In 2090 temperature was highest so it was the reason of low yield then 2080 where as in 2080 temperature was also high but rainy days was more than 2090 which means in high temperature negative affect of yield can be reduced by rainy days. The results of year 2060 showed that rainfall intensity can reduce crop yield, because in 2060 rainy days were less and rainfall amount was more. This result also supported by 2050 rice yield where rainfall intensity was less and yield was more than 2060. 
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INTRODUCTION	
[bookmark: _GoBack]Climate change has various biotic and abiotic influences on human life by affecting agriculture. Rainfall, high temperature, floods etc. It have a major impact on agriculture production. (Rehman et al., 2017). Climate change influence rice production through weather variable such as temperature and precipitation (Sinnarong et al., 2019). Rice is one of the major crops of Uttar Pradesh. The rice yield is very much affected by a weather scenario. The yield of rice is dependent on monsoon rain. The monsoon intensity and duration can increase or decrease the rice yield. The intensity of rainfall is also an important factor such as the duration of rainfall. This is also the same in the case of temperature. (Auffhammer et al., 2012) The effect of weather on a different stage of a crop can help to understand weather's effect on yield and its growth. The weather's positive and negative affect not only depend on whether variable events but the frequency of any weather event. Therefore the idea of the frequency distribution of weather variables of any locality is also important. (Pandey et al., 2015). The 53% of rice growing regions in the world experienced climate impact on rice yield. The 15-30% rice yield variability is due to the climate. In Uttar Pradesh extreme rainfall and temperature affect rice yield. Even the late rainfall in the monsoon season can also affect rice yield. The rice crop requires a definite amount of rainfall and temperature for different phenological stages of the crop. The temperate and rainfall combination for one crop stage is required is not always the same for another stage. (Bhatt et al., 2019). SPSS (Statistical package for social sciences) is an efficient tool to understand weather variables affect any crop. (Negi et al., 2020)  PUSA Basmati 1718 is an improved variety of 1121. It takes 136 to 138 days for maturity and provides a 4.64 ton/ha yield on average. The maximum yield potential of PB1718 is 6.04 ton/ha. (Singh et al.,  2010).
MATERIAL AND METHODS
Study Area
The study was conducted for Meerut district for the years 2020 and 2021 with rice variety PUSA Basmati 1121 under an on-farm trial. Meerut district is located in western part of Uttar Pradesh.  Meerut district share agroclimatic zone (central western zone) Sachan, A.K et al., (2015). The agronomic practices data of rice (PS-1121) was collected for both seasons from the K.V.K. Hastinapur farm. The Maksim weather generator and SPSS (Statistical package for social science) used for generation of weather file. The DSSAT was used to mimic the PB-1121 growing environment for the Meerut district. To study climate change impact on rice yield Marksim weather generator MICROC (MIR1) model with 8.5 RCP was used for the years 2030, 2040, 2050, 2060, 2070, 2080, and 2090.
DSSAT Model Calibration & Validation
The DSSAT crop simulation model was calibrated and validated for the years 2020 and 2021. The crop data were collected from K.V.K. Hastinapur (Meerut). The Weather Data for 2020 and 2021 was collected from AMFU Modipuram under S.V.P.U.A. & T. Meerut. The weather event data were collected from AMFU Modipuram under India Meteorological Department. DSSAT simulated rice yields 3722 and 3945 for the years 2020 and 2021 respectively. The observed yield of rice under trial was 4260 and 4380 kg per ha for the years 2020 and 2021 respectively. The %RMSE of the Observed and simulated yield was 11.32%.
Maksim  weather generator using DSSAT
The study of rice yield under climate change was done using the Maksim weather generator with DSSAT model. The weather file was first generated for 2020 and 2021 using the MICROC model (MIR1) with RCP 8.5. This given satisfactory similar results with observed weather data for 2020 and 2021. An average of three replications of weather file was used to reduce the error. The weather files were generated from 2030 to 2090 at 10-year intervals. The generated all seven weather files were then used in the DSSAT model with the same agronomic practices to see climate change's impact on rice yield (Table 1). 
Use of SPSS to find weather parameters affecting on rice yield with climate change
To find out specific weather variables affect on rice yield with climate change, SPSS software was used. The weekly weather data for 2030, 2040, 2050, 2060, 2080, and 2090 year  from  3rd week of June to the 3rd week of November was calculated. The years wise weekly data of 2030, 2040, 2050, 2060, 2070, 2080, and 2090 was then used in SPSS with DSSAT simulated yield.  The model showed that September 5th week solar (X1) and June 4th week rainfall (X2) followed by July 4th week rainfall are the major weather variables to affect rice yield in Meerut district (Table 2).  The models X1, X2 and X3 were also used to predict rice yield (Table 3). Solar radiation has a positive impact on rice yield (Das et al., 2018). The same work was done by (Sateya et al., 2021) for soybean in the hilly region of Uttarakhand. The same weekly weather data was calculated by (Chouhan et al., 2009) for rice to get results on the weekly weather effect on rice stages. The comparison of SPSS and DSSAT yield was done for 2030, 2040, 2050, 2060, 2070, 2080, and 2090. The % RMSE between SPSS and DSSAT yield was 10.3% with model 1 and 2.51%   with model 2 and 0.79 with model 3 (Table 3). 
RESULTS and DISCUSSION 
DSSAT simulation using Maksim 
The DSSAT model after calibration and validation was used to simulate rice yield using Maksim weather generator data (Table 1). (Verma et al., 2014) also calibrated and validated DSSAT model for forecasting rice productivity in Chhattisgarh region. In case of Meerut, the general climate change results show that yield will reduce with the passing year due to temperature increase as temperature from 2030 to 2090 was increased. (Paikarya et al., 2019) found increasing trend of temperature with passing years. The yield reduction of rice with increasing temperature was found in the results of (DAS et al., 2007).
The results of Maksim, showed high temperatures with more rainy days will provide a maximum yield of rice. Because soil and crop get sufficient time to utilize rainwater whereas less rainy days with close intervals will not provide same yield. If rainy days after many day intervals also lead to reduce crop yield because rainfall amount will be less which was insufficient for  crop growth. The results also showed if rainfall amount will be of large quatity it can reduce rice yield. The possible reason for this can be that rainfall with high intensity for  short duration can cause lodging in rice as a result reduce rice yield.  (Soora, N.K. et al., 2013) Their results concluded that wind velocity and rainfall combined have negative affect on rice yield. The Maksim results show that 2070 had the highest yield than any other year.  The number of days with high-temperature intensity was highest in the year 2090 and rainfall amount and days in 2090 was highest than  2070 whereas 2070 has less rainfall than 2090. The high temperature and rainfall was more than crop requirement which reduced crop yield in 2090.  This can be a possible reason for 2070 highest yield. (Farooq, M et al., 2011) stated in his result that heat stress affects grain setting in crops. DSSAT results show the year 2090 and 2040, were getting the lowest yield than any other year. (Table 1) 
It can be seen that 2070 getting a better yield than 2040 because 2070 getting more rainfall with more rainy days with high temperatures than the year 2040 . The year 2070 have less difference in rainfall amount with 2040 as compare to other years only major difference is rainy days. As a result, 2040 was found with a minimum yield than any other year. The intensity of rainfall can change the final yield of the crop. The rice yield is very much dependent on monsoon rainfall intensity. Similar results were observed by (Maximillian et al., 2012) 







Table 1:  DSSAT simulated yield under climate change.
	Year
	Simulated Yield (kg per ha)
	Rainy days
	Annual Rainfall amount (mm)

	2030
	2046
	83
	1015.17

	2040
	1139
	60
	1025.3

	2050
	1771
	101
	1333.13

	2060
	1815
	90
	1234.53

	2070
	2103
	78
	1084.1

	2080
	2057
	94
	1148.43

	2090
	1631
	97
	1301.93



SPSS results for yield affecting weather variables
The weekly weather data for 2030, 2040, 2050, 2060, 2070, 2080, and 2090 was used in SPSS software with DSSAT simulated yield. The results of SPSS showed that rainfall has a more negative impact on rice yield than temperature (Fig 1). (Mayo et al., 2020) showed in their results that rainfall has a negative effect on rice yield because it affects the flowering and heading stage of the crop. The study also showed that shortly temperature of Punjab will increase therefore breeder should introduce a high-yielding rice variety that produces a higher yield in high temperatures with less water requirement.
The SPSS results showed that September 1st week solar radiation affected rice yield in all  years, followed by June 4th   week rainfall and July  3rd week rainfall (Table 2).  The  rice yield mainly affected by the top two weather variables (September 4th week solar radiation and June 4th week rainfall). Solar radiation has a positive effect and rainfall has a negative effect on rice yield  (Fig 1). The SPSS results were also supported by the weather event of 2021, July month rainfall which caused lodging in rice at farmer's fields and reduced rice yield in Meerut region (Fig 1). Similar results were observed in the case of rice by (Weng et al., 2017). The rice productivity was decreased due to moisture stress caused by high rainfall intensity in Indonesia (Ansari et al., 2021). (Naresh et al.,  2013) In their study, they concluded that rainfall has a positive effect for that area that is getting low rainfall at present. Because with passing year, rainfall amount will increase for those areas and at one time it will meet rice water requirement, hence increase rice productivity of that region. When a comparison of SPSS model 1 and model 2 results and Maksim rice yield, was done for the Meerut district both provided satisfactory results (Fig 3). Where SPSS model 1 and model 2 predicted PB1718 yield in a similar trend as predicted with Maksim weather files.
Table 2: SPSS model equations and R2 value.
	SPSS Equations 
	R2

	Y1=-191.266+131.59*X1
	0.9

	Y2=221.436+120.832*X1-86.3*X2
	0.99

	Y3=867.46+99.18*X1-107.48*X2-12.289*X3
	0.994



X1= September 4th week solar radiation
X2= June 4th week rainfall
X3=July 3rd week rainfall
Y1=Rice yield under September 4th week solar radiation affect
Y2= Rice yield under September 4th week solar radiation and June 4th week rainfall affect
Y3= Rice yield under September 4th week solar radiation , June 4th week rainfall and July 3rd week rainfall affect 
Table 3: Effect of weather variables and climate change on rice yield. 
	Year
	Y1
	Y2
	Y3

	2030
	2052.03
	2066.817
	2035.935

	2040
	1135.913
	1126.967
	1134.724

	2050
	1733.081
	1814.627
	1785.059

	2060
	1734.961
	1804.436
	1812.362

	2070
	2014.433
	2083.251
	2097.455

	2080
	2031.978
	2025.391
	2063.613

	2090
	1859.032
	1640.559
	1632.982

	RMSE% of SPSS model yield with Maksim yield
	10.30
	2.51
	0.79



The comparison of SPSS results on weather variable effect on rice yield with DSSAT simulated rice yield with climate change results showed a strong relation. A similar study was done by (Walikar, L.D et al.,  2018).  The rice yield is affected by rainfall in the same manner as predicted by SPSS. The temperature is directly correlated with solar radiation. (Wild et al., 2007). 
CONCLUSION
The results of weather parameters on rice yield with climate change DSSAT model showed 11.3 % RMSE between observed and predicted yield for the years 2020 and 2021 respectively. The simulation of the DSSAT model showed simulated yield  yield in 2020 and 2021 was 3722 kg/ha and 3945 kg/ ha respectively.  The SPSS results showed that September 1st  week solar radiation increased rice yield and June 3rd  week rainfall reduced the rice yield during the season. Maksim's results  showed an increasing trend of temperature from 2030 to 2090. The results of SPSS and Maksim combined showed that high temperature negative affect can be reduced if  rainy days are more.  The rice yield will reduce if rainfall will occure in critical stages of rice. The possible reason observed behind yield reduction was lodging in rice due to high-intensity rain. It can also be concluded that temperature after a certain limit no longer will be beneficial for crops so management practices are required to sustain crop yield with changing climate. 
The maksim and DSSAT results showed that if any  year has days with high temperature and large number of rainy days the yield will be higher but if this condition were disturbed then rice yield  will get be reduce. According to DSSAT results, it was found that maximum yield was in the years 2070 and  minimum in 2040. The possible reason of lowest in yield in 2040 was less number of   rainy days.
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