Impact of climate change on crop water requirements in Anantapuramu District using CROPWAT 8.0
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Anantapuramu District, located in the semi-arid Rayalaseema region of Andhra Pradesh, India, faces severe water scarcity due to high temperatures, low and erratic rainfall and frequent droughts. Agriculture, being the primary livelihood, is heavily dependent on irrigation, making precise estimation of crop water requirements (CWR) essential for sustainable water management. This study utilized the FAO CROPWAT 8.0 model to estimate historical and future crop water requirements for major crops including cotton, maize, groundnut (rabi and kharif) and vegetables. Historical climatic data (2014–2023) and projected weather datasets generated using MarkSim DSSAT with HADGEM2-ES and MIROC-ESM-CHEM models under RCP scenarios 2.6, 4.5, 6.0 and 8.5 for 2035, 2045 and 2055 were analyzed. Results indicated that cotton exhibits the highest water demand, followed by maize, groundnut rabi, vegetable crops and groundnut kharif. Temperature, relative humidity and wind speed significantly influenced CWR, with rising temperatures and reduced humidity increasing water demand. Under future climate scenarios, CWR is projected to increase gradually across all crops, with higher emissions scenarios (RCP 8.5) showing the largest increases. These findings highlight the need for adaptive irrigation strategies, efficient water management and the adoption of climate-resilient agricultural practices to sustain crop productivity in Anantapuramu under changing climatic conditions.
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1.  INTRODUCTION
Anantapuramu District, located in the drought‑prone Rayalaseema region of Andhra Pradesh, India, faces significant challenges in agricultural water management due to high temperatures, low and erratic rainfall, and frequent drought episodes. Agriculture in this region largely depends on irrigation, making accurate estimation of crop water requirements (CWR) essential for sustainable production and efficient water use. Climate change is further exacerbating water scarcity by altering temperature and rainfall patterns, which directly influence evapotranspiration and crop water demand (Rao et al., 2011; Chowdhury et al., 2018; Boonwichai et al., 2018).
The FAO CROPWAT 8.0 model, developed by the Food and Agriculture Organization (FAO), is widely used for estimating reference evapotranspiration (ETo), effective rainfall and stage‑wise crop water requirements based on climatic, soil, and crop data. By simulating crop water needs under present and future climatic conditions, CROPWAT 8.0 helps planners and farmers optimize irrigation schedules and improve water use efficiency (Ye et al., 2015; Zhou et al., 2017; Fischer et al., 2007; Gao et al., 2019).
In Anantapuramu District, assessing the impact of climate change on crop water requirements using the CROPWAT model is critical to understanding how rising temperatures and changing precipitation patterns will affect future irrigation demands. This study examines historical climatic data and projected climate scenarios to evaluate changes in CWR, with the goal of informing adaptive irrigation strategies and enhancing the resilience of agricultural systems in the region.
2. MATERIAL AND METHODS:
2.1 Location of the study area
The Anantapuramu district, situated at 14.68° N latitude and 77.6° E longitude with an average elevation of 335 m, covers an area of 19,130 km² and is one of the driest regions in South India. With a population of 40,83,315 (Census 2011), it experiences a semi-arid climate dominated by hot and dry conditions; summer temperatures often exceed 37 °C, annual rainfall ranges from 552.3 to 594 mm, average relative humidity is 51.86 % and mean wind speed is 10.3 km ph. The predominant soils are red sandy, black and alluvial types and major rivers include the Pennar, Jayamangala, Chitravathi, Vedavathi (Hagari), Papagni and Maddileru. Agriculture in the district is characterized by crops such as groundnut, jowar, maize, castor, cotton, chickpea and vegetables, with gross cropped and net sown areas of 11.06 and 10.39 lakh ha respectively. Meteorological data from 2014–2023 were obtained from the Agricultural Research Station, Rekulakunta and served as input to the CROPWAT 8.0.  
2.2 CROPWAT 8.0 
A decision-support software-CROPWAT 8.0 developed by FAO based in FAO Irriagation and Drainage Paper 56 (FAO, 1998) that uses the FAO Penman–Monteith method to compute reference evapotranspiration (ETo), crop evapotranspiration (ETc) and irrigation requirements based on climatic, crop, soil and management data. It is to be noted that ETc represents the amount of water that a crop losses due t evapotranspiration while crop water requirement is the amount of water to be supplied. Crop water requirement was estimated for each crop and then added through the irrigation scheme planning to predict the total water requirements. The model uses the Penman-Monteith method for calculation of reference crop evapotranspiration as follows (FAO 1992):
          



              ETo = 
Where,
ETo = reference evaporation [mday−1]
Rn =Net radiation of the crop surface [MJm−2day−1] 
G = soil heat flux density [MJm−2day−1]
T = mean daily air temperature at 2 m height [OC]
U2= wind speed at 2m height [ms−1]
es= saturation vapour pressure [kPa]
ea= actual vapour pressure [kPa]
es - ea= saturation vapour pressure deficit [kPa]
∆ = slope vapour pressure curve [kPa OC −1]
γ = psychrometric constant [kPa OC −1]
2.3 Data requirement
These modules can be accessed from the CROPWAT 8.0 main menu or more conveniently through the module bar permanently displayed on the left side of the main window, enabling easy integration of climatic, crop and soil data for calculating crop water requirements, irrigation schedules and scheme supplies. The initial data required for estimating irrigation crop water requirements include general data, weather data (effective rainfall, minimum relative humidity, and wind speed), crop data and soil data.
2.3.1 Climatic data
Meteorological data required for estimating reference evapotranspiration (ETo) were collected from ARS Rekulakunta, Anantapuramu district, including station latitude, longitude, and altitude, along with maximum and minimum temperature, relative humidity, wind speed, and sunshine hours. ETo was computed at ten-day intervals (FAO-defined decades) and aggregated to monthly values, while soil parameters such as available water content and soil depth were used to estimate crop water requirement using data from 2014 to 2023.
2.3.2 Reference evapotranspiration
The simulated values of reference evapotranspiration (ETo) through the CROPWAT 8.0     model using FAO Penman-Monteith equation, for the Anantapur, Andhra Pradesh along with the     meteorological parameters and monthly distribution of reference evapotranspiration as  shown  in  Table  1.  The maximum  ETo  was  found  at  7.44  mm/day  in May,  which  was  mainly  due to  high  temperature and  wind  velocity,  whereas  the  minimum  was 3.48 mm/day in November.
2.3.3 Rainfall data 
Rainfall contributes to crop water requirement to varying extents depending on location; however, during the crop season, irrigation remains the primary source of water supply. Monthly rainfall data for Anantapuramu district from 2014 to 2023 were collected for use in CROPWAT 8.0, although rainfall was not considered in the irrigation calculations for estimating crop water requirement.
Table 1: Reference evapotranspiration along with meteorological parameters of the study area
	Month 
	Min Temp (OC)
	Max Temp (OC)
	Humidity (%)
	Wind
 (km day-1)
	Sun hours 
	Rad 
(MJ/m2/day)
	Rainfall (mm)
	ETo (mm/day)

	January 
	15.6
	30.7
	60
	132
	8.1
	18.2
	0.2
	4.01

	February 
	18.0
	33.6
	51
	154
	9.0
	21.0
	0.0
	5.10

	March 
	21.8
	37.2
	45
	170
	8.9
	22.4
	0.2
	6.22

	April 
	25.2
	39.5
	44
	180
	9.1
	23.5
	0.7
	7.05

	May 
	25.8
	38.7
	49
	251
	8.0
	21.7
	1.8
	7.44

	June 
	24.5
	35.6
	58
	352
	5.6
	17.9
	3.7
	6.75

	July 
	24.0
	33.8
	62
	387
	4.4
	16.1
	2.0
	6.12

	August
	23.6
	33.4
	63
	335
	5.1
	17.2
	2.7
	5.84

	September
	23.0
	32.5
	68
	223
	5.5
	17.4
	5.0
	4.86

	October 
	21.2
	32.8
	67
	114
	6.5
	17.7
	3.0
	4.22

	November
	19.5
	30.9
	68
	114
	5.2
	14.5
	1.2
	3.48

	December 
	17.7
	30.1
	66
	120
	6.9
	16.0
	0.5
	3.55

	Average 
	21.7
	34.1
	58
	211
	6.9
	18.6
	21.0
	5.39



2.3.4 Crop data
The crop coefficient (Kc) values for major crops in Anantapuramu district are presented in Table 3.2, along with planting dates, stage-wise Kc values, and rooting depths for different crop growth stages. Details on planting date, harvesting date, and crop duration were used as inputs to estimate crop evapotranspiration.
2.3.5 Soil data
The predominant soil type in Anantapuramu district is red sandy loam. Based on its characteristics namely total available water, maximum rooting depth, and initial soil moisture depletion relevant soil parameters were used as inputs in the CROPWAT 8.0 model.
2.4 Generation of future weather data
MarkSim is a weather generator used to simulate daily climatic data for tropical regions, including rainfall and maximum and minimum temperatures, and was employed to downscale future weather data under different RCP scenarios. Future climate projections were generated using HADGEM2-ES and MIROC-ESM-CHEM global climate models, which are part of the CMIP5 framework and account for atmosphere–ocean interactions, carbon cycles and climate dynamics. Among the available RCP scenarios, RCP 4.5 and RCP 8.5 were selected for this study. Using the latitude and longitude of Anantapuramu district as inputs, MarkSim DSSAT generated future daily weather data with 20 replications to reduce simulation errors, producing maximum and minimum temperature projections for the years 2035, 2045 and 2055.
Fig.1: Generation of weather data in MarkSim DSSAT weather generator [image: ]

3. RESULTS AND DISCUSSION
3.1 Crop Water Requirement
Historical rainfall and climatic data for the period 2014–2023 were analyzed to estimate monthly average rainfall, maximum and minimum temperature, wind speed, relative humidity and solar radiation, which were used for the estimation of crop water requirements.
Crop water requirements for Anantapuramu district were estimated using the CROPWAT 8.0 model by providing climate, rainfall, crop, cropping pattern and soil data as inputs. Weather data obtained from the Agricultural Research Station (ARS), Rekulakunta, were used for estimating the water requirements of major crops cultivated in the district. Irrigation water requirement (IWR) was computed by subtracting effective rainfall (ER) from the crop water requirement (CWR). The model outputs included crop evapotranspiration (ETc), effective rainfall and irrigation water requirement, which were presented at ten-day intervals for each crop growth period. The estimated seasonal crop water requirements revealed that cotton had the highest water demand (709.5 mm), followed by maize (557.6 mm), groundnut rabi (535.8 mm), vegetable crops (502.4 mm) and groundnut kharif (346 mm), reflecting differences in crop duration, canopy development and climatic exposure during the growing season.
3.2 IMPACT OF CLIMATE CHANGE ON CROP WATER REQUIREMENTS
Crop water requirements were influenced mainly by climate factors and change trends. Accordingly, the impact of climate fluctuations reflected the comprehensive effects of various factors. Changes in the water requirement of different crops are affected mainly by meteorological factors, such as temperature, average relative humidity and wind speed.
3.2.1 Effect of change in temperature on crop water requirement
Temperature exhibited a strong influence on crop water requirements across all crops. An increase in temperature resulted in higher evapotranspiration rates and consequently increased crop water demand, whereas a decrease in temperature reduced crop water requirements. Incremental increases of 1°C and 2°C from the mean temperature led to noticeable increases in CWR for all crops (Table 2 and Fig 1). 
Crop water requirement (CWR) responded consistently to temperature variations across all crops. In groundnut kharif, CWR increased by 2.97% and 5.31% with temperature rises of 1°C and 2°C, respectively, from the mean value of 346 mm, while a 1°C decrease resulted in a reduction of 10.41%. For groundnut rabi, the average CWR of 535.8 mm increased by 3.64% and 6.03% under 1°C and 2°C warming, respectively and declined marginally by 1.21% with a 1°C decrease. Cotton exhibited an increase of 2.46% and 4.82% from the mean CWR of 709.5 mm with rising temperature, whereas cooling by 1°C reduced CWR by 5.47%. Similarly, maize showed increases of 2.36% and 4.73% from the average value of 557.6 mm with 1°C and 2°C increases, respectively, and a decrease of 2.15% under cooler conditions. Vegetable crops also recorded higher CWR with warming, increasing by 2.40% and 4.81% from the mean value of 502.4 mm, while a 1°C temperature reduction lowered CWR by 2.40%. These findings confirms that temperature is a dominant factor influencing crop water requirements, consistent with earlier findings reported by Chowdhury et al. (2013).
Table. 2: Response of crop water requirement to change in mean temperature (°C)
	CROP
	Temp during crop period (°C)
	Normal CWR (mm)
	TEMP +1°C
	TEMP +2°C
	TEMP -1°C

	
	
	
	CWR (mm)
	Change in %
	CWR (mm)
	Change in %
	CWR (mm)
	Change in %

	Groundnut kharif
	34.57
	346
	356.3
	+2.97
	364.4
	+5.31
	310
	-10.41

	Groundnut rabi
	31.42
	535.8
	555.3
	+3.64
	568.1
	+6.03
	529.3
	-1.21

	Cotton 
	32.72
	709.5
	727
	+2.46
	743.7
	+4.82
	670.7
	-5.47

	Maize
	33.61
	557.6
	570.8
	+2.36
	584
	+4.73
	545.6
	-2.15

	Vegetable crops
	33.81
	502.4
	514.5
	+2.40
	526.6
	+4.81
	490.3
	-2.40




 Fig.1: Effect of variation in temperature on crop water requirement in different crops.

3.2.2 Effect of change in relative humidity on crop water requirement
Relative humidity significantly affected crop water requirements by influencing evapotranspiration rates. The consequences of altering RH on the crop water requirement for different crops in the specified region are detailed in Table 3 and Figure 2. A decrease in RH causes an escalation in evapotranspiration rates from the soil and crops, thereby increasing the crop water requirement (CWR) for the crops. Similarly increase in RH, decreases the rate of evapotranspiration from soil and crop which leads to decreases in the crop water requirement (CWR) of the crops. Similar results were reported by Chowdhury et al. (2013).
A 5% increase in relative humidity resulted in a reduction of CWR by 2.05% for groundnut kharif, whereas a 5% decrease led to an increase of 4.74%. Similar responses were observed across other crops, with reductions in CWR ranging from 3.9% to 5.6% for increased relative humidity and increases up to 12.56% under reduced humidity conditions. These results demonstrated that the sensitivity of crop water demand to atmospheric moisture conditions and are in agreement with previous studies.




Table 3: Response of crop water requirement to change in relative humidity (%)
	CROP
	Relative humidity during crop period (%)
	Normal CWR (mm)
	RH +5 %
	RH -5 %
	RH -10 %

	
	
	
	CWR (mm)
	Change in %
	CWR (mm)
	Change in %
	CWR (mm)
	Change in %

	Groundnut kharif
	63.18
	346
	338.9
	-2.05
	362.4
	+4.74
	365.1
	+5.52

	Groundnut rabi
	66.28
	535.8
	511.7
	-4.49
	572.8
	+6.91
	603.1
	+12.56

	Cotton 
	65.04
	709.5
	681.3
	-3.97
	744.6
	+4.95
	767.6
	+8.18

	Maize
	64.07
	557.6
	529.2
	-5.09
	585.7
	+5.03
	613.7
	+10.06

	Vegetable crops
	63.25
	502.4
	474.2
	-5.61
	530.4
	+5.57
	558.3
	+11.12


Fig.2: Effect of variation in relative humidity on crop water requirement in different crops 
3.2.3 Effect of change in wind speed on crop water requirement
The change in the wind speed has an effect on the crop water requirement as the wind speed increases the crop water requirement also increases. The crop water requirement was calculated under different wind speeds with increments of 5 and 10 km day-1 and a decrement of 5 km day-1 from the average temperature.
The results showed that wind speed slightly affects crop water requirements. The effect of change in every 5 km day-1 increment and decrement in the wind speed on the crop water requirement for different crops in the study area is shown in Table 4 and Fig.3. From Table 4, it can be seen that as the wind speed increases, the crop water requirements of various crops increase. Higher wind speeds carried away the moisture content from the soil, increases the crop water requirements. A similar trend was reported by Chowdhury et al. (2013).

Table. 4: Response of crop water requirement to change in wind speed (km day-1)
	CROP
	Wind speed during crop period (Km day-1)
	Normal CWR (mm)
	WS -5 (Km day-1)
	WS +5 (Km day-1)
	WS +10 (Km day-1)

	
	
	
	CWR (mm)
	Change in %
	CWR (mm)
	Change in %
	CWR (mm)
	Change in %

	Groundnut kharif 
	324.73
	346
	344.6
	-0.41
	351
	+1.45
	354.2
	+2.37

	Groundnut rabi
	141.18
	535.8
	539.3
	-0.65
	545.3
	+1.77
	548.3
	+2.33

	Cotton 
	235.5
	709.5
	705.1
	-0.62
	715.6
	+0.86
	720.8
	+1.59

	Maize
	282.76
	557.6
	554
	-0.64
	561.1
	+0.62
	564.6
	+1.25

	Vegetable crops
	324.73
	502.4
	499.7
	-0.53
	505.1
	+0.53
	507.7
	+1.05


Fig.3: Effect of variation in wind speed on crop water requirement in different crops 
.
Crop water requirement (CWR) responded positively to changes in wind speed across all crops. In groundnut kharif, the mean CWR of 346 mm increased by 1.45% and 2.37% with wind speed increments of 5 and 10 km day⁻¹, respectively, while a reduction of 5 km day⁻¹ resulted in a decrease of 0.41%. A similar pattern was observed for groundnut rabi, where the average CWR (535.8 mm) increased by 1.77% and 2.33% under higher wind speeds and declined by 0.65% with reduced wind velocity. Cotton showed relatively smaller sensitivity, with increases of 0.86% and 1.59% from the mean value of 709.5 mm under enhanced wind conditions and a decrease of 0.62% under lower wind speed. In maize, the average CWR of 557.6 mm increased by 0.62% and 1.25% with rising wind speed and declined by 0.64% when wind speed decreased. Vegetable crops also exhibited a similar response, with increases of 0.53% and 1.05% from the mean CWR of 502.4 mm under higher wind speeds, while a decrease of 5 km day⁻¹ reduced CWR by 0.53%. Overall, the results indicate that wind speed exerts a moderate but consistent influence on crop water requirement by enhancing evapotranspiration rates.

4.3 Generation of future climate data
MarkSim is a tool used to generate future weather data i.e., 2035, 2045 and 2055 with the help of climate models namely HADGEM2-ES and MIROC-ESM-CHEM under four RCP (2.0, 4.5, 6.0 and 8.5) scenarios was give in the Table 5 and Fig.4 and 5.
Table 5: Projected maximum and minimum temperatures of Ananthapuram District  under different RCP models
	
Year
	Maximum Temperature (˚C)
	Minimum Temperature (˚C)

	
	RCP 2.6
	RCP 4.5
	RCP 6.0
	RCP 8.5
	RCP 2.6
	RCP 4.5
	RCP 6.0
	RCP 8.5

	2035
	34.11
	34.56
	34.21
	34.45
	23.1
	23.38
	23.1
	23.5

	2045
	34.34
	35.1
	34.49
	34.97
	23.3
	23.81
	23.48
	24.1

	2055
	34.45
	35.57
	34.7
	35.57
	23.425
	24.19
	23.8
	24.69


From the table 5, it can be concluded that the climatic models (HADGEM2-ES and MIROC-ESM-CHEM) projected maximum and minimum temperatures for Ananthapuram district under different RCP scenarios for 2035, 2045 and 2055. Both maximum and minimum temperatures show a gradual increase over time, with higher emission scenarios (RCP 8.5) exhibiting larger temperature rises compared to lower emission scenarios (RCP 2.6). This indicates a clear warming trend in the region over the coming decades.












Fig.4: Projected Maximum Temperature under Different RCP ((2.0, 4.5, 6.0 and 8.5) Scenarios Using HADGEM2-ES and MIROC-ESM-CHEM .

Fig.5: Projected Minimum Temperature under Different RCP ((2.0, 4.5, 6.0 and 8.5) Scenarios Using HADGEM2-ES and MIROC-ESM-CHEM.
3.3 Crop water requirement of different crops in Anantapuramu district for future years
The projected crop water requirements (CWR) for major crops in Anantapuramu District show a clear increasing trend under future climate scenarios for the years 2035, 2045, and 2055. Using CROPWAT 8.0 with climate projections from HADGEM2-ES and MIROC-ESM-CHEM models, the study analyzed CWR under four Representative Concentration Pathways (RCPs 2.6, 4.5, 6.0, and 8.5) was shown in the Table 5.
3.3.1 Changes in Crop Water Requirement under RCP 2.6 (2035, 2045, 2055)
Under the RCP 2.6 scenario, which represents a low greenhouse gas concentration pathway, the projected crop water requirements in Anantapuramu District show only minor increases over the years. Cotton exhibits a negligible rise in CWR from an average of 709.5 mm to 710.1 mm in 2035 (+0.08%), slightly fluctuating in 2045 (709.8 mm) before returning to 710.1 mm in 2055 (+0.08%). Groundnut rabi shows a gradual increase from 535.8 mm to 542.1 mm by 2055, corresponding to a 1.17% rise in water demand. Groundnut kharif and maize follow a similar trend, with incremental changes of less than 2% over the three projected years. Vegetable crops show a steady but modest increase of 1.63% in 2055 compared to the baseline. These results indicate that under RCP 2.6, climate mitigation measures could help maintain relatively stable crop water demands, though slight increases in CWR are still expected due to marginal temperature and rainfall variations.
Table 6: Changes in Crop Water Requirement under RCP 2.6 for Anantapuramu District during 2035, 2045, and 2055 Using HADGEM2-ES and MIROC-ESM-CHEM Models
	Crop
	Crop Water Requirement (mm)

	
	Average
	In 
2035
	Change in %
	In 
2045
	Change in %
	In 2055
	Change in %

	Cotton
	709.5
	710.1
	+0.08
	709.80
	+0.04
	710.1
	+0.08

	Groundnut rabi
	535.8
	536.2
	+0.075
	538.9
	+0.57
	542.1
	+1.17

	Groundnut kharif
	346
	346.7
	+0.20
	348.3
	+0.66
	346.2
	+0.057

	Maize
	557.6
	560.1
	+0.45
	562.9
	+0.95
	565.4
	+1.39

	Vegetable crops
	502.4
	505.2
	+0.56
	507.7
	+1.05
	510.6
	+1.63



3.3.2 Changes in Crop Water Requirement under RCP 4.5 (2035, 2045, 2055)
The RCP 4.5 scenario, a moderate emissions pathway, indicates more pronounced increases in crop water requirements. Cotton’s CWR rises from 709.5 mm to 724.2 mm in 2055, marking a 2.07% increase. Groundnut rabi exhibits a significant rise of 3.22%, from 535.8 mm to 553.1 mm. Groundnut kharif, maize and vegetable crops also show increases ranging from approximately 1.99% to 3.64% by 2055. These patterns reflect the combined effect of increasing temperature and altered precipitation projected under RCP 4.5, which enhance evapotranspiration rates, thereby elevating irrigation demands. For agricultural planners, these results suggest that adaptation strategies, such as optimized irrigation scheduling and water-saving techniques, will be essential to meet future water needs.
Table 7: Changes in Crop Water Requirement under RCP 4.5 for Anantapuramu District during 2035, 2045, and 2055 Using HADGEM2-ES and MIROC-ESM-CHEM Models.
	Crop
	Crop Water Requirement (mm)

	
	Average
	In 
2035
	Change in %
	In 
2045
	Change in%
	In 2055
	Change in %

	Cotton
	709.5
	711.5
	+0.28
	719.3
	+1.38
	724.2
	+2.07

	Groundnut rabi 
	535.8
	539.6
	+0.71
	545.8
	+1.86
	553.1
	+3.22

	Groundnut kharif
	346
	349.6
	+1.04
	353.1
	+2.05
	352.9
	+1.99

	Maize
	557.6
	563.3
	+1.02
	569.9
	+2.20
	576.4
	+3.37

	Vegetable crops
	502.4
	508.2
	+1.15
	514.0
	+2.30
	520.7
	+3.64


3.4.3 Changes in Crop Water Requirement under RCP 6.0 (2035, 2045, 2055)
Under the RCP 6.0 scenario, representing a higher emissions pathway with intermediate climate change impacts, CWR shows steady increases across all crops. Cotton’s water demand rises to 716.4 mm in 2055 (+0.97%), while Groundnut rabi shows a 2.27% increase, reaching 548.0 mm. Groundnut kharif exhibits a moderate increase of 0.83%, and maize and vegetable crops rise by 2.43% and 2.74%, respectively. The gradual upward trend indicates that mid-range emissions will result in increased evapotranspiration, requiring more irrigation water to sustain crop yields. This scenario underscores the need for adaptive water management strategies, particularly for crops with higher baseline water requirements, such as cotton and maize.
Table 8: Changes in crop water requirement under RCP 6.0 for Anantapuramu District during 2035, 2045, and 2055 Using HADGEM2-ES and MIROC-ESM-CHEM Models
	Crop
	Crop Water Requirement (mm)

	
	Average
	In
2035
	Change in %
	In 2045
	Change in %
	In 2055
	Change in %

	Cotton
	709.5
	710.5
	+0.14
	713.5
	+0.56
	716.4
	+0.97

	Groundnut rabi
	535.8
	537.6
	+0.33
	542.0
	+1.15
	548.0
	+2.27

	Groundnut kharif
	346
	347.3
	+0.37
	349.8
	+1.09
	348.9
	+0.83

	Maize
	557.6
	561.0
	+0.61
	566.4
	+1.57
	571.2
	+2.43

	Vegetable crops
	502.4
	506.7
	+0.85
	510.6
	+1.63
	516.2
	+2.74


3.3.4 Changes in Crop Water Requirement under RCP 8.5 (2035, 2045, 2055)
RCP 8.5, the high emissions scenario, projects the most significant increases in crop water demand. Cotton’s CWR reaches 726.0 mm by 2055 (+2.32%), while groundnut rabi and Groundnut kharif rise to 554.8 mm (+3.54%) and 355.1 mm (+2.63%), respectively. Maize and vegetable crops demonstrate substantial increases of 3.51% and 4.0%. These trends indicate that extreme climate warming under RCP 8.5 will significantly increase evapotranspiration and irrigation requirements, posing challenges for water resources in semi-arid regions like Anantapuramu. The results highlight the urgency of implementing climate-resilient agricultural practices, including drought-tolerant crop varieties, water-efficient irrigation methods, and long-term water planning to cope with anticipated higher CWR.
Table 9: Changes in crop water requirement under RCP 8.5 for Anantapuramu District during 2035, 2045, and 2055 Using HADGEM2-ES and MIROC-ESM-CHEM Models.
	Crop
	Crop Water Requirement (mm)

	
	Average
	In
2035
	Change in %
	In
2045
	Change in %
	In
2055
	Change in %

	Cotton
	709.5
	710.2
	+0.098
	718.5
	+1.26
	726.0
	+2.32

	Groundnut rabi
	535.8
	539.0
	+0.59
	545.5
	+1.81
	554.8
	+3.54

	Groundnut kharif
	346
	349.3
	+0.95
	353.3
	+2.11
	355.1
	+2.63

	Maize
	557.6
	562.5
	+0.87
	568.9
	+2.026
	577.2
	+3.51

	Vegetable crops
	502.4
	507.9
	+1.09
	514.0
	+2.30
	522.5
	+4.00
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4. Conclusion
1. Crop water requirements of groundnut kharif, groundnut rabi, cotton, maize and vegetable crops of the Anantapuramu district are 346 mm, 535.8 mm, 709.5 mm, 557.6 mm and 502.4 mm respectively.
2. The results of crop water requirements analysis revealed that a sizeable increase in crop water requirement was seen for groundnut kharif, groundnut rabi, cotton, maize and vegetable crops during 2035, 2045 and 2055 when compared to CWR  between 2014 to 2023. However, there is significant differences have been noticed in the percent increase in crop water requirement and reference evapotranspiration (ETo) among the stations selected for this study.
3. The crop water requirement of cotton, kharif and rabi groundnut, maize and vegetable crops increases with higher temperature and wind speed and lower relative humidity and vice versa.
4. CWR of cotton, groundnut kharif, groundnut rabi, maize and vegetable crops under the HADGEM2-ES and MIROC-ESM-CHEM models with the 2.6 scenario is projected to be 710.1, 346.7, 536.2, 560.1 and 505.2 mm in 2035; 709.8, 348.3, 538.9, 562.9, and 507.7 mm in 2045 and 710.1, 346.2, 542.1, 565.4 and 510.6 mm in 2055, respectively.
5. CWR of cotton, groundnut kharif, groundnut rabi, maize and vegetable crops under the HADGEM2-ES and MIROC-ESM-CHEM models with the  4.5 scenario is projected to be  711.5, 349.6, 539.6, 563.3 and 508.2 mm in 2035; 719.3, 353.1, 545.8, 569.9 and 514 mm in 2045 and 724.2, 352.9, 553.1, 576.4 and 520.7 mm in 2055 respectively.
6. CWR of cotton, groundnut kharif, groundnut rabi, maize and vegetable crops under the HADGEM2-ES and MIROC-ESM-CHEM models with the 6.0 scenario will be 710.5, 347.3, 537.6, 561 and 506.7 mm in 2035; 713.5, 349.8, 542, 566.4 and 510.6 mm in 2045 and 716.4, 348.9, 548, 571.2 mm and 516.2 mm in 2055, respectively.
7. CWR of cotton, groundnut kharif, groundnut rabi, maize and vegetable crops under the HADGEM2-ES and MIROC-ESM-CHEM models with the 8.5 scenario will be 710.2, 349.3, 539, 562.5 and 507.9 mm in 2035; 718.5, 353.3, 545.5, 568.9 and 514 mm in 2045 and 726, 355.1, 554.8, 577.2 and 522.5 mm in 2055, respectively.
Climatic factors such as temperature, wind speed and relative humidity play a significant role in determining the crop water requirement of crops. As temperature and wind speed increase, the crop water requirement for cotton, groundnut kharif, groundnut rabi, maize and vegetable crops also increase. Conversely, a decrease in temperature and wind speed leads to a decrease in crop water requirement for these crops. Relative humidity directly affects crop water requirements as well. A decrease in relative humidity percentage results in an increase in crop water requirement, whereas an increase in relative humidity leads to a decrease in crop water requirement for crops. The climate models, namely MarkSim weather file generator used for the prediction of future climate data. The model depicted an increase in temperature annually.  These temperatures cause an increase in crop water requirements.
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WS -5 (Km day⁻¹)	Groundnut kharif 	Groundnut rabi	Cotton 	Maize	Vegetable crops	344.6	539.29999999999995	705.1	554	499.7	WS +5 (km day⁻¹)	Groundnut kharif 	Groundnut rabi	Cotton 	Maize	Vegetable crops	351	545.29999999999995	715.6	561.1	505.1	WS +10 (km day⁻¹)	Groundnut kharif 	Groundnut rabi	Cotton 	Maize	Vegetable crops	354.2	548.29999999999995	720.8	564.6	507.7	Normal CWR (mm)	346	535.79999999999995	709.5	557.6	502.4	Crops
CWR (mm)
Normal CWR (mm)
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