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Abstract 
This study projected water availability changes and impacts on irrigated rice yield across five South Asian 

basins under multiple RCP scenarios using CMIP5 ensembles coupled with SWAT and DSSAT-CERES-

Rice models. Under RCP8.5-2050, seasonal precipitation declined by 13.6%, ET demand rose by 14.4%, 

and irrigation water deficit reached 182 mm. Rice yield was projected to decline by 2.1-36.3% depending 

on scenario, with temperature rise explaining 99.4% of yield variation. Reduced precipitation and increased 

ET jointly accounted for 58.2% of projected deficit, highlighting the convergence of rising demand and 

shrinking supply. 
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Introduction  

South Asia produces 28% of global rice on 24% of rice area, yet consumes 34% of irrigation 

water diverted to agriculture [1, 2] a contrast that makes the region acutely vulnerable to water 

supply shifts. CMIP5 projections indicate mean temperature will rise 1.5-4.0°C by the 2080s, 

while precipitation changes remain spatially variable [3, 4]. For irrigated rice, consequences are 

twofold: higher evapotranspiration from warming and altered streamflow from shifts in 

monsoon onset and glacier melt [5, 6]. Modelling efforts have examined hydrological or crop 

dimensions independently [7, 8], but integrated assessments coupling water supply with crop 

response remain limited. This research linked CMIP5 projections with the SWAT hydrological 

model and DSSAT-CERES-Rice to project how changing water availability will affect irrigated 

rice yields under multiple RCP scenarios. 

 

Material and Methods 

Research area description 

The research covered five major rice-producing river basins in South Asia: Indus (Pakistan), 

Ganges-Brahmaputra (India/Bangladesh), Irrawaddy (Myanmar), Godavari (India), and Cauvery 

(India). Together these basins irrigate approximately 42 million hectares of rice, representing 

67% of South Asian irrigated rice area [1]. Baseline climate data (1985-2014) were obtained from 

the Climate Research Unit (CRU TS4.05) gridded dataset at 0.5° resolution [9]. 

 

Simulation parameters 
Climate projections from 12 CMIP5 GCMs were bias-corrected using quantile mapping against 

CRU observations [10]. Four RCPs (2.6, 4.5, 6.0, 8.5) were evaluated at three horizons: 2030s, 

2050s, 2070-2090s. SWAT (v2012, Rev. 670), calibrated with observed streamflow (NSE > 

0.72), projected monthly water availability [11]. DSSAT-CERES-Rice (v4.7.5), calibrated with 

IRRI field data (RMSE < 0.38 t/ha), simulated yield responses [12]. CO2 fertilization was 

included via the Tubiello correction [13]. Irrigation deficit was the gap between crop water 

requirement and projected supply during June-November. 

 

Climatic conditions 
Baseline mean rice-season temperature ranged from 25.4°C (Ganges) to 28.7°C (Cauvery).  
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Mean seasonal precipitation was 847 mm, with 72% in July-

September. Under RCP8.5-2050, multi-model temperature 

increased by 2.5°C and precipitation declined by 13.6%, with 

largest drying in the Indus (−18.4%) and Cauvery (−16.1%) 

basins [3].

 

Results 

 
Table 1: Projected changes in climate, water deficit, and rice yield under RCP scenarios (multi-basin means) 

 

Scenario ΔT (°C) ΔP (%) ET change (%) Water deficit (mm) Yield change (%) Projected yield (t/ha) 

Baseline 0.0 0.0 0.0 0 0.0 4.82 

RCP2.6-2030 +0.8 -3.2 +4.1 47 -2.1 4.72 

RCP4.5-2030 +1.2 -5.1 +6.3 74 -4.8 4.59 

RCP4.5-2050 +1.8 -8.4 +9.7 118 -10.6 4.31 

RCP6.0-2050 +2.1 -10.2 +11.8 143 -14.2 4.14 

RCP8.5-2050 +2.5 -13.6 +14.4 182 -18.7 3.92 

RCP8.5-2070 +3.2 -18.3 +19.1 247 -27.8 3.48 

RCP8.5-2090 +3.8 -22.7 +23.6 314 -36.3 3.07 

ΔT = temperature change. ΔP = precipitation change. ET = evapotranspiration. Baseline yield is 12-GCM ensemble mean for 1985-2014 

 

Comprehensive interpretation 

Water deficit increased progressively from 47 mm (RCP2.6-

2030) to 314 mm (RCP8.5-2090) (Table 1). Rice yield declined 

from 2.1% to 36.3% across the scenario range, with every 1°C 

rise reducing yield by approximately 8.5-9.5%. Under the 

moderate pathway RCP4.5-2050, yield fell by 10.6% to 4.31 

t/ha, while the worst-case RCP8.5-2090 projected yields of just 

3.07 t/ha  a loss of 1.75 t/ha from baseline. 

 

 
 

Fig 1: Projected sources of irrigation water deficit for South Asian rice by the 2050s 

 

Reduced precipitation (31.4%) and increased ET demand 

(26.8%) were the two largest contributors to water deficit, 

jointly accounting for 58.2% (Figure 1). Glacier retreat 

contributed 18.3%, particularly relevant for the Indus and upper 

Ganges basins dependent on snowmelt. 

 

 
 

Fig 2. Relationship between temperature rise and projected rice yield 

change across RCP scenarios 

A strong quadratic relationship (R² = 0.994) existed between 

temperature rise and yield decline (Figure 2). The curve 

steepened beyond 2°C, indicating disproportionate yield losses 

at higher warming from heat-induced spikelet sterility and 

shortened grain filling. 

 

Discussion 

The 10.6% yield decline under RCP4.5-2050 is consistent with 

meta-analyses reporting 6-12% losses per 1°C warming in 

tropical irrigated rice [7, 8]. The convergence of supply reduction 

and demand increase creates a compounding deficit that 

precipitation projections alone understate. Glacier retreat 

accounting for 18.3% of deficit underscores Indus and Ganges 

basin exposure to cryospheric loss [5, 6]. The quadratic yield-

temperature relationship steepening beyond 2°C aligns with 

evidence that spikelet sterility rises sharply above 35°C during 

anthesis [14]. Integrated adaptation combining water-saving 

irrigation, heat-tolerant cultivars, and diversified cropping 

calendars is needed to buffer against the projected water-yield 

squeeze. 

 

Conclusion 

Climate change is projected to reduce irrigated rice yields in 
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South Asia by 2.1-36.3% depending on emission pathway and 

time horizon. Under moderate warming (RCP4.5-2050), 

irrigation water deficit reached 118 mm and yield fell by 10.6%. 

Reduced precipitation and increased ET demand jointly drove 

58.2% of the deficit. Yield losses accelerated disproportionately 

beyond 2°C warming. Integrated adaptation strategies 

addressing both water supply and heat tolerance are essential to 

sustain South Asian rice production. 
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