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Climate change poses a significant threat to the food security of India, a global hotspot of groundwater de-
pletion crisis. This study investigates the impact of rising vapor pressure deficit (VPD) on winter wheat crop
water productivity (CWP) in India using novel high-resolution remote sensing data and fixed-effect panel re-
gression models. We find that increased VPD significantly reduces winter wheat CWP. We conducted CWP
gap analysis to assess the potential for India’s winter wheat systems to adapt to future climate-driven CWP
declines under various climate scenarios (SSP126, SSP245, SSP370, SSP585) for mid-century (2041-2060) and
end-century (2081-2100) utilizing outputs from ten CMIP6 models. We identified regions where the historical
CWP gap is greater than the projected decline, indicating a strong potential to overcome future VPD-induced
stress. While some areas show considerable resilience under mild scenarios, extreme scenarios reveal signif-
icant challenges where projected CWP losses may exceed past adaptive capacities. These results underscore
the urgent need for targeted, climate-adaptive water management strategies to enhance agricultural resilience

in India.
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