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Abstract: [ Objective] As a high water-consuming industry, agriculture relies on the coordination of blue and
green water for crop water use. Future climate change will disturb the blue and green water cycles by affecting
crop water requirements (ETc¢) and threaten agricultural water security. Therefore, in the face of severe
challenges for sustainable water resource management, predicting agricultural water security is of great
significance. [ Methods] Taking northeast China as the study area, based on the CMFD reanalysis dataset from
1998 to 2024 and meteorological data under two emission scenarios (SSP245 and SSP585) from 2031 to 2090
derived from five climate models in CMIP6, the Hargreaves equation and crop coefficients were used to calculate

ETc, and a dual-index evaluation system for blue and green water was constructed. Combined with the crop water
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deficit index (CWDD), the spatiotemporal evolution trends of agricultural water security in northeast China under
future climate scenarios were analyzed.[ Results] The spatiotemporal characteristics of agricultural green and blue
water security in northeast China differed significantly under future climate scenarios. Temporally, the green water
risk decreased significantly under both SSP245 and SSP585 scenarios. In the long term, the green water risk under
SSP245 was 12.4% lower than that under SSP585, while the blue water risk was 4.1% higher. Spatially, under
the SSP245 scenario, high-green-water-risk areas were concentrated in Liaoning Province, and blue water stress
intensified significantly in Liaoning Province and the four eastern leagues of Inner Mongolia. Under the SSP585
scenario, the overall green water risk decreased, and areas with extremely high blue water stress were
concentrated in Liaoning Province. Under the SSP245 scenario, the green water risk in Jilin, Liaoning, and
Heilongjiang decreased by 2.2%, 13.4%, and 1.6%, respectively, compared to the SSP585 scenario, while the
blue water risk in the four eastern leagues of Inner Mongolia, Liaoning, and Heilongjiang increased by 13.1%,
55.1%, and 15.0% respectively. The concentration of agricultural water use risk in the early growth stage under
future climate scenarios was attributed to the mismatch between water supply and demand and unstable water
recharge.[ Conclusion ] The imbalance between the supply and demand of crop green water further strengthens the
compensatory demand for blue water. The uncertainty and risk of agricultural water use are higher under the high-
emission scenario. The findings of this study provide scientific support for enhancing regional agricultural climate
resilience and achieving food security and sustainable water resources utilization.
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Fig.1 Overview, land use type, and spatial distribution of crops in study area
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Fig.4 Variation trends of monthly precipitation in northeast China from May to September under baseline period and future

climate scenarios
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Fig.6 Spatial variation trends of total precipitation in northeast China from May to September under baseline period and

future climate scenarios
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Fig.7 Spatial variation trends of ETc in northeast China from May to September under baseline period and future climate
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Table 3 PCDI of dry crops in northeast China under different scenarios

330 SSP245 SSP585
i 1998—20244F  2031—20504F 2051—20704F 2071—20904F 2031—20504F 2051—20704F  2071—2090 4
T 0.55 0.99 0.97 1.01 0.99 0.97 0.95
iy 0.51 1.01 0.99 1.04 0.91 0.89 0.87
BT 0.64 1.06 1.06 1.07 1.07 1.05 1.02
5T AR 0 B 0.46 0.88 0.87 0.91 0.97 0.95 0.93
- H 0.54 0.99 0.97 1.01 0.98 0.97 0.94
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Fig.8 Spatial distribution of PCDI index for dry crops in northeast China under future climate scenarios
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Table 4 AWSI of dry crops in northeast China under different scenarios

K FAEm SSP245 SSP585
1998—2024 4% 2031—20504F 2051—20704F 2071—20904F 2031—20504F 2051—20704F 2071—2090 4
EERN 0.51 1.26 1.26 1.32 1.27 1.29 1.32
T 1.35 1.92 1.93 2.04 1.77 1.79 1.82
BT 0.37 0.52 0.53 0.54 0.52 0.53 0.54
PSR AR Y B 0.60 0.90 0.91 0.96 1.02 1.04 1.06
1 {E 0.71 1.15 1.16 1.21 1.14 1.16 1.19
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Fig.9 Spatial distribution of AWSI index for dry crops in northeast China under future climate scenarios
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Fig.10 Average annual variation trends of Pr, ETc, PCDI, and AWSI under different scenarios
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Table 5 CWDI for crops in northeast China under different
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5 5t 5H 6 H ;! 8H 9H
SSP245iE#  51.34  51.17 14.50 18.08 0
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SSP245iEi]  45.83  45.61 11.88 13.61 0.92
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SSP585IE#  49.41  46.31 17.65 16.37 0
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Fig.11 Frequency of different drought levels during crop growth period under different future scenarios
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