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Analysis of Water — Energy — Food System in Five Central
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Abstract; Under the dual pressures of climate change and resource scarcity, the interconnections and
vulnerabilities among water, energy, and food systems in Central Asia have become increasingly
pronounced, posing severe challenges to coordinated development and resource security. To investigate
the pressure levels and evolution of the regional water — energy —food system, focusing on the five Central
Asian countries. Based on water, energy, and food-related indicator data from 1995 to 2021, a water —
energy — food ( WEF ) system pressure assessment framework was developed. The particle swarm
optimization-based projection pursuit evaluation ( PSO — PEE) model was employed to comprehensively
assess regional WEF system pressure and systematically examine its spatiotemporal evolution, concurrent
responses to extreme climate conditions, and lagged effects. The results showed that the WEF system
pressure index in Central Asia declined overall during the study period, with only Turkmenistan exhibiting
a significant upward trend (0.004/a). The system pressure displayed pronounced spatial differences,
with Uzbekistan and Turkmenistan generally experiencing higher pressure levels, indicating an uneven

distribution of resource pressures among the Central Asian countries. Compared with normal years,
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sectoral and overall WEF system pressures changed to varying degrees during extreme climate years. The

magnitudes of these changes were generally greater under exireme high-temperature and drought

conditions than that under low-temperature and high-precipitation conditions. However, the directions of

change varied across countries and sectors, and changes in sectoral pressures were not entirely consistent

with those in overall WEF system pressure. Correlation analysis showed that temperature was generally

negatively correlated with the water stress index (WSI), energy stress index (ESI), and WEF system

pressure index. After a one-year lag, the correlation between temperature and the WEF system pressure

index strengthened to — 0.41. In contrast, the relationships between precipitation and the pressure

indices varied among countries, exhibiting pronounced spatial heterogeneity. These findings can provide a

scientific basis for cross-sectoral resource management, the development of climate adaptation strategies,

and the achievement of regional sustainable development goals in Central Asia.

Key words: exireme climate; Central Asia; water — energy — food system; system pressure; sustainable

development
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Fig.3 Changes in WEF system pressure index and relative

pressure levels in Central Asia from 1995 to 2021
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precipitation in Central Asia from 1994 to 2021
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Fig.5 Mean relative changes in sectoral pressure indices and overall WEF system pressure index across five Central

Asian countries under extreme high-temperature, low-temperature, high-precipitation, and drought conditions
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