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Abstract

Climate change is increasing the variability of water resources, heightening the risks of flooding, drought,
and heat stress in agricultural regions. At the same time, many rural water infrastructures—such as irrigation
and drainage networks, reservoirs and pumping stations—are ageing, while depopulation and the loss of
management capacity hinder their upkeep. Agricultural activities also impose environmental pressures,
including nutrient enrichment of water bodies and continued reliance on fossil fuels. These intertwined
challenges threaten the stability of food production and highlight the need for a more holistic approach to
agricultural water management.

Internationally, growing attention has been directed towards the Water—Energy—Food—Environment (WEFE)
Nexus, which stresses the interdependence of water, agriculture, energy, and ecosystems. Applying this Nexus
perspective to agricultural basins is essential to achieving climate-resilient food systems and sustainable
resource use. This study integrates a set of investigations undertaken in major agricultural regions of Japan
to propose pathways towards Nexus-oriented basin management.

Firstly, long-term river water quality monitoring in a large-scale agricultural area in eastern Hokkaido
demonstrated that not only the proportion of cropland, but also the spatial connectivity of cropland strongly
influences nitrogen loads. Enhancing riparian buffers can reduce this connectivity and, therefore, mitigate
pollution without compromising agricultural productivity. A 20-year evaluation of an environmental
irrigation improvement project further confirmed that upgrading irrigation facilities contributes to long-term
recovery of water quality.

Secondly, to address increasing flood risks under climate change, researchers examined the multi-functional
role of agricultural infrastructures in flood mitigation. Water balance analysis of 72 agricultural reservoirs in
Tottori Prefecture showed that keeping lower water levels before rainfall reduces flood peaks for reservoirs
with a high catchment-to-surface-area ratio. Furthermore, 1,000 scenario simulations found optimal weir
configurations for paddy field dams. These configurations delay and reduce peak discharge without
embankment overtopping, thus strengthening local flood resilience.

Thirdly, a WebGIS-based assessment tool for small hydropower has been developed with the Basque Centre
for Climate Change (BC3) and Nagoya University. It is integrated into the “k.LAB” platform, which lets
users estimate hydropower potential along irrigation and drainage channels. The tool also supports the use of
decentralised renewable energy in rural areas.

This integrated approach provides co-benefits in climate adaptation, water and food security, local energy
self-reliance, and rural resilience. The outcomes indicate that Nexus-based basin management offers a
promising future direction for sustainable agricultural development in Japan and beyond. These efforts will

help build climate-resilient agricultural communities and deliver practical benefits to society.



