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Introduction

Effective climate change adaptation requires an understanding of how climatic impacts interact with diverse exposure and vulnerability contexts. While previous studies have primarily focused on individual climate risks, the spatial relationships among multiple risks remain underexplored [1-2]. This study addresses this gap by integrating Homogeneous Impact Zones (HIZs) [1] with Exposure–Vulnerability Complexes (EVCs) [2] to assess the diversity of geographical climate risks in Japan from a multidimensional perspective.

Objectives

This study aims to (1) identify spatial co-occurrence patterns of diverse climatic impacts (HIZs), (2) delineate regions with distinct exposure and vulnerability patterns (EVCs), (3) examine their spatial intersections and interconnections, (4) uncover disparities in climate risk across different exposure and vulnerability contexts, and (5) explore the implications for climate risk management and adaptation policies.

Methodology

Using multivariate clustering, similarity search, and spatially explicit analysis, this study delineated scenario-based future maps of HIZs and EVCs for the end of the century at a 1 km spatial resolution. Based on multiple future scenarios and multisource spatial data, HIZs were defined by homogeneous patterns of multisectoral climatic impacts, while EVCs were characterized by shared exposure and vulnerability features. The spatial intersection of HIZs and EVCs was then analyzed to assess their correspondences, allowing for the identification of anticipated climate risks across Japan.  

Findings

Japan was segmented into six HIZs and eight EVCs based on seven climatic impact indicators and fifteen exposure and vulnerability indicators. HIZs were characterized by either singular or multiple concurrent climatic impacts, influenced by correlations among impact indicators and their relationships with climate variables. Regions within the same HIZ face similar pattern of climatic impacts, necessitating coordinated adaptation measures.
The eight EVCs revealed a pronounced urban-rural gradient, reflecting Japan’s social and environmental diversity. Urban EVCs were identified based on levels of population density and built environment, while rural EVCs were defined by dominant land uses (e.g., forests, agricultural lands) and lower population vulnerability. Overlay analysis revealed weak spatial correspondence between climatic impacts and exposure–vulnerability factors, highlighting the complexity of climate risks in Japan. 

Different societal and environmental systems face distinct risks, emphasizing regional disparities. Urban areas are particularly vulnerable to heat stress and flooding, while rural regions face risks such as crop yield losses, bamboo expansion, pine wilt disease, and flood damage. The HIZ–EVC framework facilitates localized climate risk assessment and adaptation planning.

Significance of the work for policy and practice 

The findings emphasize the necessity for geographically tailored adaptation strategies. The spatial divergence between HIZs and EVCs suggests that a uniform adaptation approach is ineffective. Adaptation interventions must be region-specific, addressing local vulnerabilities and sectoral risks. Urban areas require targeted measures for managing heat and flooding, while agricultural and forested regions need strategies to sustain ecosystem services and productivity.
By integrating HIZs and EVCs into climate risk assessments, policymakers can develop precise, locally responsive adaptation plans that support decision-making at both national and regional levels. This spatially explicit framework enhances Japan’s climate resilience and serves as a model for other regions facing complex climate risks.
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