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This study utilizes Geographic Information Systems (GIS) to integrate climate
projections with biological physiological tolerance thresholds, systematically
evaluating the environmental risks and spatial transitions of Taiwan's grouper
aquaculture industry under different Global Warming Levels (GWLs), in accordance
with the IPCC risk assessment framework. The empirical results indicate that under
the current baseline, cold surge risks exhibit a spatial gradient that diminishes with
latitude, with Tainan and Chiayi demonstrating significantly higher vulnerability. As
the warming scenarios advance from +1.5°C to +4°C, cold risks tend to homogenize
and converge due to the reduction in disaster-inducing low-temperature days;
conversely, heat stress transforms into a highly polarized and heterogeneous high-risk
state. Notably, due to geographical heat accumulation, the risk increments in Tainan
and Kaohsiung are projected to exceed those in Pingtung, which benefits from
maritime thermal buffering. Species-specific analysis reveals that the hybrid tiger
giant grouper ranks first in asset exposure due to its 72% production share; the giant
grouper faces cumulative exposure risks stemming from its prolonged cultivation
period; and the orange-spotted grouper exhibits a pronounced north-south risk
disparity due to the high geographical concentration of its production areas.
Theoretically, this study defines the risk score as 'baseline risk,' establishing a
benchmark for the marginal benefit of damage avoidance, which serves as a rational
cost upper bound for adaptation investment recommendations. Overall, climate
warming necessitates a shift in management focus from winter cold mitigation to
summer high-temperature stress management. Resource allocation should track the
shifting locus of risk, strategically shifting toward heat-resistant infrastructure in the
core southern production regions.
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