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Figure 1 (Color online) Research flowchart
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Figure 2 (Color online) Comparison of crop 7o, between flux tower
measurements and remote sensing estimates
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Figure 3 (Color online) Spatial distribution of 7, for the four major crops in China. (a) Rice; (b) wheat; (c) maize; (d) soybean
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Over the past decades, agricultural regions worldwide have experienced rapid climate change, including rising atmospheric
CO, concentrations, accelerated warming, and altered precipitation regimes, posing increasing threats to crop production
and food security. Among climatic factors, temperature plays a particularly important role. Crop productivity responds
nonlinearly to warming and may become constrained when thermal conditions exceed physiological thresholds. In China,
continued warming has already posed significant risks to grain production. Crop optimum temperature (7,), defined as the
temperature at which crop productivity reaches its maximum, is therefore a key parameter for evaluating heat stress risk
and temperature-induced yield variation. However, most existing crop models treat T, as spatially constant, despite the
likelihood that crop thermal adaptation varies across regions. This simplification may lead to systematic bias into
productivity estimation and climate impact assessment. Clarifying the spatial distribution of T, for major crops in China is
thus essential for improving crop model parameterization and supporting region-specific adaptation strategies.

Here, we investigated the spatial patterns of T, for China’s four major staple crops—rice, wheat, maize, and soybean—
using temperature and crop productivity data from 2001 to 2023, along with agricultural zoning, crop distribution, and
phenological information. Specifically, we characterized the spatial patterns of T, assessed the bias in crop productivity
estimation caused by neglecting this spatial variability, and projected the future risk of growing-season temperatures
exceeding T, in 2030 and 2050 under climate warming. Crop productivity was characterized using satellite-based
photosynthetic indicators linked to gross primary productivity. The results revealed pronounced differences among crops
and strong spatial heterogeneity in 7. The mean T, values were 31.7°C for rice, 26.1°C for wheat, 29.3°C for maize, and
31.0C for soybean. Rice and soybean showed relatively high T, values, whereas wheat had the lowest. Spatially, 7, was
generally higher in southern China and lower in northern and plateau regions. Across crops, T, exhibited a weak
relationship with latitude but increased with growing-season maximum temperature, suggesting that crop thermal optima
are more closely associated with local temperature conditions than with latitude. Neglecting the spatial heterogeneity of T,
introduced systematic bias into crop productivity estimation. Compared with estimates based on spatially explicit 7y, the
conventional assumption of spatially uniform 7, generally overestimated the productivity of rice, wheat, and soybean,
while underestimating that of maize. These findings indicate that assigning a single 7, value to an entire crop type may
misrepresent regional temperature responses and reduce the reliability of climate impact simulations.

Future warming is projected to increase the risk of growing-season temperatures exceeding 7, across China’s major
cropping regions. Under the SSP245 scenario, by 2030 the probability of growing-season temperatures exceeding 7oy is
projected to reach 86% for rice, 47% for wheat, 93% for maize, and 91% for soybean. This risk is expected to intensify
further by 2050, with wheat showing the most pronounced increase among the four crops. Overall, our findings
demonstrate that crop T,y in China is not spatially uniform and that accounting for its heterogeneity is important for
reducing bias in crop productivity estimation and identifying future heat exposure risk. Incorporating spatially explicit T
into crop models will improve the assessment of climate change impacts on agriculture and provide a stronger scientific
basis for heat adaptation management, regional agricultural planning, and long-term food security in China.

major food crops, temperature optima, crop productivity, spatial heterogeneity, climate warming
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