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Widespread land surface cooling from paddy
rice cultivation revealed by global satellite
mapping

Wei Weng 1,2,3, Jingfeng Huang 1,2,3 , Chao Yue 4,5,6, Zhenhao Lyu3,
Yuanjun Xiao3, Shengcheng Li3, Ran Huang7, Dailiang Peng8, Chao Huang9,
Florent Bigirimana10, Li Liu11 & Weiwei Liu12

Paddy rice exacerbates climate warming through greenhouse gas emissions
but also cools the land surface by enhancing evapotranspiration. While the
former effect has received extensive attention, the biophysical cooling effect
remains poorly quantified, partly due to the lack of high-quality global paddy
rice data. Here, we address this gap by developing a universal rice mapping
framework that integrates the strengths of phenology-based and curve-
matching methods to construct the global, long-term rice dataset (Glo-
balRice500) with daily temporal and 500 m spatial resolution. Our analysis
reveals that paddy fields annually reduce daytime land surface temperature by
0.21 ( ± 0.0057)–0.27 ( ± 0.0063) °C during the growing season compared to
other croplands, with stronger cooling observed in larger fields and partial
spillover to surrounding landscapes. These findings provide robust evidence
of the surface cooling effect of paddy rice and call for a comprehensive eva-
luation of its role in climate regulation.

Paddy rice is not only a cornerstone of global food security but also
influences the global climate in at least two distinct ways. On one hand,
rice cultivation accounts for nearly 30% of global agricultural methane
emissions1 and ~48% of greenhouse gas emissions from croplands2,
contributing to global warming. On the other hand, paddy fields dis-
sipate substantial heat through evapotranspiration3, which helps lower
land surface temperature (LST). However, previous studies have
focused on the former (warming)4–7 effect but completely overlooked
the latter (cooling) effect, potentially leading to a skewed under-
standing of the overall climate impacts of rice ecosystems. Elucidating

the surface cooling effect of paddy fields is thus essential for a com-
prehensive assessment of their role in global climate regulation.

The global surface temperature effects of vegetation8,9 (e.g.,
forests10–12 and urban greening13,14) and irrigation15,16 have been exten-
sively studied. Although paddy fields consume approximately 30% of
global irrigation water1,17 and represent a typical water–vegetation
hybrid system, their cooling effect remains poorly quantified. The few
existing studies are mostly limited to a relatively small geographic
scope18–20. One key limitation in addressing this knowledge gap is the
lack of global rice distribution datasets with sufficient spatial and
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