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Table 1 Natural and anthropogenic factors of influence on China's precipitation
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Table 2 Correlation coefficient and variance explained of natural and anthropogenic indices to China’s heavy rainfall
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Fig.1 Correlation between yearly integrated climatic and anthropogenic indices and China’s heavy rainfall
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Table 3 Correlation coefficient between heavy rainfall and PD & LVD on county level
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Abstract: Recent studies have noted a worldwide increase in the occurrence of extreme-precipitation events,

this increase has been attributed to warming climate. Although other anthropogenic factors are recognized to
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be important, their relative contributions remain unclear. We use daily rainfall data from 659 meteorological
stations in China, large scale climatic and anthropogenic indices to identify major causes of, and quantify their
contribution to, a marked increase in heavy rainfall in 1951-2010. The decadal heavy rainfall amount (HRA),
heavy rainfall days (HRD) and heavy rainfall intensity (HRI) increased by 58.6-68.7, 46.5-60.2 and 7.1-11.5
percent respectively. Our analysis suggests that although this trend could be explained by both large-scale cli-
mate phenomena, and local and regional anthropogenic activities, the latter such as urbanization, industrializa-
tion and associated air pollution have the strongest influence. Contributing roughly at the same magnitude,
such factors explain 61.5, 58.5 and 65.5 percent of the variance in HRA, HRD and HRI, respectively, where as
the large-scale climate phenomena explain only 24.3, 26.2 and 21.9 percent respectively. The expansion of spa-
tial distribution of accumulated HRA and HRD over time shows a statistically significant and increasing corre-
lation with the spatial distribution of population density and annual low-visibility days. Taken together, these
results suggest that the substantial increase in heavy rainfall across large parts of China during the past six de-
cades is very likely triggered by large scale and rapid urbanization, industrialization and associated air pollu-
tion. Previous studies linking urbanization to rainfall are mostly focusing on the impact on total rainfall and
mostly considered only the local or city scale. Previous studies found urbanization as likely cause of increased
heavy rainfall in India over five decades. Our results support this finding, but also show that urbanization is on-
ly one of the factors- industrialization and air pollution each contributes at equivalent magnitude. Our analysis
is the first, to our knowledge, to establish urbanization, industrialization and air pollution as the primary cause
of a nation- or sub-continental-scale increase in heavy rainfall over decades, and to quantify relative contribu-
tions of anthropogenic and climate factors. Our findings indicate that local anthropogenic processes may shift
the regional climate beyond through GHG emissions. Such connections need to be better understood and re-
flected into the climate models. With cities in China increasingly experiencing extreme rainfall events, com-
pounded by the increasing extreme summer heat in the same region, our findings call for a careful reevaluation
of the risks of extreme weather in formulating national policies on urbanization, industrialization and environ-
mental management in China in formulating. Rapidly growing and industrializing cities and nations will need
to better control the air pollution, and to anticipate and accommodate these regional climate consequences, if
they are to reduce the risk of flooding and waterlogging.

Key words: heavy rainfall; spatial and temporal pattern; urbanization; spatial correlation; impact factor; China



