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Spatial Distribution and Evolution of Historical Flash Floods
on the Qinghai-Tibet Plateau from 1950 to 2015

ZHANG Kaiyue'”, WANG Zhonggen®® | TANG Yin''

(1. Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China;
2. National Institute of Natural Hazards, Ministry of Emergency Management of China, Beijing 100085, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; The risk of flash floods on the Qinghai-Tibet Plateau continues to increase, but the demands of small-
scale risk assessment for flash floods on the Plateau and associated engineering plans have not been met because
there is a lack of flash flood research based on integrated geomorphological units with long-term, high-resolution
data.

Based on flash flood records across the Qinghai-Tibet Plateau from 1950 to 2015, this study characterized the
spatial patterns of flash floods by integrating optimized hotspot analysis and spatial autocorrelation methods. Both
methods were applied using the 25. 52 km X 25. 52 km grid scale identified by optimized hotspot analysis.
Furthermore, the spatiotemporal evolution of the flash floods was clarified via the standard deviational ellipse
method across decades. It has conclusions as list below.

(1) The flash floods exhibited significant spatial differentiation and clustering. Three high-incidence zones
were southeastern Xizang, eastern Qinghai Province-western Gansu Province and the Hengduan Mountains, with the
highest density in the One River, Two Tributaries (the Yarlung Zangho River, and two tributaries: the Lhasa River
and the Nianchu River). Potential-risk areas within low-incidence regions included southern Ali region, the
Zhongba-Shenzha-Amdo corridor, Shiqu-Zoige area, Tongde-Gangcha area and the northern piedmont of the Qilian
Mountains.

(2) From 1950 to 2015 flash flood frequency grew exponentially on a decadel scale (y =89.85¢"*" | R* =
0.99), expanding from the Hengduan Mountains toward the One River, Two Tributaries and the Hehuang Valley;
the distribution ellipse rotated from NE-SW to E-W with increasing directional concentration, while the flash flood
centroids shifted westward, tracking major transport corridors.

The observed patterns suggest that human activities and climate change can provide a plausible explanation for
the distribution and evolution of flash floods. The findings provide a scientific basis for flash-flood monitoring and

early warning, major-engineering layout and policy formulation on the Qinghai-Tibet Plateau.

Key words: flash flood; spatial-temporal evolution; hotspot analysis; spatial autocorrelation; standard deviation

ellipse; the Qinghai-Tibet Plateau
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