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Fig. 2 Classification method of glacial lake elevation and precipitation : classification method of

glacial lake elevation (a) ; classification method of precipitation (b)
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Fig. 3 Optimum interval between glacial lake elevation and precipitation: optimum interval between

glacial lake elevation (a); optimum interval between precipitation (b)
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Spatial-temporal variations and influencing factors of glacial lakes in Tibet

based on Optimal Parameters-Based Geographical Detector

WANG Zhoufeng'?, ZHENG Bo',

Laboratory of Sichuan Province , Southwest Petroleum University, Chengdu 610500, China;

HE Xiangqi®,
(1. School of Geoscience and Technology , Southwest Petroleum University, Chengdu 610500, China;

ZHANG Yanjing', SHEN Huiling'
2. Natural Gas Geology Key

3. College of Global Change

and Earth System Science, Beijing Normal University, Beijing 100875, China)

Abstract: With the intensification of global warming, glaciers at high altitudes in Asia are in an overall state of

accelerated melting, the glacial lakes, which are mainly recharged by glacier meltwater, are undergoing rapid

changes. As one of the important water resources in Tibet, glacial lakes play an important role in the daily life of

the local people. The scale of glacial lakes in Tibet has been expanding, which may lead to natural disasters such

as glacial lake outburst. Tibet is close to the Himalayas, and most of the GLOF events in Tibet originated in the

glacial lakes of the Himalayan region. The current research on the factors affecting glacial lake changes basically

stays on the nature of glacial lakes, using more qualitative methods. This paper is based on GIS spatial analysis,
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Pearson correlation analysis and Optimal Parameters-Based Geographical Detector method. All the glacial lakes
with an area larger than 0. 01 km® in Tibet were counted using the open-source data of the Third Pole Glacial
Lake. This study mainly analyzed the changes in the number and scale of glacial lakes in Tibet from 1990 to
2015, as well as the spatial distribution trend of glacial lakes in the region. Pearson correlation analysis and Pa-
rameters-Based Geographical Detector were used to examine the influence of seven selected environmental fac-
tors: glacial lake altitude, annual total precipitation, annual average temperature, annual relative humidity, gla-
cier area change, GDP, and population density. The results showed that: (1) The total number of glacial lakes
in Tibet increased by 303, an increase of about 2. 57% ; the total area of glacial lakes in Tibet increased by 59. 90
km’, an increase of about 6.32%. The glacial lakes of different sizes increased significantly at different alti-
tudes, most of which were small glacial lakes (area less than 0. 1 km?), and distributed between 3 500~6 000 m.
The growth direction of glacial lakes in Tibet in the past 25 years was significant, and the quantity and area distri-
bution were highly dispersed. In 1990 and 2015, the glacial lakes in Tibet were basically distributed in the east-
ern and southern parts of Tibet, with the center shifting to the west. The influence of longitude was greater than
that of latitude, and the growth of quantity and area of glacial lakes was slightly from southeast Tibet to south-
west Tibet. (2) In Pearson correlation analysis, the glacial lake change was most correlated with the glacier area
change factor, followed by the total precipitation factor, both of which showed moderate positive correlation.
Then the relative humidity factor and the glacial lake altitude factor showed weak positive correlation, while the
population density factor showed weak negative correlation. Finally, the glacial lake change was not correlated
with the average temperature factor and GDP factor. The glacial lake change in Tibet was mainly affected by the
change of glacier area and precipitation in the region. The increase of glacier area and precipitation increased,
and the glacial lake expansion was more significant. (3) Parameters-Based Geographical Detector method was
used to detect the influencing factors of glacial lake change in Tibet. Among them, the change of glacier area
had the highest influence intensity on glacial lake change, with a value of 0. 5006. The second was the annual to-
tal precipitation, with a value of 0. 3106. The annual average temperature had the lowest influence intensity on
glacial lake change, with a value of 0. 1601. From the perspective of single factor, the change of glacier area
and precipitation factor had a high influence on glacial lake change in this region. When the temperature factor
and the change of glacier area interacted, they had a severe influence on glacial lake change, and the relationship
was nonlinear enhancement, indicating that the two factors would affect the change of glacial lake in Tibet under
the common drive. However, the influence of human factors on glacial lake change in Tibet was not high, and
the dominant factors were climate change and glacier area change. It is necessary to focus on the impact of cli-
mate change and glacier retreat on glacial lake in the region. This study provides new ideas and references for ex-
ploring the driving mechanism of glacial lake changes, and provides basic information and data support for the
potential risk assessment and risk analysis of GLOF in Tibet.

Key words: Tibet; glacial lake; spatial-temporal variation; Optimal Parameters-Based Geographical Detector
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