Geographical Science Research HBER}2£H 5T, 2015, 4(3), 116-126 Hans )i
Published Online August 2015 in Hans. http://www.hanspub.org/journal/gser
http://dx.doi.org/10.12677/gser.2015.43013

Characteristics of the Temporal and Spatial
Variations of the Tropopause Temperature
in the Arid Region of Northwest China in
Recent 35 Years

Yiwen Xu?, Jianhua Xu?, Zhongsheng Chen?, Ying Zhang?, Ling Bai!

The Research Center for East-West Cooperation in China, The Key Laboratory of Geographic Information
Science, The Ministry of Education of PRC, East China Normal University, Shanghai

*State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese
Academy of Sciences, Urumgqi Xinjiang

Email: xuyw09@126.com, jhxu@geo.ecnu.edu.cn

Received: Jul. 25", 2015; accepted: Aug. 7, 2015; published: Aug. 13", 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).

Abstract

On the basis of monthly average tropopause temperature data of NCEP/NCAR reanalysis data dur-
ing 1980-2014, the spatial and temporal evolution of tropopause temperature over the arid region
of Northwest China (ARNC) is studied by linear trend method, Mann-Kendall nonparametric test
and correlation analysis. The correlation between the variation of tropopause temperature and
surface temperature, and the correlation between the change rate of tropopause temperature and
altitude were also investigated. The results are as followed: 1) Tropopause temperature over the
ARNC exhibited downward trends in the last 35a. And the annual and seasonal trends decreased
significantly expect for the tendency of spring. The change rate of annual, spring, summer, autumn
and winter was 0.51°C/10a, 0.28°C/10a, 0.88°C/10a, 0.53°C/10a, 0.35°C/10a, respectively. Ob-
viously, the rate of summer was the highest. 2) There were abrupt changes in annual and seasonal
tropopause temperature variation. To be specific, the abrupt changes of annual and autumn tro-
popause temperature occurred around 1992, and the abrupt changes of summer tropopause
temperature occurred around 1994. All the three of them declined after abrupt changes. The
spring tropopause temperature had three mutation sites, 1983, 1992 and 1994. The tropopause
temperature rose after the abrupt change that occurred in 1983, then declined after 1992 and
rose again after 1994. But the average temperature after the abrupt change that occurred in 1994
was still lower than the average temperature before 1983. The abrupt changes of winter tipopause
temperature occurred around 1986 and 1988. The tropopause temperature rose after 1986, and
declined after 1988. And the average temperature after the abrupt changes that occurred 1988
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was still lower than the average temperature before the changes that occurred 1986. 3) There
were regional differences in the annual variation and seasonal variation of tropopause tempera-
ture. Overall, the variation rate of mountains is higher than that of the basins around the moun-
tains. The spatial variation of annual and summer were similar, and had a banding distribution
along northeast-southwest direction. The change rate of tropopause temperature was higher in
the region between North Slope of Aljin Mountains and the southeast of Tianshan Mountains than
that of the area on both sides. The distribution of autumn and winter was more or less alike. Both
of them presented high rate in the Tianshan Mountains and the south in its middle part. But there
were few differences. The variation rate of Kunlun Mountains was higher than that of Tianshan
Mountains in autumn, which were totally in contrast in winter. In spring, variation rate had a dif-
ferent distribution from before. There were a high value area in Kunlun Mountains and a low val-
ue area in south slope of Tianshan Mountains. 4) The surface temperature over ARNC presented
an obvious upward trend in the period from 1980 to 2014. There was a negative correlation be-
tween the rate of the surface temperature trend and the tropopause trend, and the correlation is
significant. 5) The variation rate of tropopause temperature increases as the altitude increases.
The correlation between variation rate and altitude is significant at annual and seasonal varia-
tions except for summer.
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Figure 1. The sketch map of the arid region of Northwest China
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Figure 2. Inter-annual variation of tropopause temperature in the arid region of Northwest China during 1980-2014
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Table 1. The trend and sharp change of tropopause temperature in the arid region of Northwest China
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Figure 3. The spatial distribution of inter-annual variation of tropopause temperature in the arid region of Northwest China
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Table 2. The correlation between height and tropopause temperature variation rate
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