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Characteristics of precipitation and its spatiotemporal evolution

in southeast Tibet in the last two decades
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Abstract:In the background of global warming, changes in precipitation in southeast Tibet will not

only influence the distribution of regional water resources, but will also have an important impact on

the regional water cycle and the evolution of permafrost. In this paper, we analyze the spatial and

temporal distributions as well as the characteristics of evolution of precipitation recorded at 76

meteorological stations in southeast Tibet from 2000 to 2021 by using inverse distance weighted
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interpolation, the rotational empirical orthogonal function(REOF),Sen’s method of slope estimation,
Manne-Kendall trend test, and Morlet wavelet analysis. The results show that precipitation in
southeast Tibet was generally high in the east and low in the west, while raining and hot during the
same peroid occurred in the same season. We used the REOF, to divide the study area into 10 sub-
regions. The precipitation in different sub-regions exhibited prominent regional characteristics. It
showed a trend of in creases in the eastern regions [, [ . IV, VI and X trendvarying degrees. The
annual average precipitation and period sub-region. The results can provide support for the formulation
of ecological and environmental protection in southeast Tibet.
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Fig. 2 Spatial distribution of mean annual precipitation in southeast Tibet
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Fig.8 Plot of variance in the wavelets by partition in southeast Tibet



706 -

) 51

o 1
Il v 22
OO WOV X D) 10—12
o (v W >
am > 5—6 o
a.
, 22 1. 29 mm/10a
b. (REOF)
, 10
c. 2000—2021 R
N Il

2
JO0 WV X 10
VoV Vi 10
. | v

,2022. 60
(7. ,53(10) :59—64.

s s

Bai D Y,Cao Y,Zhang Y,2022. Temporal and spatial dis-

tribution of extreme precipitation in Qinghai Province
in recent 60 years[J]. Yangtze River,53(10):59 —
64. (in Chinese)
,2022.1971~2020

[Jl. ,

s ’ ’

42(3):31—40.

Bai Y X.Du J, Wang T, er al., 2022. Spatio-temporal

change of extreme precipitation index of southeastern

Tibet from 1971 to 2020[J]. Plateau and Mountain

Meteorology Research,42(3):31—40. (in Chinese)

, s , 5 2023. CMIP6

1961—2099 [l
,42(2) :294—304.

Chen R,Duan K Q,Shang W,et al. ,2023. Characteristics

of precipitation change over the Qinghai-Xizang Plat-
eau from 1961 to 2099 based on CMIP6 Models[]].
Plateau Meteorology,42(2) :294—304. (in Chinese)
s , . .2017.
7. 126(2):152—159.

Deng M F,Chen N S,Wang T,et al. ,2017. Fluctuation of

daily rainfall extreme in Southeastern Tibet[ ] ]. Jour-
nal of Natural Disasters,26(2):152 — 159. (in Chi-
nese)
,2022.1978—2018

[Jl.

’ [l ’

,33(5):96—108.

Gong C Q,Dong X H, Wei C,et al.,2022. Precipitation

division of the Qinghai-Tibet Plateau from 1978 to
2018 and spatiotemporal evolution characteristics of
each zone[ ] ]. Journal of Water Resources and Water
Engineering,33(5) : 96 —108. (in Chinese)

,2017.

[l 231(5):877—

[} ’ )

889.

Guo C B,Zhang Y S, Jiang L. W, ez al. ,2017. Discussion

on the environmental and engineering geological
problems along the Sichuan-Tibet railway and its ad-
jacent area[ ] . Geoscience,31(5):877—889. (in Chi-
nese)
,2023. 1960

(7. 242(2) ;344 —

’ ’ ’

358.

Li CY,Cui P,Hao ] S,etal. ,2023. Variation characteris-

tics of temperature and precipitation over the south-
east Xizang since 1960 [ J]. Plateau Meteorology,
42(2) :344—358. (in Chinese)
s s ., 52007, 34a
. ,27(2):307—314.

LiSC,XuL,Guo Y X,etal. .2007. Change of annual pre-

cipitation over Qinghai-Xizang Plateau and sub-
regions in recent 34 years[ ] ]. Journal of Desert
Research,27(2):307—314. (in Chinese)
s ,2016.
[1]. ,32(5): 717 —1724.

Li T H,Liu X F,2016. Climatic features of early spring



« 707 -

rains over southeastern Tibetan Plateau and their
causes[ J . Journal of Tropical Meteorology,32(5):
717—724. (in Chinese)

,2010.
(1. .5(11):879—

s ]

884.

Liu G M,Wang Y J.Wang Y,2010. Impact of inverse dis-
tance weighted interpolation factors on interpolation
error[ J|. China Science and Technology Papers On-
line,5(11) :879—2884. (in Chinese)

,2013. TRMM

L1l ,

s ) bl

33(8):999—1005.

Qi W W, Zhang B P, Pang Y, et al., 2013. TRMM-
data-based spatial and seasonal patterns of precipita-
tion in the Qinghai-Tibet Plateau[]J]. Scientia Geo-
graphica Sinica,33(8):999—1005. (in Chinese)

,2021.1980—2018
[D].

Ren L Y,2021. Spatiotemporal Variation and Projection of
Precipitation in Southeastern Tibet from 1980 to 2018
[D]. Xi’an: The Archive of Shaanxi Normal Univer-
sity. (in Chinese)

s s s 52022,
. 244(9) . 76—82.

Wang C,Dai C L,Song C J,et al. ,2022. Analysis of the
temporal and spatial distribution characteristics of cli-
mate change in the Qinghai-Tibetan Plateau [ ]J].
Yellow River,44(9):76—82. (in Chinese)

,2007. [M].

Wei F Y, 2007. Modern Climate Statistical Diagnosis and
Prediction Technology[ M ]. Beijing: China Meteoro-
logical Press. (in Chinese)

s s s 52023.
(J1. .
37(2):149—158+216.

Zhang W Q,Liu L,Lun Y R,etal. ,2023. Spatial-temporal
variation characteristics of future extreme precipitati-
on and its elevation dependency over the Qinghai

Tibet Plateau [ J]. Journal of Soil and Water Conser-

vation,37(2) :149—158+216. (in Chinese)

Allan R P. Hawkins E, Bellouin N, ez al.,2021. IPCC,
2021;: Summary for Policymakers [ R]. Cambridge:
Cambridge University Press: 1 — 2. doi: 10. 1017/
9781009157896. 001.

Bernstein L. Bosch P. Canziani O, er al. ., 2008. IPCC,
2007 :Climate change 2007 ; Synthesis report[ R]. Ge-
neva; Switzerland Press; 2 — 4. https://www. ipcc.
ch/report/ard/syr/.

Cui Y, Zhang B, Huang H, et al. , 2020. Identification of
seasonal sub-regions of the drought in the North Chi-
na Plain[ ] ]. Water,12(12) :3447.

Hannachi A, Jolliffe I T, Stephenson D B, ez al. ,2006. In
search of simple structures in climate: Simplifying
EOFs [ ] ]. International Journal of Climatology: A
Journal of the Royal Meteorological Society, 26 (1)
7—28.

Hannachi A, Jolliffe I T, Stephenson D B.2007. Empirical
orthogonal functions and related techniques in atmos-
pheric science: A review[ ] ]. International Journal of
Climatology: A Journal of the Royal Meteorological
Society,27(9):1119—1152.

Kendall M G,1938. A new measure of rankcorrelation[ J].
Biometrika,30(1/2) :81—93.

Lorenz E N,1951. Seasonal and irregular variations of the
Northern Hemisphere sea—level pressure profile[J].
Journal of Atmospheric Sciences,8(1):52—59.

Mann H B, 1945. Nonparametric tests against trend[]J].
Econometrica: Journal of the Econometric Society:
245—259.

Pearson K L, 1901. On lines and planes of closest fit to
systems of points in space[ J]. The London, Edin-
burgh,and Dublin Philosophical Magazine and Jour-
nal of Science,2(11):559—572.

Qiu J,2008. China: The thirdpole[ J]. Nature, 454 (7203) ;
393—397.

Zhang Q,Shen Z,Pokhrel Y,ez al. .2023,Oceanic climate
changes threaten the sustainability of Asia’s water
tower[ ] ]. Nature,615(7950) :87 —93.

( : )



