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Fig. 1 Distribution of water resources subregions and main towns in the Yarlung Zangbo river basin
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Tab.1 Overview of water resources subregions in the Yarlung Zangbo river basin
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Tab. 2 Extreme precipitation indexes in the Yarlung Zangbo river basin
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Fig. 2 Variation trends of annual, wet and dry seasons, and monthly precipitation in the Yarlung Zangbo River Basin
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Tab.3 Overview of monthly precipitation in the Yarlung Zangbo river basin

H bkt H AR K

Aty PHFEKE(mm)  EEH(mm-a) T - s ) FERHLC,
1 7.0 0.1 1989 25.8 2006 0.2 0.77
2 13.5 0.1 2007 31.7 1985 5.0 0.40
3 25.0 0.2 1998 39.2 1990 10.5 0.29
4 37.6 0.3 2016 65.8 2009 213 0.28
5 483 0.5 2000 72.1 1986 27.6 0.23
6 86.8 0.4 2004 122.7 1987 46.0 0.24
7 120.5 0.5 2004 183.4 2015 61.8 0.23
8 111.2 0.4 1998 178.8 1982 53.4 0.26
9 76.8 -0.02 2016 122.5 2009 36.5 0.26
10 28.7 0.01 2013 54.5 1981 8.9 0.39
11 6.3 0.1 2006 16.1 1980 1.0 0.63
12 4.9 -0.1 1997 15.6 1993 0.6 0.14
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Tab.4 Overview of annual, wet and dry season, and monthly precipitation in water resources subregions
in the Yarlung Zangbo river basin
KV AR ES G/ TR ARk

sk WME B R ¥ R AR M e R B B e

(mm) (mm-a') FE (mm) (mm-a') FR (mm) (mm-a') FEL (mm) (mm-a') FE
I-1 330.9 3.3 0.24 211.5 1.9° 0.29 115.4 1.3 0.47 27.2 0.3 0.24
1-2 472.0 -1.8 0.16 3437 2.2 0.18 121.0 0.4 0.38 387 -0.1 0.16
11-1 413.6 2.0 0.18 356.5 1.0 0.20 49.5 0.9° 0.37 33.8 0.2 0.18
11-2 394.2 2.3 0.21 357.4 1.5 0.22 29.3 0.7 0.48 322 0.2 0.21
11-3 528.6 3.5 0.18 456.9 2.3 0.18 62.9 1.1 0.33 433 0.3 0.18
11-4 530.2 4.5 0.18 434.5 2.9 0.20 86.9 1.5 0.29 43.4 0.4 0.18
1I-5 698.5 34 0.16 574.0 2.0 0.17 113.6 1.4 0.23 57.3 0.3 0.16
1I-1 759.1 -4.1 0.14 546.5 3.7 0.16 201.6 0.3 0.18 623 -03° 0.14
-2 1356.1 1.4 0.17 870.6  12.0° 0.24 4663  -0.8 0.19 111.4 0.9 0.17

%, BARFISA0IX, B RxTday &b, J3IXI-2 B WAE S8 bR /M . ZrIXT-2, I
1. -2, TI-1 89 H RBEER BRI 2 PR, 7 XI-4, 11-2 59 H R EFE PRI 2
F LT, X WA YT H R 5 4 7 R AR S B M A48 o P el a3
3.2.2 BMEIEFRATEIZSML4EE  1979—2018 AF T & i A V137 dul B /K (280 (46 A sk ) 22 4 T
4, ot B K B B (38 b B AR S5 S i ol a3, (AFE a3 /N R v B R 225
AN H FE7K B (PRCPTOT) U 875 FEl 4 370.3~650.0 mm, #E{KLL2.4 mm-a ' 4
PRE FTF, ZAEMEM CAES S 517.9 mm. 0.05, Bk E (R95p) KRR R
F BT, ZAEREM CAESN M 138.1 mm. 0.11, B R K B 2 5 4R FE K 1 1)
24%., FFERIEHEL (CWD) R EAN R E A, ZEMEM CAES BN 49.2 d,
0.08, L HE Rk ZEPEEEN6—9 H . MK HE (R10) BIAERNTEE T
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Fig. 3 Variation trends of precipitation extremum indexes in the Yarlung Zangbo river basin
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Tab. 5 Overview of precipitation extremum indexes in water resources subregions in the Yarlung Zangbo river basin
KT Rxlday Rx7day Rx3hour Rx12hour

P T T A I T R N T T TR T
(mm) (mm-a') ZFEL (mm) (mm-a’') ZFEL (mm) (mm-a’') ZFRE (mm) (mm-a"') ZFEL

I-1 19.6 0.03 0.59 40.4 0.3 0.39 7.8 0.2 0.54 14.9 0.4 0.50
1-2 213 -0.2 0.64 53.7 -0.4" 0.30 8.0 0.2' 0.55 15.8 0.3 0.43
1I-1 16.5 -0.1 0.30 55.8 -0.3 0.24 7.1 0.1 0.42 16.2 0.3 0.37
-2 13.5 -0.1 0.17 55.8 -0.2 0.20 5.1 0.1 0.37 13.1 0.2 0.31
1I-3 14.9 0.03 0.18 57.1 0.2 0.14 6.1 0.1" 0.37 16.1 0.3 0.32
-4 16.4 0.2° 0.28 61.3 0.5 0.23 52 0.1 0.32 13.6 0.3 0.34
1I-5 18.8 0.1 0.20 72.0 0.3 0.21 7.2 0.1 0.31 19.9 0.3 0.28
1I-1 19.5 -0.1 0.31 69.7 -0.6' 0.28 6.3 0.1 0.43 15.4 0.1" 0.24
m-2 418 0.9 0.50 130.9 45 0.26 12.8 0.4 0.48 30.3 0.9 0.40

A, ZAEYMEM CAES AN 1.7 d, 0.07, Hif, 19904F | 19924F | 1994 4F | 2001 4F
2005—20064F . 2010—2011 4E5 %7K HEh 0,

AT AR VLI 9 43 X I B K B (E FE PR L6 6, F R IE IX T2 [a] L 3iE53 IX 1-
1, 2 BIEFEPRIERA L A AR PG ESeEA . JE8m ., s kas, BIRE4A4 5
X, LW IXI-1 B85 BRE TR bRt i MBI IXT-2 . FU#Esr IXII-1 145 BB FE i s
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Fig. 4 Variation trends of precipitation threshold indexes in the Yarlung Zangbo River Basin
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Tab. 6 Overview of precipitation threshold indexes in water resources subregions in the Yarlung Zangbo river basin

PRCPTOT R95p CWD R10

L)
7%%5 i e ARk W % Ax e R Tk W e A
(mm) (mm-a') FRE (mm) (mm-a') FR (mm) (mm-a') FEL (mm) (mm-a') FEL
I-1 274.5 2.8 0.28 129.2 1.0° 0.28 11.8 0.1 0.37 2.6 0.04 0.77
1-2 421.6 -2.3" 0.18 163.8 -0.7 0.21 23.8 -0.03 0.51 4.5 -0.1 0.66
1I-1 365.8 1.6 0.21 156.8 -0.1 0.17 23.6 0.2 0.41 4.9 0.01 0.63
-2 352.2 2.0 0.24 152.6  -0.03 0.17 214 0.02 0.42 4.5 -0.1 0.68
1I-3 482.4 3.2 0.20 167.6 0.5 0.13 24.6 0.3 0.44 5.5 0.1 0.53
11-4 469.0 4.4 0.22 168.6 1.1 0.19 28.4 0.3 0.39 5.8 0.1 0.64
1I-5 650.1 3.4 0.17 210.7 0.6 0.14 273 0.2 0.37 12.1 0.1 0.42
1II-1 710.5 -4.2 0.15 2040 -1.9 0.21 33.0 -0.1 0.39 9.7 -0.2 0.55

-2 1308.4 11.6" 0.18 3943 43" 0.22 38.1 0.5 0.34 37.7 0.5 0.29

RS, HRF XI-1 /9 PRCPTOT, R95p. R10 FREHHAEE . FiFa X112 £
S BETRR A ERE, AR B FTHEE

4

4.1 £ .TiBZ=5AME/KES 8597 FFIE
1979—2018 4 A6l AR VLA AT R /K i 25 (0] 40 A7 DL Sa, 284K A, AFRE K S B
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Fig. 5 Spatial distribution of annual, wet and dry seasons, and monthly precipitation in the Yarlung Zangbo river basin
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Fig. 6 Spatial distribution of precipitation extremum indexes in the Yarlung Zangbo river basin
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Fig. 7 Spatial distribution of precipitation threshold indexes in the Yarlung Zangbo river basin

RINFERTIHFA T RN W] JEPEBREI PG & (NHSH)  FEFER R i
(NHPV) JEAEILFBR I AR SR, AR A HE 5 IR AT ¥ Sl e /K AL e HAT 35
AU S | A S SN A N | S 2 NETR © 2 N v 5= O IR T VA o4 N | S 218 S 2
JEHRRS A B R AEAR A A S Rt o

EEBOMTLIMEAE . TR ARKEREH /N RPER SmEE KA bR -5 R R R
AR TR BILR T, F 5. HRBRKES SRR T2 EMC, BY
JeF R AL U BRI SR B RSB W DR DG . A KA b 5 R R A 1
TEFEVE LA 2SR . FRRx1day 8, HAMmIK GRS 10 BRI AR . JbF Bk i
SR EEFERCR UG, HHAR RN T2 IEARSC ., ATLAHERT, 4 NHSH 038 5 NHPV
By, HEE R T IEAE 2 Mmoo

RT BEEMLIRBRKSXSHRRERFHXER

Tab. 7 Relationships between precipitation and atmospheric circulation factors in the Yarlung Zangbo river basin
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Spatio-temporal variation of precipitation
in the Yarlung Zangbo river basin

ZHANG Yihui"*, LIU Changming', LIANG Kang', LYU Jinxin"*

(1. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of
Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The Yarlung Zangbo river basin (YZRB) is sensitive to global climate change. The
precipitation changes in the YZRB have a great impact on the evolutions of water system,
ecosystem and mountain disaster system on the Qinghai-Tibet Plateau. In this study, we divided
three water resources regions of the YZRB into nine subregions through hydrological analysis.
Based on precipitation data within the YZRB from 1979 to 2018, we examined the spatio-
temporal variations of precipitation at annual, wet and dry seasons, monthly scales, daily and
hourly extreme precipitation in the study area and its nine subregions. We further discussed the
correlation between precipitation and typical large-scale atmospheric circulation factors. The
results showed that: (1) From 1979 to 2018, at the whole basin scale, precipitation at each time
scale showed an overall upward trend. Among them, annual precipitation showed the largest
increasing trend of 2.5 mm -+ a”'. Annual precipitation, dry and wet precipitation, and typical
hourly scale extreme precipitation (Rx3hour and Rx12hour) increased significantly at the 95%
confidence level. At the regional scale, the variation trend of precipitation at different time
scales in each subregion showed more obvious inconsistencies. Except for the increasing trend
of hourly scale extreme precipitation, the trends of precipitation in all the subregions were
different. (2) There was an obvious spatial heterogeneity of precipitation in the YZRB, and the
spatial heterogeneity of precipitation did increase with the shortening of the precipitation time
scale. The precipitation at each time scale showed a gradual decreasing trend from the east to
the west. The southeastern part of the YZRB (i.e. subregion III-2) had been the center of high
value, and the central and western parts (i.e. subregions [-2 and II-1) had a regional high value
center. (3) The Northern Hemisphere Subtropical High (NHSH) and the Northern Hemisphere
Polar Vortex (NHPV) had significant effects on precipitation changes. The results can help us
to understand the characteristics of local precipitation at multiple scales, and provide a
scientific basis for water cycle research, water resources development and utilization, and
prevention of flash flood disasters in the YZRB and the Qinghai-Tibet Plateau.

Keywords: Qinghai- Tibet Plateau; Yarlung Zangbo river; extreme precipitation; spatio-
temporal variation; water resources region; atmospheric circulation factor



