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Abstract

The Yarlung Zangbo Grand Canyon, located in the south of the Qinghai Tibet Plateau, is the main
channel for monsoon water vapor from the Bay of Bengal to the Qinghai Tibet Plateau. This study
utilized a resolution of 0.125° x 0.125° at ERA-Interim reanalysis data to elucidate the spatiotempor-
al variation characteristics of water vapor transport and water vapor budget in the Yarlung Zangbo
Grand Canyon region at different time scales (year, season, and month). The results show that: (1)
the distribution of precipitation is concentrated on the south side of the Yarlung Zangbo Grand Can-
yon, with the highest precipitation in summer and the lowest in winter; the Qinghai Tibet Plateau is
a water vapor sink in summer; in summer, the spatial distribution of precipitable water in the
southeast of the basin presents an inverted “U” shape, and the water vapor flux is significantly af-
fected by the water vapor transport belt in the Bay of Bengal; in terms of space, the southeast of the
Grand Canyon shows a weak downward trend, with an overall upward trend in annual precipitation,
and the most obvious increase trend in summer precipitation; in terms of time variation, except for
autumn, the other three seasons have an upward trend in precipitable water. (2) The southern and
western boundaries of the Yarlung Zangbo Grand Canyon region are the main water vapor input
boundaries. In the past 29 years, the water vapor budget in the Yarlung Zangbo Grand Canyon region
has not fluctuated much and shows a decreasing trend; the lower atmosphere is mainly water vapor
input, the middle atmosphere is water vapor output, and the upper atmosphere water vapor budget
is roughly equal and close to 0. (3) The enhanced cyclonic water vapor transport flux in the southeas-
tern part of the Qinghai Tibet Plateau in summer is imported from the southwest of the Grand Can-
yon, resulting in more precipitation and water vapor flux in the Grand Canyon during the summer.
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T 9 e AL T A E P R, Rt R s R, B RRR A EREE =, MBI R A, RS
TR IR S IX o T 7 75 5 e iR AR i S O B R AR VLA, IR N — A3 R s, MU SO R AT
TLREZY, MBI L) 500 AR, REM 2 ARF] 6 ARASE, hlaf —AMRKID sy, Kk
5 MEE AL ) S 2 N 2R P 1) o 3XAN RIS T A 1 N i I 25 A 5 A ¥ (BOPRAT B S R T ) () /K VA
18 T 5 252 RO KRSk B 2R 50 e J (R 8 3, 2008) [1]

X T HE G TR AT U2 i X KA AT, AT AN A HUR T AR BT EE 3 HES kAR Vb X (1 B /K G
EaBHUEERKEZ, KIREERIE A MG IS, A EERERRIG 055 R AEAKR
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I, KRS A B B R (BB ) AR A6 7 i, BIAVE RS A VL UG 1 b, Fi R ik
24(29.5°N)# a) 78 b ik b N5 60 5 SR AR S (1R 5 55, 1987) [3].

MEE AT VLI AR AE N R 2 B R R BE . 2R R MILEER, 550 R /3]
JIER . ZRGE ) B Inhr i 1 X (KSRGS VIR DG . FEL I A b ) 75 5 i Ji A2 A R fe it HL fe 52
FIIERIX, HRLAT R, XA, 4T TR . CARSHARME, &5 e
FLIE 0 X AR LEAR A, 7 B ey Ji B30 AR OSBRI B S R = MR AT R I AN R AE . RIS 55
W AE T B RARAE AR NP SO, TE T BB AR RR N d IRl 2 Hosgm, FEVL /IS KA
ATk SR AR 2 BB A 2T AR AT AR AR o AR SO ] B AT VIR K VS PR 2T MR AR S5 — 2P 1)
HF 7R o

MANTR] i BE BT, A AR 22 A 8 O IE B, JHE AT USRS T R T R e i 114 3 B R KUK s
P55 (1987) [31F17R3(1985) [1]HIH 1983 4F 7~8 H B m BRI BLRE,  bLEL 1 & 78 Am Rk 2 P i 5 75 7R
R ML E R, 750 hPa DL B RKVA IS SR, SRRW, FEG A RS b2 B2 KK e
Fk e o T AT S5 AR T A IR B G uh s, k&5 2016) (218 1979~2007 3 A ) =~ F-73#r
BiEde, #—3 048 TIRZ(1000~600 hPa). HJZ(600~400 hPa)fili /= (400~300 hPa) /K%, HE T
MEE AT IR T B RKVEIE . T REA EH P RA L0, s ETHE s A R RAK
VRIIHTIEZEINAE 500 hPa I HAH 25 1 1 6 SR K K% (Sun L er al., 2022) [4], FUK 258 58 T 5 A5
RIRABFE KRR LS ZE 2 AT, SRS RIS T8 1K, R C ) 8 id HE E A K
U7 PR K VR I8 R e 5 AT DU 2 1 B /K B DG B, T i J2 e o 5 AT e 7 P 7K e et 7 i e
ZR B A K R TE B D B (Yuan Xu et al., 2023) [5].

BN R K S i 5 7KV O R 1 In) AR A O, AT REWHIT. W70 R 0 1 e [X P 40
7K EIE £ S E IZI X R 8K, BIRAAME . FolnRs . FEiERn o oo DU A3 B I /K 75 A 7
A SN v SR T R K, R P b X B R K 1) 2 K POR IR (IR S, 2012) [6]. SR EENEFEME
INBLE KSR B AR, R DX (1 5 R, B R 2 5 A A Ry 1) S e 2KV s
SRR R AR LSS R 2 KRS, P KERZ (Lei Feng et al., 2012) [7].

AU TR 1989~2018 BRHH 0o (19 FF 73BT GOk, 43 HE 68 AT e 73 1 X 4 L DY 2R K< mT Bk &2
KBRS S 8 125 (M 00 A SAE N FEBR R AR, SRAF IS AT R 73 b X K VRIS REAE s AP K
IR BT DUZRKIRISSE (4 A RAEBR AR R AE . 3R BUEAFAE,  SRAF %M XKV 3 AU SE (1 s
SAFAGHEAE o AT 8 715 TR G5 R AT I 25 1 DX /K PR s, SRAS 2 X KR B ik RS S A i 5 AR AL ARRAE
2. RS E
2.1. SERIBER

AEE AT VLR T 75 e B e 30, FLRTTER I AL A0 KR ik S 5 Rt bl ik, 40 Sl
e FRgM oK AR NS, ABM 53K AR i . e SR KR R ERIE TP G
INPLEACES . BTh A K B 4 FoKIOEE . 1R e i B R 4, A R A TE T AT VL Ak
TR P HF KRB 7T, A5 o2 b S e HE UK VR SRV DL R i A%, s B K e vall, I
B 1, RSCERPERIT ALKk VS B R, FLi% e FE S iAn R4 X 313G ] 92°E~98°E, 27°N~33°N.

ECMWF (European Centre for Medium-Range Weather Fasts)Z Bk 5 5T BRI o R RS Fiidi
HCe, 12 EHR AR I WA EOE (R R G AT O ARG AR B AT “ B A7, AT Rk
HKA S ARG A DS 52 o ERA-Interim 575 B 2088 S 76 KSR U R ¥ A6 L L 1E R, H
AR TERIE T8 X 38 18 RG22 X i T 45 SR 3 O K2 . Bao S5 [8]26 T 1998 4R 55 — IR ik i JE Bl 2% %
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Figure 1. Topographic map of the study area (unit: m), the black box represents the Yarlung Zangbo Grand Canyon, the
black line is the Yarlung Zangbo River
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DR BRI 7 N, VAR b B R P A P R T RN, SRR AR A s, B R .

40N 100kg/(m*s)[ ,
kgs
> — — N
30N . ., . .- %

e

B —

60E 80E 100E

Figure 2. The spatial distribution of annual average precipitation (colored, unit: kg's ') and average water vapor flux (arrow, unit:
100 kg'm™"s™") in the Yarlung Zangbo Grand Canyon region. The black box in the figure represents the Yarlung Zangbo Grand
Canyon, the black thin line is the border of the Qinghai Tibet Plateau, and the black thick line is the Yarlung Zangbo River

2. BEFAREAS X REERPIARKEGER, B kgs MEERIICIBEEL, B4: 100kgm's™)
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VUZRf T B K SR A I 3, IR ARZ VD HIRHE, B s A AR ] Bk &3 5 0 o A LE R IR
FA BRI — i AP S Bt X, HRISUZR B ] Bk A DU s 2 e “U” B iE s A, B
R S [ RE 5 2 4R P I ] BOK & 25 18] A AR OR R — 3. 2552 i SORE A W A 4 ) A bl -
G IRATLI A PRV IE 52, IS T oK B 2 . RN, PIROKE R RILE AR W i iE D HE
s, BEABEKERNZ . P I HEEE 4 R I Wrsob, AR FE ORI X 3 T
IKEA I [RII5Z B BE ARG IR AR s, B ma KV bl ) PR R%, S EURETL IR 90°E 11 78
£ 87°E XI/KIR R G 2 (Z ik, 2022) [10].

BZKRFM, BEREBKEERHG, THELAS, HEEREZHXEES, 25 FEHIE YR HE
SO R, ARLEARHIE 7 AR, HEN KIS 6 R K VOB RN 7 N P rg o (AR R IZ, 1EHE
B BT LIS e 0 2 0 v P AL B DX, T 7 — AME AL T 88°E e A A SO (CURR BN A  FLIR,
TE o IR X A5k P 1 i JRGK VA s 5 mi S 78 XU Sk (R /K VRAE e SRS RIS UL A, EE - 3EFEEA T,
{545 B SR 78 R AU KV RS S K. fER 2R, ENETIREE KR, KEKRMEI RIS A h 3
R TAT R N5 AT U2 T P 50, T2 R B e R /K B B 5 LV 1) AR AN 5K, PR IR AR R AR T A
SR FR) P i IR ) K PRSI T, D ER S KR A T e SR 7 ) R TE T )R] IS AN 7 k2> 5 s N ORIl 24 11 e i
Tt FRERIIZKIRE B2 B BE R U S S5 50 W T b, AR As e — AR, PSR SR s, ERE
el b AR — B R R e e AU, PR, TEGR, KIREERD, SEUKIRHNE
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Figure 3. The spatial distribution of overall average precipitable water (colored, kg's ') and overall water vapor flux (arrow,
100 kg'm "s") in the Yarlung Zangbo Grand Canyon region in spring (Figure a), summer (Figure b), autumn (Figure c), and
winter (Figure d)
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Figure 4. The vertical spatial distribution of summer precipitable water (colored, kg's ') and water vapor flux (arrow, 100 kg
m "s™') in the YarlungZangbo Grand Canyon region at three levels (upper level (Figure a): 300~400 hPa, middle level (Fig-
ure b): 400~600 hPa, and lower level (Figure c): 600~1000 hPa)
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Figure 5. Trend chart of annual average precipitable water in the Yarlung Zangbo Grand Canyon region (colored, unit:
kg's >a '), with the dotted area passing 99% significance test
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Figure 6. Trends in Average Precipitation in the Yarlung Zangbo Grand Canyon Region in Spring (Figure a), Summer (Fig-
ure b), Autumn (Figure c), and Winter (Figure d) (colored, kg-s >a ')
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Figure 7. Time series (black solid line), linear trend (black dashed line) (a), and regional average monthly daily precipitation
(kg s2) in the Yarlung Zangbo Grand Canyon region from 1989 to 2018 (b)
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Figure 8. The time series (black solid line) and linear trend (black dashed line) of average precipitable water (kg's %) in
spring (Figure a), summer (Figure b), autumn (Figure c¢), and winter (Figure d) of the Yarlung Zangbo Grand Canyon region
from 1989 to 2018
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Figure 9. Annual (a) and monthly (b) changes in the average water vapor budget (unit: 10°kg's ') and net budget (unit: 10°
kg's ') of each boundary in the Yarlung Zangbo Grand Canyon region from 1989 to 2018: eastern boundary (27°~33°N,
98°E), western boundary (27°~33°N, 92°E), northern boundary (33°N, 92°~98°E), and southern boundary (27°N, 92°~98°E)
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Figure 10. Vertical variation of average water vapor budget (unit: 105 kg-s™') at four boundaries in the Yarlung Zangbo
Grand Canyon region in spring (Figure a), summer (Figure b), autumn (Figure c), and winter (Figure d)
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Figure 11. Time Series of Average Summer Precipitation (Unit: mm) in the Yarlung Zangbo Grand Canyon Region from
1989 t0 2018
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Figure 12. The spatial distribution of the difference in precipitable water (shadow, unit: kg's %) and water vapor flux (arrow,
unit: 5 kg'm s ") between the high and low summer precipitation years (1998) and the low summer precipitation years
(2013) in the Yarlung Zangbo Grand Canyon region at three levels (upper level (Figure a): 300~400 hPa, middle level (Fig-
ure b): 400~600 hPa, and lower level (Figure c): 600~1000 hPa)
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