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A review of the studies on extreme precipitation in the complex

terrain region on the eastern side of the Tibetan Plateau

CHEN Quanliang, LIU Hao, HU Miao, GE Fei, LI Yang

(1. College of Atmospheric Science/Plateau Atmosphere and Environment Key Laboratory of Sichuan Province,
Chengdu University of Information Technology, Chengdu 610225)

Abstract: The eastern side of the Tibetan Plateau is characterized by its variable terrain with dramatic elevation changes. The extreme pre-
cipitation in areas with steep and complex terrain can directly threaten the Tibetan Plateau and downstream regions with meteorological and
subsequent geological disasters. The unique topography and geographical position of this area bring significant challenges to understanding
extreme precipitation. For extreme precipitation in the complex terrain region on the eastern side of the Tibetan Plateau, a review of recent
advances over the past decade was achieved in this paper. Different research areas are summarized, including precipitation observations and
analysis using new methods, characteristics of climate evolution and synergistic mechanisms of extreme precipitation, cloud—precipitation
physical characteristics and forecast simulations, as well as climate projections. On the scientific issues worth paying attention to and consid-
ering in the future of extreme precipitation research in complex terrain areas of the Tibetan Plateau, this paper also looks forward to several
aspects of the related studies, such as combining machine learning methods with multi—source precipitation data and the applicability of pre-
cipitation data, climate change characteristics of extreme precipitation events and the mechanisms related to local weather systems and
large—scale circulation anomalies, cloud macroscopic characteristics and microphysical characteristics over the Tibetan Plateau, evaluation
of climate model performance for historical periods and projection of future extreme precipitation simulation.
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4,2019). [HAE, T EHIE 220, T80
T3k ps7 ) 3O S b LN = A e AR (SR 21 55,
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INEEAE 2019 FEBE 45, 2021), AR, BRI FE K 25 5
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JE 2 000 P4 P i R 0 PG R 5 e, DR 9 3 v A IX
THAESE,2018), AN 2019 4P 1] “8 207 5 B /K H F %
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T R e J AR M A2 2% b T DX AR it 6 7K i A5 AR i RN B
PUERAIRAMTSE , BT R BRI TB 9¢ 08 9 FlAE A DR
PEOL T B A PR S, ] R S K
TR AR S . U 10 a2k, B NSNS TR
B EO T AR B v 1 R s S R K B
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gl ¥ $% 4E (China Meteorological Forcing Dataset,
CMFD) ., 3 [ S e T oo il FTTE AR H AR SRAT 1 F K
72 f (Climate Prediction Center morphing method,
CMORPH) F1#4HT B A UL 31 %1l (Tropical Rainfall Mea-
suring Mission, TRMM) A A K B (Chen et al., 2018;
Lundquist et al.,2019; Gao et al.,2020). Ou £(2020)E2
RA—E T s i 8l B RO o i Bt 4 L i 8
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R 7K B 45 5 5 (Hong et al., 2021 ; Ma et al., 2021;
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Rl KK 2215 TLAR [ K I ERAS F0 A [ K S5 4K
PTG | Bl B AR S MR ke = M IX AR
KA o R —5F(2023)X] L TR BE 2% 2 ik h i 4
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PR~ J5 v 9 ANN B335 A K I Ge 1 5 2P i
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Rl BT X i e D 22 DR K (s AR TR Bl
R FRUE) Rl K SO R RCR: , 45 2R 78 CNIN il
Wef A S TE AT i 22 LA K 37 A DG 55 D7 Tl ¥4 0 T ANN
5 ETC R K Hds .
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UEAER, VI 20238 % 75 7 o 5t DX I K 58 i
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spective analysis for Research and Applications, MER-
RA) F A0 15000 5 55 F 53 H7 (Climate Forecast System
Reanalysis, CFSR)%5 2 EH/3 Hrficdhs , R vt 5 LA
i1+ B NCEP F-53 MK 7K 36 43 7 (Climate Predic-
tion Center Merged Analysis of Precipitation, CMAP), 4=
BR [ K S A5 71K (Global Precipitation Climatology Proj-
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H . H K E R L (Wang and Zeng, 2012; You
et al.,2015; IG5 45, 2022) JEAEK 55 R
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Fig. 1 (a) The 500 hPa height field anomalies and (b) correlation coefficients distribution of first mode of SVD analysis of exireme summer precipitation

anomalies on the eastern side of the Tibetan Plateau, with the dotted area indicating the 90% significance level (Chen et al., 2022h)
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SR RRS TGO B B B e AT A
LR B E A Ot R E s EREME L ER LT
FRAE B ZE 5 245401 16 0 A LU Rl AT 3 K, 42

D) B R o) AR R AR A R R R VI R R X
Teng %5(2022)FE T 1998—2015 4 TRMM T & £ 4k , W
GE T e i B LA R PRRRAE , 2 B 60% T 98K =
JE IR 2 KNI A 18 kmx 15 km, TE ALK T 100 kmx
90 km ) 5 /b F 1% , L ARA T KR AR TN 2
[, B T 58 2 4 0.5~6.0 mm - h™' o XUZ MRS (2018) [l 5
T & N A 3 F CloudSat/CALIPSO (Cloud Sat—Cloud
Aerosol Lidar and Infrared Pathfinder Satellite Observa-
tions) LA FR LR it = M LS5 2, % = it L
AT 5 F R IE A = T BRAFAE A T IR A5 3 FE =
i ST AR | B A AR BT TN 2R XL
DXy Al DX 5 B2 2R X 2 A v v, PR s R A % e
5, 5 IS ELE Bk = BB FiE oo 2, 2R



WRELSE , 45 « 75 7 e D 2 0 52 23 2 XA S ek AR 5 0 e 259

30°W 0° 30°E 60°E

90°E 120°E 150°E

P 2 SCA 3B AH IR M) T 9% 25 S5 A I 38 Z Wi i A K 18 4 BRI L 7 2 PR (AL C 0 3113871 500 hPa %5
JET (8 57 SRR “UE(Chen et al., 2022b))

Fig. 2 Schematic diagram of the physical mechanism for the influence of SCA teleconnection on extreme summer precipitation on the Eastern Side of the

Tibetan Plateau (A, C represents abnormal anticyclones and cyclones on the 500 hPa isobaric surface, respectively (Chen et al., 2022h))
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5506 2 1A S (R B X I = 7= A (B i 2022)
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IK(5.8%)c T ek e B 2 8 A AR o S L DX A 7K i S5 R A
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SR, 75 6K o JEr A< S b DX AR X 48 55 B R 2 2 FH TR
TEBUIXT I = e AT R (7, 2022) . Y VB 45(2021)
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Fig. 3 Spatial patterns of the (a—c) PRCPTOT, (d—f) R10mm, (g—i) R95p, (k—m) Rx1day of the extreme precipitation from (left column) low—resolution, (middle
column) high—resolution models of the CMIP6 HighResMIP and (right—column) GPCP observations over the Tibetan Plateau during 1998-2014.

Corr indicates the spatial correlation coefficient between CMIP6 HighResMIP models and GPCP observations (Chen et al., 2022a)
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T g S A AR AL 25 S T A, R IR R AR (Y
A AR b R i o2 7K v i S B A P b — A
TR I 2 [0 ey, B R it AR 7K 14 370 2 2R 4
A3k 0.6 L Lo SR, i AR SR 7 1 s
F1%) 21 T 000 R DRI L JK B 30 ) A X 0 i 28 7K i AR A 4
B VA 227 o (HIE , i 0 FE R O 4 TR0
AT T R B X 1 PRCPTOT P 22 R % T
31% , M i 5 7K £ ROSp B4DU 25 T % T 14% , Rx1day
R 22 R R T 10% (1813). R, 42T HE R K SE 4
BT DL — 2 R 1 RN s it ] 3 b DX AR o
Ra K AR 22 (Chen et al.,2022a; Jin et al., 2023),
4.2 EH SR MR K B AR SR

XoF T 7 e S AR A i K A SR TiA , H T2
L) CMIP6 A1 5o HL 1R (Scenario Model In-
tercomparison , ScenarioMIP) K FF JE 57 . 2 ML)
S AR 20 4 PER B R I HighResMIP H R A5 X 40 B
R(KREZDPER A 0.5 ©), (A A] LUABFFE AR A [F] HE
JHCTEG B 7 e i DX AR i 826 7K ) 72 Ak B AR T AT
P FE . CMIPO A2 S F B, 7 K ey Dl DX R R
KR S BRI H , A K A 3 30 /N T e U A
(WRH45 2021 s SREETE 45, 2022) , i HEC 5y 28 Ak i
PR T TG HE AL 5t (Wang et al., 2021); 76 K 2=
Bl K, A I R /N (ETRIN ATEA F , 2024) Ak
AR R R 1 0 B L FR TR R ST, B K AR A
AN S P KA DX A5 T 7 80 e Dt P 9 (1 T A, 2021)
FEAN ) B J1 AN [T HE OIS S i XA PS4 Rk
AR A R A ] 22 7 40K (Wang et al., 2018) X T
T e D DX AR it AR A ) A R LA e B, W s R /K 7
AR AR AR 5L B T84 3 (Zhou et al., 2014; Wen et al.,
2016; Veiga and Yuan,2021). 5= [ H A H XA EE
TR e D b DX A DA AR i A K A3 114 3 45 ok .
(Wang et al., 2022). %% 7K 45 % (PRCPTOT, R95p,
CWD) 3R 22 52 B HS R PG b 1] A< B 2 B/ ) ) 225 (1]
I3 A HRIE (Gao et al., 20185 5K L 2F,2023). 7E 21 1
20K, 1 ML DX RN 2R it A 7K R (RS p) 1 14 i i 32 e
TN S 1 T v AR K (R, 2023). 42 ERAR W 15 F)
1.5 °C.2 °C I3 °C it T+ A I, Bl & HE A 5y hn
S, T g LA i A K A% (R10 mm, R20 mm) | 38 J&
(Rx1day , RO5p) FIHFLER [AI(CWD, CDD)AYASfb BB i
i 8 K (You et al., 2020; Airiken et al.,2023), 74 Fg Fll
T e U X Y B 5 7K (R95p , R10 mm) FIHFEE R /K
(Rx5day, CWD)}¥4 £ (Yang et al.,2018). 7E 75 i = L 42
T B PO A S S X, R R NS R K AR A A
SR AN A D | 4z I ) 4 e R R G KL [
R, o K 5 Vi A o 22 I A A S 3 M Sk | it

Il X A S5 F 7K 518 B (Rx T hr, Rx3hr, Rx6hr) A 1 5y
W E Y Sz X R A it B K AR TR A 355
A3 B L ELFZ I R 2R (Ma et al.,2023).

5 RE

T 10 a 2K 56 T3 9 i S AR MR o Rk 2, 2
T R 7K B8 ORI 43 AT 7 9 A i B8 7K YA SRR RTATL
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MrAFFFE | U T 5 R AU S LR LA S B Rl
[ A«
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