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2013; Wu et al, 2019) . #R1M, 7 & 5 —<AH HAE
FHRIEGE R, ARG 238 56 1 W0 R8N, 52 M 4 it A 7K
X 75 5 B AY MMt ¢ & (Suriano and Leathers,
2017) T o JA S b X b Ak v 5 B P XA IR
N2 XURE i A 2o 0 T S BRI R GE RUK VORI T
% 24 (Yang et al, 2023; Yao et al, 2013), NIE A
iR TS e AR i 38 K R 1 FRTATL AR A b 6] i i rh
S Bk 25 DX AR it o K T 1 T RO R AU
PR EA R W= S S s T2 N [ = 0 N W L O
SN R IE R 25 5

E2 S N (2 VI N T[S 56 22 N e N/ M S 3 S VRO 3 -9
o D TS A 2 DXl B i o 7K S5 e P R X
A Bl TR 7 6 e S r S DX I A0 i A KRR
AR B AR . A, T R v R
DX 3 R s A 7 A HE 9 Ko T 8 TP S T X AR
F TR T KT, DL e 388 55 77 9 v B 3 7K B R
RIS L AR IRBEORA | Bl I 5 I S [
(1) RS IR X RE Ty HAT B X

2 AR XML

FRHE HT B9 BFFE (Wu et al, 2019; Zhang et al,
2021) , A SCHE U K e Jit v 3 1l DX L Dy 86°E—
93°E, 29°N—33°N (U 1 450 )5 HE i s X 3) , H:
HbAh VU 6 DX R e RN X, A7 B R W2
B R 2R, P XU 45 2 8 R G AR . 1%
DX 35l b T b 50 50 52 2% L S O - AT VLA M
IXRIT LI A T R R LR B ARG, B e 34k
AT ZK R bty , JEF 2 e Rl k. e B
TRIIIA A A, AU G 100 km? Y IIA £ 35 19 4,
JHLC e e PR R 0 AR T AN TR T s D 3 T T
FRHER 55 2 0 A5 3407

3 HIEHRMH. BEHERKXMTE

3.1 HIEAER

(1) BEAKEAE

AR LA A o K BIOCHE B F AR52 ol i O
FIRE SSBCHE o A5 0 A O0 D 50 A F Y8 5 7 e R
YIAREE I 2 B R SR A WA s i AR B R
B B 4 (3 15037 o 30°45' N, 90°56'E) , fU7%
2005 4F 10 H % 2016 4F 12 J B <IR  SE . AHRHE



o LR oA

53 JE A P 45 < AN T] 24 R U WA BN 5

R 1y JErL H T A 2 X S AR it A K (1) 5 T 1191

BRI 7w B (a) s B s i X (b ) PR 5 8 (A . m)
075 HE Sy i D v S X PSR R TRD )
Fig. 1 The topographic height of the Qinghai-Xizang Plateau (a) and central Qinghai-Xizang Plateau (b). Unit: m.

The purple box is the range of the central Qinghai-Xizang Plateau (the same as after)
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RO E ML (Von, 2007) . IE4EK, S REE
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S BUHESE (Tang et al, 2021; Xu et al, 2023; Zeng et
al, 2023),
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Fig. 2 Spatial distribution of autumn precipitation averaged (a, unit: mm-a™*), 95 percentile threshold of extreme precipitation in
autumn [b, unit: mm-(3h)*], autumn precipitation induced by regional extreme rainfall events averaged (c, unit: mm-a®),
occurrence probability of extreme precipitation under regional extreme rainfall events (d, unit: %), contribution rate of
regional extreme event precipitation to the total precipitation in autumn (e, unit: %), and long term trends of the
occurrences of extreme precipitation under regional extreme rainfall events [ f, unit: (10a)™] during
1979—2018. The dots in (e) and (f) indicate the statistical significance of 0. 05 level
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Fig. 3 Spatial distribution of precipitation amount [ colored, unit: mm-(3h)™] and 500 hPa wind field (vector, unit m-s™) under

different dominant synoptic patterns. The white dots indicate the regions where the probability of extreme precipitation occurrence

exceeds 15% under each synoptic pattern. The number in parentheses in each subgraph is the proportion

of the occurrences of each weather type to the total occurrences of regional extreme

precipitation events. Black lines identify the boundary of lakes
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CPRES . AR o B FSORS S 1 N I o A B 1A
e AR i e K e FE AR AT IX A3 A HfE DU P3 AU
DX Sl P R i R K T R 5 VAR Bk R Y, TS
SEBEA RN i 2 — 25 BIE

P14 25 T DX IR Al it B K T 4% 4 R
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() HAth 22 52 A Bk (You et al, 2015) .
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Fig. 4 The occurrence number of the regional extreme precip-
itation events in the central Qinghai-Xizang Plateau during the
Autumns of 1979 to 2018. The numbers in parentheses
indicate the proportion of the occurrence of each
synoptic pattern to the total occurrence of
regional extreme precipitation events
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(a) P1200 hPa, (h) P2 200 hPa, (c) P3 200 hPa, (d) P1500 hPa, (e) P2 500 hPa, (f) P3500 hPa,
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Fig. 5 Large-scale circulation configuration of 200 hPa and 500 hPa under each synoptic pattern of regional extreme precipitation,

geopotential height (contour line, unit: dagpm), wind field (vector, unit: m-s™) and extreme precipitation occurrence
probability (shadings, unit: %). (a) P1200 hPa, (b) P2 200 hPa, (c) P3 200 hPa, (d) P1500 hPa, (e) P2 500 hPa,
(f) P3 500 hPa. Purple box indicates the range of the central Qinghai-Xizang Plateau, and yellow thick

solid line shows the boundary of the Qinghai-Xizang Plateau
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Fig. 6 The differences between the composite mean large-scale circulation of 200 hPa and 500 hPa under each synoptic pattern
responsible for the regional extreme rainfall events in autumn and the climatic mean of 1979—2018. The differences of geopotential
height (contour line, unit: dagpm), wind field (vector,unit:m-s*) and extreme precipitation occurrence probability (shadings,

unit: %). (a) P1 200 hPa, (b) P2 200 hPa, (c) P3 200 hPa, (d) P1500 hPa, (e) P2 500 hPa, (f) P3 500 hPa.

Purple box indicates the range of the central Qinghai-Xizang Plateau, and yellow thick solid line shows
the boundary of the Qinghai-Xizang Plateau
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Fig. 7 The vertical profile of the differences between the circulation (vectors) and horizontal divergence (shaded, unit: x10°s™)
of the zonally averaged (a~c) along 86°E—93°E and meridionally averaged (d~f) along 29°N—33°N and the climatic
mean during autumn of 1979—2018. (a, d ) P1, (b, e) P2, (c, f) P3. The gray color fillings indicate the
topography of the Qinghai-Xizang Plateau, and areas between the two red vertical lines in each
sub-figure indicate the range of the central Qinghai-Xizang Plateau

%1 WRF-Lake#BEXMSHLATRIEE
Table 1 Model configurations of parameterization
schemes in WRF-Lake model

Yy EL UV S
e7pLi WREF single-moment 6-class scheme
H oS5k Grell-Devenyi ensemble scheme
ST RRTM scheme
ERE TN Dudhia scheme
SR Noah scheme
i i YSU scheme
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&8 WRF-Lake #5245 X Il i% B M i IF = B (27 . m)
RF-Lake BT FORILE B R CRA: m 21:00, 2006 4F 9 /] 23 [ 00:00 & 24 [ 00:00; P3
Fig. 8 Nesting area and topographic height of

WRE-Lake model. Unit: m F: 2004 4F 10 A 25 H 18:00 & 26 H 18:00; 2005 4

20034F 9 H 10 H 18:00 % 11 H 18:00, 2006 49 H 10 F 30 H 12:00 % 31 H 12:00; 2006 4= 10 A 23 H
11 H 21:00 £ 12 H 21:00; P2 %I ~:19894£9 H 25 H 21:00 % 24 H 21:00, 4k #1| ] WRF-Lake i —< i
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Fig. 9 Land cover types of the inner area of WRF-Lake model in the Lake (a) and Nolake experiments (b)

A 185 20 45 A 191 43 1) IF JE Lake 1 Nolake £ 11
WRF-Lake 5 = (1) %] 46 2% £F #0305 2% 78 35
ERAS 20 Hr a4 it , #3056 53 501 A &A1 I s
BIAY 12 h PG ARG, BV o 2K, i 12 hfE
X spin-up B [E] , Lake 5 Nolake i 56 45 % 75 4%
DX 3l A s ok 7 S A e ) B3 PN 1 22 57 B g i
TSR X DX 358 P R i 4 K 1) 5 )
4.3.2 EAERKIE

DR B R AR A BRI LS R T A
A A —E R E R ZE R AT E . 104>
TR T 85 3RS Wi bk & A HER A 25 (1]
I3 A BT BRI 34 DXl A i K = R 2B B
PN CMFD X AT Lake i3 A AL 114 i SRFHFEE /K i

A SCHE I Lake i BB S5 R 24l & [ E
10(g)~(i) JBEME L Ly b S W2 7K V5 DX 55 0% i o2 7K At
S DX B [ 10(a)~(c) TR XTI 6 &, 16 IH 56
Jr e A B AT — e AR, T LIRS B R
T DXl A i AR A S ) LR 22451 . WRF-Lake B
AT DA Ry o 1 b P X — 2 R AR BB K
1 A5 [E] 43 A R B AR AR [ &1 20(d) ~(F) |, {HLEA
AR R A ARA B S . A AR IR 22 &2
FLRIUAE . PLAY T AR w8 L1 DX R K 75 XA B4
R 10(d), (g) ], P2 AL XIS PG EBTA RE L 25
s A R K [ 10Ce), (h) ], PAK P3AITF (7
M T ] R Bk B A LR 10(F) , () 1o &
FI| CMFD il & B2 BHAS B XiF 512 B B 7K 2 11 Z) 1 B
(Heetal, 2020), AJLATA LD SR 5 CMFD WL
Y, 25 F Ak, WRF-Lake #2205 4 BRI A
[F] R AT LA 1) £ 5 1) B 7K B8 B N 25 (8] 43 A

https://www. cnki. net

FRAE , B E 1T S BB SS 5 v LA F /5 22 No-
lake 3056 DL B2 AN 52 M0 A %) LIS
4.3.3 HEEXRSET AT X5 M i b
KHIZMEER

W1 25500 A /0N BT 3 3 R e Y R T R S
R 2 W) PR Y I AL R B Sk UEAT M L Wk, K
4.3. 1% it Lake F1 Nolake jat 4 1 8, 75 3] 1) 22
TR 7K i 22 1 B AR A0 A Sy 25 RSB 1A Ak
N AL . 1145 H T 45 KA Lake Fil
Nolake Jzt 56 455 51 (1) 22 4~ B8] DX 3af 1 A i g 7K & A= sf
B B K i M 22 5 . X L Lake[ €] 11(a)~(c) [
Nolake[ [#l 11 (e)~(f) 50 AL 4BL 25 S mT LU & 31,
WA 35 o J) L S i 2 A IR X PL AT P2 AR Y
8RR8I DX 3R A AR TS I, T ZE P3RS AS )
il DX Sl R i R K S T B

HE—2 0 BB B 10 T T A1 A K Y 22
SLE11L(g)~() ], KIMFEK R KEX FEZH
BRAE WA BT R M X, 3 B AR A ] 32 45 KA A
T, WA A TR E R AR, H
TERK 2R B0 (1) 15 S5 B Tk 3 v W 58007 4% 45 3 161 7] g
B (Suetal, 2020; Daietal, 2020), 7EP3AIF,
A5 TR 0 IR N A T 8 R T % ] 30 b X3
LT R K R A R e [ 11 (D £0 A5 HE | 5 T
TEPLAVFI P2 BUTR , BE/K AR AU R X FE 2R ThAE
RIS AL 1) 5 2 7K Vg DX P T A TV I 3 B X, L 78
TARON I FE 52— F0H: Y B K 3 s sl & i, 76 PL
RN WA OV R K 30 R VY 1) AR A AR5 18 0 L sk
AFSE N[ B 11 (g) £LE T HE |, 72 P2 YT 1A R0
R K R Ry B A 0 ) A A s 2D | B hn A 2D



1200 = J

= %2 44 %

o LR oA

E10 2% BRI R mbE K R A (a~c, BA00: %), CMFD (d~f) Wil F1 Lake i 905548 (g~i) )
2 DX A i R K AR 1) R AR K (B2 . mm)
2T )7 REZR 7 ASLAUL 55 LI %o T ) g 7 4 v [X sk
Fig. 10 The occurrence probability of extreme precipitation (a~c,unit: %), the cumulative precipitation amount of multi-cases

of regional extreme precipitation events from CMFD observation (d~f) and simulations Lake experiment (g~i).

The red box indicates the precipitation concentration area corresponding to the simulation and observation
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Fig. 11 Spatial distribution of multi-cases cumulative precipitation simulated by the Lake (a~c) and Nolake experiments (d~f)

under each synoptic pattern and their differences between Nolake and Lake (g~i), and the areas with

the difference significance exceeding 90% (j~1)
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Fig. 12 The cumulative precipitation of multi-cases simulated by the Lake and Nolake experiments under each typical synoptic
pattern regionally averaged over the regions where the differences between the Lake and Nolake experiments
are significant (a), and the relative change rate of cumulative precipitation simulated by
the Lake experiment compared to the Nolake experiment (b)
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Fig. 13 The height-longitude profile of the modeled relative humidity (shadings, unit: %), equivalent potential temperature
(black contour, unit: K), vertical velocity (red contour, unit: m-s™) and zonal circulation (vector, vertical component magnified
10 times) by the Lake experiment under the synoptic pattern P3 (a). Differences of equivalent potential temperature (shadings,
unit: K), specific humidity (green contour, unit: g-kg™), zonal circulation (vector, vertical component magnified 10 times)
and the extreme value area of vertical velocity difference (<-0. 25 m-s®, red contour, unit: m-s™*) between Nolake and
Lake experiments, (b) The profile location is along the dashed red line A-B in the upper left corner of the figure (a),
gray thick solid line represents the location of Nam co Lake and the brown shows the terrains
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Impact of Lake Effect on the Autumn Regional Extreme Precipitation
Events over Central Qinghai-Xizang Plateau under Different
Dominant Synoptic Patterns

GU Sinan"?, HUANG Anning®, ZHAO Zhizhan?
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2. School of Atmospheric Science, Nanjing University, Nanjing 210023, Jiangsu, China;
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Abstract: The central Qinghai-Xizang Plateau is located in the transition zone between the mid-latitude wester-

lies and the Asian monsoon, with complex circulation systems and water vapor sources. In the studies of lake-at-
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mosphere interaction in the Qinghai-Xizang Plateau, little attention has been paid to the dependence of lake ef-
fect on background circulation to understand the mechanism of lake affecting extreme precipitation. To further un-
derstand the mechanism of lake influence on extreme precipitation, this study objectively classifies the dominant
synoptic patterns responsible for the regional extreme precipitation events in autumn over the central Qinghai-
Xizang Plateau with lakes densely distributed to analyze the characteristics and differences of lake effects under
different dominant synoptic patterns. Based on the CMFD precipitation data and ERA5 reanalysis data during
1979 to 2018, 1358 regional extreme precipitation events were detected in autumn over the central Qinghai-
Xizang Plateau, and it was found that the regional extreme precipitation events contributed more than 40% of the
total autumn precipitation in most parts of the central Qinghai-Xizang Plateau with the large centers of regional
extreme precipitation amount mainly concentrated in the Nam co basin and the small lakes in the north, that is al-
so the region with high occurrence probability of extreme precipitation when regional extreme precipitation event
occurs. Then, the spectral clustering method was used to analyze the atmospheric circulation over the central Qin-
ghai-Xizang Plateau during the regional extreme precipitation events and identified three dominant synoptic pat-
terns responsible for the regional extreme precipitation events in autumn over the central Qinghai-Xizang Pla-
teau: precipitation in the southern mountainous areas caused by weak convergence airflow (P1 type), precipita-
tion in the northeast downstream under the control of monsoonal southwest airflow (P2 type), and precipitation
near lakes under the influence of southwest airflow in front of the westerly trough (P3 type). They lead to
48. 8%, 42.3% and 8. 8% of the total occurrences of regional extreme precipitation events in autumn, respec-
tively. P1 and P2 types mainly occur in September, and P3 type mainly occurs in October. The physical mecha-
nism of the regional extreme precipitation occurrences is explained by analyzing the high and low level configura-
tion of large-scale circulation fields and their anomalies under different synoptic patterns. Furthermore, multiple
sensitivity experiments were conducted to reveal the relative importance of the influence of lake clusters in the
central Qinghai-Xizang Plateau on regional extreme precipitation events under different synoptic patterns, and
found that the lake clusters can lead to the precipitation amount averaged over the central Qinghai-Xizang Plateau
reduced by 2. 37%, increased by 12. 11% and increased by 138. 37% under the P1, P2 and P3 types, respective-
ly. The lake effect under the P3 type is the most significant among the three synoptic types, making it a synoptic
pattern prone to lake effect. Further mechanistic analysis shows that the enhancement of low-level instability and
water vapor convergence over the lake and surroundings areas induced by the heating and moistening effect of
lake play an important role in the formation of the regional extreme precipitation under the synoptic pattern P3.
This research has identified the dominant synoptic patterns responsible for the regional extreme precipitation
events over the central Qinghai-Xizang Plateau in autumn and revealed the relative importance of lake effects on
regional extreme precipitation under different dominant synoptic patterns, providing necessary reference for fur-
ther improving the prediction level of regional extreme precipitation.

Key words: Central Qinghai-Xizang Plateau; regional extreme precipitation; synoptic patterns; lake effect



