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An intensification of warm and moist convey belt of Asian summer
moonson in “21.7” Henan rainstorm and its key circulation from
quasi-geostrophic potential vorticity perspective
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LIN Dawei'
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3 State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources, North China Electric Power
University, Beijing 102206
4 China Meteorological Administration Weather Modifcaition Centre, Beijing 100081
Abstract This study uses rain-gauge observation data, the fifth reanalysis dataset of the
European Centre for Medium-Range Weather Forecasts, and the piecewise quasi-geostrophic
potential vorticity (QGPV) inversion to mainly investigate the intensification of warm and moist
convey belt of Asian summer monsoon in the “21.7” Henan rainstorm and its key circulation. The
result shows that the continually westward extension of the subtropical high covered eastern China,
in whose southwestern flank broad southwesterlies transported not only warm and moist air mass
but also high QGPV over Henan to northwestern China. Meanwhile, in northwestern China, the
sensible heating of the Alxa Plateau maintained and deepened the local thermal low, which
generated high QGPV anomalies in the near-surface layer of the low pressure center and the
middle and low troposphere (750—-650 hPa) over the Hetao area. As a result, such high QGPV
formed an extensive high QGPV with the low pressure circulation over Henan, which yielded an
extensive confrontation with the subtropical high. The QGPV inversion results show that such
meteorological circulation pattern in the middle and lower troposphere intensified the southerly
wind over Henan. The amplified southerly effectively transported hot and humid air mass to the
Henan region, which was one of the key factors for the extreme downpour on 20 July. The
southerly over Henan on 20 July is primarily contributed by the subtropical high with secondary
contributions from the positive QGPV anomaly at middle and low troposphere over Hetao, while
the contribution of the local low pressure circulation over Henan is slightly smaller.
Key Words Rainstorm, warm convey belt, potential vorticity inversion, Subtropical high, low

pressure
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Mt 2 ROBEAH BLAE RN R R AR R X T 2021 4E 7 H 18-21 Hi#&E
T3 Sk P R AR R fRTRR 21,7 TR A R IR R A i R M T/ AL, 2021
5 “75.87 Wi ML, XU R A FRG TR RN R ORISR B K
TR RS CT—I0, 2015, 20195 3% 0555, 2021). MMRIHZE L 20 H
BN B, M H FR/K &N 624.1 mm, 7E 15-18 B AT 12 S/ BE/K & 100
mm PRI SRR, 25 N RA Al ™= 2 Ak ik T BRI R, 5]

ETEFREEEM (Fuetal, 2022; Lietal, 2022).

I (2015, 2019) Fi H R X3k iy A2 A b X AR R 7 i AR s o
TR RIS A, SR IR I 2 XTI i 2 Py 4 5 i S L DRI 1 B 2 XU B 6 s A b
HERIZE R, EARARE B /K IRA FAE RR 2Lk 2R AbHBIX . Fo0E KRR SR
N2 FKIRBEN S AR A, JERRT “21.77 TR BN (Yin et al., 2021).
VR DXL s 2 i 000 £ 78 I R i Aty e T 5 6 XU AR 2 B 9 2R i 2 o
R it T (147 2% e e () KV RTR Y, X7 2R KV BRTR l 7E RAT LR & 1 3t
TEBHAS RIC AR R ALES, oo 28 M AL R 78 i KR (4543048, 20215 5K
&, 20210, 5RBAGHEL, THR AR AT K B s (R 3R, 2022), H.
HBENT B AR RZ  (Nie and Sun, 2022). X 20 H st FF K R,
TEIXFI 56KV, IR R A 2 /K VOB AT (850 hPa LL b 45 B & (¥ s,
X AR i R K AR AL TS R KRR (F A E A, 2022). 7E RREFFCH,
WEREBT 20 HA BRI MR XANGR, SLhR TR RS K R e 2 X

T ) B LA
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58 fi B KA ] R R A T BRI SR, O R AE BRI R S R G Rft T
BRIMEN 1% Rl HEsE, 2022; 7592 755, 2022). Kk, VI, PIK
JEARME AV T S5 il B e A EE R TR G (DRSS, 20205 24RSE, 20205
FHIEE, 20210, 7E “21.77 MdmB R RE A, 2R XUNIRG 2R B XUCE A e 1 [X AR
EIE RS E DB VIAR L s[RI, s i mg IR SOt FL v e o 20 e X
VI, AT P AR R B AN d s TR L2 PR AR S D38 G AT s 2
AR EN I EFRG (FRTE, 2021, 2022; FFEHEE, 2022). Fk6H
FORARH, B SRS IRE AR ST B R, (T p s X b T 2 s, A A
T BTSSR AR R, BE TG B K S RIS, AR R A T
0] e T S ) s PO R PN L DX, G R T 2 B AR pUE A RS M B IX
BUE AT FE B, A 221 I H 33X SO0 32 A2 B O e =0 P YR A T HE AR

FEK T IX (Xuetal., 2022)

25 L PTIE R 2 R o o AR o % R IR R L T E R nsR R, 2
WA OIE R T Ay RGE R, Aty g & (AL HE . R SORETR 1) g R f 2 X
BT NERIIRS S 555, 2015; T—IC, 2019). {BALLLGH R G0H
DAARRE o 445 P55 T e T M IXAE 20 E R KU “RAR” IR . [FIS, deEsk
AN, T e 6 KA 2R G AT VAL 2= 7 v S22 B R SXof PR A i 125 i SR im]
T R R 25 2 (1)1 F ( Zhang et al., 2017, 2022; 3K35H%E, 2018; T, 2019;
Wang et al., 2021; fiFIEHE%%E, 2022). A4, “21.77 Wi FBRIE 2 K%
s g R NG, E R SR e E i AR E IR R BTk . AR AT AR5

Wi ? [, XA iR A T A A AR T, RS AR A TRV IR
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X SR A r XU 58 2 B S8 ak =AM T, A SCRA“21. 7" e Wi
T] T L X i g XN 55 A IE T 5, Aot P T 57 308 B 6 2% 23 S A i i XL
SRATTTAR, 73T B2 IR IR e B KU SR AFE T, 0 B D) g & R BB X 1Y
AW e N R ZE LR SR A — B O 2 R A H

2 R GvE
2.1 %E

AR SCAR FH B P 7K 2 TR DY B SRR B s O S A o R B R
AW oW w0 3 21700 A om0, R
http://data.cma.cn/data/detail/dataCode/A.0012.0001.html. % H RFFE/KEH 08 B
(UTC+8) ZIKH 08 i (UTC+8) [HIi& /N 4 7K & il

AR SCALEFH B 723 A B2k Sy () T v 3 R ST AR Hh O SR AR 1 28 AR RS
AT AERRSEEYE (ERAS; Hersbach etal., 2020), ERAS 2 RRIMH AR < Fifik
HC Y Integrated Forecast System FIPY4ERE 73 B RLEIMEA] CY41R2 AR il ™= A=
(). ASCHTER F I 20 B SR R i 3R P il & . SR 2 =48 )37, Hig
fr A FER B AR, KRN 1910, AERZHEBE PR RN
1000 hPa % 100 hPa Z [] &K% 50 hPa HX— )2, 3£ 19 )7, B [E] 0 #2h— H UK,
(1= VI = <O [T ) - A G S <O 3 = N 1 =S K A =
(https://confluence.ecmwf.int/display/UDOC/L137+model+level+definitions ), 15
ATRE IR, ZARLRIN PR 8 T KA RN Y # KRR BERESS AR AL
MG E ZYELS R S E T &, (RRE BB BUE R R . FRATTE AR
LS ZAF TR Climate Data Operators 4EHT “mi2pl” KR 20Z ¥ RHE
A3 Bk 19 BAEE L, AT AR R0 BTN A, 8 N
FORLIEAT B0
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2.3 HEHWFE A I 5330 I T
AR SR FH 10 35 5790 4 350 S TR R AN [ J2 IR AT im0 1 — JE IR 5 5 114

iRk (Nielsen-Gammon and Leferver, 1996; Evans and Black, 2003; Jiti 5 F1AT £l 5
£, 2015; Xieetal,2019), frim i it HE AR AN:

; 1 %0’ 1 a (cosq) 6d>’) Fo 9 (109
q " Fa2cos2¢ 922 aZcospdp \ f ¢ op \op dp

Horho AT 1991-2020 S RIN A E R W, o, WARAERSF 1FeE
S @« MY RIRRGEMAERE, ofSRMERYA, FARKRIZ%5. AT,
AEH LAy m E R PG R T (0), S HMA KT, M mE
S Al LUE IS A7 3 ST 5K, 5 Evans and Black (2003) —3, F (py) FIF (p,)
A G AR D LI 1 S 5T

)L@)(U

q- (fi) 5 — po) + (fi) 5(p —po) = £(@) ()

dp dp

Horh o 10,70 ARG 7 B MFRAE R AR, () = {0 X z 8 PsS s T - SU N o
i, AR PR R S IUTCIEE IS ks s sy, R, FRATTE R e
AR FA R E ARSI T RS RAM, R T A1 i, J
NI 2 AL IR BT B FEVE WL Nielsen-Gammon and Leferver (1996) [Fff
SKHRIT o

ASCIEEH T Evans and Black (2003) H R4 Holntit 5 A7 3 i FE ]
THEAXN:

v

=£‘1(Z—Z)=L1[f (Jpp)] (3)

Horb O NARZERINE, RONSRE L, 1A FFAFRIRE i 7 830 26 A
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3 4R

3.1 FEAKAI I 73 A RS AL

CAMAEY (B, 2021 732055, 2021; FFiE HEFSE: 2022),
WE VT R AR O 5 B S R LA R A L JE R BB R A PR K R Ay
o B 1 BRI 2 R AR 1 H R FK o AR AE, A E RS R0
WH AR Z KB BHI K I meteva #2722 ) cressman Ji R VAT S s BB
BHE TR S B HRWFBKESN R, BWAE 18 H 3 E /A1 1 B i i i1
X (Bl 1a), 19 HEREENEHEHBHX (B 1b), 20 HEN LB RAM, A
M3 [X S48 oK SR 500 mm (B 1), 21 HEW X ALY E, hoitigs

WAL (B 1d).

B1 202147 H 18 H-21 HiZH 08 I E ¥ H 08 i EFEKE (A7 mmday"), (a) — (d)
SR 18 Hy 19 Hy 20 HAT21 H
Figure 1 Daily accumulated precipitation (units: mm day™) during the period from 08 (UTC+8) to 08

(UTC+8) of the following day for 18-21, July 2021. (a)—(d) are for 18, 19, 20 and 21, respectively

TR RV B e S P R B R, 2 20 H, KA IR KR 4
EAMAL IR, S (2022) BFFER, WM 850 hPa LA L[5
Z KB RTE 20 HIpikim SR EEE EEMER. T BRI
A RARRAE, B2 4587 7 A 18-21 H 800 hPa i& H F¥ LLig F/KF 3% . 18
H (B 2a), A8 A00 5 d 40 f W e 5 A 8 1) b A 28 58 b v SR i 7
X, XA, 2R 2= KRR 2= Rk iy A b = R E AL TT, R SRR

EAREN = X . FEX—EEN, 18 HZE 21 H it X siE: A K.



160

161

162

163

164

165
166
167
168
169
170
171

172

173

174

175

176

177

178

179

180

181

182

I, FREFE R G X “CEIRR 7 B#uAT, HAE IR RS R R
I & JF, i r g i Bt — 23R g 1 KPR AR M- e, A — %8
JTHIZRE AT T ARG E N SE X (B 220, BEE BRI 1 Pa AN 695 2R
FRIEIE BB X HRAE” P, 12K R TN G 7 P4 R AR AR, A

—mdbERMERX (K 2b-d).

B2 202147 A (a) 18 H. (b) 19 H. () 20 HAI (d) 21 HIYJ 800 hPa H-FHLLi (Hfa,
AL kgkg') RUKTPRIYG (Fidk, #A: ms™), @i a i, Bafhg kit
AT, It 3000 m LA (7 8 s R

Figure 2 Daily mean 800-hPa specific humidity (shaded, units: kg kg') and horizontal wind (arrows,
units: m s™) on (a) 18, (b) 19, (¢) 20 and (d) 21 July, 2021. The red and two black curved lines mark the
boundary of Henan Province, Changjiang and Huanhe rivers, respectively. The gray shaded area

designates the Tibet Plateau above 3000 m

AR, FEEX %) (AR )IZHT A PE R, A3 R X 7 M2
#rnsm A bRt IS —HRKERIERTIARL . 19 HE 20 H, KICHjbX
Pl e XD S8 5 I ) S 22 Ve g rh A X, VR R R b X ) AR R AE ] . ([
20), MEUFx R AR L (B 1), 78 21 H (Bl 2d), X —5 b
i, 52X, PIARLRs i p LA 5 m PEK R AR sl (B 1dD.
T R X PR 2 R AT R KUK R A, S KK it iR o BV E o AT AN 2%

(2022) MIWFFLEREM, 19 HA 20 H,  HZR A P93k R 2 00 F) vt B
BRI D 2 B L, T R 1 B N VAT R R A e P SR S I 1
o X RS, A RORE R I I A KPR R R AT R X o A SCHR K ) 800 hPa

RPN R YI AR 2, 5578 HISE (2022) FirdR ) 850 hPa KL 2R X
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HIVIZR L ICAMT JE, 1 T2 B el T2 1) XU & i) R 2 B3 AT 72 R i B« il
N OOKAE RGEE B AR R, AR TRE, R HDALT 850 hPa B,

T B XU 07 T 800 hPa T .

AN ESE (2022) KL, HT] R RO EE N ) e R 2 T A7 T W
JZ 850700 hPa, T AR MUHEN PR LE 3= EEAL T X1 = 900-850 hPa. A4, il H
1 DX PR AIA A AR T B AR ARRAE , S B0 T BRI R X (1 502 LR 4R E AN R
JEIR LW, CARGE R T VIR LAE A R R IRANE DT [ P)A ? thhh, 5
FHEL, RIS R HIE PRI KA X ? S T X e ) i, [ 3 45 7]
FAHLIX (31-36 °N, 110-116 °E) [X 45125 1) X3 B e St 18/ — Ik Tl ] v P o
Beph b, R R0 R DX AR R R RGBS iR, e XTI B 23 A TR I

JREER, TARRE NS 2 IR PRz

MALRMNME, £ 18 H, JbXE NN ELLBLTXRERE, RE2%
T (B 3a), HFHE I EE LR (& 3b). £ 19 H, B RGE—H I,
BT A 150 hPa, A BANH0L4r HIALT 800 hPa Fl 250 hPa P/, B XU #44
SIS E RS R, R 043 9 750 hPa #1200 hPa Fitif. 7820 H, fiK2
FE RO R TR ME, FIFREEN 8 ms, HREAE N Sms”, 15w M
Y I BTN . R S R AR sk, BAE 21 HAIAS| TigE. 25, %

JEF NGRS, (E 22 HOVAEXARS . REAIRUIERAEEE X, (HifEEE X

i

I ATRFAE 5 SEBR X7 EEBE AL, B RE Sk i 20 FRIALJE A RJE Fg KU 583X —
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AIBREREI R (5% 5%, 2021 AFIEIESE, 2022), TR HL X A B K S
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B3 X (31-36°N, 110-116°E) XICFHILAA (a, HAim s EKHFH (b
AEERER () KHFE (d) BYUS—F ] F ], A G MR E 2 5008 R 46 X7 A
R, SEELEFEA 1 ms!

Figure 3 The pressure-time corss section areal mean of (a) meiridional wind (units: m s) and (b) its
anomaly and (c) zonal wind and (d) its anomaly over the Henan region (31-36°N, 110-116°E).

Shading and countour are wind and geostrophic wind, respectively. The interval of contour is 1 m s
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RS 3.1 45504, 20 H B KU aR0 tiem & OGOV R, [FI, iR 5
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AL 78 0 HB S, SR FEs BRI A AR A B e U B . 4G, s
e TH AT B AE M AL AT I e, SRR AR U E AL S SO A B A 3 s
FERHY), e fa@ I M T B KR 2B R BE ) KT O TR IS
R 24 M AR = 50 hPa, BIHT 800 hPa T+% 750 hPa (& 3a 1 3b), ATIEN

22 F) A i L I EE K 750 hPa U JZ R B UEHEB L (57 i S I8 X7 R v B 11

Kl 4 2511 1 750 hPa M XU & R H T 1000-100 hPa #7557 1)
ISR, BRI S, ©5 Lk 800 hPa Rzl (B 2) AN —H. RE
R ZRIILIX, AR XS R S B KU R A A LB, Mol 2 R SR I R L
DGR T Al ot XAl 2 AE IR BE B IX SE O AR o ey oA 30 S T A 21 0 I e X e
(13 AT 5 e R R i A A — B, w2 R RN & R R . 7E 18-19
H3IE] CI& 4a F14b), A [ 2R 50 2200 B b X 3 22 9 28 XU s e 20 H (&
4e), SR E R AR IX 3 B 2R R, BT R Y R R S XA B R A R

WGEH g XSGR HE 21 HEt—Braded e (B 4d). #E AR s 3 2
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W XS IS A W2 (& 4e—4h), TR R 3 DX A % KUfi 22 2 22 A 1920
H, R0 20 H, TRV FG 2R B A E 3 X p R K 1 mos™, T g G
F b DX g ST D /N 1 omsT LK A 22 5 b A R S B X2 T P A 22 93 A AL I o

S HE I B S o B AT P M XS A 22, (B AR B S 1 i3 DX U7 R AL

B4 2021478 (a) 18 H. (b) 19 H. (c) 20 HAI (d) 21 H¥) 750 hPa %% X5 %4 (i
e, WAL msT) FHEZ R RWE GHEED, EEMZNEE S, RO mh KT
W, KB 3000 m LA ERIH B () — (O W (a) — (d), (H gk A7 I R 1T 2
e S At e 22 1) WU 22 (B

Figure 4 Daily mean 750-hPa geostrophic wind anomaly (arrows, units: m s') and ageostrophic
meridional wind (shading) on (a) 18, (b) 19, (c¢) 20 and (d) 21 July, 2021. The blue and two black
curved lines mark the boundary of Henan Province, Changjiang and Huanhe rivers, respectively. The
gray shaded area designates the Tibet Plateau above 3000 m. (e)-(h) as per (a)-(d), but for geostrophic
wind anomaly inverted from QGPV and the bias of meridional geostrophic wind to the original

meridional geostrophic wind

N T B ERANR) SR JE 0T R X3 28 ) KU TR, FRATTRT 950150
hPa B2 HE L AL I8 57 3 BEAT 1 S, PR AL IS 1 750 hPa AT 200
hPa i X% . 25 FE ML A7 IR 7E 950 hPa F1 150 hPa 2R FAIE E 71 k-
W i R BT, AT AR s (RIS BRI E T TR TN
TP ES, MR R R EE R, B2 RN e By 0. SE
b b, I SRR LT R 2, TR R S AR SR AL, A
3 950 hPa 7R 7 W 0 X7 R TR DAL K. B 5 2 H 1 38 2 vHE st e o s e
Ji#43F) 750 hPa F1 250 hPa VAl FFHEIX (31-36°N, 110-116°E) XIH T4 [
RS o BT, SKHIAC o v AT S22 v bt 2 7 3 S5 T T i DX 28 1) IR T iR 2 7
P, TR 2 S A b B A A 67 96 S VT e i DX 28 ) XK S ik g B AL
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HITTERB B AE N, I HAE 20 FEE—B4En (& 5¢), Hrr 650 hPa #E-LF: {7 i 7
] i b X R XU SRR T 600 hPa, ARSI KRR, [HRY, 900 hPa
HEHBIE A Joa AT R 1 X R XU ST R IR T 650 hPao £ 21 H (] 5d), 650600 hPa
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UERHE— I, ORI TTIR . ARSI, & 300 hPa [ BL B AL

F WA FFHBIX 750 hPa B XUES H5 9 55 BRARTH AR T

AN RS 2 R 67 30 7 B XV R M IX 250 hPa B KUK TTERER IS 5 750
hPa AHBLRFAE, RV FZ M TRk B TXHAE PRE, (HILIEEERT 750 hPa
(IR IR 5, X BRI R R AR AR Z AU = 5Tk, 2 2 F AU
FETTHR. 5 750 hPa g XCRIFEA R )42, 7820 HA1 21 H, &/E 200 hPa HiE
ML AL 7 TR 250 hPa i) F 4 [X R XS LB DTk, X AT AE 52 2 e /= 32 Al

B TR M (TR 075, 20215 ATAIEIESE, 2022).

B5 202147 H (a) 18 H. (b) 19 H. () 20 HA (d) 21 HIZJZSEIH LAk A ik 57
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Figure 5 Daily mean 750-hPa and 250-hPa geostrophic meridional wind anomaly (units: m s)
averaged over the Henan region (31-36°N, 110-116°E) inverted from QGPV anomaly on each pressure
level on (a) 18, (b) 19, (c) 20 and (d) 21 July, 2021
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Figure 6 Daily mean 650-hPa geopotential height anomaly (contours, unit: gpm) and its anomalies
(shading) on (a) 18, (b) 19, (c¢) 20 and (d) 21 July, 2021. The blue and two black curved lines mark the
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Figure 9 Cross-sections of potential temperature (contour, unit: K), wind (arrows, units: m s') and
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July 2021. The vertical velocity is scaled by 100

B 10 #%40°N [ PR HGEE (A Wm™) ) Hovmoller B, A L@ & NIE
Figure 10 Hovméller diagram of mean surface sensible heat flux (units: W m™), upward fluxes are

positive

N T AR T R AT RE R, B 10 25 H T 40 °N B3R 35 BdbhaE
=) Hovmoller . &R E (90-115 °E) [ LE#GEEH EMmiE, 18 HE
19 H, sRngebo A T H i P8 IF 18, 78 H AU R iz 35 e S 7 35 A T 11
ety 20 Hon et — 2B s It AR R 5 21 FInFA L g
BRI SS . AR RN SO AL i A i L (&L 12D, X — b el
HuJZ 850 hPa HAII%E LU AL (0] 22907 5 4 X 7 AR B B AR AL, Wl R In A B
SRAZRAS, AR rh O WS AR (B 12a—c), XA R T4 L A6 M A%
JEhnsE (& 7 a—c). TMJE, FEEBIAMPRES, WA Frkss (B 12d).

18



406

407

408

409

410

411

412

413
414
415
416
417
418
419
420
421
422

423

424

425

426

427

428

429

N T Ut BRI AT i He TR R T DX RS e Yol VAT e DX e DX F A R TR
FATTEHL 7 H 20 H1) 750-600 hPa #EHLE iR 58, 43 i SO A [F PR R AR K &
IR (B 1), Horp @l s FOoH g I (30-55 °N, 115-140 °E) X,
HHE M E X (31-36 °N, 110-116 °E) £ K HIF#4 (£ 1. 750-600 hPa
T (7 36 57 S0 1 K3 5 5 8 2R S SO IR A O AL (] 11a FI
4g), {HFGR> &I R Am5E, FEARI R, X R B TR R LR

W% 750 hPa B KR EA (I8 5¢), T RgHiX “FH e XN 6.19 m s

B 11 (a) 2021 457 A 20 H 750600 hPa I AL 5 7 Gftth, Bl s JH R
f¥] 750 hPa MG A (Fisk, PAAL: ms™), 95 CR B E L0 AR A SRR, KGN
3000 m LB B, (o) Ce) A CE) 3 Al Ry i e o ¥ B 0] oz i 5 5 S L S T8
R, (b)) A (o). (o) Al (D ZAl, (d) A (o) Al (H ZA
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629  Figure 2 Daily mean 800-hPa specific humidity (shaded, units: kg kg) and horizontal wind (arrows,

630  units: ms”) on (a) 18, (b) 19, (c) 20 and (d) 21 July, 2021. The red and two black curved lines mark the
631  boundary of Henan Province, Changjiang and Huanhe rivers, respectively. The gray shaded area

632  designates the Tibet Plateau above 3000 m
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Figure 3 The pressure-time corss section of areal-mean (a) meiridional wind (units: m s™) and (b) its
anomaly and (c) zonal wind and (d) its anomaly over the Henan region (31-36 °N, 110-116 °E).

Shading and countour are wind and geostrophic wind, respectively. The interval of contour is 1 ms™
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Figure 4 Daily mean 750-hPa geostrophic wind anomaly (arrows, units: m s") and ageostrophic
meridional wind (shading) on (a) 18, (b) 19, (c) 20 and (d) 21 July, 2021. The blue and two black
curved lines mark the boundary of Henan Province, Changjiang and Huanhe rivers, respectively. The
gray shaded area designates the Tibet Plateau above 3000 m. (e)-(h) as per (a)-(d), but for geostrophic
wind anomaly inverted from QGPV and the bias of meridional geostrophic wind to the original

meridional geostrophic wind (shading)
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averaged over the Henan region (31-36 °N, 110-116 °E) inverted from QGPV anomaly on each
pressure level on (a) 18, (b) 19, (c) 20 and (d) 21 July, 2021
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Figure 6 Daily mean 650-hPa geopotential height anomaly (contours, unit: gpm) and its anomalies

(shading) on (a) 18, (b) 19, (c¢) 20 and (d) 21 July, 2021. The blue and two black curved lines mark the
boundary of Henan Province, Changjiang and Huanhe rivers, respectively. The gray shaded area
designates the Tibet Plateau above 3000 m. The contour is drawn for every 10 gpm. (e)-(h) as per
(a)-(d), but for 650-hPa QGPV anomaly (shading, unit: s™) and 750-hPa geopotential height anomaly
(contours) as well as the geostrophic wind anomaly (arrows, units: m s') inverted from 650-hPa QGPV

anomaly
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Figure 8 Cross-sections of QGPV anomaly (shading; unit: s™) as well as its contribution by static
stability (contour) and wind (units: m s along the blue line in Figure 6g on (a) 18, (b) 19, (¢) 20 and

(d) 21 July 2021. The vertical velocity is scaled by 100, and the contour is drawn for every 0.2 X 10 5™
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Figure 9 Cross-sections of potential temperature (contour, unit: K), wind (arrows, units: m s') and

QGPV anomaly of static stability (shading; unit: s along 40 °N on (a) 18, (b) 19, (c) 20 and (d) 21
July 2021. The vertical velocity is scaled by 100
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Figure 11 (a) Daily mean 750—600 hPa QGPV anomaly (shading, unit: s') and geostrophic wind
anomaly (arrows, units: m s') inverted from the QGPV anomaly on 20 July, 2021. The blue and black
curved lines mark the boundary of Henan Province and Huanhe rivers, respectively. The gray shaded
area designates the Tibet Plateau above 3000 m. (c), (e) and (f) are geostrophic wind anomalies
inverted from QGPV anomalies associated with subtropical high, lows over Hetao and Henan. (b) is the

sum of ((c), (e) and (f), while (d) is the sum the (e) and (f)
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Figure 12 Daily mean 850-hPa geopotential height tendency (contours, units: gpm day"') and

15 25 40 60

geostrophic wind tendency (arrows, units: m s day™) due to diabatic heating on (a) 18, (b) 19, (c) 20
and (d) 21 July, 2021. The blue and two black curved lines mark the boundary of Henan Province,
Changjiang and Huanhe rivers, respectively. The gray shaded area designates the Tibet Plateau above

3000 m. (e)-(h) and (i)-(1) as per (a)-(d), but for 750 hPa and 250 hPa, respectively
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