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Abstract Extreme rainstorms occurred in some regions of Henan Province from July
19 to 22, 2021 (referred to as "21+7" Henan rainstorm), causing severe urban
waterlogging and casualties. With the help of precipitation observation data and
reanalysis data, the large-scale circulation situations of this heavy rainfall were
analyzed. Using the Lagrangian trajectory tracking model (FLEXPART) and the areal
source-receptor attribution method, we also examined the moisture sources, transport
paths, and quantitative contribution of each source area. The results showed that the
500-hPa circulation in East Asia was extremely stable during the rainstorm and several
days before the rainstorm. Connected with the northern high-pressure ridge, the western
Pacific subtropical high pressure (referred to as the sub-high) was unusually northward,
less moving. Meanwhile, the Eurasian high trough was westward, as well as the
circulation in the middle and high latitudes of East Asia was significantly flat. During
the rainstorm process, tropical cyclones "In-Fa" and " Cempaka" continued to have
synergistic effects with sub-high, establishing obvious water vapor transport channels
and providing sufficient moisture. The rainstorm areas in Henan province retained
considerable near-surface wet regions and high precipitable water. Tracking forward for
several days, it was found that the target particles in the rainstorm area mainly came
from the northwest Pacific Ocean, the South China Sea and other places, and were
located at relatively low atmospheric levels. Additionally, a few particles which could
be traced back to the vicinity of the Sea of Japan and central Eurasia were at relatively

high altitudes. The quantitative contribution analyses indicated that the moisture
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primarily originated from the continent of east-central China south of Henan (D) and
the northwest Pacific Ocean (F), with the contribution of the former (52.59%) more
than twice that of the latter (25.51%). In addition, the moisture from Henan storm area
(T, 3.68%), the Indo-China Peninsula-South China Sea (E, 3.32%), and the Asian
continent north of storm area (B, 2.28%) also played a role. The water vapor uptake of
the target particles was the largest in region D, which was slightly higher than that in
region F, but the rate of moisture loss along the former was clearly lower than that of
the latter, resulting in significantly higher moisture contribution in region D than region
F. Although the moisture intake in region B was somewhat higher than in region E, the
sum of the moisture loss along the way and the unreleased part was higher than the
latter, leading to a greater moisture contribution in region E. Moreover, region T had a
non-negligible precipitation recycling rate. When extending the number of days of
forward tracking, the trajectories of target particles, water vapor uptake and
contribution rate of each source had relatively little change, but the total contribution
of moisture from all source areas significantly increased. Thus, it is of vital importance
to extend the number of days for the tracking of moisture sources for heavy
precipitation events like this extreme rainfall in Henan.

Keywords Heavy rainfall in Henan, FLEXPART, Moisture source areas,

Quantitative contributions

1 5|8

TN 25 KRR ERAT IR T F RN (FFFE, 19805 T —ILAN
sKEEZ, 2009), ISR BATEA B, FRAERE R, I8 ™ H k5 K
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al., 2020; Myhre et al., 2019). FREEREE (2015) FIFH CMIPS B EHE At &2 20,
FEAN[F) R BAE N, o [ 5 /K A ) i A e AN iR FE BT B S 3 o s Pk (2
N AHLEF TR TR 7 VR R R AR M e A

AR BN R BN R A . RIEAGERF SRR M. BWNEAER, MU
WX RARENAKR S e, EAEERE, ERRARALN T, AR WY
AMEKIR AR RS (RS S, 19800, X—fixf FHEdb. AR b4
SXoF 32 1 At AR T 458 3 SRR IR R 170 8 i v 4 X 23 W R T R S 91
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HJe R AR ER B EERER: T —IE5 (20200 f5H, RV EZ=GREKIEE
H, WHATAES R LR SR KR IAEE (RIS, 20190, AT, X
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BT, RT /KRS R B 5 0 077 B 45 . RIS R 70777 (Bonne et al.,
2014; Pfahl and Wernli, 2008; Weyhenmeyer et al., 2002)+ BXHi 70 #7757% (Munday
etal.,2021; T —J5%, 2020) MHiE B H 73 7515 (FRwk&E, 2011; Huang and Cui,
2015a, 2015b; Zhang et al., 2021; Vazquez et al., 2020; Sodemann et al., 2008; f#—
HATEBEMS, 2020; Zhao etal., 2021; REIRAE, 2011; ERASE, 2021, Hr,
AL 3R TR IR T A A I RECHE . (Gustafsson et al., 2010), N AARR; 1%
grichr 77 CRIM 2 EAR 20 1R 7RG B R S i /K VU ik AR S 32 /KR TE D
BEAEAE R R ) L R R ) 2 BRI X DL AR X K YAE B TR (Sun and Wang,
2014), EFXfiX—A 2, Jiangetal. (2020) KA CAMS H MG Iibr i 715, &
E R P A X B AR R KT X, AT — 8 R AR TR 3R B ST A ) 12 e
1 $z 4% B H 77 ¥ H HYSPLIT (Hybrid Single Particle Lagrangian Integrated
Trajectory Model) 5% FLEXPART (Flexible Particle Dispersion Model) %5 &7k
B BRI, AT PAZE I R ) ARV X, Rl RT PAE S0 i 5 X B 7K mT iR
WLAER, Fikg B H 5% B L & U FT U4 24 iz IR AT (R4, 2011,
Huang and Cui, 2015a, 2015b; B#—iti A LS, 2020).

2021 4 7 A 17~22 H, g4 B BRI 5 B K (IR “ 217 7 R B2 /D,
Horb, 20 H, RGN A AR dm Pk, 24 h RAE/KE#IT 600 mm, i 20 H
16~17 {1 1 h RFEKE T A 201.9 mm, FFN 51 A BTG K
HARN R ECRA G, 91K S 12 %0 o A b g ) 9 e /K o SR A7 AE
B3 BRKIRAIE O H 32 KV AT X 8 B TR 2 B A BT e S AR
W T L ER BRI, BETSE 4 AR I 22 W R ZE B ATIE AT (Huang and Cui,
2015b), FHRTHHRIURBEIIIRBA 2S5 . ALfED) FLEXPART "I
1B B RN /K YRR X € E oT ik 70 1 7772 (Huang and Cui, 2015b), 437 “217”
T0] B 2 R A TR 7K VAU AN DL A VR I8 7K VRS LS B SRR AE , I 7€ B s &R
XK TR, A KIRRUE A AR 2R I A i 2 R AT RGHL B, D AH SR BB AT 5T
MRS o A —H 7> T E A At 70 o I8 - FLEXPART R 0MIAH G
SRTITE s =R AT “21e7 T R R I KRR AT OR R IR
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(1) W ESZRJR Micaps 52 Gt 1 S0k A0 X skt 52 50 e AOU i 28

(2) NCEP-CFSv2 (NCEP Climate Forecast System Version 2) %5 [8] 73 % 0.5°
X 0.5° B 6 h IAFE > M35 % 4% (Saha et al, 2014), T H 7L 37 2
(https://rda.ucar.edu/datasets/ds094.0/ [2021-09-15]); FFIRMIEH M dr i
LR AR 2 KR K& b KRG E 70, LIRS FLEXPART AR
B B A

(3) NOAA 7; ¥ & 5y 1 50 7 B ) ETOPO1 b ¥ & 2 % #&
( https://www.ngdc.noaa.gov/mgg/global/relief/ETOPO1/data/bedrock/cell registere
d/netedf/ [2020-12-137).

2.2 FLEXPART iR RIRIU S/ E

ASCAS R IR R S FE T R A B H ORI A8 4. FLEXPART, %45
FRT DAASEADL A pii 28« DX 4l B AA AR YRR T35 1% 7 B 1) 10 K B 0 R RO A i 97
FHBITRE UL R U AR 3 B2 (Stohl and James, 2004), 7£ [E Fri FE N &2
72 N H o FLEXPART B 4 F RAT AU KI5 Qe i iz i B AL Fn A 15, DASOR
SAEM I RS, B0, XHRE SRR Z R RS A A EROKAE IR 12 R
I8y SR B e R F BB 2 B (Stohl et al., 1998), HETIHR 4R Hepr ik
K&, Ko BoRl s EddE, A3 EEahd i b i e #g, wlan, fr
e EERRL TR, AP ESE (BROREE, 201D,

A, IR “2177 TG B R AERT S5 AH IS IX IR A B A ik
FRAE, KB X I ¥ B A 40° ~ 160° E, 10° S~60° N; A “XISHZE"
AR (Stohl and James, 2004), A3 E2 ) =4 RS RN EB Z B RE
MM R (L SR ERIEND, R 120 AT SHRF; 5
FORBUAT A 738, M 2021 £ 7 A 10 H 00:00 Fr4EF4r % 7 H 23 H 00:00
CH T, BREFIRULIA AL, R SCH B TR At D, = /Ny — oAt
PR, A IR EE A S PILEHE % . AW A (Nieto and Gimeno, 2019;
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BN N IR, HiE H bRk

(1) AR IR A oty 2 W 2 B PR IR B, e H R AR £ B, B, 2021
%7 H 19 H 00:00 ~22 H 00:00;

(2) AR AT, HaE BARXITERE: 33°~37.1°N, 112° ~ 115°E;

(3) 7 FIRB BRI XA B e, SR A% B KR T 40 mm 7S
B

(4) B =B I R R et dE—P3EH 3h BN T —1 g/kg IS
.

I DL FIPER, PREUHH T €217 TR BRI A B B TTER A B AR A TR 2R
HaE, BT RGBSR, ZBE 7 —LeX; “2177 0] 5g 2 W 51 shAH X
A CRBFTTE X IR B KRB/ IR AR RAIRT RN, ik, Frid B
BRSO L B 7K B 2 B /N T SEBR K &

24 KREXEERBDHE

AL ST NAHEF T, FEARVRIRX B BTk AT, NERIER SOE R
PERIRT 2, AR SR VAR A2, TR R VRGN N SR IR 2 ILAT N S (R
WA, 2011; Huang and Cui, 2015a, 2015b; %I ATEBEMS, 2020).

Hir Szt d, HKEEEMNABMnRKAE N (Stohl and James, 2004,
2005):
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Bk VG 5K . SRAE B WY sE . PO R, EERE A OALT AN PEES, 20 H,
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B A ORAE X A6 R R AL ER VRS BE . B 2 —alr, 22 H, SRE/KIEH B i, B
IR E TS, 217 BN IEARGE . O B N I R R AR K, PR
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Fig. 1 The distribution of daily precipitation in the region around Henan from July 17 to 22, 2021
(color shading, units: mm). In the upper left corner of each panel, the number represents the deadline
of accumulated daily precipitation (Beijing time). For example, "1808" in (a) represents 0800 BJT
17 July to 0800 BJT 18 July, 2021. The thick black solid line indicates Henan Province and its
municipal boundaries, while the solid gray line indicates other provincial boundaries in the mapped
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RO L T X, T 2 m BRIk 18 g/kg A b, KAURE R B4 (1A 2e.
£ HbAh, TR IR AR R R Rk (B 2g. ), S BE /K B
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m~!' s S5ARIBERE CEGRHE, B4 103 kgm?s!), (ev ) T 2 m HLiE CE

IR, A gkeg), UK (g b BERAAEKE CEAYIE, BA: kgm?. LEOk
JER AR 7RI F A A

Fig. 2 10 days (left column, 0000 UTC July 12 to 0000 UTC July 22, 2021) and the strongest
precipitation period (right column, 0000 UTC July 19 to 0000 July 22, 2021) averaged (a, b) high-
and low-levels circulation situation (black solid line represents 500-hPa geopotential height, units:
dagpm; vector arrow represents 850-hPa wind field, units: m/s; blue wind bar represents 200-hPa
wind speed greater than or equal to 30 wind vector in m/s), (¢, d) water vapor flux (vector, units: kg
m™! s7!) and water vapor flux divergence (color shading, units: 10-3 kg m s!) integrated from the
ground to 300 hPa, (e, f) 2 m specific humidity near the ground (color shading, units: g/kg), (g, h)
the precipitable water in the entire atmosphere (color shading, units: kg/m?). The purple outline

indicates the boundary of Henan Province

BoRPEK B (7 A 19 H 00:00~22 H 00:00) 1 EFAFKES A (B 3a)
BoR, KAEDXAL TG, FoO A T4 R LR e B2 —ar, mKRM
Bk i 600 mm LA B ARHE RARFFEKE SN (B 3a), EHEMFKEXRT 200 mm
DX 3T L K 5 T IX 384 A g 27KV B 1 A X 38 (B 3a P ) SR 68 5 A [X 38D
I 73 A (B 3b) AT L, BAR /K & KAE X 5 = B i e BT B R R R
1 850 hPa X744 (B 3b) 7R, I BEAE TR AR T L X AR R, 8 1 ik
I CRATIL R4, & ILEE) BAES, KBS, SRR ERERE, A
FIT o B K E RO BT R A o EARE R A2, WIREAREE, — BB A
AR CELAETRT R R AT ARG, M8 & B 25 UK GbT-~F3E), 1 EaR X
iy, MAFAEEMZREME (B 3b), XFERMEOAARIE, Nz KRS
BT R K RS L RIS (B 2a0 b)), WA AT 4 R0 4 R IR VR I
R IX LN 5 32 17T 757 R 7 SR AL 30 1 B B MR X 4R & 5 4R, TR P K (&
3a).
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Fig. 3 (a) Accumulated precipitation (color shading, units: mm; black box indicates the target
precipitation area) of the strongest precipitation period (0000 UTC July 19 to 0000 July 22, 2021)
and (b) topography (color shading, units: m) and 850-hPa flow field (vector arrow, units: m/s). Black

outlines indicate the boundary of Henan Province

4 IKAFIFEERFREXEETTE ST

FIF FLEXPART B 25 5L, XH7E HARBEZK X A R0 H ) H AR S B ) B
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7%, 34 Dorling et al. (1992) $2HHIERE %, X b B SREIE3050
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R R N R ER vt re o5 J = Wi N o 7 1 L Sl S b S B AT R e S R 7
IEL 47.46%F0 30.7%, H ARG & R AN T RARKI R s - (IR T
4000 m), fE[A HbrBEKXEAT#EE R S, RPPUE S AR K Ak, iEH
13.69% (8.15%) () HFn Bk B H AR RO RRE A5 A E PG Ak X,
SPWIUE = BEAERT L v, CEAT R v FE AR TR K K 4a S AL SRR 7 1% (BT
KRR, B 2¢) AT KR FrE BT LLn] WL, PR R H R i ok P AL
IR Fp ] R O P 4% B B KRS B, R E R ER: BT EiRETK
RENERRAEZ A, KRIBERESIER (B 20 BEMSH T HZR D BBk
T8 SRR IR 1 AR KPR s, i T BsRE, XH s
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PIE 7 0] B 2 T D R S 25 1 bR S L8 B8, R HERA R 0T rg R W Y
BLKVA IR IE .

H E-P 734 (Bl 4b) AL, EARSIAERIE B PR KX I8 G XD
2T, G T 2 UKIRIREL (B 4b R B35y, E-P>0, RFFIEAKTIFRIO
R BGLFE (B 4b R aEssy, E-P<0, REALEKERIO. A (b
RPEES IEREEE FEAR, Er 2t UKEERPCN 3, mirEn AL i X
B OUH AR RN X)) MK E MK, SRR KORIRE, Hd, i
AR N X R OB TR O B3, TE AR K . AR 3E B AR SEIE sh it (] 4a)
M E-P opAn (B 4b), Rt 7 A0 R B A Tk IR ZKIRIR X (B 4b HhR T
T HEX ), AL HE: BRI K Ff o X (A T T % R DX A B0 S0 940 A ek X 35k (B«
B H AR AR KR X3 (CO VAT R R ) A B AR 2R3 KRG X 3 (DD RGP
By E i X3 (BE) PEILACFREX I (F) AR B IX (T). R IPRFEEXTIX
BEIRIRIR X, 5 BIKIRCRIEE B otk A 712, € BB 5 H bR AEA [FIUE X
IS S BRI, LSS TR X A8 H ) /KPR 211 27 790] B 2 W9 (7K DT iR o
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Fig. 4 (a) Trajectories of the target particles from 0300 UTC July 12 to 0000 UTC July 22, 2021

(The color of the trajectories represents the height of particles from the ground, units: m. The purple
asterisks "*" indicate the starting point of the trajectories. The particles’ trajectories are drawn at 10
intervals to clearly display. The black box is the target area. The black thick solid lines are the
clustered trajectories, and the red numbers represent the proportion of each type of clustered
trajectories), and (b) E—P distribution (color shading, units: mm). The black boxes represent
different moisture source regions, where A—F represent the central Eurasian continent (A), the Asian
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continental region to the north of the Henan heavy rainfall region (B), the Yellow Sea—Sea of Japan—
Northeast Asia continental region (C), the central and eastern continental area of China on the south
side of Henan (D), the Indo-China Peninsula—South China Sea area (E), the Northwest Pacific area

(F), respectively. The yellow box indicates the heavy rainfall area of Henan (T)

H bR SIAE ) B ARBEK XIAT B AR, SR —# iR, Rtk, I8
X $EHLURI ZKVRA — & R B AR DX B KA B DTk, 75 258 2 i SR X KA
orEk A7 bE. R TR vk e = AL 1775 (Sunand Wang, 2014), EEALHE T
B ARPRIR XS TV e 2 WY X KR DTk EE (] Sa)s IR Sa vl WL, 7 AN7KIRIEIX
X B 2 W A 5 B AN [RIRR B2 B KR DT ik, Dk Fe S AIA 88.47%; Hi,
T e 0 ] R AR OR R X 8k (DD KR STk R, TTRRRIA 52.59%, X85
HERAEE 2 2 FEEsh Pl am Xk (F 4a) ES, KEETHNKE B RS
BRI DALTE D XERHBOREKIR (B 4b), TG 8473 A2 AT & X I T AR )
P (B 3b), HEMHERSRGYWHAER (B 2a), XK AT AR L
FEAE B AR, B A DK B NSk 2170 e 5 W X, SCH90] R A i 2 T C 1) 3D
P AL AP X 35 (PO H b B 7K X3 1) 7K IR T ik e HEAE 28 AL (P& 5a, 18 25.51%),
299 D XU, ZXEEENFER, AT XA H R T SR UK &
KR (B 4D, fERASE “JEE” AEEIRR (B 2) DS ZR DX SAH - $H
% (B 3b) B3EEMERT, SRR RERIE R FERW X PR E-4
] R ¥ X 4 (B X3, DTk RN 3.32%) A p B N (X (T X35, Tk N 3.68%)
ZKIRTTIRZE AN Y (] 5a), B X383 EER I [ me ¥ 60 1 15 O K IR 1)
Jefirik, HIFgSEd e P BOKER R (B 4b), 1 T X3k Gl 5
R DX Jay 3 R KPR SR K A AT ZAEIPE R s A, B SHRAET B B X
BTG PR FE X3 (B S HL [ 7K VAR e 2 W A — € Dk (2.28%), T T
P VAT e 5 WY XM X B B X RS, A AT C X ZKVR T ERIR A o A
KE, ERERAH, FraHE 0 7KIRE XN B AR BEK X8 KA DTk 2 AT ik
88.47%, HEA L RE | AR UM i it 4 K 1) 4 K8 43 K VAR IR, (HATIAEAE L) 11.53%
IZKIRIE AR A K, X KIR AT BRAEAE T IR G B R Bz | CHP 2021 4 7
H 12 H 03:00 ZHi), 30E K H T ARR 73 BATREAKRIEX (& 4b).

BB T S IR X KRR IURFE (B 5b) BRI, BARSIRTE D X (MM
e ] AR R R ORI X 380 A F X (PRSP XD S KR 2 2 T HAL X
B, Hrh, D X#EHERK, FXBSKT D X, {H D XKRHEFERFER
(58.23%) WIRAKT F X (73.46%), 1AL P 5 FE X AKVURETBCR (28.71%) 4l
B ST F X (16.19%), 1&ER D X X7 e %5 B IR 7K VA DTk 38148 F XA 2 %A B
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(Bl 5a); F X ATRE T FE H br X3 078 BA K HRAE BRI R0 4 /K A BE 25 152
i, FHORE (73.46%) KIKAEHOEIE PR & LN ] 7 5 W /KR &
(16.19%) KT D X (E 5b); B& T RPN FEIKRIFX, HAR A H AR
X 7K IR B B B 2> (F] 5b), Hidr, B X (VAT g % W9 XA S 90 A i X 380
HER KT E X (FRES-FEEEXE), HB XZHaEm (B 2), &
BCE T2 (42.54%) R RE H AR XEAEARBR, b 49.85%I1 V@ ke
JRATRE, i B R B I KR DTEMIE T E X (B 50 HARRHYE CIX (F
- H AR AL KRR X3 AT X GRIREE N X)) FI/KEEEA Y, (HlT
C XIFIBHAER (78.05%) DEmT/EHE (48.13%), & C XX mE 5 W 7K
RV T T X A X (RRE AR B X)) AKVARBCR B/, RIS
m (94.53%), SEOLKR TR (K 5a).
AL, D XEEBKETTIE (J 5a) T HLmE KSR A IR B
o, FaTHE S HR X, T R EKREEEE (K4 B EIRS
ek 24t (B 2a) FiE (K 3b) #if¥; F XA E X7 B4R E G Uie “ e
A CEMAR” BRI, FAE SURE SR ZN RE B AN B K R AR KR, B X SR
B R R W X ARG, FEURE TR HF X e, B2 T
K AR BRI 35 ZK VR AR I RE 70 5 Bl s PR R R W e s me, KRR & 52
TERX ((URT D XD, FEHAKRTTERZEAAN TR seoh, T XA B RFEKX
AR R i KRR B (B Sb, 29.69%) — EREE B8 T H B & KT
¥ %  (Eltahir and Bras, 1996).
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Fig. 5 From 0300 UTC July 12 to 0000 UTC July 22, 2021, (a) the moisture contribution rate of
each source to the target precipitation area (units: %, the uppercase letters on the abscissa have the
same meaning as in Fig. 4, and (b) the percentage of total moisture uptake of each source to total
moisture release in the target area (the numbers on the histogram are the percentages of the three
parts of moisture to the total moisture intake of source region), in Fig. 5b, the green, orange and
blue histograms correspond to the release in target area, loss along the way, and the part reaching

the target area but not released, respectively

N T R BRI H Y 88.47% (] 5a) KR Z AT R4y (11.53%)
IKIESRIR, KA HT AR5 (van der Ent and Tuinenburg, 2017), JEK[A]RT/K
FRIBEEITE] 2 R (B 6.7). HE 6a AT L, 2021 4 7 H 10 H 03:00~22 H 00:00,
HAR RIS 0 A1 5 B 4a BAAMAL, EPGEHXE, Hd, 51.40%H) H
PSR U ALK, 27.21%0 80k B [E B il el e IR, 12.51%<
Pk B EZRAG, 7.50% 00k B ROW RS A A E PR RS, 5 B 4a KA AHH
it E-PopAn (B 6b) 5Kl 4b FEAHRRL, (H/KIRIEIGEE (&l 6b AL 73
FIRTEE T RHE BFR S s shsmm E-p 34 (B 6) FERERIS 7 ANKIETEIX

(B 6b), Hrh, B E XU a Y R H R AR MAL, HR5E 40 —F
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Fig. 6 Same as Fig. 4, but the results of extending the forward tracking days (0300 UTC July 10

to 0000 UTC July 22, 2021)

MERIBER RS, F IR DX BRI 7K VR e 2 W ARG DTk (J& 7a) R
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Fig. 7 Same as Fig. 5, but the results of extending the forward tracking days (0300 UTC July 10
to 0000 UTC July 22, 2021)

LRty BRI, et “2107 AR B N ORI AN 12 ZOKPORIERE S
KB 8). i 8 Al R KR M AR AR A A B I [ R84 58
FRSINRIE S R EEARE R : 500 hPa & fEdy b, BlEA B 555 Imdt, SAei
HR R 0 R R S, TR v e, v £ B DX A I T AR AR E E R
“PIREPNA T B, e, PO BRI e R 2 e R AT S U T i
R RO, H SR e AR AR T B IR B R 2
N ATROR — ELAE T B R PN I RE SR, o) g e N XA b v s 2R 8 2 [ T 1
Hr, TR R RE R G, (B 5 A2 /K Ik ARt 2 520 T plR)
INRPERRK R G R 2RI, s Ui “HAE” 1R AT & iy w0 A v B KT
FEVE L, SRRUEELR, s, SRR, hnes 1 2 IR A P R KR
ik, R — SR ERKIREEEIE, AR AT R, AR
TR — 32 1A B K PUmIE IEAE , ANCE A TRk B R AT 00 ) 7K 9 A A
&, [T B AR R AR b o AR O R X KA AR g s teAh,
o [ 2R B DX A 14, LA R R 2 Y1) W S Pk R G 1 il g 1 47
FEH R 73 AT, X EERFAEA A T 3 P SOKIRIE I8 TE 10 =23k Al ] r 2
N X R fE A RS, AT 5] R T R R R B MR

19



60N ‘ L

30N —

T ! I g I ] I
60E 90E 120E 150E

B8  “21+77 Vi g B R RN 1 BRI ORIEM &AL #BE “G” M “D” 754X
% 500 hPa ERE . AREIRA: KRN ARG SURAT 5 20 m AR R <A Ry 4
7 kA7 T ERIE IS B AR, S SR AR R PO E H 2/ CRIZKIRRTEEIE KN S+
AR FEIKIREX, HARBORH AR Kot AR K RO R IR A

Fig. 8 Schematic diagram of atmospheric circulation and main moisture sources for the "21¢7"
rainstorm in Henan. Letters “G” and “D” represent high- and low-pressure circulation at 500 hPa,
respectively. Large and small red tropical cyclone symbols represent "In-Fa" and "Cempaka",
correspondingly. Green arrows indicate the main water vapor transport paths, and the thickness of
the arrows indicates the number of trajectories (that is, the size of the water vapor transport channel).
The green "+" represents the main moisture source, and its thickness represents the relative

magnitude of the water vapor contribution. The purple outline indicates Henan Province
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