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Contributions of Large-Scale Circulation and Local
Land-Atmosphere Interaction to Precipitation in Eastern
China: Investigation on Influencing Factors of the July 2021

Heavy Precipitation Event in Henan Province

CHEN Yue!, WANG Aihui?, ZHI Rong® and FENG Guolin®
1 College of Atmospheric Sciences, Lanzhou University, Lanzhou 730000
2 Nansen-Zhu International Research Centre, Institute of Atmospheric Physics, Chinese Academy of Sciences,
Beijing 100029

3 Laboratory for Climate Studies, National Climate Center, China Meteorological Administration, Beijing 100081

Abstract A record-breaking precipitation event happened in Henan Province in July 2021, which
caused great casualties and economic losses. This event exposed some deficiencies of precipitation
prediction in flood-season in Eastern China. This study applied the ERA5 reanalysis product and a
dynamic adjustment (DA) approach to explore the respective contributions of large-scale
circulation and local land-atmosphere interaction in this extreme precipitation event. In DA, the
500ha geopotential height constructed circulation analogs were used to separate the effects of
large-scale circulation dynamics and local land surface effects on precipitation anomalies in
Eastern China from 1979 to 2021. Finally, the contribution of these two effects to the extreme
precipitation event is quantified. The main conclusions are as follows: 2011 is the similar year of
500hPa circulation with July 2021, while the corresponding precipitation fields show significant
differences from North China to the middle and lower reaches of the Yangtze River. The influence
of atmospheric circulation is separated from precipitation anomaly after DA. The correlation
analysis shows that the residual component of precipitation anomaly reflects local
land-atmosphere feedback. The residual is the main cause of the anomalous heavy precipitation
from Jianghuai region to the lower Reaches of the Yangtze River in July 2021. Attribution analysis

shows that the residual component is mainly caused by the change of local thermal factors,



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

enhanced evaporation reduces sensible heat flux and increases precipitation by affecting
atmospheric relative humidity and boundary layer height. Among them, evaporation is
strengthened, sensible heat flux is significantly reduced, and the unstable energy of atmospheric
strong convection is increased, and precipitation is increased by influencing atmospheric relative
humidity and boundary layer height. Extended to the precipitation evolution process from 1979 to
2021 in July, it is found that the interannual variability of precipitation residual component is very
strong, the extreme precipitation anomaly is mainly reflected in the residual component, and the
circulation component is relatively stable. The results emphasize the important influence of local
thermal effect on summer extreme precipitation. This study shows that taking both the
characteristics of large-scale atmospheric circulation and the contribution of local thermal effects
into consideration is necessary to improve the prediction of summer precipitation in Eastern China,
and the latter is particularly important to the prediction of summer extreme precipitation.
Keywords Heavy precipitation, Henan, Dynamic adjustment approach, Large-scale circulation,

Local thermal effects

1. 5]

ok

i E AR XN AR GUFRIE, RAOFRA b A=) B b, [ E R
2 R T A 1] 5% 355 Al o = A A0 A 1) X 3o FRE R BB L X B 2 P e, J& T IR i i
AU X, R FIL AR SRR, T RER K (2010), 7EIT )L 43R
SRR T ST, WS R AR LI, REERA BRI TR R KRR,
T 7= 2 At RO R A5 2% (Li and Wang, 2018). BT3B, 1961~2015 4= A [ 7R 4 & 2= Ml iy
KRGS, FEAE 1990 4 A J AF1E 35 I ARARRR LA, Wi Bk b A D i 22 (i
THSE, 2021). (PEASFEARLEE R (2020)) HhieH, 1961~2020 4, H[E MR s K 3
RS UK P65 5 2 T 4 1991~2020 4, rh B4 i RS 4 4T 4914 (6.8) %% 1961~
1990 F-FI4MH (4.3) ¥4 1 58% (HHE G/ xR 0, 2021) . PRI, o ZRH X
25 ik 7K AR Al TR RS 57 55 7 A P TN e A Mk 2 O 9 1) B R . — (BR B R AN 3 [ A,
2008), X 5 BB AEEAT VR ADR I RIA DRI A BB e R S T K

2021 FH B AE TR R 334.1 22K, BOHFERM (3262 2K) WE 2.7%, FEZ
N X HEERRE AL 7. 7 A N, RS T s WA bR, 7 A 17 HE 21

I R4 3 B T B IA 144.7 22K, 0N 1 /NI KR ok 201.9 2=k, )i 1 o | K/
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W oW = 44 ox b X W & 207 7 H O,
http://www.cma.gov.cn/2011xwzx/2011xgxxw/zwfw/202108/t20210803_582255.htmlI[2021-12-11
Do SRR E A AR BEESE NI A A N, IE R T ERA R TATE
REGHIR(GRES, 2021). JIERFFR, WA NBKSIAY), HIRRK L4 F R
I Fe 4 (P %%, 2012), PRI — B — e, BF 9T H 0l B K A & ok
VSRR R X e e /K T o A M AL P B S

HERHBESEENRE SR T EZR ARG M ENSO H4F %% 455(Ding and Chan,
2005; Zhang, 2015). < HE NI 5 (1999)BIF 7T fis t 431 J& Wb B 2= 3 I QL - B 0] 22 [ K AKX 7
PR b, T AL TS B IEH R 2 . ARTAKJE /KB Wl T A B B 24 B 2R R 4T 46
RIEREA AR, FRE AL 24 T RE R /K 2 (324245, 2012). 2021 4FE
FNRLE PR, EE AR VH R B 8 2 S AR S5 A3 21 BOTRSI I 0t A6 777 22 W AR Al o 1 i
A o X — 25 R R BRATTIE 75 2 am A B2 /K R0 A e 5 e DR - AN DT TRC AR AR AL 52
ARG 48 A0 T rf B TR P X P (Li and Ma, 2012; Wang et al., 2017), B b+ %4537 5 25 X2
ENHTL G, HFRKERZE RIS NE 52 2Bl R & B PRI R o 5T rb B AR 998 Fae /K S ]
TR 2 TR G IER, X R F 50w =5 & A IR . DA T U B A A 40 45 R
R Fert, SRR T IR TR R SR e R A AR rh s B Bt 1) 3 B DTRRER 7, T R R A
B2 ik S 4E H (Conil et al., 2007), H A E At S0V TAEHL X /2 B 2= 15810 B A K
A fe o 2 Hb[X 2 — (Koster et al., 2004).

VRN B TS AR rh fe g B R — AN B, S RS G 1T e B A KA A R B AR
A1, AT 2 <A A2 Ak (Shukla and Mintz, 1982; MREIESE, 2008). 3R 5 FEK A 1k
AR At - SR EAE FAIE 7 A 1R & 58 B2 75 AR (Koster et al., 2004; Zhang et al., 2008). [ifi
T ) RS /K RRT RSk 33 RS TRTIAL S WA AR . BT K BT AR B IR K
5 R R A AR A A, ELIE SR A 39 LA R P o B A (R
&5, 2016; LB MEAITR AR, 2007). FEARRAZHETS 50N, 330 RE 5] ARG #4055 0 A
i S A S 2 (Fischer et al., 2007; Orth and Seneviratne, 2016). 4, [l i s LA
3R B R I AR S, B I A 22 50E(Wu et al., 2021). FE T BRI R,
AR UL S AR iy R T R AR A AR B kAT b B 2R B A K (R A B8 23 A

DX 35 P4 7K R 7K PSRV 5 R R S i 26 AR Jy it o T 28 SO 1 5 TG » R b X P /K 25T
AN K IR B A K IR S PR T BB P 7K 22 AT (Brubaker et al., 1993). 4 T W 5t 51 < Ak K28

W EER T, EWEE Rz 7% (Dynamic Adjustment, [#8 DAY J7ik, #ARR
4
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JEERA AL B Ry o 1 PR 0 UM B SRR AR A Y SR AT 1 0 B, AR BRAN [ X380 e T
1R Z 1 7T (Nicolai-Shaw et al., 2016; Smoliak et al., 2015). /7185 572 43 il 45 AR s T 2L
HET 1) BARGE T 7 VE ARG B (R L, DA — SR 7T 5 TR AP AU AR R xS
I HEAT B 7 B, R KSR AR B Th RIS 20 TR B N S8 3 2 M3 0 T IX
7371 K(Guan et al., 2015). 500hPa {7 % i 372 H )2 KRR IR, 2 — el
P 1 E B R I 2 — . Merrifield et al. (2017) % 32 [ A [X 5> 500hPa M7t i B AH
AT SIRAFAEZE R 7 A AT, RIAERS BR KRR IR LU, FRLAR IR ES 7=
A S T I TR 0 S B o S0 RS, 5 R OB R I TE 5% R T8 0 2 =l A e
IKEABERARR, UR AE DTk ECK (Saffioti et al., 2017, Saffioti et al., 2016). [F A —L&
B AR RUESE 1 330 38 25 o 1 22 3K 78 R M S b R B A LB i R i s
HH I A S B 2 TR S5 S ) 5B 249 2 259 55 (WU and Zhang, 2013) . SR 1T 1R RUBEHA AN
it T A o T B i AR 7 RFALE R 2R SRR PR 9 AR b . ASCREIEIN “21 77 535 A
BARARKI —A 7 AR EONT, S8 3l 75 Y58 J5 VR R KR BEFR R i I 5 15000 2 I 2% W 5
PRRITTHR, FFERIT K 2 B PR B R L& I . e R R RS TTHR K 73 78 B AE IR %
H ) AR P X G A T i 4 Wi B /K BRI RIS D9 TR Rk T B it 2%

2. BEETE
2.1 HiE
N T T R 2R I AR KRR VR S ML BATE 5T, ASAIE 5T R T R 3 R A TR O

(ECMWF) AERSARME AR SF T 1979 4-2021 4 7 A{EEE(ERAS), ==[H157
# N 0.25°X0.25°(Hersbach et al. 2020). #T7TR], ERAS X v [ 7 s /K S 1 F I Sk
BE 7k, REBI AR o ] AR M X 10 2 b SR (B804, 2021) o A T VP4 ERAS
BEIK B, LA T AT 1979-2016 4F A G WAL EE 1 0.25°X 0.25 T % AL
P CNO5.1(RH:4F, 2013). A 7RI HE 1B 2] 2021 4F, JAIMNEFK Gk /il (hEg
XY (AN RILAE S5, 2018, 2019, 2020, 2021) F13545 2017-2020 4F3% [ 45 4 - B,
W7 H KRB MR, TR 4 PR K LU M T M . &l 1as b 70l 4t 1 1979-2021
W7 H B ZRHRIA A X AT ERAS [ 7K S5 0 ) BE T S 4 15 41 B 25 TR A 5K R 8K
ERAB 7 H [ A< AR 7 48 1 ) UBHAE R b At iR WL B /K s 28, 2[RI AH 5 R 803908 0.75
A10.90, it TAEEY 0.05 Wgtithads . [Rt, 2T WMECE A ESE, A5 R A

ERAS Hdfa {1y o B AR B 4 [ /KEAT 20 BT At 2 o B 7 ERAS FRIKZ 41, AT ik
5
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AT T DL RAR R MBIV SRS IGE &, IR A R A . RS OKE (3t 4
2, R NEEHIZEVE 0-7Tcm. 7-28cm. 28-100cm F1 100-289cm). LA EEEE . WA R
B KIa¥. KREREK. SRR, DL 500hPa 7.

(a) Pr Anomaly, Eastern China

puniipg

estimates

CNO05.1 — ERAS

1
1980 1985 1990 1995 2000 2005 2010

(b) Pr Anomaly, Henan Province

2020

|
2015

1980 1985 1990 1995 2000 2005 2010 2015 2020

(c) Correlation with variables in July 2021, Eastern China
B —r-Z500 —r-Pr

-5

.1 1 1 1 L 1 1 ! 1l 04
1980 1985 1990 1995 2000 2005 2010 2015 2020

1.1979-2021 4 7 7 ERAS F43 M8t Hh [ 7K 47 15 v (5 Z3 SR Ii) 7 44 1) A4 6 0E B
1979-2020 - 500hPa fiz #w& FERIFE/K 5 2021 45 7 H M7 AAHC R EL. (2) HEZRHA (b) J1H
A [ ERAS F 73 M A1 CNO5.1 RLHI A 7K (1 243 S IS IX 45k~ 2o 1 P 47, L e e i sie 23R CN05.1
M, BEOLLFRIR ERAS, Bl MR 2R (ChE S THEE) R EE T 7 H Bk
IR THE. (¢ 1979-2020 £F 7 F 500hPa o7 3 i BE~F M /K BE~F 15 2021 4F 7 A AN ZEEK
(TR RH OGR4, Herb Ze Ml AT S € S22k 367 500hPa 7 35 & FE IAH G, Ao I R RS ¢4 Sz 4
FoRBEIK BRI R R 7 [ AH R RBORIE I A £ 9 0.05 M4 iR

Figure 1. Applicability verification of ERA5 reanalysis July precipitation field in Eastern China and
Henan Province in 1979-2021 based on observation, and spatial correlation coefficients of 500hPa
potential height and precipitation from 1979 to 2020 with July 2021. Latitudinal weighted regional
mean anomaly series of precipitation in ERAS reanalysis and CN05.1 in (a) East China and (b) Henan
Province, where the solid green line represents the observation of CN05.1, the solid black line

represents ERADS, and the dotted green dash line represents the estimated values of total precipitation in
6
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major cities in July from China Statistical Yearbook. (c) The spatial correlation coefficients between
July 500hPa geopotential height and precipitation anomaly from 1979 to 2020 and corresponding
elements in July 2021. The left vertical axis and blue solid line represent the correlation between
500hPa geopotential height, the right vertical axis and orange solid line represent the correlation
between precipitation, and gray dots indicate that the spatial correlation coefficients are not significant
at 95% confidence level
2.2 ETHUFREKZH /1 HE %

HIH] DA Tk H B2 E 10 B BRI RSO Tk, Hedr, R B R
X RRPBE G 5 R 8A o< . MR 7 i f L i1 Lorenz(1969)F2 1!, Deser(2016) L4
R I USR5 X 1963-2012 AL IR AZR I U HEAT 3 1B, PRI %0 &
TR AR TTNR . BT XHE 2 500hPa T BN AR HUZ , H ECWMF $24
(o7 35 vy P TREIN 7 s 4 A v, LA TN S Bt 3 5 30 AW FERI ) 1979-2021 4 7 H ERAS
P4 M8 1) 500hPa 10754 i85 FE (Z500) % il 1 Bee /K (Pr)BEAT FR UL F 10 43 5 o i FE R B30 7
B 5 0T PG B A U AN (B3 R, 2019),  HLZG R IR IR IR V0 [ i 2 AL 2Bl )
FE I A St (Merrifield et al., 2017). PRt A5 ) 90 B AR LT R WF 7E DX 4k [ AN 26 7] 7 i
TWHIA P K, w2 R KRG RTE R S H I8 R B, ATk
500hPa fi#4 XA 0° -60° N, 20°E-180° , i HAREHEIVEEy 15° N-55° N, 100°
E-155° E. $kA1LA 2021 4F 7 A ProBIREAT I ZE U, B 71 2 B o £ERR B Fre
SMIETA 42 A 2500 7T BEALIEE Na CGX BN 300 A4S, X HAREEG ) Z500 fiftsm it Ze it
WA, SR 1 HE A& R BRI A FE — DR CL. K Bk ik
& RB R SEEPLE I Na 4> Z500 375065 B Prdzy, 53155 1 4 2021 4 7 F KSR
SEIFER Y PL. KBS AR K IR A 100 7, 733 100 413434 2021
7 ABARIAIRRA(CL, C2, -+, C100), FIFHRIfY) 100 LHIFJNT LA K /> &
(P1,P2,--+,P100). HX C1, C2, -+, C100 ¥ C 1F 2021 = 7 H A&, B PL,
P2, -+, P100 MM P 174 2019 4F 6 A KM FEUNBEKE, MOV & (Pr-Circ),
KBRS SIS R A AR (Pr-Res)« SRJEXF 1979-2021 4E 7 H Bk % 13k b 3%
B, WIS REEAE TN BN BB H R R
2.3 RS E ARSI BB ER

IR - PR B I I R T AR O SR, AR B TAT B AR NI BUKIR.

P IKIRER R, KIS T A 2R (PR SR SN IR - R ol ) 78
7
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SR AR A OB B A I (R I E R ELEUN, MAEE. R, &
2 5 Ve ol T A5 280 e & m) i 3L P B 08 B X A, XMz v DLJE I 25 Kk 73 #5 Cevaporative
fraction, EF) #£47 &E 1k (Smoliak et al., 2010),

LHF LHF

EF = ~
R,..— GHF SHF +LHF

Horp, LHF i fhilis, SHF NEHGEE, Rnet NRGIHIAXEER, GHF JythRMGEE. X}
TR AR B ], 28 ) 2 B PR PR AN TR] - BRI e i T 1) KA (R L) B A7 A
ZSto HFER P BAUEAE 0.0-0.5 I8N, A7 RHEEE 2 P AR . o IO 14 X gl T A X
TR, WRZ KA BRI X3, 28R /B 0.5~1.0 Z I X3y LR EE 70, A 2ReE =
TR, B AEE R X

! &
B B ARETR Xt B EINaPrif >l Bk BEF 5> B 1HP1~P100
LLsha9424 A ™
‘l’ i
Pl 1% EXNa {EE B B E9500hPate _)i WA MEM A RE
(X EEA30) #}%E&ET (7Z500) i I AEICI-C100
LY RS ALy t B

X 1003% 20214E7H500hPa
AR

2. ST AL ) 2 7R B s i s = A
Figure 2. Schematic diagram of dynamic adjustment approach based on constructed circulation analogs
R P I 3t R B AR A T T IR R SR AR RO TR
FEL MRERIRE SR FHERSS R OE, TF B K AR 1k (Seneviratne et al., 2010). A 5T
R, 15 Z S TR A PR KA 2 2 U DGR 2R, T 5 AR B KR 424 1
MARIESLES (R TT, 2021). [FIN B/ S50 2 WaRACTH IR & R # A0S, HahERE K
POEAEL T2 N R RRR 5 1) AR i 2 F A S e S (M 55 5 5%, 1980). XA Rhir
fit (CAPE) 5 EURFERREZA K, REAKITREAS OB I Al &, il TRk
SR IRSE R, BAKVURESS R RS B K B BE AL S (Fh AR FIBG AL EE, 2012). HIFEHL (K
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FRBO FERR I AUZ h T 2 IR LR 2, 12 S e b A2 KRR M 2% A R 25 A
— i K E B KB R KR A (G E, 2003). 45 BATIR, A5 DL A8 5 R i
AR 3 5 2 e A Dt i i T S 15245 B, L CAPE AR K 4R BRI bR, IR HN
T8 7B A B K P R IV B SR

3. HEARIAHCIAR T HIBFA 7 BRI
3.12021 4¢ 7 A REFFFANGE h B AR EB 2K BE S R Ho 3l /7 8

5 J8 2 rp E R AR K 2 B S S B USSR B2 AR IR AR, ARALLA
I N AT e AR AN R B K BE P 3 Af o AT T 2021 4F 7 ] 500hPa i H5 i B R FE K
151979-2020 4 7 H E R WA AR AL, IR K AR I AAAE TR ——XF 2 (& 1e).
Horpr, 500nPa i34 5 8 b b 2021 4F 7 A BRUAC E By 1999 4F 7 A, 4R 1999 4F
7 H5 2021 4E 7 HBEKIEEF A S R L -1, RIBK AT A S o SR E I im Izl K
WS AR, FRATESE 2011 R4y 2021 S RARME G R PR 45, 2014), P#HAHK
RHECN 049, HIFEKEEFI0 A (K 3a, d) AJ51, WA 7 HZRACFIHE R Hi X 2 K BR - 23 A
FAAL, 225 EEARIAE AL BT R IX & m) XK. Geitas R, RS0
F 8 2 IRBUR ARBOR HRF 52y RF 5 R AN B (FEMYA 55, 1999). 2011 521 2021 £ i
JERREATIRAE, 7 AL FE IEREP bt AR T 1979-2021 AEA A L, Forb 2021
e IR aE AR T 2011 g, 2011 FmEt o ENE AL (& 3a, d). 2011 4 7
50N DAL IERE~F R W m e UG 3l 20, SEAC RIS E X 52 ) AUt PR i 4 ),  500hPa
RGN TR A2 17 20210 4 7 F3 )R 4 AT S5t 3 O 5 O 1 6 08 AT ) Aty s s A
K I v R DA R PSP R R g A e 2 ) (B 3a), &R0 MR 0 #vits v e 2 ] 3 S
JE AR TIN5 TR ZR A, oK 78 RSP B 2 S A5 DA i P s o

N7 i 500hPa A RAE A 7 H BKEIME, 5 TR X DI AR 7
H B KEEFREAT B0 3% . M4 2021 47 7 H 500hPa 1 34 & B BE P AR R i 70 A (1 3b)
FREN, RS )y i ) s 2% IR\ ] BB X ik 1 K KR, 500hPar Ho v i i 7% i B2 114 5 di
TEREPASH B K A2 . 2021 4F 7 F K R 5 R 20 B AR I Y 225 TR) A 56 22 807070l 0.36
H1°0.69, W7r&[AIFIAH G R ECH-0.43, @il TMEAEHN 0.05 MGtitkads . Mo A F
ANLZRE B RSS, AR X oR . MERAREN G, 2021 4F 7 H KPR
(e XA TVLE BT Rt X (B 3c), A “21 77 SRR KM EZRIE. [N,
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3.2021 4F 7 H AN 2011 4 7 F o [ AR50k B K PR SF R FL i (L, #2472 mm/day ) AT 500hPa
7 34 75 BE RS B HAR R (Z{ELR, Shr gpm) 4. Fri(ad) 7l 2021 /1 2011 4 7 A
[ 7K 2H - A1 500hPa o7 24 & BT, (b) v 2021 4541 2011 4 7 H /K BE T34 374 & A1 500hPa A
AFRFREEF, () 2021 4EF1 2011 4 7 H FE/KEEF R I, L2k B O SH R IR A T IR N
1E, HEELRIRE A, SES5EHZ R 500hPa i #55 E 5880gpm £k

Figure 3. The precipitation anomaly and its components (shaded, unit: mm/day), 500hPa geopotential
height anomaly and its similar circulation distribution (contour, unit: gpm) over Eastern China in July
2021 and 2011. (a, c) Precipitation anomaly and 500hPa geopotential height anomaly in July 2021 and
2011, respectively. (b, ) The precipitation anomaly circulation component and 500hPa similar
circulation anomaly in July 2021 and 2011. (c, f) The residual of precipitation anomaly in July 2021
and 2011. Solid contour line indicates positive potential height anomaly, and dotted line indicates

negative potential height anomaly

3.2 FE/KEEPRIA N LH]

T BRAR K AR T B S, BATELRL 7 AR T SR A 7 3 B AR X T 2
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J& (Liuand Liang 2010). LAMERIHIZ (Zhang et al., 2013) Fi& H = 2= b 1 [X 18 #4025
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R201L 47 H

Figure 4. Anomaly percentage (%) of land surface and near surface convection factors in July 2021 and
2011 in Eastern China relative to the July climate state from 1979 to 2021. The eight factors are surface
soil moisture (0-7cm), latent heat flux, sensible heat flux, net long wave radiation, net short wave

radiation, planetary boundary layer height, convection available potential energy and K index,
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FIRATARE, BEKEE PRI A2 R TIRBN, 3R RIRYE 7 BE/KER R
DA /& 5 5 & H 500 FE ARG TR EE— 0 IE. 181 5 45 T T E A HIX 1979-2021 4F 6.
7. 8 HLHEREYS 7 ARKRIULH DA /&M RE (ARG XML TEEN
0.05 MGG, 7 HRB/KIEFRIRTE 6. 7. 8 HJSH 4 )2 13810 & SRE P AH G
By ML (2SRRI S R E0 BN 0.7, 0.70 i1 0.67, HJilEL 715N 0.05 MIZEitH),
] R AR T B K R e 2 AR AR R T v, R IR B R SO i T s B3t Y BT
ke 6 H-LHEREE BT 7 AKX 110 AARMLIX AR 5Tk, ik 110E LLFGH#hX LA
IETTERAE, ARIIHE 3R R - B K B It ) 2 1P IX i 22 e (] B o 3K 2 17 222 St ) B
TE L HER X RIS (8 500, #F—BHAKIEMIMS (W 2.3 5 F%, X
TR XN 28R 1) £ BRI 7oy RISk R YT IR, IR, ART T
B 6 H R 3EREEXS 7 F BRI 5SS LR 7T -5 38 i 3. 5 | 7B ) o ik
559, ICHLEARFEIS, WFERESZIR, AR BN 58 (Ek and Holtslag, 2004). [
I, SRR 5 6 H 3 AR P 5t A0 SR T AL 0 AR AT A it X 14 SR D%t e R AE
Moyt (& 5b), RIEHhX 6 H 3R R 1 i R EO@ IR 15 500hPa Hhift RGesm 7
HBEK. 7 EHEEQ007) &I, HHEIBKIL P R X 52 e iy, R 28 R 3 aii
FERRAG, HERGIR 220859, 1R RS, M, AF TR XK. X4t 5K
S5b R SAH G L —F, BI 6 ) I R s e A A AL M X B K PRI A B s . 7 H R
SRR 5 B K AR T B AH 5% 28 000 A 55 de B RORRAL , TEARSGR B IX Az T3 v JR B AR AL b [X
5 (P 5F) o AT B 44 LB L 5 P R IR AH O R BT 0.4 DR, RAJIEIX I A%
T RE-PE/K AR AT . A3 500hPa 2 Gusy i iR I 73 i 15 [ HH 0 390 12 1] DA 7R O 3
BeAh, B 7 ABKRENS 8 H IR E A PE AT AL, 7 H BEACH AL BV X 13588
FERISZm AT AR B (B 5D R HTIESE T B K EE P RIUREBE SRS &1 R K
(AR 4k, R A b 2T b X 390 B S 15t 1 #4 si (Merrifield et al., 2017)
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Figure 5. Correlation between (a, d, g) precipitation anomaly, its (b, e, h) circulation components and (c,
f, i) the residual in Eastern China in July from 1979 to 2021 and soil moisture anomaly from June to

August of the same year. Column 1, 2 and 3 are the correlation coefficients between precipitation
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REAE A3 HAE AL BT X G 0 (&l 6b). BEERATILE BRI 5, s AN = A
B FAEAS R RS B /K AR T 2 455 (1] 6¢) . 500hPa B AN T A b 2Ty b X T it 7 b
K, SRR K I R rpl TR A2 Bl S R TR A . BEALR ], IR - KA S
LIS A R I AR IR B R R 7K (Koster et al., 2006), 7KV FHAE PR X T % it B /K D 52
M) 55 KRB 7K (Wei and Dirmeyer, 2012).
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Figure 6. (a) Large-scale and (d) convective precipitation anomaly and their dynamic adjustment
components in Eastern China in July 2021, where (b, €) are the circulation components of
large-scale and convective precipitation respectively, and (c, f) are the represent the residual
components
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Figure 7. (a) Boxplot of precipitation anomaly and circulation components and residuals and (b)
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Figure 8. The precipitation anomaly and its components (shaded, unit: mm/day), 500hPa geopotential
height anomaly and its similar circulation distribution (contour, unit: gpm) in Henan Province in July

2021 and 2011. (a) Precipitation anomaly and 500hPa geopotential height anomaly, (b) the precipitation
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Figure 9. Anomaly percentage (%) of land surface and near surface convection factors in July 2021 and
2011 in Henan Province relative to the July climate state from 1979 to 2021. The meanings of the eight
factors are the same as Fig4
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