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Development and application of mid-summer precipitation prediction
model over Haihe River Basin

HONG Jieli', CHEN Lijuan™*
Key Laboratory for Climate Studies, National Climate Centre, China Meteorological

Administration , Beijing100081

2Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters(Cl

C-FEMD), Nanjing University of Information Science & Technology, Nanjing, 210044

Abstract There is a significant difference in the decadal variation between June and
July-August precipitation over Haihe River Basin, especially after 2002, the decadal
variation characteristics of June and July-August (JA) precipitation over Haihe River
Basin are opposite, so it is necessary to establish prediction models respectively.
Based on the idea of year-to-year increment, several important factors related to
annual increment of mid-summer rainfall over Haihe are selected through correlation
analysis. The difference between the current year and previous years (DY) of Sea
level pressure index (SLPI) of key areas in middle and high latitudes of Europe and
Asia in the previous winter, Nino3 index in June and the tendency between June and
January of Nino3 index as ENSO evolution speed are used as key factors to establish
the multivariate linear regression equation. Then forecast experiment of mid-summer
precipitation over Haihe Basin in 2022 is conducted based on the predicted Nino3
index in June by models. The comparison between year-to-year increment model and
climate model results initialed in March show that year-to-year increment has high
prediction skill especially in flooding years. Then the failure hindcast case is carefully
studied through the contribution of each predictor. The main factor is SLPI which
reveals the relationship between East Asian winter monsoon and summer monsoon.
The relationship is strongly relied on the following tropical Pacific and Indian sea
surface temperature anomalies (SSTa) evolution. Nevertheless the tropical SSTA

especially in western Indian during June exhibit unique feature may disturb the
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contribution of SLPI. It suggests that the nearly prediction of SSTa in key area highly
associated with Haihe late summer rainfall should be paid attention.
Keywords Hauihe river basin, mid-summer, year-to-year increment, climate model,

prediction method
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z, 1999; TKIRAMPRES, 1999; TPH#%E, 2003; 1HAZFIPMNEE), 2004).
AL (1999) FIH & S AE /-7 70 i 1 b /K 5 1R 1 500hPa i
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AL DX B K BRI RS, B8 — PRI T~ 75 90 e e R 7 A R v v b b X B 7K 11
M. XN (2016) FRIHAEMRICFEMEHTE,  REE N BIRHER
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ZRIF (530, 2002; AREFMIMNERE), 2003; Wang and Fan, 2005; B304,
2006; oA AEL:%, 2006; Lietal, 2012; XUGRFIZ=XUMK, 2015; PR iiFnZs
-, 20165 FRIEAGKIKZ, 20160, AHXTHIGHIX RN, #RREE
Z /K S IAUELHE FE TAE RN D o MR e b X 1) —3 53, 32 BRI
FEHALHL X I E L LIRS R 5 1038 =R (IS, R 7 2 A3 13%, Btk
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TR R K T AR HITE 6-8 . FR/K R (AR 65%. B B ST KGRI
H7E 6 2 8 A MK HMRRHEE A — MR (B4, 2016), HEARD
W FCE B 2R E V] 2B A B AR H (Wang el at., 2009; XIZIRSE,
2013). [ 1 ik 1981-2021 45 Z= % H MK & 2 i ) RUE R E (4
SRtk 7 RS, iR . WTLUER, BEK A BENEREL, 6
ABKEMEHEMT 7-8 H, He AR 7. 8 AMERBREMEGHEER. N
SIRAERRME S G RN 7 G- P LIE S, 20 thad 90 ARG & 21 thadw], 7
A8 I b /K R R AE B Bl kD a3, T 6 B/ IR AR BR AR AL R AR
A 2002 42 Ji5, 7 A1 8 AT it Ak e 7K R A I Al R P AR AR BRARRAE
2002 2 J5 N RE ML s, @it 90% WA, Hob 7 A K
LrtaE ST 8 A, 1M 6 AR R IUALER S i RHE, 57
AR 8 F et Atk i, (2 AT 90% 5 2 hkG 3. XU 6 H 1 7-8 Al
RE3Z B [F) SR G0 AR A I RE I o DRI LAy 1 5 A I TR i 3 B 1) e 7K AR ALE AR T i) R,
ARSOHG TN 58 MRS E. (7T A8 ) IIFEK.

FEAEALE ZER K B A S5 T, Y6 rT 45 N (2008) F) 4R it & R 2k
SEAEACTRIHRE K T 77725, TR AR LT s Guo etal. (2012) FI B 2% RBE 4
T3, LG R AR R T A = ZE R K . [l H 5 (2002, 2003) TR
AR IR 7K B 6 R B AEAR PR AR A4 5 4R BB 0 2 TR (R 5% R 2R 1 1, 7T LA
Fa A AL B K I AR B AN A BR AR S 5 3047 187 50 1) 28 I T 45 1A JLVRJH K
AHUE . AR, AL X AR R R K R R 2 Y, SRR E
JHETEEARBRE SR R B E R g8t o thAh, 3 7SR (E B e
AT TN 55 h i A 3 5 B EAE A, (HR B A AR B R IR 2 R A
SCRISR AR B st B JL B, 4545 [ P9 A S 30 1) 22 A b 45 P A0 s 1 T A5 28
W 38 FH T s 5 K BB 0 5 Gt A 45 B O TR 2R | 33— 5 1Ak T
RS [ 4R A PG AN TR AR, BTN B I E Ay, $H TR VAR LRk
R, ik — D ik R s T I ASE Y A 2 2 A

B 1 A, 1981-2021 4F 6-8 A % H IR /KPRt (4HSELR) . 7 i3
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Fig. 1 The annual variation (thin solid lines) and 7-year running mean (thick
solid lines) of precipitation over Haihe Basin in June ,July ,August of 1981-2021, and
linear trend of precipitation during 2002-2001 (dashed lines) (units: mm).

2 BRI

S i FH T A A B K i R R B E AR B B E s IR R
FARERERARE ((T225%, 2012), A& iiseE i 210 34 (& 2),
TATVAT B ERRAE R, AV TRT 7K 2R HIEIAT 3 S TR S Gl AT 7KGE AT K
JERL TR misiD) A B 7Abnt Rig, k=4, e .
WA WAREMAZE EGEX A0 KA 2 s vk E
NCAR/NCEPI 1981 % 2021 4F [1)3& H 7 #5151 FE 37 M35 %678 B (Kalney et al., 1996),
A RN 25352 #EKIEE (Sea Surface Temperature, SST) ¥k A3 [H
NOAA Optimum Interpolation Sea Surface temperature (OISST) V2 (Reynolds et al.,
2002), PN 13 Ay 1981 4E-2021 4F, xS B
9 1991-2020 £ 30 £ 44 o A ST YRR 2 HdE 2 ZORYF X AR AR A (2013)
TE R 1 2 S rh G 22 A R B B B2 LT % 48 (Multi-model  Downscaling
Ensemble Prediction System, MODES), =£ZAKGRRIAF RS Fi AL (The
European Centre for Medium-Range Weather Forecasts , EC) . 7k 51 f% H.0» (Tokyo
Climate Center, TCC). % [ I EL ARk O # & AU Fili 24t (The NCEP
Climate Forecast System Version, CFS) . 3% [H A % /5 ( United Kingdom
Meteorological Office, UKD HIrf [E 4 Jm B 5 i 10> (Beijing Climate Center,
BCC) 5 Mk55 W FH A Us A =R Dy S [ i 0 S I FA AR -

FEW ST EAIEEIRIE R INE QU 27, 2007; 604, 2008),
— TG 2 TR [l AH IS E B, i 25 PR A 56 R Y student-t Az 56 (55 57447, 2000) 6

2 TR R A

Fig.2 The distribution of the stations over Haihe Basin.
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AEERRIGE A (B 3)e WA G, SRR = b K bR &
B ARG AL TR A i 46 B2, JCH A2 SRR 2 UK X (& 3 FEHE R
TWHD, ZXIBARIE SRR, AT R, G R T = i
(RIBEE KA 22 o AR SCHRCHIT A A ZR WO s 26 FE S R L 2 DUINZR . (50N -60N,
50N -110F) X345V~ 355~ T 4 B 18 11 g g Ve s ol e B e 7K Tl A5 24 [
ST A

3 1982-2021 4FIFIR] At g B [ 7K £ 1 B A I A YT 1 A 1Y 4 g
AR (SRRt 95%(5 TR X 18O
Fig. 3 The correlation between DY of sea lever pressure (SLP) in previous
boreal winter (December-Janury-February, DJF) and mid-summer rainfall over Haihe
(green lines represent 95% confidence level).

REHFFTIUESE ENSO S0 ] It 45 s 5 B 7K BRI BE i Huang and W, 1989:
Wang et al. , 2000; Lu, 2005; Wuand Li, 2008). ENSO i#id#SMHEMEH, &
M 78 PR ) RS v T ARSI S A AR R IR SR B A B 5 3 T X e el
R BE/K AR . AERAE ENSO AR R, FATEEEL T Nino3.4 Al Nino3 ¥Fifi:
TEHS H I AE Br B B A A 2 P /K AR BRI A ¢ (] 4D, DR = UMl
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8B R VRT AT ASR o 7 S o 8 8 ) 5 2R B L A% ST 22 TR R AH 5 B vy, 28—
R BB B B AR RO DR, wT RLBE N 5% H o0 RATRE i R 122 ] A R o
F. WAh, B 4a 1 Nino3 5 g s s 2 2 /K A B & A5G L Nino3.4 454
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5 (2017) BFFURIAEAL G ZERE K 8 i 22 4718 R AEFEE] Nifp s ol H 2
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RLARSE R H 2 K JE EN NiFoF A B4 477, DA I ENSO B A2 1 52 -5 Y T0] At o8 e
HEEKEHEHY)RFA. Zhangetal. (2018) KB X #HE % 2L HPIfELa
Nifa[El NifoFs HE oy (I 2215, HAERERT B AL KTV 3 (North Pacific
Oscillation, NPO) i MHEFE . 18 % ENSOHEAE X ZL BIE(E, HH1HAZ )G
% HENSO#E % 5 1] ENSOFE 2.2 72 R 2 7R EN SO A2 1 B2 1 AF B G & 5 Y V] i
H KPR R AR S (K5 . [N th i 7 Nino3f5 ¥R Nino3.445% 5
YRR Ak B B K O RIAR R S5 1 . R IANIno318 43 A 4 5 1A 8 ) 2= 18
TR AR T-8 H B /K A7 B b A D% R A UM DA S 2 1 n 3¢ 38 U DG 7EG
H51HMINino3¥8 8 2R B, T6H G AR RIZDIET. Zathr
5B =45 (2017) HMiZhang etal. (2018) WFFTEEE—5, 7EEI Nifo4h i H 244E
& RyLa NifetF, Nino3fE%7E6 H 51H AERRIE R A A, MAIIEIE R TR
A3 R TR e B B K 22, 1T BT 4 La NiPR&t o H. 24 4E 54 NEI NifofI4E6 H 5
1A Nino3 8 24 bRy S ONIEAE, A R T s 2 FE K b . R 526
5511 Nino34ia B2 8 i 4F Bt A AR SCHY 38 = A Tl R 1

4 ENSO 2 H T8 804 bt 5 i ] i e B2 [ /K B 2 O A o0 R ()
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Fig. 4 Correlation coefficients of difference between the current year and
previous years (DY) (a) and anomaly (b) between July-August (JA)Precipitation and
monthly ENSO indices..
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Fig.6 The observation (blue line), fitting (red dashed line) and hindcast (red area)

precipitation anomaly percentage over Haihe in mid-summer from 1981 to 2021
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Fig.7 The precipitation anomaly percentage forecast by each climate model and

the observation over Haihe in mid-summer from 1981 to 2021
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(1991-2021) FEFRIBE  CFS TCC BCC UK EC

T 55 S LR IK
FRIFH R R AL

*

0.63 0.36" 0.36* -0.02 0.03 -0.04

T 5 52 5L e K B
75— B

i *RoRiind 0.05 & E MK

73% 67% 69% 65% 46% 38%

I THI B 30 2 AR PR S 7 VA [ R, ST R AR 56 (14743 0 2015-2021
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Fig. 8 DY of observed and fitted precipitation index over Haihe in mid-summer and

the individual contributions of the three predictors (standardized)
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[ 23 BB R FB M X AR E R U 5 2 58 AR 225 U ARFAE o A=Ay APV R
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AR T 7KV AR 7 1 X Aarik, AR K B2 W2 . 1 2020 F A A TS
JE IR X g A AE R &, AR (B3 45 SO0) B 2 ZR A B FE A SSTA i s T
S S 7 AT B RE T R R W W R, R I R RS L DX O S R U MR A R

(Ding et al., 2021; BX{&E%E, 2021; Panetal., 2021), RIS B MK E
HERRZ 20%. FEiT o0& B I 2R T4 25 KRN 22 XU B R AE 2020 45 22
AEH, XRHME R R E I PE . R e B ARSI, TR
BN PEEIR AN 32 2 ENSO JHARHISUM, HH SRR WEK, HEBKAX T
EITRE VIR B P R AEAR S T i 2R PP AR . 8 B A 2020 4F 2 It 4k
B K TR ARGV Rl 20 A, AT AN B &2 0 (55D ANREER 2= (9D B4R PR
SR A A REAE VAR R T BT RE PRI 15 5 R AR 28 3 T v 7, 32 B0 [ VA R e R R
%o BRI TR BT H I B BEVEIRIR S 50 MR T esemd, ik — 54y
AT F TR U K R
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PR, S SL K 22 0 m A FIOASE AL o 30— 25 0P8 5 4 b 484 2 11 [ T A B ) T3
AL, FEERMSLRE AR I TP IR RO IR R, SR — L M E S5 8 .

(1 AL 6 H KRR MRFAER 7-8 H BB R 2 7R
R IGHA 2002 2 J5, 7-8 H BRI AR RBERFIE 23 o B3 58 N (3%,
1M1 6 H B AEARER REERHE 28l sl a3 . BRI FE 6 H A 7-8 g B K
GrE, Gy TINARAY,  SEAT R TSRS E I B TS

(2) 456 CAB TR ER SRR, FHERRE B, R
G AT 8 T VR B B K T () = AN S B T R ¥+ T A% BROTE H v 43 B G X
PSR R4, 6 H Nino3 484k, St ENSO #4553 % 1) 6 H#1 1 H Nino3
FRH L 72 o F FHIX = AN B AR Bty S R At dul i B PR (0 AR B g B 7. 22 T
L (R 75 R o A2 AR B TRR (R B 7K 5 % 30 70 st 3 i 10 B R K DA R S
BUFEAT T XL, [ EASE TR F0 A0 S b0 (R AR 5% SR8 BESPAF5 — 303 43 Jillis 31 0.63
1 73%, FiXysci. JUHOZ M B B K 5 2 B A4, SLE AR SR
AR . BB )RR TR, CFS A TCC TGN St iR AH O 2 4L
iX5)0.36, Hd 0.05 WEMEKT: BEFAFS —EER 0008 67%M 69%. HAfAR
TP B K AN S0 AR OC R BRI EE P45 — BRI 1285 RABIESE | ARSI
T B B AR G R 0 TN BT 1, ST R YA SR 7 v 1 A RO i 1T
Yol 5 e KA A R TR T

(3) SKHAE TRt B P /K TR ASE AL Py e AN AT T B oM o FEBRSE R
AR F, 2020 AR IR S e A A R . IHE TR I, T AROE
SR DX 3~ T i ) A B B R DO T R R MO £ SRR i R i
SPETH] A i P4 B 2 T A LR ) A2 XS B R KU A T 06 RTE 2020 4R
HH BT 2 o VA T A0 4 25 4 B 8 i S T B il ) D DX g 1Ay B B 1
BFH, #AH BV 8 I F 2 28 RO T S M P B P b2 e AU S
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Fig. 1 The annual variation (thin solid lines) and 7-year running mean (thick
solid lines) of precipitation over Haihe Basin in June ,July ,August of 1981-2021, and
linear trend of precipitation during 2002-2001 (dashed lines) (units: mm).
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Fig. 9 Regression of SLP Index in previous winter (DJF) on seasonal evolution
of SSTa (shadings, ‘C) and 850hPa wind (vectors, m /s) from (a)DJF, (b))MAM and
(c)JJAin 1982-2021(green contour lines and blue vectors represent statistically

significant at the 10% level)



