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Application of S2S Climate Model Products in Runoff Prediction

in the Yellow River Basin

LIU Liliu  WANG Guofu XIAO Chan
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Abstract: Sub-seasonal to seasonal (S2S) climate and runoff prediction is of great importance for active dis-
aster reduction. The prediction models of runoff anomaly and extreme drought for the future 40 days are
developed based on CMA-CPS v3 climate model by National Climate Center, China Meteorological Admin-
istration, and a hydrological model HBV. The performance of the models are evaluated with the indices of
MSSS, ACC, AUC and BSS for hindcast, and verified for the runoff anomaly prediction over the Yellow
River Basin in 2021. The results suggest that runoff mean prediction for the future 40 days is skillful, and
the skill is higher in dry season than wet season. Moreover, the extreme drought prediction is skillful in
later autumn (November) and the winter months (December, January and February). The direction of
monthly runoff anomaly from May to October in 2021 are predicted correctly except in June and Septem-
ber, but the anomaly degrees are different {from observation. Finally, the analysis of skill variation with
lead time and seasons, and the skill difference between runoff and precipitation reveals that the skill of pre-
cipitation prediction by S2S climate model influences runoff skill, especially during wet season. However,
there are also other factors than precipitation affecting the skill of runoff prediction.

Key words: sub-seasonal to seasonal, runoff prediction, drought prediction, Yellow River

x K E AP &R (2016 YFE010240004,2018 YFE0196000) 28 25 PE 47k (40 BHIF & 10 (G Y H20140602 1) 3t [7 ¢ 1)
2022 % 8 1 10 HUHi: 202348 9 J7 11 A= H
B XN G . N A AN A AE AL R W A . E-mail : liull@ cma. gov. cn
WIRAEE 7, 2S5 AR A2 LIS E-mail: xiaochan@ cma. gov. cn



%11

X LRANAF - S2S MM )™ dh 78 210 U 343 I B0 o 4 B A 1397

51 5

UL AFE R B URZE Y RO R A 8 A i = fie AT K
SCERA o Q0 BRHT ASUE R U FROR DA B 5 [ K R it Sl vt
B A5 1 5 B AR Y ) H 4R TR (R 2 R 4, 2015,
BWRR 20200, BT HRZ B R A EUEG S, S
g X5 A8 i A 8 T 25 R SR BRSNS 78 4, 4 K B AR
HS2 PR b 3 ol R N B R 7 A R ORI 48 Fn A
1.2023) . flHn.2008 4F 1 H & [H g 77 H X s 5
L BRI T 5 AR Pk R #2019 4F 8 H & KR A
55,2021 PG WA 38 i T B Rk & &
Pk (T —IL45F, 2008 A2 45, 2021) 5 2003 4E BR
W E R R 1 R 3. 5 J7 ABET (Mitton, 2008) ,2015
AR B BE I0T M R POR — A N & R 200 2 AN BT
(Nasim et al,2018), X FiFL8E HkHEZE R L. K
245 T 2 T Bl I ) — A SCBRE W] O A R B A
G2 KUK 7 PR e o A 4t o A L A W TE A
SME T E GF 4 MAB 58, 2014 5 Vitart et al.
2017), 2013 4E A FLRA L H L (WMO) i & 1 IR 7
5 ] Z=75 (sub-seasonal to seasonal, S2S) =, {5 T il
11X (Robertson et al, 2015) e ## TIRETW X
i T f 2 J L ok S2S K SCTRIN ) K J g4 T 32
Bl

YRR RUBETA] 1 428 i AT F00000 1 o o T
S A AT T R T S 4 B 20 B b K g3 % R
(Mahanama et al,2008) , ¥ A 5450 =X 70 19 A% S+
A B A B AT SR K SRR B R R
ZE RE 42 7 B B8 7 (Ying et al, 2016) , fH
FON AR I U B2 T 7Y T R B AT I 22 R AE (Wood and
Lettenmaier, 2008; Yuan et al, 2016; Liu et al, 2019;
2021), CABFRERM T EEA D O%E AR
i LI A% X 5 7K SRS R R B 100 B i 3 L 2= RUBE 1Y
AR A B —E A T TR T R
) T L T A 3 s e T XA A BR VL
(Liu et al,201952021) . HHl 6 3 K 9515 F
A R A I ) R 58 AR RO A T A8 R B
( China
Prediction System version 3, CMA-CPS v3, J§
BCC-CPS v3) B A 55117 Be. 556 — UM
b, B P B AR S 8 7 B LB I HEZR S 2 A Ty
T 75 ARG A4 K T B2 P ik — 20 4 i (Li
et al,2019; Wu et al,2019;2020; Lu et al, 2020),
AR DT CMA-CPS v3 i S2S #2357k SO Ay
FEA I B R Sl 40 d N AR S Al K 1T 5

Meteorological ~Administration-Climate

TN RE T3+ I 221K M S2S K K B E g X 42 3 B
RS B2 B 52

1 Bds 505k

1.1 EHi#E

ML A A B 4 R 2004 4F DR RE K RN H
PO ZERAE R TEHELE B P08 5N
2000 A [ K G — M Gl AR Sl i H X
(Z3URIEAEITE SN

B 5 A O BF & ) CMAA-CPS v3 A fi 5 58
T 55 2 48 3 T i 43 PR A 5 BCC-CSM2-
HR KRS K4 B 249 45 km, 1 76K 40 9 2%
0.25), K JB T H & IR AL Fn 48 & B0 7 ik, 0%
S2S N AR . Hirh, S2S il R ge
HEARK 60 d i 2T RO S e B0 22745 B -1 &R
SRR R 7T A M AER RS, %
TR IR PR, S2S [y s [l HIF R T 20062020
R R A G E Y 5 1V K T Bt 9 A
PN 2021 4F5E A SE B S0 V) 4 K AE 4T . F 2 R A B
] 1810 & if )i sl 4 N IFFATIE - H I 4 S5 A K
o AT T A B SR Sk B S2S R T
W7 ZR 48 2006 47 LAk 11 (1] iz F S sy 3 0 % 4 4
AR A 7K AR B S GRS T H 5 — KA A R — A
Afa 6 d W HFEEKEMHFEH0E. £ 150
THEA T H ARG R AT A IR sh B R
H 38 Ko Xk v 700 e B 1k H 38

1.2 KRXEBEZFREIR

HBV &¥ f M EZK X E R E . ZJEA
Wrek i C @ TEIL AN E F AR BTz 0 (TR = 5
2009) o A48 78 H [ AS [A] A A AN () b T b 550 b 1X 7
of FH GRX 2 3G 45, 2007 3 3 37 LAE . 2016 5 KRB (4%,
2019)  ASHIFFE R FH B 6 K RUBE It 3K SCREHL T &
i HBV-D #£%I (Krysanova et al, 1999) £ 48] # ] 17
AR B 1T 3 2 H AR B L AR O 2 R OK R
FEF NI A 18] 80, i3 A 5 3¢ B IR ) R 6% 3¢
I b A5 B0 AR Bl 1 sk A R SRR U R, R
(1961—1980 4) F1 55 fiF #H (1981—1998 4F) [ 44 {1
R REA R 0. 76 F1 0. 73, R RN 22 8
3. 7% FAFREE K 0. 88 il 0. 86 (Liu et al,
2021), 7E Mo HEmE B dF— 28 0 B T 9% B AU X
1961—1998 ALK BE 11—3 A (1 H & AR LRE J1
% 1 AL AR L 5 08I0 A4 3 ) A D6 R B4 1 0. 91



1398 A

% 9549 %

0.71.,0.70.0.64.0. 76, 3 B 58 5 &y Mo AL H0U Ak 7K 309 H
it . H A 20062020 A 1 HilE 1~
40 d [ S2S LA A R R BT 2 AF (4 W8I <A B
2K SO Y TF 42 i 100 4% » SR I 2 U0 B B P 1
7 H AR A AR T ] B AR AN AR IR SR T AR
LU N d A

MF 1 AT LUE AR A 1] s 5 % R )R

WA H AR Z AR . 2 18 S U0 fsf 290 0l 531~ %K
IS SERTRIEFRSPRCE AR VISR B §E: PRI B SN
T 8 B3 e A 2 22 B0 B TS R 9 A AR 4
N7 58 368 W 1) B B3 A3 i 9 4.8.12.,16,20, 24
A~ FH A0 A 00 i 25 1 4 8 B3 A Bk 4R 4 T
IR, BW1GmT7 A1 H iR H e
N CIEE Setg i A DAl W v

&1 CMA-CPS v3 S28 S &= [ 7 2 #) B R 12 i T B B
Table 1 Start date of hindcasts by CMA-CPS v3 S2S climate model and periods of runoff prediction

S2S 4k H )

A% U U I B

1 H 14.18.21.,25.28,30 H
2 H 18.20.22.24.25.27 H
3 H15.16.18.22.25.29 H
4 H 22.23.26.,27.29.30 H
5H 21.24.,25.27.28.31 H
6 H 21.22.24.25.28.29 H
7 7 13.16.,20.23.27.30 H
8 H 13.,17.20.24.27.,31 H
95 10,14.17,21.24.28 H
10 H 12.15.19.22.26.29 H
11 A 12.16,19.23.26.30 H
12 4 14.17.21.24.28.31 H

2AH1THE3IH 12 H(EER 11 B
SH1IHZE4HIH
4H1H=ESHI10H
SH1IHZEG6H9H
6 H1HZE7THI0H
TH1IHZESHOIH
SH1IHZ9IHIH
9H1HZE10H10H
I0H1IHEILHIH
11A1IHEI2ZAI0H

L2ZAITHAERHELAIH
WFEIHIAE2H9AH

1.3 2HEmnEs

T S H A 48 B B 2 0 B vk T L 4 G A
R S DA R B T 5 R A R . P T
DU 0000 Bk B N R A7 M 5 T s R0 2 4R 7 1
ER A2, B BOV 2B 8 G B0 o =43
e TR = N = s I g e ol 1o S o e e
33. 3% A BE LA V5 33. 3% ~4 66. 7 % 407 [
E AR AL 55 66. 7 %0 43 o [ (E 19 B B3 A B0E ) L.
LA I(E R 20062020 4 X 11 T B B OF- 34
U =4 L BE R 2006—2020 4F F50 B B N BT
A A B A R S AR 33,300,
55 66. 7200 A

HIEF] 11 A B URAE 3 7 B i d A% I I K 5
BT S R AR H AR S E LT R RE.

A E

6H21H 6H22H 624H

6425H

SEX} B A A BB 2006—2020 4F 11 BEIRAE 3
A1 RN 1~40 d % B R IHET 10 d
V-1 8K Ja 6 3P R F N BN R L TR
152 55 10 % 43 DL B0(E - 43 B 6 1 9% 1 5 B {E
2T R B, fEHHEAR L TR e 1~
40 d % HAFITE 10 d 33 208 . 8 o =X (D i
B2 BT RRAEME,
SYSVAR,)
pdrough( = = ]\;XM

R o 1 R,_/ < Threshlddm“gl,l

SR = 0 R; > Threshldyougm b
K p IR I & A3 Threshlduoun BT 5
BIE s Ny 9000 B B o 10 d i Bl o A 0E A
40 d [T I0 S A 2 30 AN 3 I E s M R 4R A T

AR H

6H28H 629H THIH

| | | | | | |
| | | | @ | ‘ )
AT - -
WA > ’ 8> | Cao

K1 BL7 A1 AHEMFIR CMA-CPS v3 S A& HBV /K SCHEY Y 42 i 48 & B 8 57 4 il 3 18
Fig.1 An example of ensemble member of runoff prediction from 1 July by

the CMA-CPS v3 S2S climate model and the HBV hydrological model



%11

R LFMI A - S2S AT A6 27 it 7 I 30 I A I 000 v 4y B2 1399

RO X A 6 d Wrdads  BER 4 AFEA 3L
HI 24 AN EEA DL

L4 ZRBNENTEEREEURERESHT

FE2 07 235 35 1F 43 (mean square skill score,
MSSS) | B3 #H 3¢ & %k (anomaly correlation coeffi-
cient, ACC) Al 728 UL i 22 1 J00 00 452 35, AH X 8 1 ¢
fiF th £ 1 2 (area under the relative operating char-
acteristic curve, AUC) ¥4l = 43 ZE R Tl £ 15
MSSS i 1 10 B 15 85, /N T 0 3R Bl £
KT 2 E WM ; ACC 1E A 2 B B 22 5
S e 25 1F A0 O, B G 1 8 7N AH o6 R R B A
AUC FEL—1, 1] (HBR T 1 S Ik . 0.5 3%
M., X 3 MEwmk a1 1~40 d
BHRW1~30 d.11~40 d I B 2472 7% 1 1
g, fEREER EL A 12 A 1~40 d 3% H &
DU 2 375 VF 43 B B8 AT 349 8 500 2 ke 3 300 4 73 el ot
B2 28 4L
1.0 @ 1) 1.0,(b) 241

BI51Psr

FA A #1R 2 75 1F 43 (Brier score, BSS) #Ff T 5
T . BSS AEL — 1, 1], fEL R T 4 779 B sy
RF 0 FoR BN E 250 T 24 F I E B . o 1 %
R 2 W o PR REAS PPl R 24 A 3805 4 1 0
B TVERE . APEAG 2.4.8.12.20 MBS
T PERE . B R R T SR B RIRES R 10 d W)
PR T R AR

TEAR Ui T 5 DAk R Al 8 3 0 B O
JK FTULIN A% 38 A 56 1k L S2S e K T I 4% 34 A4z i 1
B2 75 1 R JA8 A » E— 28 o3 B S2S A 3R 7K Tt
RIE 77 X6 A2 U T 45 35 B 52

2 R

2.1 #TBRREREE TR
KB 2w T s s H L H R 69 MSSS,
ACC.AUC Fifi 13 0] B 25 14 326 H AR 4 ol AT 0L, 12 A
1.0.(c) 3H

BIGsy

| Sk e
L SR Y S

0.0

1.0

BIG1Psy

5Py

0.0 e
0 5 10 15 20 25 30 35 40

1.0:0

0.5

0 5 10 15 20 25 30 35 40

"0 05 10
KA /d

————— AcC

***** AUC-B-0.5

15 20 25 30 35 40 '0510152025303540
KH/d KH#/d

77777 AUC-N-0.5 ————=:-AUC-A-0.5

H: AUC-B-0. 5, AUC-N-0. 5, AUC-A-0. 5 43 5l 7m0 58 G L IE # 9 OE 5% i AUC fEg 25 0.5,

2 CMA-CPS v3 Rzl & HBV /K U R Y 2006—2020 4 24 A L 5L 1Y
B U 08 AR A A A 1) i X 1 0 I I I R 7R Ak
Fig. 2 Skill variation with lead time for the monthly ensemble runoff hindcast with 24 members in the Yellow River Basin
during 2006 —2020 by the CMA-CPS v3 S2S climate model and the HBV hydrological model



1400 A

%49 %

THM1IH 1 HEBRANR 40 d Py I 47 275 B B
) AS A6 A B S, BF AT (B3 1.057.8.9 A 25 d 2 )5
) MSSS,ACC il 4% 145 H B4 £ i, AUC ik +
0.53;4.6.9. 11 J i:f Bt o I gh s s Hoft A ) T B
P &, {2 MSSS, ACC #: A N IEMH. AUC & T
0.5, Ab A I 3 T 00 457 X7 Bl F90 00 80 A K 350 ¥
AL R AE . 1~ 30 d B £ 25 & F 11 ~40 d,
A 3AH (12.1.2 A 09 W0 $7 15 A1 X &, 7.8,
9 3 SR AL 7 AR XA, A A Ak T A e B 3D
T = BRI, 1~30 d BT A A E S
G SR G IR F Gy AUC SE-{E 3 3k 0. 94,
0.85.0. 77,11 ~40 d PJ Y 4 51k 0. 89.,0. 81,
0. 66, 22 B S5 # G 0000 15 1538 5 &5 T IEH %, E 5%
A H I TR A 3D,

B4 JERT 4.8.12.16.20 MR 5 24 P ELH
MR ERTIEIGZ 2, TRAEE. 9 7 16 A
BB ACC e - 10 8 AN 5 454 B MSSS
M ACC fH fie 5, HoA Z 807 iy MSSS Fi1 ACC {f i
B WA G B0 3 2 B R B 24 A 5 B AR A T
FoIg B 4 A5 I AR A T 4 1 B I

XFTRMRTM, % 25 H T 11 H B4
3 H TRMERW A BSS ¥4, Hd, 11 A ER4E
2 AW BN E I35 AE 0. 774~0. 998, W] B & T 3 A 1

(a) | I K 2 Wi W

—0.60 T T T T T T T T

T T T 1
9 10 11 12

MSssst 0 - MSSS2
ACCL ACC2
AUC-BI - AUC-B2
AUC-NI AUC-N2
AUC-A1 —=———— AUC-A2

¥ : AUC-B.AUC-N . AUC-A 4} M E R AR % EHg.
ERwH HIEM 1.2 435 1~30 d fl 11~40 d.

B 3 CMA-CPS v3 Tt s HBV K SO i
20062020 4§ 24 > B 53 14 8 T 3 158
HARF R 1~30 d A 11~40 d $159E50
Fig.3 The 1—30 d 1 11—40 d skill scores for the monthly
ensemble runoff hindcast with 24 members in the
Yellow River Basin during 2006 —2020 by the CMA-CPS v3
S2S climate model and the HBV hydrological model

T T T 1
9 10 11 12

Bl 4 CMA-CPS v3 S fE=0H & HBV /K SCBEALY 2006—2020 4F 4.8.,12,16,20 4~
B 24 A B BRI H RS R iz 2=
(a) MSSS, (b) ACC
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Table 3

The skill difference between runoff and precipitation hindcasts for the period of 1—30 d starting

from the first day of each month with 24 members in the Yellow River Basin during 2006 —2020
by the CMA-CPS v3 S2S climate model and the HBV hydrological model

BTG PESY 1A 2 A 3 A 11 5H 61 A 8 A 9 A 10 11x 12A
MSSS 0.675 0.698 0.674 0.740 0.694 0.744 0.694 0.741 0.809 0.689 0.667 0.674
ACC 0.734 0.776 0.752 0.904 0.758 0.826 0.776 0.857 0.925 0.754 0.695 0.729

AUC-B  0.475 0.430 0.388 0.546 0.448 0.481 0.468 0.481 0.485 0.439  0.497  0.436
AUC-N  0.434 0.501 0.478 0.516 0.472 0.524 0.523 0.487 0.471 0.477 0.483  0.450
AUC-A 0.411 0.485 0.444 0.478 0.412 0.501 0.412 0.483 0.474 0.438 0.435 0.415
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