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Abstract

To improve the accuracy of flood-season precipitation prediction in Shaanxi, this study develops a
dynamic-statistical forecasting method based on a spatiotemporal projection model (DSTPM), using
Multi-Model Ensemble forecast data, and conducts extended-range precipitation prediction exper-
iments. A model post-processing approach that combines model bias correction with constraints
from physical predictors is adopted, while differences among climatic regions are incorporated to
optimize the model. The results show that: (1) Evaluations across temporal and spatial scales indi-
cate that the MME markedly outperforms individual models, and its fore-cast skill decreases only
gradually as the lead time in pentads increases. (2) Among the six fore-cast predictors, Outgoing
Longwave Radiation (OLR) exhibits the highest forecasting skill and performs consistently across
different regions. (3) The DSTPM performs well in northern Shaanxi, central and eastern parts of
Guanzhong, and southern Shaanxi, and the Time Correlation Coefficient skill is 3%~6% higher than
that of the MME alone, although its predictive capability in the western southern Shaanxi still re-
quires improvement. The development of a dynamic-statistical downscaling forecasting method
based on Subseasonal-to-Seasonal (S2S) multi-model forecast products can provide critical forecast
information for drought and flood mitigation operations and regional water resource management,
thereby strengthening anticipatory disaster prevention and risk-reduction capacity for extreme
precipitation events during the flood season.
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FI58A%, 2 EOF 21T IEE, FEFHIE REACO) A 4RI 0.19, EIEHIE T3 TR AR G dw 22 1) &
FW[T]. ZHRES T AR5 H B ERTH. APCC MME il # &2 &SR, *f
2m AR FE K TR 5 Bk AR S T, AL TR 13 U7 R R 22 (RMSE) B SR A5 UK 15%~20% (8]
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BP0 B E B ZE B /K SO R AN IR A I T e ) o A SCEEP EAR R R(CMA) BRI S
Tl O(ECMWE) ISR IR ST KSR A H(ECCC) 2 H B R IR EHi # (NCEP) 2:H E R4
(UKMO)#E 5 AMIRZET - 22715 PR s B0 A 22 BB 4 Tt B8 7= il ) T S8 R A B Aty Bl |, SR
FIRF IR T TR BT B X 38, R 2 e 510 14]-[16] (STPM) T Ji2 [k 74 [X 458 4iE {11 11 4 /K (10 B it e R
FETHRIRES, RGP HTRETT . MO TAE R A XK SRR BC B . 5307 XU 458 DA S b 5 ) 7
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2. ENERHE
2.1. BEEKIR

(1) 1994~2014 4 v [ [ X G R R b B AR R R B R HEEIR S (V3.0) B K Eh -

(2) 1994~2014 4£ 5~9 H CSM1.2. UKMO. ECMWEF. ECCC. NCEP 3t 5 i z{ [ S & K ¥ #5200

hPa 4i[a] X(U200), 850 hPa 4i[a] X(U850), 4 HiK 4w HH(OLR), 500 hPa fi7 % 5 fE(H500), 850 hPa fir %
11 £ (H850), Vi< (SLP).
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3. S28 RF TR EY 1% R EE TR~ AR B v A

TAEXT 5 AR TR BB R TR AT AR I PG . BT S2S v 5 AN TR A D S ] S A
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Table 1. Selection of initialization dates for S2S forecast products from May to September

= 1. S2S FRA= S 5~9 BiSiR HHAM%RR

CMA UKMO NCEP ECMWF ECCC
05-01 05-01 05-01 04-30 05-05
05-07 05-09 05-07 05-07 05-12
05-18 05-17 05-18 05-18 05-19
05-25 05-25 05-24 05-25 05-26
06-01 06-01 06-01 06-01 06-02
06-08 06-09 06-08 06-08 06-06
06-15 06-17 06-18 06-18 06-19
06-25 06-25 06-25 06-25 06-30
07-02 07-01 07-02 07-02 07-07
% 07-09 07-09 07-09 07-09 07-14
F% 07-16 07-17 07-16 07-16 07-21
07-23 07-25 07-23 07-23 07-28
08-03 08-01 08-03 08-03 08-04
08-10 08-09 08-10 08-10 08-11
08-17 08-17 08-17 08-17 08-18
08-24 08-25 08-24 08-24 08-25
09-03 09-01 09-03 09-03 09-08
09-10 09-09 09-10 09-10 09-11
09-17 09-17 09-17 09-17 09-18
09-24 09-25 09-24 09-24 09-25

Xt 5 AL & 5 RS I BE A T 72 A (MME)#E4T TCC &5 (1 1), XI5/ F 1 (105°E~112°E,
30°N~40°N), 15| TCC IRt I I PR, 2R E e e T —#i, HREEEIEm T~
F220% . 1H5 1999~2010 £ ACC KR E PR 2), ATLLA B MME K100 68 0 0 & 1 s — 1k,
HLBE BN R 18, EC RIS ACC HiI5m T TCC £75, 28 AR IR AR X T b 5] 8
RS, 55 TR B K IR 2 18] 43 A0 R AE

4. BT EERNRN - S FNGEER
4.1. BEDH

EHGRIAG A 1 HE 9 A 30 H), #ELl AkAL(B6'N~40°N, 107°E~112°E). KH1(34°N~36°N,
106°E~111°E). FERI(31°N~34°N, 105°E~111°E), 43l F = AN X 3P 38 B K S R A A A O, 1
SE FZMA IR K ) i e M R R 1o ] 3 9 BlkAb -~ 2B 7K 43 i) 5 [R]39 H850. H500. OLR. U850, U200+
SLP [AHY, AT LUE B AN A 15 B At 2 = K B A BRI RIS OE R, M H850 K&, KR
HEiZ 40°E LZR 3 140°E A — 25 (1 IEAH DG X3, 38 I 78 350 X300 7 76 2 35 R A S X 38 AL H500 K
E, IEAHRXIRAAAE T 3RIE R X3, P8 75 AR R0 AR (9 X35, BORE 5% IX A7 AE T PR AL R R K
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Figure 1. TCC verification and evaluation of S28S forecast products and MME; The green dots denote
correlation coefficients significant at the a = 0.05 level
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Figure 2. ACC verification and evaluation of multi-model forecast products (The black dashed lines denote correlation coef-

ficients significant at the o = 0.05 level)
2. ZRRAFR~ @ ACC RILITH(EPBRELFRTABE o =0.05 BEMHRE)

ffi; M OLR RE, IEAHIRIXIE 3 BAFE T IRE AL RH,  FUME 5 X IA77E R 77 K30 A H A I A
US50 SRE, IEAHI DX I AE TR 15 VG 1 s [X KR, 7R G DX el 76 VG b 3 XORH8 A b VAR A A U200 SR
B, IEARXIRAZLE T80 B B30 E RAEX IR, FAHG X AETRIE R M SLP SRE, 1EM KX IRAETE
TR 26 60E LAZR BISEEE e it i, SR SG XS A7 7E T R E P AL X K. [l 4 F1E] 5 43 7R %
iy BRI K S [F Y H850. H500. OLR. U850, U200. SLP {517, W LLE RIS HTHI%Y
515 3 LBl X R B PG = A XK R B K AR BN — 3.
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Figure 3. Correlations between the average precipitation in northern Shaanxi from May to September and simultaneous H850,
H500, OLR, U850, U200 and SLP (Black dots denote correlation coefficients significant at the o = 0.05 level)
& 3.5~9 ABRILFF%E7k 53 B SEIHA H850. H500, OLR. U850\ U200, SLP WX (BEAEE a=0.05 BEMHE

W HOK )
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Figure 4. Correlations between the average precipitation in Guanzhong from May to September and simultaneous H850, H500,
OLR, U850, U200 and SLP, (Black dots denote correlation coefficients significant at the a = 0.05 level)
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Figure 5. Correlations between the average precipitation in southern Shaanxi from May to September and simultaneous H850,
H500, OLR, U850, U200 and SLP (Black dots denote correlation coefficients significant at the o = 0.05 level)

& 5.5~9 ABkEIFIM%E7k 53 5 S EIHA H850. H500, OLR. U850\ U200, SLP MIHHX(BEAEE a=0.05 BEMHE
HENX)

I 3 2K 5 aPUER], 7F 2 ESMME)H &N KRR T 5 =AY KGRI K B
BAFIIFR KR R, HENRRE T2 AAE LD EZER, NIRRT 08 X AR K KB4 SVD R4S
RIUT 2 KM E S 5) M LEERIN B S IRETE S, =AM e 8 X gt — % IUN[5 N~60°N,
60°E~120°E].

4.2. B TAER

BT MME B HR Bt A R A 5, R BRI R AR B i A Pt R, R 2 id TUAREE 1 [R] 3]
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BRI, e A5 2 SE PR RO R 45 R o 2B I RO R TS RS R SVD AR S
KF, ATEIFEAEARK 30 RERVEFEKBITR, Jrikiife sl o frs, Hrfb x fy 705 ks e i iR
TR i, (iy,n, )RR E T35 LA 2B R, ¢ IR R P51, K D9 SVD
SRH U, MV, 73 3 ZoR i 8 7 R PR R (353 S () B o m S SR rhl it 99% BLAS FE I SVD s
M T 99%EE KK SVD M EE. U, MV, FoR Bk K7 AR R 2 & A SVD B EJT R 5
[AIFPH o SREHT RS ZR I, A ¢ N A SR AL TR R 2 7 Sk o

H1 T80 i AR TTVAAE B A AR BUDUOR B B KA SIS, S Al e ik i 7 /R
FETT A5 8, R BRI W A7 A RGO RIE N . N IER W22, DR T
GUTHRFAE BB A% ) 2 MR O R AT PRI T I IR0 T IR AR B, K 2 B8 B RAT IR
Wik, FeLh—A s LSRR SR B RIE T IE R 807 . 1% R 507 H1 P SE I 78 0 R TR I B
(A% s R 2237 5 3 S ] S TR 30 A0 X L TR B O R bR v 2237 (0 BB 2« IR IET IR R BOZ B
ANTIR T B AR TS, DUSOBAS RN BUUR AR R RHIE K 22 5% 3T IERBOVZ (WIZ R G AE,  RENS A it
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Figure 6. Forecast flow chart of Dynamic Space-Time Projection Method (DSTPM)
6. BNARZ= RS T E(DSTPM) TR A2 E

5 29 HEANH DN 6 15, fEsLbrdiidfErh, EE DSTPM IZRIHA 1995~2009 EiHHH, BI4F
RS HAE LER 9 A 65, MAZTHRIGE N 2010~2014 4E, FEXFZ 5 TR MERE AT IR
4.3. FURHEEY M gEITAG

£F MME ] 850 hPa. 200 hPa £f [1] X(U850. U200), 500 hpa. 850 hpa 17 # = & (H500. H850), [
AN EE ST (OLR), P AR (SLP)3: 6 AN A 7% B vU R B K i it A7 VP Ak o ol R 740 1l 3
T BRI E . PMRZERESN IR AT shR S LS E RGURHE, B T mdRE
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REHEZFFKPFERNRARG, BB AT RIAR T E =R TERFrRERIA s A B 5. R
JEE PG XU 99 5 B B K T 32 S D B S R e G P K R o B B . 2% R BB 7 4 RS AL B R 3 NS AR
ARG BOKRAAGERE X E R, RSB R —WETHA AT, Bk mEx
WK T FRmALE] . A, AT BEIEA RIS B, o, BREE=AN X, AT A R
T 50 R XIS B 7K R R 3 S RIS AR oG SR8k, Jf i 2 7 BURME RS R G VEE T AR R T AH A 1T
WPERE. 2 25 TSN FAEREAT 1 %2 6 5 Tk Bt 1 H1 P K 1 52 XA B0 () ACC £ FHE 2 ]
PUE &SP R 7 AR B P AR R 220, AR AT 2 B 3 i A BGE T4y, Horh H500 7E92
BT 3 B 4 P TTAIA 0.3 B b PR E I A H500. OLR. SLP, U850 HITNGE /I 7% «

Table 2. Average ACC skill of each factor for precipitation prediction in northern Shaanxi at lead times from pentad 1 to
pentad 6
2. BENEFEERT | ERE 6 IXTUNBRALFEK AT ACC %I

1 Pentad 2 Pentad 3 Pentad 4 Pentad 5 Pentad 6 Pentad
H500 0.086 0.157 0.358 0.319 —0.175 0.079
HS850 0.004 0.140 0.232 0.176 —0.176 0.033
OLR 0.191 —0.219 —-0.077 0.028 —0.176 0.046
U850 —0.092 —0.106 0.121 0.135 —0.152 —0.052
U200 0.080 0.244 0.107 0.291 —0.262 0.312
SLP 0.163 0.054 0.119 0.226 —0.023 0.155

TG T AT AERET 1A 6 5 TR ¢ R I i IR /K 1958 SRS IR ACC #2550 B 3 1]
DL, &SP R 7 P e P AR S 22, FESRAT 3 3 4 {5 B Bom BT, FEnt 2 k. 5 %
TR EE IR, Horp H500 7E8ERT 6 Tl B 15 mTIA 0.36 PA b . TRk 5% & 1A H500. OLR. U200,
U85S0 [Tt e J1# 2

Table 3. Average ACC skill of each factor for flood-season precipitation prediction in Guanzhong with lead times from the
Ist pentad to the 6th pentad
F 3. BOEFERR RE o fZRFN X ARk T ACC 515

1 Pentad 2 Pentad 3 Pentad 4 Pentad 5 Pentad 6 Pentad
H500 0.366 —0.200 0.303 0.086 —0.334 0.362
H850 —0.065 0.030 0.347 0.127 —0.307 0.014
OLR 0.287 —0.154 0.178 —0.038 —0.096 0.075
U850 —0.128 —0.281 —-0.237 0.144 —0.149 0.028
U200 0.317 —0.030 0.213 —0.050 —0.364 0.216
SLP 0.191 —0.156 0.076 0.212 —-0.225 0.055

FAGH TSN TAERERT 152 6 i Tk B B AU i P K 28 RT3 1) ACC $35. H# 5 7]
DUE &SP R 7 A e T AR S 220, FERAT 6 R A B I TN Ee X5, $RAT 5 M Pk 7548
ik, HA H500 7EHEHT 6 R WEL IS AIak 0.28 LA b FidkE I s 14 H850. USS0. U200, OLR HITi
HUEEPAE e
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Table 4. Average ACC skill of each factor in predicting flood season precipitation in southern Shaanxi with lead times from
the st pentad to the 6th pentad

F 4. BOEFERR RE o (TN ERE A HAREKE) T ACC 15

1 Pentad 2 Pentad 3 Pentad 4 Pentad 5 Pentad 6 Pentad
H500 0.127 —0.119 0.007 —0.186 —0.201 0.281
H850 0.198 0.015 0.090 —0.169 —0.114 0.066
OLR 0.189 —0.214 —0.061 —0.197 —0.031 —0.243
U850 0.211 —0.138 —0.288 0.081 0.095 0.087
U200 0.209 0.113 0.053 —-0.225 —-0.207 0.083
SLP 0.080 —0.058 0.007 0.008 —0.067 0.240

R 1994~2014 FFIET 21 28 ALY IS5 AR, RS DBIFLE 10 3 D ErSCH TH &, X
AR R IR T 430 6 7 AL A IO TIRAG R AENS SRS HE Hh S e 2% X I8P /K 1) E B KB I 2
NGB8 I BB R R R BE 73R 2 5 gath TRRAb. Sorb B = AN KOs AT E ) =
ANTIE R 5 O ST A o

Table 5. Selected predictive circulation factors for the three regions

F 5. ZAXEEBE TR R E T

Bedt H500. OLR. SLP
Pail H500. OLR. U200
3] H850. U850. U200

K7 25 7 DSTPM Xf 2010~2014 4F B VG K M2 FR 1) TCC £.55 7045, AT LR BIAS [F] X 8
TR I AFE 2 5, DSTPM 7E55 1. 2. 4 i BrRAb L X R TR R AL i, 7R3 1. 4. 6 X X rpHhIX 1)
TR SO ESF, 55 4. 6 50t Berd KE I TN RSUR BT, (HZ30 ) - St 4G PR TR 3. 5 (%
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Figure 7. TCC of precipitation over Shaanxi predicted by the DSTPM. The black solid lines
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Figure 8. TCC of flood-season precipitation over Shaanxi predicted by MME (The black

solid lines denote correlation coefficients significant at the o = 0.05 level)
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