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Abstract

Complex terrain and rapid boundary-layer evolution introduce systematic bias and lead-time-de-
pendent errors in near-surface wind forecasts. Targeting short- to mid-range operations over Hu-
nan, we evaluate an ERA5 wind-vector pressure-level correction (“ERA5-UV”) built on a WRF (GFS-
driven) baseline by replacing the GFS common-level U and V fields with those from ERAS5. At station
coordinates, forecasts are paired hourly with the nearest top-of-the-hour observations and evalu-
ated by forecast segments (12 h, 1~3 d, 4~6 d, 7~10 d) and UTC diurnal windows using RMSE, mean
error (ME), relative improvement by lead, and UTC-hour-resolved bias. WRF (ERA5-only) serves as
a sensitivity control. The correction is not universal. Its most effective window is 4~6 d, where the
segment-mean RMSE decreases from 1.42 to 1.28 m-s-1, and reductions of x14%~19 % occur during
06~11 and 18~23 UTC, with ME moving toward zero. In 7~10 d, improvements persist locally but
are less stable. Benefits are limited in nowcasting and 1~3 d: although hourly skill is often positive
(=0.2~0.4), a few hours/sites degrade markedly, and RMSE aggregation amplifies these penalties.
Strong spatial heterogeneity is evident; performance depends on site conditions (e.g., the 1~3 d
three-site mean near zero reflects offsetting changes of +10% at 0BS57985 and -12% at 0BS57853).
Overall, ERA5-UV is most suitable for the mid-range window and specific UTC periods; operational
use should account for site variability and applicable time windows rather than applying a uniform
correction.
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RITIES3 BER 7] [8]. CEMREY, FIFH ERAS 1T 1IE S8 /2RI RE7E— E 12 LI 59 R4
PEIRZ[9]. ERAS FEorir R A HEE MW FEA . BEElN s 0 lR 58 -8 2R ELR, 7F
PATAEAR S 3 B XK B 45 ) B i A% — 50 U T e A T 5 B B B BERH (U GFS) [7]-[9]. & Tk, a4
RIS e TAEH @I 2577 30 ERAS (5 B9l NI S—Fp&LL ERAS B ieslft & 5 <k E 1)
WK, HEABIEVIAAT AN )15y 8 88 R AERR /i AR Hot B H S it 43 B oo/ D 4 95k ] 4k
(FDDA, analysis nudging), 7EfRRFEEC PS03 14 (10 [FIE , ZfA eh BR 3l 3 1 22 51 R I R Gt 22 5 AH 67
TERS[10][11]. CAMFFREN, X “RKEZEITIE/Hramia” feA 8RR E KGR Rk, 17
T PRGSO A — Bk, JREZ AT 2R IREI[10] [11].
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TTIEMESR, DABR s WRE B 0 X TR kS B2 . i85 WRF (GFS-only), 1E N34k WRF (ERAS-
only), Wﬁ@@ﬁﬁ%'TWMWH&mM%%ML%EM%UV%%WE@W@&EM&N%%%H
1E), PPl =35 BE TR B2 A 52 AR 220 A AN A I 3 iR ZE R AE, B0 IE T3 3T 1E 7 VEAE J0/Hh 3 KGR TR 1)
A R LE SN FANME -

2. BEBS A
2.1. #IEKIE

AHIE T R B X s (1] 1)78 76 191 P BB (2 109.8°~114.2°E, 24.4°~28.0°N), 774 i) 5 g b i) K 43 5l
2979 420 km F1 400 km. 1% X 3kt b FFUe 1L O E Ay, MBS 2, IR ACE R B (<300 m) B R 2
F(>1500m), kR 2 PR - RAGE R . N EETY DU S FE IR SRR B SRR IO, Ry
A/ IR TR A . T PPN I S SRR T M AR % R G AT IR T AL IX A
=AMREMER S 5(57853 59072 57985), FLJR M LARFAEARTE T M I JXUAE B VR T A 1 T L
MR RE A 25 5T S A% HI 2N 10 m KO, VRN PPl BB ARITT IR AR I “ R sl «

AR AR BEREBIRE K T NCEP GFS T/~ #5 ECMWF ERAS F4r#rirl. #i=UKsh s
(GFS): K NCEP 0.25°4> #¥% 1] GFS £EK T~ fh[13]. ZFRME N EEE R (RAW) IV LHI%(1C) Ak
FLE&AFBOHIAN, I3 WRF B, 1T1E S5XF LI (ERAS): R ECMWF 0.25°#F3% [1] ERAS %/
P AT R12]. HZERIAU. VB T4 GFS W14 TITIE, B N BURIE RIS kS 3k 337 .

ARWFFEET B AT BORE, BUE TR ™ il DL I WA, X I8 B A = AN SR R 1R /N
WIRGEAT T RS 5T 1E. B 1 AR e it FE 88 55 29 109.8°~114.2°E. 24.4~28.0°N (£ 420 km x
400 km). U MK TR 5 R (<200~300 m) 2 s 5 1LPE (> 1500 m) ARG &, i ikos ik 2P0 RF - 2R
e, R DU SR R S ARFTR L B AR R R O T, R A D BT T . R S AR A
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HUHE 0.25° < 0.25° 0 HREE I A3 7= i, I8 A T X BUE R RV 463 A 34 3T TR . s =0k 2 95kt
K NCEP 24t ¥) GFS 5Pk 13], 1E AWM 50 R KRN . AT GFS Tk ™ i A 2 Al
3l WRF #53X, Jfdid ERAS (1) 26 NMEHAEERIEREU. VIFATITIE, PLSCEWILE X0 &

DU SR T v [ TS RN 2% R G, EZARGAENT T X K AR 23 A S R, 1R AER
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Figure 1. Study area topography, land cover, and station locations. (a) Terrain height (HGT; m); (b)
Land-use categories (LU_INDEX; MODIS 21 classes). Star markers denote the automatic weather sta-
tions used for evaluation: OBS57853, OBS59072, and OBS57985. The legend retains only classes whose
areal share within the current map extent is > 1% (evergreen needleleaf forest, evergreen broadleaf forest,
mixed forest, savannas, croplands, and cropland/natural vegetation mosaic)

L AREMF,. TRERWNESF. (a) MWESEMHGT, Bfi: m); (b) tibFIFLR
(LU_INDEX, MODIS21 ). AfEfrAfRA T iEEAthE sy, 5538 OBS57853.
OBS59072 #1 OBS57985. EfIXRELBIMENERAGLL > 1%HXAN(EREHH . BLREM
. REK, BRER. RE. RE/BRER)

22. Bk

2.2.1. WRF X &

AT RH WRF (Weather Research and Forecasting, v4.3.3)8 17 BUE AL . AR H = ZRE
(d01, d02, d03), KF2#FERKK A 9 kme 3 km 11 km, MLy 1:3, FETFHE 50 2. BLX
FRCM TR A R (29 26°N,  112°E).

YIS RASWT: WSM6 MW 7% . RRTMG K S5MEEF TR, YSU 1T U2
(PBL)Jj % RevisedMM5Monin-Obukhov T[]/ J7 %€ LA} Unified Noah Ffi i #2:0(4 JZ 1:3%). B0
SR TT KA Tiedtke 775, HAUERSMNZ(dO)EH .

R BE A 2025 47 A 1 H 00:00 % 2025 427 A 11 H 00:00 (UTC). #Ex0E /Nt U10/V10
Yo &I G N 10 m Ko . AR 5 FH R XU 43 (topo_wind:off)

2.2.2. R

wE 2 fioR, AR T ZASPATIEUE RS, B EVPE ERAS K37 1T IEXT GFS IRS) B0 e it
RER (K 2).

1. BRI (WS-GFS): X H GFS Jx3}] WRF 5 % 85 i NCEP GFS0.25° /0 #T % kL 3k 3l , B H 00UTC
AR, GFS BURHN )73 3% 3 /N . WRF 556 F(BC)YEE 6 /NN EEH— ik, JRE 5 AN i 2%
MIX . BIRIG LS BAE AR LT IE RIS (GFS BXEh ) WRF).
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Figure 2. Technical workflow for wind-speed forecast bias correction

B 2. RURFHRITIER AR E

2. W IERE(WS-CORR): 77 % 7E GFS ka7 HHEAl b, 51\ ERAS FE3 4 BEE W48 37 (1C)
PIRSHHATITIE. BRI &, $2HL GFS 7E 26 MrdE = EZ(1000, 975, 950, ..., 20, 10 hPa)f) Us V X% 4>
&, JEFIH ERAS 1EXT NI IR R R I 8 S 2B 1T 1E. APRUEKIR. TSI M
—EE, R IEI AR Ko, AR EIREF GFS IR HE A .

3. U I (WS-ERAS): AP IKS) TR B R 2 57, 1 B WRF(ERAS)AT HRIRES o %050 DL ERAS
VE R 58 B A IR 5 P13 F 56 A (IC/BC) ELER B 3)) WRF

BT 8 %t S04 A 3 AR B, SRS B OO0 55 o R T 3 R 00 AR 7 K 7 340 48 3 Rt ol
FEHI(QC), SR T BAL 5 FH

2.3. e AE
TG TR MERE, A TR 2 4 EIiriR R, B HIRIZZRMSE). P45 R 2 (MAE)

DL A 72 (Bias) o
N5E A s ERAS 1T IE 7 M TRMES G a5, 5] NAHXT 75 1F4(SkillScore, SS)TE AAZ Lafa b,
5ESUN:
SS=1- RMSE, (1)
RMSE

HrA, RMSEcn NV IEH % ERAS-UV 5iXf 41 ERAS-only ] RMSE, RMSE.s NFEME T Z(RAW)
RMSE. SS>0 F£/pRiT1EH S0 T HAE(RI ), SS<0 NMRRiB. fERZFR T, %E L E 5 ALY
&

AT G AT A B A FEE PP 137 2 T o 200 )9 A4

1. $Z TR B (Forecast Segment): ATFALAS [ AR i B BEAAR T RE,  FRAT TR Todi iy #2401 43 A DY AN i
Bet AT 4 BRGi T (W iR 1): Ik (Nowcasting, BT 12h). H3(Short-range, 1~3 d). H# I (Mid-range I, 4~6
d)FI R 3 11 (Mid-range 11, 7~10 d).

2. FHAARI IR 2 W R I H AL R ol At 2] 7 RMSE o0 B (&l
6). 1% Kl IR FE HT I Yk (LeadHour) M7 15«

1. BFXHEEAN S s AR AT h(h=0, ..., 23), JLEEVPN P AT & IZI IR h B FERFEAR A X

DOI: 10.12677/ccrl.2026.151025 209 SR TR


https://doi.org/10.12677/ccrl.2026.151025

TRERAL 55

7 H#).

2. KEREAR 531 43l Py 1 Bl B SO M T X

3. MOLTHERAEK h ) RMSE,  #O7EHE A2
(1-RMSE,, (h))
(1-RMSE, (1))

ARMSE (h)[%]=100x 2
Hr RMSEcor(h)fl RMSEgs(h) 4 AN THEAGH o IEAE (R ()R n 1T 1E 77 RAEZ AHXN RAW ]
RMSE FER(0), B )RR 1.

3. 858
3.1. ERA5-UV §EEBITIEH4

B3 2T 2025 457 A 1 HZE 10 HIARMIEE =AU 85 S8 10 m XU A &4 5 = Fh WRF %
TEREA T AT T8 BVl . B b, JEUET R ws-gfs FEFTA ui RPN B E N KRG m w2, 7
¥R % ME J£ 0.76~0.96 m's™', 5 MRi1% % RMSE /T 1.28~1.70 m-s™' Z [i], TiikiEfeH % . ERAS WKa)
YT 15 SAE = A sl s 38 ST 1 g c4dE, RMSE AN B HE 77 2 70 Tl PR AR 4.7% 4.7%F01 6.4%, UFBA T 1E
UKENI7 2 Wi & ERAS K715 EIA 2@t . ERAS BRE) WRF J7 22 1928 50 00 52 3000 S 1) 2 1) S ot
PEFRFAE, £ OBS57985 uli U ALK, RMSE KIEFFK 18.8% H R 4u 0 % JL-FH BR(ME = 0.26 m's™),
{HYE OBS57853 ufi ) KB M g idh T ERAS 1T 1IEJT .

(a) OBS59072

ws_gfs (ME=0.76, RMSE=1.28)
ws_corr (ME=Q.71, RMSEf=[L.
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Figure 3. Hourly 10-m wind-speed time-series for three schemes: (a) OBS59072, (b) OBS57985, (c) OBS57853. The black
dashed line shows hourly observations; blue: WRF driven by GFS (ws_gfs); orange: WRF with ERAS wind-vector correction
applied to the shared GFS pressure levels (ws_corr); green: WRF driven by ERAS (ws_era5). All curves denote 10-m wind
speed (m's™!). The legend reports ME and RMSE (m-s™') computed over the evaluation period after pairing to the nearest whole
hour (31 min). Model values at each station are formed from U10/V10 (vector combination). The three forecasts are concat-
enated into continuous series using daily anchors, selecting for each hour the forecast with the minimum lead time

3. ZAEMZFNE 10 m RUEETEFESINTEEEl. (a) OBS59072, (b) OBS57985, (c) OBS57853. BfELk A& /AT
WM; )y WRF (GFS IREf, ws_gfs); & fAE GFS A SERELL ERAS XK EITIER WRF (ws_corr); ﬁ'é?j
WRF (ERAS IRZf], ws_eraS). FiARZHA 10m i (ms"). B+ ME 5 RMSE AEIFEEAASWNIRRIAE S
(31 min)EC X R AV EERRIT (R AL mes ™). REUEER BWMAGELLH UI0/VI0 ERRE; —ZEMRBEE E%ﬁﬂﬁ #9

“BUMERIE” FRHHERZESFY
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3.2. BB 9IS

7 1 WAL ws-corr (fE GFS 25l B ERAS X AR EAT IR T ws-gfs IR ws-era5 AU AEXT
MR, FRALIH mes™ (ME > 0 RoRimifil). 22 1 BUZ/NE B HE 9 ZE Al (5 W4 A0 R I ZITE ), JeqE
FIN BN BT ME 5 RMSE,  FRAEXS N 73 BE W BT A FEA H 5480 6 5l SR ER P (= 0k & 7 45
R)o BRRAH/ER T RIR % BOANE 350 RN Be (Ul Noweasting X 5 12-17 5 18-23). WMk 7 %
(ws_gfs Fl ws_corr)(EFTA Tk BRI ZEctE Sl 10 m KUEMFFE, “FImZEME)RE K TFH
W TR R S 3 ws_gfs (19 ME AR TR (12 h) A 1.43 mes™" [ 2 3 FidR 11(7~10 d) 7 0.41
m-s™', ws_corr E2IUHFEIIE.55 ms™ B2 0.41 ms™). YRR ZERMSE) T B R T RIS AT
TE B B Rt . BOWTIAR(12 h 2 3 d)FT B ws_gfs RILFE(A 1~3 d BT B RMSE Jy 1.50 ms™!, 1%
T ws_corr ] 1.55 ms™), MK IATIH4~10 d)Fr BT IET7 LA B I(4~6 d BB ws_corr i) RMSE i
128 ms™!, WEMT ws_gfs (1 1.42 ms™). RZELEWEZWERAIHIE, RFEEZKTAR: L
1~3 d Tk B, ws_gfs /£ HERB(UTC 00~11 B, XF5. CST 08~19 K)#) RMSE K 1.18~1.45m-s™!, [fij
WIE(UTC 12~23 BHIEE 1.64~1.73 m's ™!, RG22 [FFERINE A 0.90~0.95 m s ! & [A] 1.44~1.46 m's ™',
F WAL A1 R e T TR I AFAE R GGG . 1T IE 77 R0 H R R IR TR i B im 5. e B 8
B ws_gfs 040 1~3 d [ 00~05 i} RMSE &y 1.18 m's™!, T ws_corr ff] 1.36 m-s™"), {H R HI% (]I
B ws_corr L3 B3 (4~6 d i) 18~23 if RMSE N 1.41 ms™, &%+ ws_gfs 19 1.63 ms™). %L, &EE
IR IR 4G ws_ gfs 5%, KW ERAS ITIES %, PLSZEUAS [H) TR A 250 s ks P B
Table 1. Diurnal distribution of wind-speed forecast errors across lead-time categories. The four categories are nowcasting (12
h), short-range (1~3 d), mid-range I (4~6 d), and mid-range II (7~10 d). The four hourly blocks are 00~05, 06~11, 12~17, and
18~23 UTC. ME denotes mean error (model - observation), where ME > 0 indicates overestimation; RMSE denotes root-
mean-square error. Units are m's™'. ws_gfs: WRF wind-speed forecasts driven by GFS; ws_era5: WRF wind speeds driven by
ERAS (reference); ws_corr: GFS-driven WRF wind speeds corrected using ERAS (pressure-level wind-vector correction)
= 1. PEIFIRA B RERTIRIRE BRI A THRE R EERIRTIR(2h) BEATIR(~3 d). FHITRIR [ (4~6
O)FIFEATAIR 11 (7~10d); PUNETERERF 00~05 By 06~11 Bty 12~17 BHFA 18~23 BH(UTC). ME RFEINREGFRR -

My, ME>0 R-BEREH; RMSE AYARIRE, BMHA ms'. ws gfs A GFS IR WRF BIXRTAIR; ws_eras
9 ERAS IEEf] WRF HIRUREHE(S%E); ws_corr 5% ERAS iTIEAY GFS IEE) WRF RUETIR

ME RMSE

B B BREE 0005 06~11  12-17  18~23  00~05  06~11  12~17 1823
UTC UTC UTC UTC UTC UTC UTC UTC

Nowcasting (12 h) WS_corr - - 1.62 1.47 - - 1.91 1.62
Nowecasting (12 h) ws_eraS - - 1.09 1.15 - - 1.4 1.34
Nowecasting (12 h) ws_gfs - - 1.39 1.46 - - 1.56 1.65
Short-range (1~3d)  ws_corr 0.96 0.94 1.4 1.45 1.36 1.48 1.67 1.68
Short-range (1~3d)  ws_era5 0.69 0.48 0.9 0.68 1.21 1.55 1.39 1.13
Short-range (1~3 d) ws_gfs 0.9 0.95 1.46 1.44 1.18 1.45 1.73 1.64
Mid-range I (4~6d)  ws_corr 0.68 0.52 0.98 1.22 1.08 1.17 1.44 1.41
Mid-range [ (4~6d)  ws_era5 -0.07 -0.17 0.05 0.31 0.79 1.03 1.09 0.67
Mid-range I (4~6 d) ws_gfs 0.68 0.71 1.05 1.42 1.06 1.45 1.53 1.63
Mid-range IT (7~10d)  ws_corr 0.17 0.08 0.87 0.53 1.2 1.45 1.46 1.2
Mid-range IT (7~10d)  ws_era5 0.45 0.39 0.8 1.19 1.41 1.66 1.52 1.76
Mid-range II (7~10d)  ws_gfs 0.18 0.15 0.65 0.65 1.18 1.55 1.4 1.33

DOI: 10.12677/ccrl.2026.151025 211 AAEAR LI 5T g


https://doi.org/10.12677/ccrl.2026.151025

TRERAL 55

3.3. FEFRITEeG

BTE 1 MNBYUES RMSE 5K 4 /NSRBI L8 KL, ERAS SUEZITIET &
(ws_corr)MHXtF GFS 3£k (ws_gfs) & ERAS X8 (ws_eraS)HI Tk M 68 2 20 H 3 22 1) o) 2500 5t ik AN R Ay 45
PREBUBERFAE o PEATAL 75 757E ws_corr S HRE & e EAAE B2 5, & 1 BoRITIE R8I
AT (4~6 )R BLEA, H T RMSE (1.28 m-s™ )5 ws_gfs (1.42 m-s )& FK, MAEMB(1~3 d)EER
BeRPURAE, W1 00~05 Aif RMSE M 1.18 m-s™' F+ & 1.36 m-s™'. [ 4 HI 2B S, ws_corr 7EJEI(1~3
d)JUF P /NI SR A 8 TE B I (Skill > 0), A AT B A 7 5 N IR B R @ YA P NP . X AT REH T
RMSE X i 3y i 72 1)1 77 88U = ws_corr 7E R TR o ERAE 266 R 2 RN R IR 5, ARARAE D Hl o 1%
R, RSB HE L )7 RS BOR G R T BUCP) RMSE. B4k b, PR IR 7E FARR 201017
fili b — 8RR THR12 hF B ws_corr Wi AR, &l 4 7E 12~16 Bf 2 2ILHMETT, 1 7E 12~17 B
RMSE (1.91 m's )iz T ws_gfs (1.56 ms™);  H 5 B (7~10 d)IT IERCR A, 15 4 2RI ZLIE ffiHL
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Figure 4. Hourly skill, aggregated over the three stations, shown as a four-panel plot. Skill is defined as 1 —
RMSE part/RMSE_gfs; positive values indicate improvement over the GFS-only baseline. Panels: (a) Nowcasting
(12 h; only forecast leads initialized for 12~23 UTC are counted), (b) Short-range (1~3 d), (c) Mid-range I (4~6 d),
and (d) Mid-range II (7~10 d). Curves: ERA5 wind-vector pressure-level correction (ws_corr, orange) and ERAS-
only control (ws_era5, green). The gray dashed line marks zero improvement relative to the GFS baseline
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Figure 5. ARMSE (%) heat maps by UTC hour—ERAS-UV pressure-level correction (ws_corr) relative to the GFS baseline
(ws_gfs). The four subpanels are grouped by forecast period: (a) Nowcasting (12~23 UTC), (b) Short-range (1~3 d), (c) Mid-
range I (4~6 d), and (d) Mid-range II (7~10 d). In each panel, rows are the three stations (OBS59072, OBS57985, OBS57853)
and columns are UTC hours; cell values are ARMSE (%), with a color scale from —10% to 50%. ARMSE is defined as 100 x
(1 — RMSEws_cort/RMSEws_gfs): positive values indicate an RMSE reduction (improvement) relative to ws_gfs, negative
values indicate an increase (degradation). The bottom “Mean” row averages across stations within the panel, and the rightmost
“Mean” column averages across all UTC hours for that period
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