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Abstract: The réfinement level of wind forecast in numerical weather
forecasting models cannot meet the needs of inland waterway

transportation, and their adaptability to different regions varies. This
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article takes the western hilly area and central plain area, most of them in
Hubei Province, including parts of the Yangtze River waterway, as the
research areas.Referring to the 10 m wind real-time product of ART_1km,
this article analyzes the adaptability of 10 m wind forecast of the
European Central high-resolution atmospheric model deterministic
forecasting product (EC-HRES) and the China M orologlcal
Administration mesoscale model forecasting product ) in
the research areas. A U-Net++ deep convolutional ne model IS
constructed to achieve downscaling correct peed forecast.
The correction model improves the sampllng dule,a d incorporates
waterway item and terrain itemJ loss functlon which enhancing

expressive ability and robustpess of model, and improving the

The verification shows that this

method can eﬁyy re prediction error of wind speed in

W in the waterway areas.

Key Wards: wind downscaling correction, inland waterway transport,

correction effect on th

numerical for
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Table 1 Information of model forecast and real-time products
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Fig.3 U-Net++ network model framework
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Table 2 Deviation distribution of ART_1km wind product at stations from January 1st to December

31st, 2016

REN#/ (ms™) +0.5 +1 +1.5

[EU= A% 91.2 98.4 99.6

&3 202341 H1HE12A 31 HART_1 km XUE~miA Tk R FH4E500

Table 3 Mean absolute error of ART_1km wind product at stations along t ze River from

January 1st to December 31st, 2023 iun' y

WS MAE R MAE
Q9621 0.48 Q7809 0.005
Q1761 0.01 Q4618 0.01
P3415 1.22 Q9521 0.01
A8218 0.004 Q4920 0.01
57437 0.003 A8505 0.01
Q8002 0.001 Q5244 0.01
57349 0.18 Q4305 0.01
57367 0.01 P3623 0.09
Q8213 0.01 Q8606 0.01
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Fig. 4 The variation of forecast error in EC-HRES and CMA-MESO on plain area and hilly area along

forecast time from January 1, 2022 to December 31, 2023
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Fig.5 The variation of MAE in EC-HRES and CMA-MESO among dif nt s%ti forecasting times

and forecast times on plain area and hilly area during different peri@ds in one day from January
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Table 4 The total average error of different research regions and models from January 1, 2022

to December 31, 2023 (unit: m=-s™)

EC-HRES CMA-MESO
RERE
TR & IR &
ME -152 -053 -2.21 -0.96
MAE 1.62 0.82 23 121
RMSE 1.81 1.03 252 159
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from January 1, 2022 to December 31, 2 3“ it

REIRATE] b ipN FE BB
(BT) (BT) TTIERT ITERE 1TIERT ITEfE
08 03 153 1.10 0.94 0.75
20 03 1.66 1.05 0.79 0.61
08 06 157 1.19 0.81 0.67
20 06 1.60 1.01 0.74 0.57
08 09 1.48 1.08 1.01 0.79
20 09 1.60 1.01 0.73 0.56
08 12 161 1.01 0.76 0.62
20 12 150 1.05 071 0.56
iy 1.57 1.06 0.81 0.64

LK 4
&6 20 1 B 1 BE 2023 ££ 12 A 31 BHIAEA CMA-MESO TR iT IERT/ZHY MAE (B4: m - s™)
Table 6 Com| of MAE before and after correction for CMA-MESO mode | forecast on test samples

rom January 1, 2022 to December 31, 2023 (unit: m-s™)

EIRAE FURAR FIR i

(BT) (BT) TTIER] pnas TTIERT TER
08 03 1.91 1.18 112 0.79
20 03 211 112 1.02 0.67
08 06 2.14 1.35 113 0.80
20 06 213 1.14 0.97 0.64
08 09 2.10 1.23 141 0.91
20 09 2.20 1.18 1.07 0.68
08 12 229 122 1.30 0.77



20 12 2.17 1.22 1.02 0.66
15 213 1.20 1.13 0.74
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Fig. 6 Comparison of MAE reduction rates on test samples from January 1, 2022 to December 31, 2023
(a:forecast for plain areas of hour 08, b:forecast for plain areas of hour 20, c:forecast for

hilly areas of hour 08, d:forecast for hilly areas of hour 20)
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Table 7 Comparison of MAE reduction rates between U-Net and U-Net++ on plain area on test samples

from January 1, 2022 to December 31, 2023 (unit: %)

EC-HRES CMA-MESO
TERIKA
08 Bt 20 B 08 B 20 At
U-Net++ 29.18 35.05 40.85 4573
U-Net 26.28 30.80 35.73 40.85
ESEl 2.90 4.25 5.13 4.88

8 202241 81 HZE 2023 f£ 12 B 31 HREHATERRATE EEXIE U-Net 5 U-Net++ERIH) R

(L %)

Table 8 Comparison of MAE reduction rates between U-Net and U-Net++ on hilly area ontest samples
from January 1, 2022 to December 31, 2023 (unit:A}\

EC-HRES CMA-MESO
TERIKA
08 B 20 B 08 B 20 B
U-Net++ 19.45 22.78 33.78 35.00
U-Net 18.98 22.28 31.63 33.93
=& 0.48 0.50 2.15 1.08

A
Wi, AR U-Ne t++ ) 45 A5 784 i3 B

AT EE A 2R BRI N HB X AR TR
TN 06 B OB T, HR 9nl
TN RIRCR, 1000 TRi%EA

HRIAFE
EQ/ ek
2B B R
XA T A AR X 3k

9202241 B 1 HE 2023 5 12 B 31 BRI REMAN IR EZRG U-Net++ERI R, (B

IEEE S A @, BRI, CMA-MESO [ A 440 FEEE 4% EC-HRES ™ &,
1 km JRHOEFIEAR IS, 1T IEARY GEAE 2% 5] B S JR MR AIE, 7] B4
fiE, BRI EE Bon, BRI T KRG mE, 1T IESERENE

f: %)
Table 9 Compar ison of MAE reduction rates of U-Net++ model before and after adding terrain standard

deviation to the loss function on test samples from January 1, 2022 to December 31, 2023 (unit: %)

500 3K 1000 3%
EEIAF

Fhnsti N5 Fhnstef VN5
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EC-HRES % 08 BF#EIR 17.59 17.38 17.19 18.31

EC-HRES % 20 B#EIR 23.00 22.86 2277 24.20
CMA-MESO Ef% 08 R #EIR 28.81 28.70 27.91 29.32
CMA-MESO Ef% 20 RF#EIR 33.60 3341 33.29 34.87

EC-HRES & 08 A #2iR 24.08 2391 2411 2410

EC-HRES & 20 R #21R 36.62 36.53 36.59 36.59
CMA-MESO /& 08 B #2iR 37.11 37.06 37.14 37.12
CMA-MESO /& 20 At #2iR 46.30 46.14 46.25 46.21

< 10202241 B 1 HE 2023 £ 12 B 31 HREH AL EHMAEXIBIRERG U-Net++HERIFEATIE
IZiEEEI"J R (Eﬁi %)

Table 10 Comparison of MAE reduction rates of U-Net++ model in channel r re after

adding channel region error to loss function on test samples from January 022 to D ber
31, 2023 Cunit: %) x ﬁ
AR PANFTIE RINNFTE Al X TIER I
EC-HRES P& 08 BfiCHR 21.25 18.16 3.09
EC-HRES P& 20 BfiEHR 24.36 21.87 2.49
CMA-MESO % 08 Bk 34.29 32.69 1.60
CMA-MESO % 20 Bk 36.80 34.04 2.76
EC-HRES /& 08 Afiik 28.99 27.27 1.72
EC-HRES /& 20 AfiEik 35.23 34.16 1.07
CMA-MESO & 08 Bk 41.68 39.67 2.01
CMA-MESO & 20 Bk 46.65 44.80 1.85

33.65 31.58 2.07
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(b)
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B 7 202241 A 5 H 14 i CMA-MESO (a) A1 EC-HRES (b) 78 FJRXILMIIT IEX
Fig. 7 Comparison of model correction effects between CMA-MESO (above) EC-HRES§y (beTow)

14:00 on January bth, 2022 on plain areas
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Fig. 8 Comparison of model correction effects between CMA-MESO (above) and EC-HRES (below)

14:00 on June 21, 2023 on hilly areas
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S F 2 U R A S4BT ART 1 km 10 m XCEEZK 7 #4307 T EC-HRES 1 CMA-MESO
TR 10 m KB R AEHUE R 7T X IR 3E B, BC-HRES A1 CMA-MESO AHAZ T-SEWi = i, #56 f
KIRGEMEREZE, BC-HRES [RIRZARKTRN, e DX I KU R 2 MDA /DS, R R 22 Bt T
RIS RGBSR, I SR MR, FE R X A R R ZE K T

B8 J5 R U-Ne t++8 FE #1258 I 26 X6 EC-HRES I CMA-MESO JAUH TR R 5 3k 47 4 RUBE T I,
¥4 EC-HRES [#] 0. 125° \CMA-MESO [ 0. 03° 73 #f24&% sl 1EH 0. 01° ARYEATIG 25 K IW,
PR X IR B R VT IERE B A T Fe R X3k, CMA-MESO f B RN BT 1IEAZ FE UFF- EC-HRES, {HiT

1EJE PR X8R ) MAE K IH K T FERE X ek, 37 15 J5 CMA-MESO ) MAE K IH K+ Be-HRES, ZfE

I B T A S SO A 0 1T IE BT T 32, 7%, 459
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P

TIERCRR T 2 N E s, I IET S, 61 J& DR %HEE& ¥ g X
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