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Abstract: The refinement level of wind forecast by numerical prediction models cannot meet the needs of
inland waterway transportation, and its adaptability to different regions varies. This article takes most of
western hilly area and central plain area in Hubei Province, including parts of the Yangtze River water-
way, as the research areas. Referring to the 10 m wind real-time product of ART_1 km, this article analy-
zes the adaptability of 10 m wind forecast of the European Centre for Medium-Range Weather Forecasts
high-resolution atmospheric model deterministic forecasting product (EC-HRES) and the China Meteoro-
logical Administration mesoscale model forecasting product (CMA-MESO) in the research areas. A U-Net+ +
deep convolutional network model is constructed to achieve downscaling correction of wind speed forecast.
The correction model improves the sampling module and adds waterway item and terrain item into the loss
function, enhancing expressive ability and robustness of the model and improving the correction effect on
the waterway. The verification result shows that this method can effectively reduce the prediction error of

wind speed made by numerical prediction models in the waterway areas.
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Table 1 Information of model forecast and real-time products
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Fig. 1 Location of research areas and test stations of grid real-time products
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Fig.4 Variation of wind forecast (a) MAE and (b) RMSE by EC-HRES and CMA-MESO in plain
and hilly areas in 48 h forecast time from 1 January 2022 to 31 December 2023
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Fig. 5 Daily variation of wind forecast MAE by EC-HRES and
CMA-MESO at different initial times in plain and hilly areas
from 1 January 2022 to 31 December 2023
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Table 3 The total average error of EC-HRES and
CMA-MESO wind forecasts in plain and hilly areas
from 1 January 2022 to 31 December 2023 (unit; m * s™')
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AR ] (08 B, 20 B, AN [A] B4R B IR 3,619,

12 ho 43 Kk CF J5L e B ) 19 3T 15 45 SR 40 4. 36 4.
25 4y R R T N YIS g %) 455 28 A Sk 000 3 B AR
(91T IE 245 5t % 7] %0 EC-HRES #l CMA-MESO
FEF IR B B XIS R A IE 1) 3T IE AR T IR R
EC-HRES [y MAE & %% /N F CMA-MESO, {H 1 fil
BT IE )G ) MAE 22 85 8 W9/ ; 37 1E )5 BB X
B MAE 4K 1H /N5 J5 X 8

F4 2022F£181HZE2023 F£ 12 A 31 HEIWH A EC-HRES X i#E #1 iR
iTIERI/EH) MAE(B I :m+s™")
Table 4 Comparison of MAE before and after correction for EC-HRES wind forecast

on test samples from 1 January 2022 to 31 December 2023 (unit: m « s7')

U‘ . TR R

AR (B BT EC /D T TR T TR
08 3 1.53 1.10 0.94 0.75
20 3 1. 66 1.05 0.79 0.61
08 6 1.57 1.19 0. 81 0.67
20 6 1. 60 1.01 0.74 0.57
08 9 1.48 1.08 1.01 0.79
20 9 1. 60 1.01 0.73 0.56
08 12 1.61 1.01 0.76 0.62
20 12 1.50 1. 05 0.71 0.56

S35 1.57 1.06 0. 81 0. 64

£S5 2022%5181HZE 2023 £ 12 A 31 HE K HE A CMA-MESO
REFBIRITIERT /B MAE(B G :m « s7")
Table 5 Comparison of MAE before and after correction for CMA-MESO wind forecast

on test samples from 1 January 2022 to 31 December 2023 (unit: m « s7')

I A,, BT [

AR (B BT EC/ M TER TR TR
08 3 1.91 1.18 1.12 0.79
20 3 2.11 1.12 1.02 0.67
08 6 2.14 1. 35 1.13 0. 80
20 6 2.13 1. 14 0.97 0. 64
08 9 2.10 1.23 1.41 0.91
20 9 2. 20 1.18 1.07 0.68
08 12 2.29 1.22 1. 30 0.77
20 12 2.17 1.22 1.02 0.66

-y 2.13 1. 20 1.13 0.74

Sk XeF E AR S TS A REOR  R TR LT OE A
JEAEXS TS5 MAE (8 FAR 38 (Ryae ) 2R PEAN 1525
AT IERCR =X (D PR

E,—E

Ruae = 22 X 100% N

y

Ry (H 88 KR ROEE VT IE RO B AT
K 6 78 T U-Net fil U-Net+ -+ & B ¥E K [A]

B DX i N T B o ) Riae o HY &I AT 1
CMA-MESO (¢ RE T IE 2 B 4 T EC-HRES, -
B DX O F B B X8, X S 2. 2 R R g
CMA-MESO DA} J5 X 3, MAE B KA 5%, i
— A Ul BT N AR DL DL BB X IR S
S5 A [ M U-Net #1 U-Net + -+ W BB T IE
GERNF L R T A B X L B Ak, U-Net + + )
28 R B A T U-Net, U-Net+ + 1) B3 Ruae H
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Bl 6 20224F 1 1 HFE 2023 4 12 [ 31 A KIS FEASAS [R] &2 4 0 7] Ca, b) - 7 5
(c,d) g X 3, U-Net Fil U-Net+ —+ 48 B XU B4Rk ) Ryvace
Fig. 6 Ruae of U-Net and U-Net+ + wind forecasts on test samples at different initial times in
(a, b) plain and (c, d) hilly areas from 1 January 2022 to 31 December 2023

32.73% ,U-Net [ ¥ RuarH 30. 06% , F33T
ERREAT 2.67 NATEGEE R D,
SR XF B 35 2 BR B A B T X AR R T 1E SR 1)

£6 2022181 HE20234 12 A 31 HRBHEA
7 [E 2 1R B 18] P JR X 48, U-Net 5 U-Net+ + 4 5
RUE T A Ryae (BB 6L: %)

Table 6 Comparison of Ry, between U-Net and
U-Net+ + wind forecasts in plain area on test samples
at different initial times from 1 January 2022 to
31 December 2023 (unit: %)

S AR SCR ] U-Net + -+ R 45 858 g L 6 h i 4ft
AT ST - dr 3R 8l L R AE & A 500 S
AT TE BT IERCR B T A IR B3R - 1000 4K

£7 20228181 HE20234 12 A 31 HRBEA
7 [E 2 4R B 18] £ B X 48, U-Net 5 U-Net+ + 4 2
RUE IR A Ry (BAfL: %)

Table 7 Comparison of Ry, between U-Net and
U-Net+ + wind forecasts in hilly area on test samples
at different initial times from 1 January 2022
to 31 December 2023 (unit: %)

R EC-HRES CMA-MESO R EC-HRES CMA-MESO
08 I 20 I 08 it 20 I 08 20 I 08 it 20 I
U-Net++ 29.18 35.05 40. 85 45.73 U-Net++ 19. 45 22.78 33.78 35.00
U-Net 26.28 30. 80 35.73 40. 85 U-Net 18. 98 22.28 31.63 33.93
FYIER 2.90 4.25 5.12 4. 88 PR 0. 47 0. 50 2.15 1.07

8 20251 A1HBE2023 5 12 A3l HEWHEARKREBBEMNN IR EE
_ﬁu'J_E U-Net+ +$§§!H‘J Ry ( BAL: % )
Table 8 Comparison of Ry, of U-Net++ model before and after adding
terrain standard deviation to the loss function on test samples
from 1 January 2022 to 31 December 2023 (unit: %)

500 % 1000 ¥

FERL A 5 » - » »

A g T H A0 H T T H T
EC-HRES [ 08 izt 17.59 17. 38 17.19 18. 31
EC-HRES [} 20 i 23.00 22. 86 22.77 24, 20
CMA-MESO [tk 08 A2 i 28. 81 28.70 27.91 29. 32
CMA-MESO [F 20 I #g# 33. 60 33.41 33.29 34, 87
EC-HRES 5 08 I ife 4 24. 08 23.91 24,11 24. 10
EC-HRES “FJ§5i 20 B 2 4 36. 62 36.53 36.59 36.59
CMA-MESO - J5i 08 B i 4 37.11 37.06 37. 14 37.12
CMA-MESO 5 20 i 4 46. 30 46. 14 46. 25 46. 21
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ARG Fe b XSO A M IE AR TR I 1 ORI T TO IR R TE o B 57 i AR R 1T 1 AL
RO RN AR T IE AR 2 R B )l REATH 2 A TSSO, B 7 HE 8 455k
BIG X EI A HE B ROR $E A . 7R EC-HRES fil CMA-MESO i % ll izt K¢ 4 T 1F 4%
PR SR BRI A KI, 6 A K ITIE RARER .t B CMA-MESO (1) H i 401k

F9 2022F1A1HZE2023 £ 12 A 31 B R AR K & 7E M AE XiE
RERE U-Net+ + B 7 & X3 H Ry FIITIERREBFH
Table 9 Comparison of Ry,: and improvement of correction effect of U-Net+ + model
before and after adding channel area error to loss function on test samples in

channel area from 1 January 2022 to 31 December 2023

FERL ¥ AR/ % RAINARLE/ % WU IE X IT IE T A 4 0
EC-HRES i 08 i 4t 21.25 18.16 3.09
EC-HRES B 20 i} 2 24.36 21.87 2.49
CMA-MESO [ 08 i i i 34. 29 32. 69 1. 60
CMA-MESO - 20 B} &4 36. 80 34. 04 2.76
EC-HRES “FJ§ 08 B2 4 28.99 27.27 1.72
EC-HRES - Ji 20 I} 4 35.23 34.16 1.07
CMA-MESO - Ji5 08 Hif i 4 41.68 39. 67 2.01
CMA-MESO FJ§ 20 Hif i 4 46. 65 44. 80 1.85
Ty 33.65 31.58 2.07
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WX ITIERTMAE: 3.033 m - s, iTIFJGMAE: 1.590 m - s™'; JTIERIME: —3.278 m - s, ITiE/GME: 0.063 m - s
AT % W5 A L TiAR1TIE
m-s’!
7

[=)}

w

IS

w

0o

: l . .
' il

112.0  112.4 112.8 113.2 113.6°E 112.0  112.4 112.8 113.2 113.6°E 112.0  112.4 112.8 113.2 113.6°E
KR ITIERMAE: 2.595 m - s, iTIEJEMAE: 1.635 m - s; iTIERIME: —2.587 m - s, i[iF/GME: —0.495 m - s™!
WUE X TTIERIMAE: 2.586 m - s7!, iTIEJEMAE: 1.562 m - s™'; iTIER{ME: —2.802 m - s™', iJ1FJGME: —0.488 m - s~
B 7 20224E 1 H 5 H(2)CMA-MESO #1(b)EC-HRES 7£ 3 J5 [X 48, 08 I {242 6 h i i vk i XU 17 1F &
Fig. 7 Comparison of model correction effects of wind forecast between (a) CMA-MESO and (b) EC-HRES

in plain areas for 6 h forecast time initiated at 08:00 BT 5 January 2022
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1
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K8 202346 A 21 H(a)CMA-MESO 1 (b)EC-HRES 7 . [5F X 38 08 B 4% 6 h T 45 b5 v 9 XU 17 1F 2%
Fig. 8 Comparison of model correction effects of wind forecast between (a) CMA-MESO and (b) EC-HRES
in hilly areas for 6 h forecast time initiated at 08:00 BT 21 June 2023
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