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Verification of ECMWEF 10 m Wind Forecast for Coastal Zhejiang Province
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Abstract: Using the observation data from Zhejiang coastal stations, the ECMWF 10 m wind forecast from
2015 to 2018 was verified and evaluated. The results are as follows. The forecast error is closely related to
the offshore distance. The farther the station is from the coastline, the higher the consistency is. For far-
shore stations, the predicted wind speeds are lower than the observed values and the wind directions have
counterclockwise deviations, However, for near-shore stations, the results are opposite. With forecast
lead time extending, the correlation coefficient of wind speed gradually decreases, while the root-mean-

square error of wind speed and wind direction gradually increases, and this change is more pronounced for
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far offshore stations. Further analysis on buoy stations indicates that the forecasts of NW, N and NE
winds prevailing in winter have significant systematic deviations. The predicted wind speeds are weaker for
strong winds, and wind directions have clockwise deviations for light winds. The forecast dispersions of
wind speed and wind direction are NW>N>>NE. The prediction errors of S and SW winds prevailing in
summer are relatively smaller than that of the winter NW and N wind directions. Regarding the three typi-
cal gale systems, the cold air gales obtain the best forecast outcome, with the accuracy reaching 97% in
12 h lead time and over 70% in 96 h lead time. The accuracy of tropical cyclone wind forecast declines most
significantly with lead time. The accuracy is 85% in 36 h lead time, but decreases sharply to less than 50 %
beyond 96 h. For low pressures or reverse trough systems, the forecast accuracy remains less than 60 %
within 144 h lead time. The maximum wind predictions and observations at buoy stations during cold air
and tropical cyclone systems are basically in line with the linear distribution. The correlation coefficient for
the cold air system can pass the 0. 05 significance test within 144 h, while, for tropical cyclones, it can
pass the 0. 05 significance test only within 48 h. The linear regression method is used to correct the maxi-
mum wind speed forecast at buoy stations for cold air systems, and the independent sample tests prove that

this method is effective in reducing prediction errors.
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Fig. 1 Distribution of ECMWF model grids and
88 observation stations in offshore Zhejiang
(blue triangles: automatic weather stations,
red triangles: buoy stations, black dots:
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Fig. 2 Spatial distribution of statistical indicators of ECMWF 10 m wind speed and

wind direction forecast for 88 observation stations from 2015 to 2018

(a) correlation coefficient of wind speed, (b) MBE of wind speed, (¢) RMSE of wind speed,
(d) MBE of wind direction, (e) RMSE of wind direction

(color dots: statistical indicators, contour lines: interpolation of these indicators)
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Fig.3 Statistical indicators of ECMWEF 10 m wind speed and wind direction forecast

for 4 observation stations at different lead time from 2015 to 2018

(a) correlation coefficient of wind speed, (b) RMSE of wind speed, (¢) RMSE of wind direction
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(c) MBE of wind direction, (d) RMSE of wind direction
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Wl HER Ik E Il e

12 3.0 97.0  13.6  86.4  62.5  37.5
24 6.0 94.0 9.1 90.9  50.0  50.0
36 1.1 88.9  13.6  86.4  56.3  43.7
48 15,2 84.8 22,7  77.3  43.8  56.2
60 7.2 82.8 27.2  72.8  46.9  53.1
72 28.3  71.7  31.8  68.2  59.4  40.6
84 30.3  69.7  31.8  68.2  59.4  40.6
96 27.3  72.7  40.9  59.1  53.2  46.8
108 32.3  67.7  50.0  50.0  62.6  37.4

120 36.4 63.6 50.0 50.0 65.7 34.3
132 45. 4 54.5 63.6 36. 4 71.9 28.1
144 40. 4 59.6 59.1 40.9 78.1 21.9
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Fig. 5

AR R BE e 7 F R ARG 0. 05 8 3 KPR S

Statistical indicators of maximum wind speed forecast for the two buoy stations

at different lead time during the three typical gale processes

(a) cold air gale, (b) tropical cyclone gale, (¢) low pressure or reverse trough gale

(Figures from top to bottom in each column are: sample size, correlation coefficient,

root mean square error and mean bias error. The sample size is the number of

predicted gale processes from 2015 to 2018, which is different between

Zhoushan Buoy and Wenzhou Buoy due to the data omission.

“—+” represents

failure of passing the 0. 05 significance test in correlation coefficient graphs)
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43 FREATSEERAREITE

T 3ot e Tl A A B b R B2 0 T PR
ZIN P A AT A 36 e R e R DR ) AR AR - I
ML AERTE HEATITIE . $ 2015—2017 4R % =3
SRMGS A [ REA L 2018 AF i B AR D 2 57 A6

GG AEAS ST VR b i B R XU e 7k [l 5y 7 3 3 At
SEAEAXTNH D B TR S . K 2 R AT IE
J5 s 3k A i ROXUH 15 2 R B8 kN, ~F 349 4 22 e 3 &=
LOomes "IN HRIREESR 1~2.5m s i
IR R 34 7 AR 2208 K T FHILFE bR . ZRPETTIE Jy %
fETER L ITIEROR 1 2 W] DUl 55 TR 4R i 2%

F2 2018 FRERHEBFMRERANERE MBE 1 RMSE ITIERIFXT L (B :m - s7")
Table 2 MBE and RMSE of maximum wind forecast before and

after corrections for the two buoy stations during cold air gale processes in 2018 (unit:m + s™')

FH 1L E bR IR A
/b ITIE )i iTEﬁﬁ — ﬂ,EE — ITIEH iTEﬁﬁ — i,m’a —
MBE RMSE MBE RMSE MBE RMSE MBE  RMSE
12 y=1.05x+1. 86 —2.8 3.0 —0.3 1.0 y=1.18x—0.51 —2.2 2.8 —0.5 1.7
24 vy=0.98x+2.75 —2.7 2.9 —0.1 1.0 y=1.29x—1.71 —2.2 2.8 —0.5 1.6
36 y=0.95x+3.16 —2.7 3.0 —0.2 1.1 y=0.91x+3.17 —2.7 3.3 —0.6 2.0
48 y=0.82x+4.74 —2.6 2.8 —0.1 0.7 y=0.95x+2.65 —2.6 3.3 —0.6 2.0
60 y=0.73x+5.94 —2.6 3.0 —0.1 0.9 y=1.172—0. 25 —2.8 3.5 —1.0 2.4
72 y=0.79x+5. 25 —2.6 3.0 0.0 1.0 vy=0.92x+3.03 —2.8 3.5 —0.7 2.1
84 y=0.64x+7.22 —2.6 2.9 0.1 1.0 y=0.70x+6.13 —2.3 3.5 0.2 2.3
96 y=0.71x+6.48 —2.7 3.0 0.2 1.0 y=1.07x+1.04 —2.4 3.0 —0.4 1.7
108 y=0.6lx+7.62 —2.4 2.7 0.3 0.9 y=1.0lx+1.76 —1.9 2.6 —0.1 1.7
120 y=0.48x+9. 14 —2.9 3.3 —0.2 1.2 y=1.25x—1.11 —2.3 2.9 —0.3 1.8
132 y=0.78x+5.49 —2.9 3.4 —0.1 1.3 y=0.94x+2.65 —2.6 3.3 —0.7 2.0
144 y=0.69x+6.78 —2.6 2.9 0.3 0.9 y=0.84x+3.70 —2.3 3.0 —0.5 2.1
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