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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 result shows: The prediction 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. While for near-shore stations, it shows
higher and clockwise. 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 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. Wind speeds were predicted lower for strong winds, and wind directions
had 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 NW and N wind directions. Regarding the three typical gale systems,
the cold air gales obtain the best forecast outcome, with the accuracy reaching 97% and over 70%
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for 12 h and 96 h lead time. The accuracy of tropical cyclone wind forecast declined most
significantly over the lead time. It remains 85% for 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. In specific, 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 passes only within 48 h. The linear regression method
was used to correct the maximum 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

(The blue triangles are automatic weather stations, the red triangles are buoy stations, and black dots are ECMWF model grids. The grids

in the black polygon are used for verification. The red rectangle is the Ningbo Zhoushan Port. The yellow rectangle is the Sanmen Bay)
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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 (Here use 12—24 h lead time forecasts)

(Filling dots are statistical indicators, and contour lines are interpolation of these indicators)

(a) correlation coefficient of wind speed, (b) mean bias error of wind speed, (c) root mean square error of wind

speed, (d) mean bias error of wind direction, (e) root mean square error of wind direction
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Fig.3 Statistical indicators of ECMWF 10 m wind speed and wind direction forecast for 4 observation stations

from 2015 to 2018 at different lead time
(a) correlation coefficient of wind speed, (b) root mean square error of wind speed, (c) root mean square error of
wind direction
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Table 1 Forecast accuracy of three typical gale processes from 2015 to 2018
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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 11.1 88.9 13.6 86. 4 56. 3 43.7
48 15.2 84.8 22.7 77.3 43.8 56. 2
60 17.2 82.8 27.2 72.8 46.9 53.1
72 28.3 1.7 31.8 68. 2 59.4 40. 6
84 30. 3 69. 7 31.8 68.2 59.4 40. 6
96 27.3 2.7 40.9 59.1 53.2 46. 8
108 32.3 67.7 50.0 50.0 62.6 37.4
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Fig.5 Statistical indicators of maximum wind speed forecast for the two buoy stations at different lead time during
the three typical gale processes
(The figuresfrom 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, it 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 graph)

(a) cold air gale, (b) tropical cyclones gale, (c) low pressure or reverse troughs gale

4. 3 F RIS T R EHEAREITIE

FESERE TR AL R (KSR L, P 52 0T PO R 77 o i DT AR, 6 o R 5 A X ) F9
ROR, R LA RESTIT IE, K 2015—2017 SEA S AKX FEVE A EIAFEA, 2018
GO (ESE YA R vy o NS RVAEZ i & N 2 A I VS D P 1 U IV E o O A ETVE W b
TR, 2 /W, ST IE)G, AR RGERE RIREERD, SFEIRERE L Om s’
LAY, MR ZREE 1~2.5 m« s ZI], RHNFEAR TR K T Lghr . i
TR, ATIERCR R, W DONL S HilR e 255

% 2 2018 VAL AR ARl s R U TR P 2/ (m o+ s ) R RARZE/ (m+ s ) AT IERTE AT EE
Table 2 Mean bias error/(m s™*) and root mean square error/(m s™*) of maximum wind forecast before and after

correction for the two buoy stations during cold air gale processes in 2018

FRIE bR AV b
e ITIERD TR ITIERD ITIEJR
TR T
MBE RMSE MBE RMSE MBE RMSE MBE RMSE
12 y=1.05*x+1.86 -2.8 3 -0.3 1 y=1.18*x-051 -2.2 2.8 -0.5 1.7
24 y=0.98*x+2.75  -2.7 2.9 -0.1 1 y=1.29*x-1.71  -2.2 2.8 -0.5 1.6
36 y=0.95*x+3.16  -2.7 3 -0.2 11 y=0.91*x+3.17 -2.7 3.3 -0.6 2
48 y=0.82*x+4.74  -2.6 2.8 -0.1 0.7 y=0.95*x+2.65 -2.6 3.3 -0.6 2
60 y=0.73*x+5.94  -2.6 3 -0.1 0.9 y=1.17*x-0.25 -2.8 3.5 -1 2.4
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HB, et al, 2019. Evaluation on forecasting heavy rainfall over Jiangsu region using ensemble forecast techniques
products[J]. Meteor Mon, 45(7):893-907(in Chinese).
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