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Fig.1 Distribution of stations in Dalian area
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Tab.1 The meanings, algorithms and classifications of the five kinds of wind directions observed on schedule
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Tab.2 The ME, MAE and correlation coefficients between various observation wind directions of the eight stations in Dalian

and the EC 10 m 00 ~ 240 h time wind directions from 2016 to 2018

2R 5 00 12h 24h  36h 48h  60h 72h 84 h 96 h 108h  120h
BEET AL ME/° 3.6 4.3 43 45 4.9 4.8 4.4 5.1 4.4 3.5 3.3
MAE/® 383 39.6 40.9 423 435 45 46.2 475 49.4 51.2 527
r 0.32 0.32 0.32 0.31 0.31 0.30 0.30 0.29 0.27 0.26 0.25
2 min P X, ME/° 3.8 4.4 4.5 4.6 5 5.1 4.5 4.9 43 33 3.3
MAE/® 36.1 37.6 38.9 403 41.6 432 44.5 45.8 47.8 49.6 51.3
r 0.33 0.36 0.35 0.35 0.35 0.34 0.32 0.31 0.30 0.27 0.26
10 min PR ME/° 44 4.8 4.9 4.9 5.3 5.5 5 5.1 4.7 3.8 3.7
MAE/® 35.1 36.7 38.1 39.5 40.9 42.4 439 45.1 472 49 50.7
r 0.35 0.41 0.40 0.37 0.36 0.36 0.34 0.32 0.30 0.29 0.28
1E R R ME/° 3.7 4.2 43 43 4.6 4.8 4.5 4.6 4.5 3.4 2.9
MAE/® 36 373 38.6 40 413 429 44.2 455 475 49.2 51
r 0.37 0.41 0.40 0.39 0.38 0.36 0.36 0.34 0.32 0.30 0.30
E RURR R ME/° 5 5.5 5.5 5.6 5.9 6 55 5.6 53 43 3.9
MAE/® 34.6 36 37.4 38.8 40.1 41.7 432 44.4 46.5 483 50
r 0.41 0.45 0.43 0.43 0.41 0.40 0.38 0.37 0.34 0.33 0.32
B2 B 132h  144h  156h  168h  180h  192h  204h  216h 228 h 240 h
7N ME/° 3 2.6 2.7 2.9 2.1 2.3 1.8 0.7 -0.1 1.8
MAE/® 55.2 57.3 59.6 61.8 64.3 66.9 69.3 71.3 72.9 73
r 0.22 0.21 0.19 0.18 0.15 0.14 0.14 0.12 0.11 0.08
2 min FH# R ME/° 2.8 25 2.8 3 2.2 1.9 1.8 0.8 -03 22
MAE/® 54 56 58.4 60.8 63.4 66 68.7 70.7 723 72.5
r 0.24 0.23 0.20 0.20 0.17 0.15 0.14 0.14 0.13 0.09
10 min 3R ME/® 3.2 2.5 3 3.4 2.4 2.7 2 1.2 0 2.4
MAE/® 53.5 55.6 57.9 60.5 63.1 65.6 68.4 70.6 72 722
r 0.26 0.25 0.23 0.21 0.19 0.18 0.16 0.15 0.15 0.09
IE FR R ME/° 2.5 22 22 2.5 1.3 2.4 1.8 0.1 0 0.5
MAE/® 53.6 55.9 58.3 60.9 63.3 65.8 68.4 71 72.4 722
r 0.28 0.27 0.24 0.23 0.21 0.19 0.18 0.15 0.15 0.10
1E FURR A ME/° 3.5 3.1 33 3.1 2.1 2.8 2.4 0.8 0.1 1.9
MAE/® 52.7 54.9 57.4 60.3 62.8 65.5 68.1 70.6 71.9 71.8
r 0.31 0.29 0.27 0.25 0.22 0.20 0.19 0.17 0.17 0.10
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Fig.2 The ME(solid line) and MAE(dashed) between EC 10 m

00~240 h time wind directions and actual wind directions of
different wind directions of the eight stations in Dalian
from 2016 to 2018
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Tab.3 The ME between EC 10 m 00~240 h time wind directions and the actual wind directions of the eight stations in

Dalian under the superposition of different wind scales and different wind directions from 2016 to 2018

JAap e 14 24 3% 44 59 6% ESS 8%
N -12.4 -1.9 -4.2 -4.4 -3.8 -3.8 -9.9 —
NE 12 6.3 -8.2 -13.8 -13.6 -11 -13.1 —
E 25.7 20.3 185 21.6 14.3 26 — —
SE 19.8 153 13.5 11.3 10.7 3.5 — —
S 15.2 5.7 5.4 8.2 115 1.7 — —
SW 24.3 6.6 1.1 0.1 -1.8 -9.6 — —
w 33.1 10.8 -8.8 -15 -4.9 2.6 15 —
NW 15.4 52 -0.3 -0.5 -1.3 1.3 -1.9 0.3
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Fig.5 Daily change of wind direction ME by EC 10m wind product of the eight stations in Dalian from 2016 to 2018

F4 2016—2018 F EC 10 m 24 h BFBR X (6] 5 K & ¥h AN B XU % B9 XU TE] ME (#i7:°)
Tab.4 The ME for different wind scales between actual wind directions of different stations in Dalian and EC 10 m 24 h

time wind direction from 2016 to 2018 (unit:°)

gy 14 24 3% 44 5% 64 T 82
Kk 11.9 1.5 -5.8 -6.1 -3 2.3 — —
Jite M 2.4 3 -4.2 -11.1 -9.2 -10.6 — —
&M 3.8 1.6 2.1 1.1 1.3 1.1 -3.6 —
K it 8.4 6.1 5.7 6.1 53 -3 -21 —
LB s 25 103 2.2 -0.4 -4.6 -11.8 -16 -3
W) 18.9 25.4 227 14.9 6 5.7 16.5 10
ERE) 14.6 1.5 7.7 1.6 -10.6 -5 -4 —
Ky 7.8 3.5 -1.4 -1.5 -5.4 -9.9 -13.1 —
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Tab.5 The ME for different wind directions between actual wind directions of different stations in Dalian and EC 10 m 24 h
time wind direction from 2016 to 2018 (unit:°)

i N NE E SE S SW w NW
Ktk -7.9 0.8 8.4 -3.6 -0.7 6.5 10.1 -5.7
Jite it -7.9 -6.5 8.6 12.4 4.4 -8.5 -13.9 -5.8
e -0.4 -9.7 11.4 14.5 10.7 -4.4 -9.3 -14.9
K it -3.1 33.8 25.8 4 10.9 14.6 10.4 2.1
oWz, 1.7 -17.6 25.2 19.3 5.7 -13.4 -19.7 7.7
W2 gh -0.1 225 38.1 29.8 225 17.3 11 17.4
FET -6.9 -7.8 20.4 16.7 10.8 0.7 333 12.9
S -14.7 -14.7 -13.3 52 4.1 7.9 17.9 7.2

6 2016—2018 F A EIFEHRATE T EC 10 m 00~240 h B FR K 7% 8 4N i XL 18] ME .MAE 1 RMSE (#:43; .°)
Tab.6 The ME, MAE and RMSE between actual wind directions of the eight stations in Dalian and EC 10 m 00~240 h time
wind direction at different initial forecast times from 2016 to 2018 (unit:°)

LA 8] 2551 00 12h 24h 36h 48h 60h 72h 84h 96h 108h 120h
08 i} ME 33 4 3.6 4.1 4.1 4.1 5 52 4.5 4.6 42
MAE 31.8 33 34.5 36 37.3 38.8 41.7 429 45.1 46.6 48.5
RMSE 46.9 48.4 50.1 52.1 53.8 55.6 59.1 60.3 63 64.4 66.5
2011 ME 6.7 7 75 7.1 7.7 7.8 6.1 6 6 4 3.5
MAE 37.4 39 403 41.6 429 445 44.6 46 47.8 49.9 515
RMSE 54 55.9 575 58.7 60.3 62 62 63.7 65.9 68 69.6
AR 8] 2551 132 h 144 h 156 h 168 h 180 h 192h  204h  216h  228h  240h
08 i ME 45 3.3 3.5 3.2 2.1 3.6 2.8 22 -0.4 5.3
MAE 51.3 53.3 56 59.2 61.8 64 67.4 69.5 70.6 73.6
RMSE 69.4 71.3 74.3 77.3 79.5 82.2 85.4 87.1 88.3 69.4
201 ME 2.5 3 3.1 3.1 22 2.1 2.1 -0.6 0.6 -15
MAE 54 56.6 58.8 61.3 63.8 66.9 68.7 71.7 73.2 70.1
RMSE 72.5 75.1 77.1 79.5 82 85 86.6 88.9 90.4 87.6
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Comparison and validation of ECMWF fine-grid wind direction and
observation data in Dalian area

SUI Yuxiu', YANG Jingtai‘', CHANG Huilin', BIAN Ruobin®, ZHAO Huarui*, XIAO Jian®, CAO Bo®
(1. Dalian Meteorological Service Center, Dalian 116001 China; 2. Lushunkou Meteorological Office of Dalian, Dalian 116041 China; 3. Aviation
University of Air Force, Jinzhou 121000 China)

Abstract: The five categories of wind direction data of eight national meteorological observation stations in
Dalian area is compared with the 10-m fine-grid wind data of the European Centre for Medium-Range Weather
Forecasts (ECMWEF or EC) from January 2016 to December 2018. The results show that the mean error (ME) of
the five categories of actual wind directions is not much different, while the mean absolute error (MAE) tends to
increase with the extension of the forecast time. For the punctual maximum wind of all the analysis and forecast
time, MAE is the smallest and the r is the largest. Therefore, the EC 10-m wind direction forecast is the closest to
the punctual maximum wind. Through statistical analysis of the ME and MAE between the EC 10-m wind and
the actual punctual maximum wind direction in Dalian, it can be concluded that the ME of EC wind direction
forecast is between 0.1° and 6° with a slightly bias to the left of the actual wind, and the MAE for all the analysis
and forecast time is above 36°. The wind direction error varies significantly with wind directions, wind scales and
stations, and the east wind shows the largest error. The ME is positive at all times when the actual scale of wind
force is less than 4, and the smaller the wind scale is, the greater the positive ME will be. The ME is negative at
all times when the actual scale of wind force is equal to or above 4, and the greater the wind scale is, the more
negative it deviates and the smaller the MAE will be. The ME shows significant diurnal variations in different
wind scales and directions. The ME at night is larger than that during the day with the smallest error between
17:00—20:00. Comparing the wind direction ME, MAE and Root Mean Square Error for the forecasts with the
starting time of 08:00 and 20:00, it is found that the forecast wind direction at 08:00 is better than that at 20:00 in
general.

Key words:wind direction; punctual maximum wind; diurnal variations



