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Long-term Trends in Winter Wind Speed and Frequency by Direction in Seoul

Bae, Jinho

Professor, Department of Economics, Konkuk University, Seoul, Korea

ABSTRACT

This study investigated long-term linear trends in both wind speed and frequency of 16 wind directions during winter in
Seoul. Annual data on speed and frequency were analyzed by direction for Dec., Jan. and Feb. from 1963 to 2019. Six wind
directions, representing westerlies and northerlies, exhibited downward trends in speed: WNW and W in all three months,
WSW in Dec. and Jan., N and NNE in Dec., and NNW in Jan. WNW and W had the largest decreases. Overall speed
regardless of direction showed a downward trend for all three months. The weakening Siberian High was related to the decline
in wind speed. Long-term trends were found in frequency of occurrence as well; downward trends were detected in ENE for
Dec. and Jan., and in WSW for Jan. Upward trends were observed for three northerlies, NNW, N and NNE: for NNE in
Dec. and Feb., and for N and NNW in Jan. The large downward trend in ENE winds led to a change in annual prevailing

wind direction.
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QFal(Yoon, 1992), 19992 A&EAZ(SI, 2000), 2005
2 5AZ(SI, 2007), 201202 A EA]Fo] BLFo|qltt
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Table 1. Trend slopes for (a) wind speed and (b) frequency by direction

L (a) Speed trend (m-s'/year) (b) Frequency trend (%p/year)
Direction Dec. Jan. Feb. Dec. Jan. Feb.
NNE -0.0052" -0.0035 -0.0035 0.0835™" 0.0524 0.0469™
NE 0.0032 0.0014 -0.0046 -0.0229 -0.0476 -0.0476
ENE 0.0045 -0.0032 -0.0035 -0.1383"" -0.1298" -0.1179
E 0.0055 0.0042 0.0021 -0.0164 -0.0037 -0.0090
ESE -0.0025 -0.0007 0.0021 0.0111 0.0016 0.0024
SE 0.0079 -0.0033 -0.0054 0.0047 0.0003 -0.0015
SSE -0.0013 -0.0038 0.0082 0.0034 -0.0012 0.0012
S 0.0064 0.0014 -0.0014 -0.0046 0.0000 0.0013
SSW -0.0063 0.0022 -0.0054 -0.0045 0.0017 0.0079
SW -0.0040 -0.0016 0.0010 -0.0095 -0.0131 -0.0228
WSW -0.0132"" -0.0083" -0.0074 -0.0393 -0.0568" -0.0344
w -0.0099" -0.0124™" -0.0157"" 0.0789 0.1090 0.0939
WNW -0.0128™" -0.0146™" -0.0165™" 0.0730 0.0552 0.0507
NW -0.0065 -0.0044 -0.0007 -0.0323 -0.0163 0.0164
NNW -0.0068 -0.0104™" 0.0006 0.0176 0.0524™ 0.0311
N -0.0076" -0.0052 -0.0058 0.0253 0.0338™" 0.0158
Overall -0.0054™"" -0.0072™" -0.0078™"

FRH

Bold entries are statistically significant with and " being 1% and 5% level, respectively. “Overall” indicates wind of all 16 wind

directions, including calm.

(a) Dec.

o: upward trend
®: downward trend
unit: m-s™'/year

X /
2 § 35
s

Fig. 1. Magnitude of the linear trend of wind speed by direction for (a) Dec., (b) Jan., and (c) Feb.
Inward (outward) arrows indicate downward (upward) trends. Only directions with a
statistically significant trend at the 5% level are shown
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Magnitude of the linear trend of wind frequency by direction for (a) Dec., (b) Jan., and

(c) Feb. Inward (outward) arrows indicate downward (upward) trends. Only directions with

a statistically significant trend at the 5% level are shown
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and (c) Feb. over 1963 ~ 2019

Table 2. The number of years and the percentage of (a) ENE and (b) W being the prevailing wind of the year
by month over 1963 ~ 1979/1980 and 1979/1980 ~ 2019

(a) ENE (b) W
Dec. Jan. Feb. Dec. Jan. Feb.
1963 ~ 1979/1980 4(22.2%) 5(27.8%) 2(11.1%) 0(0%) 0(0%) 2(11.1%)
1979/1980 ~ 2019 1(2.4%) 0(0%) 2(4.9%) 13(31.7%) 14(34.1%) 13(31.7%)

The percentages shown in parentheses were calculated by dividing the number of years being the prevailing wind by the total years of

the period.
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the slope in Table 1(b)
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Table 4. Inter-annual variability correlation coefficients
calculated between detrended wind speed

(m-s™'/hPa) and detrended SHI
Direction Dec. Feb. Direction Dec. Feb.
NNE 0.0924 — NNE -0.2417 —
WSW 0.2345 — WSW -0.1415 —
W 0.1758 0.1561 w -0.0939 0.1802
WNW 0.2274 0.1640 WNW 0.04098 0.1424
N 0.1350 — N 0.0836 —
Overall 0.0959 0.0775 Overall 0.1552 0.2271

Entries were calculated by dividing the wind speed trend slope
given in Table 1(a) by the trend slope of the Siberian High index
for Dec. and Feb. given in Fig. 5 “Overall” indicates wind of all

16 wind directions, including calm.

The detrended wind speed (SHI) was obtained from subtracting
the linear trend from the original wind speed (SHI). “Overall”
indicates wind of all 16 wind directions, including calm. No

entries are statistically significant at the 5% level.
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