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Fig. 1 Tracks of 22 severe and moderate typhoons having made landfall on the Japanese
main islands in 1975-1994. The positions of typhoon center were obtained by the
objective pressure analysis. (upper) the period of 1975-1984, (bottom) the
period of 1985-1994.
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Table 1 Weather stations with reduction of in the period

of the harmonic analysis. The analysis period at

other stations is that from 1975.1.1 to
1994.12.31.

Station Period of analysis
Utsunomiya 1975. 1. 1—1989.12.19
Tsu 1975. 1. 1—1987. 8.31
Tokyo 1979. 1. 1—1994.12.31
Chiba 1981.3.30 — 1994.12.31
Hiroshima 1975. 1. 1—1987.12.31
Okayama 1982.10. 1 —1994.12.31
Osaka 1975. 1. 1—1993. 1.31
Izuhara 1975. 1. 1—1991. 8.31
Kagoshima 1975. 1. 1 —1994. 2.24
Uwajima 1975. 1. 1—1993. 1.31

Table 2. Deflection angle of direction of the surface wind from the gradient wind. The angle was obtained by the
harmonic analysis. A plus means an angle measured counter-clockwisely from the gradient wind direction to the

surface wind direction. Average (Ave.) means a value of a in Eq. (6} .

Station Number Ave.

Direction of the gradient wind

of

name data NNE NE ENE E ESE

SE SSE

S SSW SWWSW W WNWNWNNW N

Wajima 43 37 7 34 52 55 65 78
Aikawa 39 27 36 26 20 32 41 35
Niigata 40 47 49 50 51 49 48 50
Kanazawa 67 47 17 29 27 30 46 57
Fushiki 66 51 36 40 32 28 38 49
Toyama 64 24 35 15
Nagano 66 0 33 13 18 44 36
Takada 57 42 75 53 34 66 95 57
Utsunomiya 34 47 43 27 16 11 13 17
Fukui 79 46 25
Takayama 69 51 60 49 45 60 66 53
Matsumoto 72 39 61 65 70 98
Suwa 79 65 89
Maebashi 60 36 12 -3 12 27 29 33
Kumagaya 53 45 33 27 27 35 41 37
Tsuruga 90 46 76 63 43 39 38 25
Gifu 88 66 97
Nagoya 91 59 57 70

lida 77 26 3 46 4 13 27 70
Kofu 71 11 38 49 72 77 38 -13
Chichibu 57 29 59 34 -24 -45 3 4
Ueno 95 45 42 25 30 34 26 27
Tsu 54 47 58 61 65 49 22 12
Irako 87 43 48 43 40 38 36 32

Hamamatsu 78 51 73 67 S1I 41 42 41

79 74 71 49 -3 -35 -11 32 34 7
33 46 54 43 28 20 8 6 -1 23
47 42 42 47 46 39 37. 4 51 51
58 66 80 82 72 67 66 46 13 2
47 42 47 58 68 79 8 76 50 33

23 20 61 53 34 53 75 52 18 22

-33 1 35
-1 0 39 43 22 26 44 37 28 53
20 25 41 60 72 78 8 93 8 65
7 52 8 57 49 15 72 40 43 63
42 37 28 29 60 94 83 41 26 46

<21 49 -3 60 8 59 18 -11 -4 32
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Table 2 (continued)

Station Number Ave.

Direction of the gradient wind

of

name data NNE NE

ENE E ESE

SE SSE S SSW SW WSW W WNWNW NNW N

Omaezaki 62 34 48 27
Shizuoka 60 42 58 46
Mishima 54 40 39 24
Tokyo 44 33 38 IS
Owase 91 46 53 46
Irozaki 50 38 50 33
Ajiro 48 -5 32 20
Yokohama 43 34 39 22
Katsuura 33 33 44 20
Oshima 42 29 47 sl
Yokkaichi 88 52 63 62
Matsue 57 46 17 15
Sakai 55 38 30 18
Yonago 61 35 9 15
Tottori 78 40 20 34
Toyooka
Maizuru 95 44 65 67
Hagi 67 29 21 33
Hamada 58 4 -4 13
Tsuyama 89 59
Kyoto 99 60 58 50
Hikone 81 53 72 o4
Shimonosek 84 30 11 21
Hiroshima 52 45 25 41
Kure 92 56 39 40
Fukuyama 99 67 51 52
Okayama 57 52 44 48
Himeji 99 57 32 42
Kobe 99 50 54 40
Osaka 84 53 49 37
Sumoto 96 44 44 45
Wakaya 97 54 39 46
Shionomisaki82 31 44 33
Nara 97 58 41 35
Yamaguchi 73 31 21 35
Hirado 77 35 31 40
Fukuoka 88 36 34 46
Tizuka 90 35 26 31
Sasebo 86 30 23 31

Saga 93 49 39 47
Hita 94 52 77 44
Oita 109 47 57 57

Nagasaki 86 50 17 34
Kumamoto 94 48 42 56
Asosan 38 27 33 35
Nobeoka 104 47 44 46
Akune 87 35 29 28
Hitoyoshi 94 53 95 72
Kagoshima 82 48 60 55
Miyakonojo 86 42 61 61
Miyazaki 94 42 47 42
Makurazaki 66 34 30 36
Aburatsu 74 24 37 32
Yakushima 44 20 10 6
Tanegashim 56 27 24 22
Ushibuka 89 47 56 59

10
35
24
11
47

16
36
22
16
48
35

25 32
34 29
26 36

32

28
22
38
30
51

33
27
42
45
63
26
15

4
57
49
67
29
55
45
65

61
73
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Table 2 (continued)

Station Number Ave. Direction of the gradient wind
of
name data NNE NE ENE E ESE SE SSE S SSW SWWSW W WNW NWNNW N

Fukue 64 22 27 35 44 46 41 39 41 33 15 5 g8 9 1 -7 2 1
Matsuyama 98 52 49 63 64 59 55 48 45 52 59 56 52 57 62 50 32 32
Tadotsu 97 48 48 50 50 51 54 57 57 53 46 39 34 37 46 52 51 47
Takamatsu 94 54 59 60 58 54 51 54 63 64 51 36 36 47 57 56 55 56
Uwajima 93 46 67 66 48 37 46 52 36 23 35 51 44 32 37 51 56 58
Kochi 8 53 61 54 56 57 47 39 45 54 51 47 52 58 54 50 57 65
Tokushima 91 40 67 69 52 27 17 21 26 29 37 46 43 34 32 40 48 56
Sukumo 104 39 45 42 36 34 34 33 33 39 49 50 43 37 35 36 38 42
Shimizu 88 42 55 51 47 44 41 40 44 48 42 27 20 26 39 48 53 55
Murotomsaki70 35 44 35 27 18 11 14 26 35 37 37 41 44 42 43 48 S50

Table 3 Ratio of the surface wind speed to the basic surface wind speed. The ratio was obtained by the hamonic analysis.
Average (Ave.) means a value of a' in Eq. (7).

Station Number Ave. Direction of the gradient wind
of
name data NNENE ENE E ESESE SSE S SSWSW WSW W WNWNW NNWN

Wajima 43 099 133135 1211.00 0.850.80 0.810.83 0.860.88 0.900.91 0930095 1.031.18
Aikawa 39 1.22 1411.04 081083 092085 075084 107123 131146 166179 179 1.68
Niigata 40 099 1.101.05 0.940.84 0.740.67 0.710.82 0.880.88 1.01 1.27 1.41 130 1.12 1.07
Kanazawa 67 0.59 0.610.53 0.510.49 0.40034 045059 059051 0.56 0.73 0.840.84 0.79 0.72
Fushiki 66 0.67 0.840.77 0.780.85 0.770.53 0.38046 0.580.58 0.550.62 0.700.73 0.78 0.85
Toyama 64 0.66 0.880.64 0.540.63 062042 029042 0.610.66 0.680.75 0.80 0.81 0.89 0.98
Nagano 66 053 106038 0.200.51 057037 043 0.62 0.54 0.41 0.60 0.68 0.27 0.01 0.56 1.24
Takada 57 0.49 0.500.56 0.600.50 0.330.20 0.190.29 038 0.41 0.420.54 0.76 0.88 0.77 0.57
Utsunomiya 34 0.70 0.450.51 0.56 0.53 0.540.69 0.890.99 1.01 1.04 1.010.84 0.62 0.52  0.49 0.46
Fukui 79 0.68 0.870.64 0.60 0.60 0.43 0.29 0.420.65 0.69 0.66 0.750.83 0.74 0.71 0.89 1.03
Takayama 69 0.41 0.46 041 0300.17 0.110.16 0.29 0.46 0.61 0.67 0.60 0.51 0.47 0.47 0.47 0.46
Matsumoto 72 0.47 0.36 0.37 0.38 0.44 0.47 036 0.22 0.31 0.66 1.00 1.01 0.73 0.40 0.23 0.22 0.30
Suwa 79 0.60 0.610.67 0.68 0.52 0.340.35 0.520.67 0.74 0.81 0.820.69 0.54 0.52 0.58 0.60
Maebashi 60 094 1.301.16 0.670.50 0.811.14 126136 1.461.33 098 0.71 0.57 0.45 0.50 0.91
Kumagaya 53 0.79 0.58 0.65 0.67 0.56 0.58 0.81 1.07 1.18 1.23 1.21 0.97 0.62 0.49 0.65 0.76 0.66
Tsuruga 90 0.90 0.860.57 0.58 0.64 0.570.59 0.861.11 1.121.05 1.04 1.00 092 1.03 1.26 1.23

Gifu 88 0.85 043039 041062 089099 1.02121 148146 1.150.88 0.8!0.77 0.63 0.50
Nagoya 91 0.83 050049 039040 059083 1.08 1.34 147134 1.131.04 0.980.76 0.49 0.42
Tida 77 032 016023 030032 028023 025032 038043 051056 049032 0.180.13
Kofu 71 046 0.780.63 0.43 0.25 022034 0.47 049 045044 042033 028041 0.650.381
Chichibu 57 039 034037 033024 0320.54 0.64 0.56 0.48 0.48 0.400.24 0.20 0.32 0.40 0.36
Ueno 95 0.67 042050 0.620.74 0.820.79 0.70 0.67 0.66 0.66 0.72 0.84 0.91 0.78 0.55 0.41
Tsu 54 0.87 0.690.61 0.600.78 1.091.27 1.221.08 0.980.92 0.860.81 0.790.76 0.74 0.72
Irako 87 116 076095 1.071.08 1.14126 129126 137154 150130 1.171.13 0.980.77

Hamamatsu 78 0.90 0.66 0.60 0.68 0.82 0.850.83 0.89 0.93 0.88 0.96 1.27 1.47 129091 0.71 0.70
Omaezaki 62 1.34 1.07099 1.061.18 1.201.19 124125 127151 191206 177138 1221.18
Shizuoka 60 0.79 0.590.59 0.59 0.65 0.750.79 0.74 0.75 091 1.16 1.28 1.17 0.91 0.67 0.56 0.55
Mishima 54 0.70 0.58 0.58 0.61 0.68 0.76 0.73 0.63 0.59 0.68 0.83 0.91 0.90 0.82 0.71 0:62-0.58
Tokyo 44 1.00 093082 081081 072074 103133 1.351.19 115118 1.08094 0.94 0.99
Owase 91 059 033045 052067 083083 074073 0.74 0.63 0.520.60 0.71 0.58 0.31 0.22
Irozaki 50 1.01 069091 1.00091 087082 061060 1.111.68 165121 1051.17 1.060.75
Ajiro 48 0.66 075061 048043 042037 034039 049060 079 1.01 1.12 1.04 0.90 0.82
Yokohama 43 1.12 1.010.96 092 0.83 0.760.87 1.18 147 1.571.51 1411.28 1.121.03 1.03 1.05
Katsuura 33 135 134114 1.051.02 094088 101128 1.51161 1651.68 1.691.68 1.651.55
Oshima 42 1.78 1.741.60 155147 138141 156170 1.83207 228222 197186 192191
Yokkaichi 88 0.96 0.620.55 0.530.74 1.031.20 1.26 1.27 1.22 1.11 1.08 1.19 1.200.99 0.73 0.64
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Table 3 (continued)

Station Number Ave. Direction of the gradient wind
of

name data NNENE ENE E ESESE SSE S SSWSW WSW W WNWNW NNWN
Matsue 57 092 0.710.76 0.971.25 1.391.26 0.950.78 0.861.00 0950.78 0.71 0.77 0.82 0.77
Sakai 55 0.62 055060 0.690.78 0.810.74 0.620.58 0.63 0.67 0.61 0.51 0.490.54 0.56 0.55
Yonago 61 0.80 0.790.84 089093 0.990.93 0.700.52 0.620.81 0.82 0.68 0.69 0.83 0.89 0.82
Tottori 78 0.84 103095 0.800.65 0.520.49 0.660.95 1.080.97 0.800.79 0.88 0.93 0.97 1.02
Toyooka 84 0.55 0.660.66 0.550.43 0.39 046 0.580.66 0.630.55 0.50051 0.530.52 0.53 0.59
Maizuru 95 0.64 0.730.74 0.730.64 0.570.57 0.54 0.46 0.43 0.51 0.57 0.60 0.69 0.83 0.88 0.80
Hagi 67 0.76 092063 059045 0.30045 0680.66 0.610.77 0.870.66 0.58 1.04 1.551.44
Hamada 58 0.79 093098 1.020.92 0.680.50 049057 0.590.58 0.66 0.81 0.93 0.99 0.99 0.95
Tsuyama 89 0.69 0.490.56 0.59 048 042065 1.001.12 097083 0.800.77 069063 0.590.53
Kyoto 99 0.56 0.420.47 0.550.58 0.580.60 0.58 0.49 0.48 0.60 0.71 0.68 0.61 0.61 0.58 0.49
Hikone 81 090 0.750.78 0.61 0.57 0.750.82 073 0.81 1.06 1.11 0.97 1.08 1.40 1.39 0.96 0.67
Shimonosek 84 1.12 0.950.88 0.871.03 115115 125148 152130 114122 1.231.03 0.860.90
Hiroshima 52 0.93 0.770.85 0.930.89 0.790.78 0.870.99 1.11123 125112 095085 0810.77
Kure 92 0.78 0.550.58 0.80 1.00 0.950.77 0.68 0.65 0.63 0.76 1.06 1.22 1.01 0.68 0.55 0.57
Fukuyama 99 0.60 0.38 034 0350.53 0.720.78 0.750.63 041035 0.68 1.13 1.160.74 0.37 0.33
Okayama 57 0.71 0.740.69 0.64 0.62 0.62 0.65 0.67 0.68 0.67 0.72 0.83 0.89 0.820.71 0.68 0.72
Himeji 99 0.93 0.780.75 0.810.94 0.950.84 0.911.22 142128 1.03091 0.840.73 0.680.73
Kobe 99 1.03 1.02121 1.211.07 099 1.00 097086 0.800.87 1.071.27 132116 091084
Osaka 84 0.95 0.740.78 0.810.78 0.750.78 0.820.85 092 1.09 126 1.33 128 1.15 0.97 0.80
Sumoto 96 099 1.02095 0991.08 1.08104 1.071.12 1.091.02 0.960.87 0.760.77 0.93 1.05
Wakayama 97 092 0.890.84 0.680.61 052043 061 1.07 136132 129141 134094 064072
Shionomisaki82 1.16 1.051.18 1.121.08 1.16 1.18 L111.11 123133 135139 139118 0.90085
Nara 97 0.52 038043 0.470.53 0.540.44 034045 0.690.82 0.800.73 0.63 0.46 0.310.29
Yamaguchi 73 0.71 0.650.70 0.61 0.48 0.540.73 0.820.83 092102 0930.72 0.620.64 0.620.58
Hirado 77 0.87 1.050098 0.850.69 0.580.60 0.70 0.77 0.80 0.87 0.98 1.02 0.99 0.98 1.03 1.07
Fukuoka 88 0.86 1.010.77 0.63 0.64 0.64 0.63 0.68 0.80 0.89 093 0.96 0.97 095099 1.111.16
Tizuka 90 0.82 0.600.56 0.670.77 0.750.72 0.78 0.86 0.96 1.12 1.25 1.15 0.86 0.68 0.70 0.70
Sasebo 86 0.66 0.76 0.72 0.63 0.55 0.540.59 0.610.61 0.630.68 0.71 0.71 0.720.72 0.72 0.74
Saga 93 0.90 0.780.80 0.790.85 0.850.76 0.851.16 1.31 114 1.01 .10 1.100.80 0.550.61
Hita 94 043 031033 034036 037036 033034 043054 0.64 0.67 0.620.49 0360.30
Oita 109 0.76 0.700.67 0.810.92 0.83 0.73 0.820.93 0.89 0.80 0.810.76 0.58 0.49 0.61 0.74
Nagasaki 86 0.59 0.530.59 0.550.47 041036 032041 059070 0.74 0.81 091086 0.640.49
Kumamoto 94 0.62 0.610.52 0.380.40 0.560.61 0.550.56 0.720.85 0.860.81 0.750.64 0.550.57
Asosan 38 1.02 105093 0.780.82 0.910.85 077093 125143 141130 112091 0.83 095
Nobeoka 104 0.62 0.650.67 0.650.70 0.750.66 0.58 0.70 0.920.96 0.74 0.47 0.320.29 036 0.52
Akune 87 0.72 0.620.68 0.650.61 0.610.55 0.520.65 085086 0.770.82 1.00099 0.750.58
Hitoyoshi 94 0.53 043030 029039 045051 073099 1.000.73 0480.41 042041 044049
Kagoshima 82 0.72 0.590.59 0.630.71 0.730.72 0.79 0.94 0.98 0.81 0.620.62 0.730.76 0.69 0.62
Miyakonojo 86 0.66 0.60 0.55 0.58 0.56 0.500.60 0.850.95 0.850.73 0.720.68 0.570.56 0.650.69
Miyazaki 94 0.86 0.850.88 0.911.02 1.07 1.02 097091 0.760.66 0.821.06 0.990.66 0.50 0.66
Makurazaki 66 1.00 0.91 0.89 0.66 0.58 0.79 1.01 1.16 1.34 1.44 1.26 1.021.07 1.23 1.11 0.800.74
Aburatsu = 74 1.39 147154 147156 1.71 1.68 1.56 1.57 1.59 148 1.36 1.33 1.20 0.90 0.79 1.09
Yakushima 44 0.74 0.550.59 0.78 0.97 0.940.80 0.85 1.05 1.09 0.84 0.550.48 0.56 0.62 0.62 0.59
Tanegashi 56 1.18 137132 117106 1.091.14 110096 086093 118142 148135 124128
Ushibuka 89 0.78 0.46 0.51 042046 0.751.04 1.121.08 101090 0.830.94 1.060.91 0.56 0.38
Fukue 64 0.84 085073 0.740.85 0.880.82 0.800.83 0.84 0.84 0.870.89 0.84 0.81 0.88 0.94
Matsuyama 98 0.62 0.54 0.59 0.57 0.63 0.70 0.64 0.56 0.66 0.84 0.87 0.770.71 0.66 0.50 0.34 0.39
Tadotsu 97 0.78 0.73 0.86 0.890.79 0.730.69 0.61 0.53 0.60 0.77 0.86 0.89 0.96 0.97 0.84 0.69
Takamatsu 94 0.78 0.65 0.68 0.76 0.84 0.89 0.93 0.920.81 0.650.60 0.690.79 0.84 0.84 0.80 0.72
Uwajima 93 0.70 034047 0.740.95 1.040.95 074 0.64 0.80092 071043 0480.75 079 0.52
Kochi 83 0.64 055044 036052 0.790.95 098097 0.890.75 0.64060 0.52037 035048
Tokushima 91 1.10 1.120.88 0.74 0.84 0.97 1.07 133 1.65 1.63 128 103104 1.03091 093 112
Sukumoe 104 0.83 0.470.58 0.801.03 1.17 1.15 1.050.96 093093 093088 0.770.63 051045
Shimizu 88 1.05 0.69082 0.871.10 1.461.49 1.100.85 1.06 1.37 139124 1.130.96 0.69 0.56
Murotomisa 70 191 132147 148 1.66 1.992.11 2.062.19 237220 192209 248232 164121
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Fig. 2 Examples of a deflection angle of wind direction and a ratio of wind speed between the obeserved surface wind
and the basic surface wind. A curve was obtained by the harmonic analysis. (a) Matsumoto, (b) Hagi, (c)
Fukuoka, (d) Aburatsu, () Tokushima
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Table 4 The results of pressure analysis of Typhoon
9612 (KIRK)

Date Time Number p. Ap Fmn r.ms.
of data error
(s1) (hPa)  (hPa)  (km) (hPa)

Aug. 14 06 20 9559 571 1090 12
07 22 9621 509 1250 1.3
08 25 9630 500 1195 09
09 28 9628 502 1145 13
10 28 9670 460 1300 1.4
11 31 9687 443 1345 1.0
12 31 9697 433 1370 13
13 32 9719 411 1505 13
14 35 9736 394 1570 1.8
15 36 9762 367 1835 1.7
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Fig. 4 Examples of observed (a bloken line) and estimated (a solid line) surface wind directions and speeds in
Typhoon 9612 (KIRK). (a) Nagasaki, (b)Kumamoto (c) Akune, (d) Hitoyoshi, (e) Makurazaki, (f) Ushibuka
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: Analysis and synthesis of

A relation between the wind speeds computed from the pressure field
and recorded at the weather stations in typhoons (2)

Takeshi FUJII*, Yasushi MITSUTA** and Hiromasa UEDA

*General Education and Research Center, Kyoto Sangyo University
**Japan Weather Association

Synopsis

The surface winds observed at the weather stations of Japan Meteorological Agency (JMA) are
influenced by wind obserbation conditions. The purpose of this study is in investigating causes of the
difference. For this purpose, the radial pressure profiles of 22 severe typhoons having made landfall on the
Japanese main islands for the period of 1975-1994 were approximated by the formula presented by Schloemer
(1954) . The gradient wind was computed from the analyzed pressure pattern, and the basic surface wind was
estimated after a super-gradient correction. By the harmonic analysis, the deflection angle and speed ratio
between the basic surface wind and the observed surface wind were represented as a function of the gradient
wind direction. At some stations, both the deflection angle and the speed ratio vary with the wind direction in
corresponding to topography. Using the result obtained by the harmonic analysis, the surface wind direction
and speed in Typhoon 9612 (KIRK)} could be estimated with a close coincidence with those observed at the
some weather stations of JMA.

Keywords: typhoon; pressure profile; gradient wind; basic surface wind; Harmonic analysis
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