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Development in Nagano Area and Secular Change
of Monthly, Seasonal and Annual Mean Temperature

Noriaki SOGAWA*’ Kazutomi KOIKE* *, Masato SUZUKI***
and Kenta SEGAMI****

This paper investigates the secular change of monthly, seasonal and annual tempera-
ture, and analyzes the effect of the land use on them in Nagano city, Matsumoto city, lida
city, Suwa city, Karuizawa town and Nagano prefecture. The tendency of warming existed
in the secular change of temperature for recent 108 years in Nagano city, for recent 99
years in Matsumoto city and lida city, for recent 52 years in Suwa city and Nagano
prefecture, and for recent 71 years in Karuizawa town. Besides, although the clear trend of
warming was not found out uniformly for recent 20 years, it was recognized in cold season.
The paddy field and plowed field were decreasing and the housing land was increasing. The
absolute values of the correlation coefficients between them and years were very large. As
the result of the investigation of effect of the land use on the temperature, it was shown that
the cold season temperature increased when the paddy field and plowed field decreased and

the housing land incresed.
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Table 1 The regression coefficients between temperature total data and years (unit: *C/year).

Nagano Matsumoto lida Suwa Karuizawa Prefecture
Jan. 0.0102* 0.0226* 0.0126* 0.0312* 0.0137 0.0191
Feb. 0.0103* 0.0193* 0.0124* 0.0315 0.0181 0.0184
Mar. 0.0067 0.0137* 0.0125% 0.0213 0.0099 0.0138
Apr. 0.0089* 0.0177* 0.0100* 0.0161 0.0159* 0.0080
May 0.0144* 0.0232* 0.0159* 0.0236* 0.0073 0.0147
Jun. 0.0081* 0.0121* 0.0092* 0.0228* 0.0040 0.0154
Jul. 0.0069 0.0110" 0.0055 0.0095 —0.0136 —0.0006
Aug. 0.0104* 0.0209* 0.0110* 0.0199* —0.0032 0.0069
Sep. 0.0024 0.0113* 0.0073 0.0138 —0.0061 0.0031
Oct. 0.0064* 0.0111* 0.0088* 0.0147 —0.0041 0.0049
Nov. 0.0064 0.0135* 0.0086* 0.0138 0.0010 0.0078*
Dec. 0.0085* 0.0136* 0.0062 0.0085 0.0017 0.0055
Winter 0.0090* 0.0193* 0.0110* 0.0180 0.0132 0.0087
Spring 0.0101* 0.0180* 0.0129* 0.0205* 0.0109* 0.0120
Summer 0.0084* 0.0146* 0.0086" 0.0171% —0.0042 0.0073
Autumn 0.0060* 0.0118* 0.0082* 0.0143* —0.0030 0.0053
Year 0.0084* 0.0157* 0.0100* 0.0185* 0.0040 0.0100*
Table 2 The correlation coefficients between temperature total data and years.
Nagano Matsumoto lida Suwa Karuizawa Prefecture
Jan. 0.221 0.405 0.282 0.312 0.209 0.225
Feb. 0.221 0.311 0.228 0.235 0.225 0.159
Mar. 0.156 0.285 0.268 0.237 0.155 0.167
Apr. 0.216 0.386 0.249 0.197 0.261 0.098
May 0.447 0.594 0.487 0.383 0.176 0.247
Jun. 0.254 0.327 0.317 0.359 0.079 0.240
Jul. 0.178 0.264 0.152 0.131 —0.221 —0.008
Aug. 0.320 0.548 0.377 0.324 —0.072 0.118
Sep. 0.066 0.269 0.195 0.198 —0.119 0.045
Oct. 0.219 0.343 0.274 0.239 —0.093 0.080
Nov. 0.169 0.333 0.216 0.197 0.021 0.009
Dec. 0.202 0.332 0.167 0.109 0.029 0.073
Winter 0.250 0.470 0.321 0.218 0.199 0.122
Spring 0.389 0.596 0.498 0.397 0.299 0.249
Summer 0.352 0.508 0.384 0.368 —0.124 0.163
Autumn 0.226 0.408 0.305 0.288 —0.089 0.107
Year 0.460 0.688 0.554 0.473 0.164 0.289
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Table 3 The regression coefficients between temperature partial data and years (unit: °C/year).

Nagano Matsumoto lida Suwa Karuizawa Prefecture

Jan. 0.1017 0.0871 0.0954 0.1246 0.1135 0.1045
Feb. 0.0715 0.0646 0.0753 0.1005 0.0941 0.0812
Mar. 0.0306 0.0095 0.0283 0.0513 0.0301 0.0300
Apr. 0.0117 —0.0189 -0.0002 0.0182 0.0102 0.0042
May —0.0202 —0.0363 —0.0204 —0.0118 —0.0190 —0.0215
Jun. —0.0220 —0.0296 —0.0042 =0.0001 —0.0091 —0.0130
Jul. 0.0119 0.0201 0.0372 0.0480 0.0477 0.0330
Aug. 0.0536 0.0537 0.0795* 0.0835 0.0628 0.0666
Sep. 0.0170 0.0025 0.0210 0.0338 0.0383 0.0225
Oct. 0.0631 0.0286 0.0380 0.0592 0.0522 0.0482
Nov. ~0.0087 —0.0042 0.0006 0.0021 0.0003 —0.0020
Dec. 0.0039 —0.0100 0.0335 0.0335 0.0092 0.0140
Winter 0.0384 0.0528 0.0700 0.0862 0.0756 0.0691
Spring 0.0064 —0.0163 0.0017 0.0196 0.0062 0.0035
Summer 0.0147 0.0147 0.0387 0.0430 0.0338 0.0290
Autumn 0.0235 0.0092 0.0217 0.0332 0.0333 0.0242
Year 0.0284 0.0137 0.0313 0.0462 0.0369 0.0313
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Table 4 The correlation coefficients between temperature partial data and years.

Nagano Matsumoto lida Suwa Karuizawa Prefecture
Jan. 0.401 0.337 0.417 0.412 0.421 0.404
Feb. 0.233 0.211 0.255 0.299 0.308 0.265
Mar. 0.161 0.051 0.136 0.218 0.153 0.150
Apr. 0.057 —0.104 —0.001 0.099 0.054 0.023
May —0.123 —0.209 —0.144 —0.074 —0.128 —0.139
Jun. -0.119 ~0.143 ~0.030 0.000 —0.042 —=0.073
Jul. 0.052 0.088 0.187 0.223 0.201 0.153
Aug. 0.248 0.264 0.498 0.432 0.322 0.358
Sep. 0.248 0.015 0.133 0.209 0.229 0.141
Oct. 0.326 0.158 0.224 0.347 0.279 0.271
Nov. —0.037 —0.021 0.004 0.010 0.001 —0.009
Dec. 0.022 —0.063 0.206 0.196 0.053 0.086
Winter 0.315 0.272 0.379 0.386 0.369 0.349
Spring 0.049 —0.146 0.015 0.156 0.050 0.030
Summer 0.095 0.087 0.299 0.297 0.222 0.198
Autumn 0.152 0.067 0.162 0.242 0.224 0.172
Year 0.272 0.136 0.324 0.423 0.345 0.307

Table 5 The regression coefficients between land use data and years (unit: km?/year).

Nagano Matsumoto lida Suwa Karuizawa  Prefecture
Paddy field —0.61* —0.33* —0.46* —(0.13* —0.02* —4.40%
Plowed field —0.46* —0.29* —0.07* -0.03* —0.06* —4.67*
Housing land 0.51* 0.40* 0.29* 0.11* 0.32* 7.25*

Table 6 The correlation coefficients between land use data and years.

Nagano Matsumoto lida Suwa Karuizawa  Prefecture
Paddy field —0.993 —0.994 —0.986 —0.996 —0.953 —0.970
Plowed field -0.977 —0.995 0.687 —0.994 —0.971 —0.993
Housing land 0.994 0.988 0.990 0.875 0.989 0.997
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Tahle 7 The correlation coefficients between temperature partial data and land use data.

(a) Nagano (d) Suwa
Paddy field Plowed field Housing land Paddy field Plowed field Housing land
Jan. —0.384 —0.378 0.396 Jan. —0.427 —0.422 0.540
Feb. —0.222 —0.216 0.228 Feb. —0.299 —0.336 0.425
Mar. —0.154 —0.177 0.140 Mar. -0.227 —0.259 0.222
Apr. —0.017 0.013 0.025 Apr. —0.069 —0.104 0.106
May 0.112 0.106 —0.103 May 0.068 0.125 —0.054
Jun. 0.085 0.073 —0.116 Jun. -0.005 —0.030 -0.054
Jul. —0.100 —-0.179 0.062 Jul. —0.242 —0.233 0.279
Aug. —0.226 —0.179 0.234 Aug. ~0.418 —0.430 0.556
Sep. —0.069 —0.015 0.039 Sep. —0.184 —0.241 0.383
Oct. —0.373 —0.387 0.332 Oct. —0.369 —~0.344 0.386
Nov. 0.028 0.013 -0.051 Nov. —0.037 0.014 0.177
Dec. -0.033 —0.059 0.012 Dec. —0.206 -0.196 0.372
Winter -(.304 —0.307 0.313 Winter —0.395 -0.412 0.514
Spring —0.028 —0.024 0.029 Spring —0.150 —0.161 0.170
Summer  —0.123 —0.110 0.095 Summer  —0.302 —0.312 0.366
Autumn —0.163 —0.157 0.124 Autumn —0.256 —0.238 0.408
Year —0.274 —0.267 0.252 Year —0.430 —0.442 0.546
(b) Matsumoto (e) Karuizawa
Paddy field Plowed field Housing land Paddy field Plowed field Housing land
Jan. —0.374 -0.337 0.352 Jan. —0.337 ~0.352 0.434
Feb. —~(.228 —0.216 0.232 Feb. -~0.203 —0.276 0.337
Mar. —0.084 —0.083 0.102 Mar. —0.033 —-0.071 0.196
Apr. 0.126 0.118 —0.144 Apr. —0.013 —0.070 0.065
May 0.249 0.226 —0.201 May 0.110 0.065 —0.157
Jun. 0.137 0.158 —0.097 Jun. 0.118 0.109 —0.003
Jul. —0.082 —0.099 0.121 Jul. —0.101 —0.147 0.247
Aug. —0.236 —0.239 0.233 Aug. —0.327 —0.350 0.289
Sep. —0.029 0.011 —0.021 Sep. —0.165 —0.176 0.219
Oct. —0.155 —0.152 0.206 Oct. —0.069 —0.184 0.336
Nov. 0.013 0.027 0.002 Nov. 0.131 0.064 0.047
Dec. 0.037 0.071 —0.053 Dec. 0.068 0.036 0.091
Winter —0.299 —0.268 0.298 Winter —0.241 —0.312 0.405
Spring 0.161 0.144 —0.135 Spring 0.029 —0.038 0.067
Summer  —0.075 —0.077 0.110 Summer —0.136 —0.174 0.249
Autumn  —0.076 —0.051 0.086 Autumn  —0.043 —0.130 0.266
Year —0.146 -0.127 0.163 Year —0.174 —0.258 0.387
(c) lida (f) Prefecture
Paddy field Plowed field Housing land Paddy field Plowed field Housing land
Jan. —0.443 0.451 0.375 Jan. -~0.405 -0.389 0.400
Feb. —(0.286 0.501 0.207 Feb. —0.263 —0.241 0.255
Mar. —0.151 0.321 0.116 Mar. —0.177 —0.143 0.157
Apr. 0.024 0.380 —0.072 Apr. 0.034 0.005 0.012
May 0.153 —-0.115 —0.115 May 0.140 0.122 —0.122
Jun. 0.014 0.001 —0.030 Jun. 0.002 0.074 —0.064
Jul. —0.182 0.284 0.208 Jul. —0.236 —0.166 0.180
Aug. —0.474 0.472 0.513 Aug. —0.307 —0.334 0.353
Sep. -—0.100 0.585 0.063 Sep. —0.098 —0.081 0.119
Oct. —0.228 0.324 0.216 Oct. —0.350 —0.285 0.297
Nov. —0.040 0.234 —0.022 Nov. —0.057 0.009 0.003
Dec. -0.220 0.463 0.162 Dec. —0.135 —0.081 0.097
Winter —0.406 0.532 0.326 Winter —0.358 —0.337 0.345
Spring —0.008 0.341 —0.022 Spring 0.249 0.249 0.035
Summer  —0.294 0.349 0.316 Summer  —(0.247 —0.194 0.213
Autumn  —0.169 0.505 0.116 Autumn  —0.222 —0.155 0.180
Year —0.336 0.654 0.277 Year —0.341 —0.286 0.314
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