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Sumio NAGASAWA

Periodic Regression Analysis of the Monthly Mean Temperatures

in Matsue and Hamamatsu, Japan
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Table 1. Monthly mean temperatures in C°. at the Matsue Meteorogical
Station in Matsue, Shimane Pref., from 1941 through 1975.

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Tr

1941 42 34 75 109 16.6 21.1 22,7 251 20.2 15.2 12.2 7.0 166.1
42 26 25 86 11.6 155 209 274 264 21.8 146 9.9 5.4 167.2
43 1.9 28 6.1 106 16.7 20.8 25.0 26.9 226 16.0 10.1 6.9 166.4
44 35 29 53 107 17.2 21.8 259 266 220 155 11.4 4.7 167.5
45 1.2 1.5 6.3 12.0 149 21.0 23.0 27.0 21.9 16.1 10.7 5.3 160.9
46 42 36 57 125 16,2 225 26.2 265 219 159 127 5.0 172.9
47 40 0.8 52 11.4 149 189 253 26.8 223 14.7 89 3.7 156.9
48 35 43 6.3 128 169 21.4 258 258 21.8 16.7 11.2 8.8 175.3
49 45 52 54 10.0 17.3 19.7 24.0 26.3 22.1 15.2 '10.3 6.5 166.5
50 52 44 6.6 12,1 17.7 20.3 26.4 267 219 158 11.1 5.4 173.6

1951 38 51 6.6 11.5 16.7 20.1 235 27.6 20.4 16.4 107 7.5 169.9
52 42 28 6.5 125 164 20.3 243 26.0 21.7 153 124 6.5 168.9
53 3.5 4.1 81 11.2 17.0 20.6 248 26.8 221 173 11.0 8.1 174.6
54 57 53 7.2 131 17.2 19.2 236 27.0 228 153 124 7.1 175.9
55 34 58 84 130 17.1 226 269 259 223 16.0 10.0 7.6 179.0
56 39 29 74 12,0 16.5 209 256 25.1 22,7 16.6 10.1 5.1 168.8
57 45 3.2 52 128 16.6 200 241 262 20.5 154 11.8 7.0 167.3
58 39 48 7.7 132 16.8 21.7 258 253 225 155 11.1 8.0 176.3
59 36 6.9 87 136 17.6 21.0 258 2.6 233 17.0 123 7.3 183.7
60 44 6.0 89 1.5 170 21.2 257 269 225 164 11.8 5.8 178.1

1961 26 32 7.8 126 17.7 21.1 27.1 27.5 23.7 18.1 123 6.8 180.5
62 34 47 70 12,1 17.1 20.2 25.8 26.6 22.7 15.6 10.7 7.0 172.9
63 05 19 6.3 129 17.2 204 259 26.1 21.2 15.3 10.4 7.3 165.4
64 54 29 66 150 17.8 20.6 26.2 28.1 222 16.1 10.8 6.7 178.4
65 35 39 51 101 16.8 20.4 246 26.6 20.2 154 11.8 5.7 164.1
66 34 57 84 12,3 16.6 20.2 247 27.4 21.8 16,5 10.5 5.0 172.5
67 30 36 7.7 129 181 21.3 256 27.4 222 16.1 11.1 3.7 172.7
68 3.3 1.4 7.2 125 160 208 248 256 21.6 15.1 11.3 8.2 167.8
69 39 43 59 124 174 20.3 246 27.3 231 15.3 10.1 4.9 169.5
70 25 51 43 1.2 173 19.8 252 26.7 23.8 17.1 10.5 5.9 169.4

1971 38 38 6.3 122 173 21.5 261 2.1 219 157 11.6 6.9 173.2
72 63 52 74 125 164 206 251 2.0 21.7 16.4 10.7 6.9 175.2
73 54 60 7.0 14,1 17.1 20.2 269 27.7 21.2 158 10.0 4.2 175.6
74 32 35 6.3 13.2 17.7 20.5 23.6 25.6 20.7 16.2 9.8 6.4 166.7
75 34 34 64 126 164 209 260 263 239 16.8 11.9 6.2 174.2

T, 129.3 136.9 237.4 427.6 589.7 724.8 884.0 928.5 771.2 558.4 385.6 220.5  5993.9
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Fig. 1. Monthly mean temperatures and fitted Fourier curves in Matsue (empty
circles and solid line) and Hamamatsu (solid circles and dotted line)

Table 2. Analysis of variances of the monthly mean temperatures in Matsue and Hamamatsu.

Matsue Hamamatsu
Row Term
DF SS MS F, F7 DF SS MS F, F’
1 Between years 34 92,0489 2.7073 3.42 92 2247481 2.4429 3.30

2 Months, effect of (a,+b:) 2 25512.,5273 12756.2637 594.63t1 2  58144.1549 29072.0775 1010.007

3 # , effect of (az+by) 2 91.9244  45.9622 2.18tt 2 264.7300 132.3650  4.65ft
4 #» , scatter 7 146.2486  20.8927 26,44 7 197.2850  28.1797 38.01
5 Year < month (a;+5,) 68  91.7962 1.3499 1.71 184 247.6216 1.3458 1.82
6 7 X 7 (ax+by) 68  65.6916 0.9661 1.22 184 188.1232 1.0224 1.38
7 # X »  scatter 238 188.0644 0.7902 644 477.4398 0.7414

8 Total 419 26188.3014 1115  59744.0756

9 Correction, Cn 1 85540.0886 1 259195.2144
10 Yearx Amplitude, 34 62.4477 1.8367 2.32 92 1447028 1.5729  2.12
11 Year X Phase, 34 29.3485 0.8632 1.09 92 102.9188 1.1187 1.51
12 Year X Amplitude, 34 33,9490 0.9985 1.26 92 93.8153 1.0197 1.38
13 Year X Phase, 34 31.7426 0.9336 1.18 92 94.3079 1.0251 1.38

Matsue :ts?=v,+vs —v,;=21.4524, n'=7.38 ;s =v,+vs—v,=21.0686, n'=7.12
Hamamatsu :¥s2=28.7841, »'=7.30 ;1s2=28.4607, n'=7.14
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Table 3. Comparisons of the observed monthly temperatures (j) in Matsue and Hamamatsu and their predicted values from two-term

Fourier equation computed without weighting (Y) and with correction for the length of each month ( Ye).

Hamamatsu

Matsue

Corrected Difference

Unweighted

Observed

Corrected Difference

Unweighted

Observed

Month

between
means

between
means

Y.—-Y

Y Y.

y

Y.—Y

Y.

0.0127

0.0336
—0.0282
—0.0129
—0.0013
—0.0006
—0.0017

—0.0293
—0.2813
—0.3079
0.7306
0.0073
—0.6922
0.1101
0.6083
—0.1289
—0.5914
0.2610
0.3135

5.0451

5.7579

8.6863
12,9362
17.5431
21.7723
24.7539
25,4531
23.1530
18.2168
12,2322

5.0325

5.7243

8.7144
12,9490
17.5443
21.7728
24.7555
25.4412
23.1429
18.2226
12,2498

5.0032
5.4430
8.4065
13.6796
17.5516
21.0806
24 .8656
26.0495
23,0140
17.6312
12,5108

0.0130
0.0368
—0.0170
—0.0125
—0.0060

—0.0759
—0.4095
—0.2826

3.7832

4.3577

7.0485
11.3984
16.6587
21.7488
25.1682
25,5284
22.3879
16.7358
10.5701

3.7702

4.3209

7.0655
11.4109
16.6647
21.7487
25.1598
25.5109
22.3787
16.7439
10.5883

3.6943
3.9114
6.7829
12.2171
16.8486
20.7086
25.2571
26.5286
22.0343

Jan.

Feb.

Mar.

0.8062
0.1839
—1.0401

Apr.
May

Jun.

0.0001
0.0084
0.0175
0.0092
—0.0081
—0.0182
—0.0076

0.0973
1.0177
—0.3444

—0.7896

Jul.
Aug.
Sep.

0.0118
0.0101
—0.0059
—0.0177
—0.0102

15.9543
11.0171

Oct.

0.4288
0.4081

Nov.

7.3295

7.6430

5.8919 5.8843

6.3000

Dec.

7.3194
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Table 4. Observed monthly variances (per degrees of freedom) of Matsue and Hamamatsu
mean temperatures for (J—Y)? from the observed mean j and their unweighted
predictions Y in Table 3, V(y) from the deviations of the ¥'s in Table 1 from their
column means y, V(§) from the deviations (¥—3%), and V(d) from the deviations

(y—2#) in Table 5.

Matsue Hamamatsu
Month

(3-Yy V() V(®) Wa) (3=Y>» V() V(3) W(d)
Jan. 0.139 1.369 1.999 1.122 0.022 1.421 1.884 1.211
Feb. 4.025 2.052 2.373 1.014 1.898 1.694 2.147 0.904
Mar. 1.918 1.320 2.108 1.057 2.275 1.472 2.075 0.996
Apr. 15.600 1.150 1.403 0.835 12.811 0.883 1.391 0.706
May 0.811 0.537 1.080 0.767 0.002 0.452 0.966 0.472
Jun. 25.963 0.620 0.950 0.523 11.498 0.607 1.004 0.375
Jul. 0.228 1.350 1.028 0.660 0.290 0.918 1.056 0.436
Aug. 24 .857 1.624 1.377 0.774 8.880 0.443 1.138 0.425
Sep. 2.846 0.886 1.270 0.464 0.398 0.872 1.159 0.458
Oct. 14,964 0.582 1.007 0.401 8.395 0.588 1.222 0.544
Nov. 4,414 0.831 1.320 0.619 1.634 1.132 1.476 0.857
Dec. 3.996 1.632 1.698 1.246 2.352 1.888 1.773 1.491
Mean 8.313 1.163 1.468 0.790 4.205 1.031 1.441 0.740
2(DF) 17.5 408 170 238 46.5 1104 460 644
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Table 5.

Deviations (y—3=d) of the observed temperatures y in Table 1 from their expectations 5 as computed from
two-term Fourier curves fitted separately to the temperature for each year.

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
1941 —0.108 —0.772 0.861 —0.252 0.110 —0.005 —0.959 1.622 —0.528 —1.048 0.973 0.105 —0.001
42 —0.530 —1.665 1.691 0.547 —0.896 —1.088 1.496 0.215 —0.474 —1.047 0.913 0.838 0.000
43 —0.915 —0.318 0.233 0.121 0.548 —0.845 —0.335 1.101 —0.033 —-0.837 —0.298 1.578 0.000
44 0.497 —0.123 —0.320 0.207 0.508 —-0.712 —0.098 0.740 —0.180 —0.840 1.142 —0.821 0.000
45 —0.411 —0.927 0.347 1.170 —1.083 0.322 —1.072 1.977 —0.731 —1.021 0.499 0.928 —0.002
46 0.506 —0.111 —0.621 1.366 —0.934 —0.181 0.227 0.645 —0.496 —0.933 1.769 —1.236 0.001
47 1.905 —2.166 —0.388 1.819 0.066 —1.674 0.361 0.999 0.004 —0.986 0.201 —0.143 —0.002
48 —1.011 —0.036 —0.509 1.306 —0.339 —0.983 0.478 0.636 —0.275 —0.406 —0.494 1.633 0.000
49 0.034 0.566 —-1.121 —0.183 1.904 —1.258 -0.818 1.117 0.337 —0.833 0.013 0.241 —0.001
50 0.886 —0.457 —0.697 0.697 0.950 —1.863 0.630 0.773 —0.436 —0.581 0.767 —0.671 —0.002
1951 —0.750 0.202 —0.553 0.501 0.722 —0.943 —1.050 2.615 —1.546 —-0.134 —0.072 1.009 0.001
52 0.416 —1.105 —0.122 1.291 —0.163 —1.078 —0.066 1.405 —0.178 —1.642 1.163 0.078 —0.001
53 —0.836 —0.613 0.807 —0.245 0.509 —0.849 —0.131 1.230 —0.724 —0.188 —0.426 1.465 —0.001
54 0.537 —0.548 —1.084 1.234 0.954 —1.610 —0.687 1.865 0.234 —2.017 0.996 0.126 0.000
55 —1.342 0.215 0.143 0.548 —0.616 —0.300 0.692 —0.181 0.007 —0.265 —0.285 1.383 —0.001
56 0.818 —1.076 0.301 0.443 —0.133 —0.597 0.698 —0.357 0.215 —0.126 —0.100 - —0.086 0.000
57 0.438 —0.663 —1.097 1.899 0.090 —1.497 —0.238 1.996 —0.753 —1.066 0.610 0.280 —0.001
58 —0.805 —0.336 —0.067 1.080 —0.587 —0.592 0.505 0.070 0.517 —1.147 0.087 1.275 0.000
59 —1.321 0.803 —0.449 0.492 0.096 —0.903 0.521 0.463 —0.201 —0.926 0.804 0.619 —0.002
60 —0.427 0.137 0.499 —0.513 0.368 —0.475 0.160 0.613 —0.566 —0.588 1.216 —0.425 —0.001
1961 —0.604 —0.644 0.560 0.416 0.105 —1.466 1.037 0.594 —0.626 —0.616 0.479 0.765 0.000
62 —0.700 —0.084 —0.376 0.676 0.583 —1.515 0.417 0.734 0.092 —1.126 0.234 1.065 0.000
63 —1.608 —0.642 0.239 1.361 —0.236 —1.881 0.941 1.275 —0.606 —1.228 0.070 2.314 —0.001
64 1.369 —1.830 —1.129 2.658 0.052 —2.196 0.181 1.963 —0.621 —0.975 —0.052 0.579 —0.001
65 —0.243 0.433 —0.484 0.091 0.901 —-1.134 —0.323 1.783 —1.183 —0.625 1.282 —0.500 —0.002
66 —0.441 0.208 —0.128 0.187 0.321 —0.730 —0.143 1.425 —1.205 —0.204 0.746 —0.037 —0.001
67 0.467 —0.412 —0.078 0.316 0.463 —1.014 —0.001 1.278 —0.806 —0.749 1.303 —0.770 —0.003
68 —0.272 —2.077 0.985 1.392 —0.827 —0.965 0.255 1.160 0.048 —1.608 0.110 1.798 —0.001
69 0.651 —0.063 —1.412 0.979 1.029 —1.200 —-0.718 1.280 0.345 —-1.212 0.354 —0.034 —0.001
70 —0.551 1.508 —2.056 0.575 1.445 —1.416 —0.049 0.426 0.356 —0.442 —0.246 0.449 —0.001
1971 —0.249 —0.255 —0.309 0.854 0.073 —1.091 0.415 0.655 —0.124 —0.954 0.594 0.391 0.000
72 0.855 —0.714 —0.560 1.008 0.085 —0.828 0.095 0.664 —0.340 —0.058 —0.135 —0.072 0.000
73 0,933 —0.006 —1.672 1.883 0.228 —1.911 0.833 1.206 —1.361 0.017 0.839 —0.989 0.000
74 0.100 -0.319 —0.894 1.105 0.448 —1.051 —0.467 1.518 —0.623 —0.104 —0.614 0.901 0.000
75 0.061 —0.437 —0.430 1.193 —-0.307 —0.886 0.606 0.104 0.397 —1.127 0.574 0.253 0.001
Total —2.651 —14.327 —9.890 28.222 6.437 —36.415 3.393 35.609 —12.064 —27.642 15.016 14.289 —0.023
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Fig. 2. Rankit test for agreement of the
deviations in the monthly mean tem-
perature in Matsue with the normal
distribution, from the differences d=
y—3% shown in Table 5.
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Fig. 4. Test for normality of the ranked
deviations (y—%) in Fig. 2 average
over the 12 months (left curve), com-
pared with a similar diagram of the
average deviation (y—Y) from the
35 year means for each month (J)
(right vurve).

Fu FEDOBERARUIZONE AR TH S, HEIZO»
WY, 1/s=1.494 DEERRKZ & >TOPNIZE DT
HB., EbHTILER—TL, SEBEO 2RO 7~
) FIC T AL RIE, BAMCERTH 3 &AL
AbNB, F1z (y-Y) I OWTRED M2 25z
HHEIOERX, BEEBOIRNT, »O2FDL5HIEHHS
EFRED., TTITIZRE RN, ERITHIT 5 REIC
NTH, ThEEAUBRMBAL SNz,

i =

MTITH T 2 19416ED> 5 T5EICN T2 356/ &, B
ITH1F 218830 5 [@ U  7THMEICU Tz 293E/R D, B
BREOERHERI, Hic 2 kD 7 — ) iiigIcf T
&7z, 17 A2BRT5BHOE SICX 3MEEICIZ
REDBRIARHBER,» o712, DTRDBLEDTET
2D 7~ i #§ O HERX Y=14.2712—-10.6948a,
—2.6665b; +0.1938a5 + 0.6326b5 35 X8 Y=15.2399
—9.8615a; —2.6368b; —0.3459a5 +0.5956bs H>5, A
LIEBNTIEDOAT, BESREZRTHIE, 8H2.88
+3.17HT, 25.7951°C, ®IEXEZ%» 79 HIX, 18
23.88+4.37HT, 3.7000°C & #EE S, ThicRULT
EIT BOTIE, RESERX S A 7.30+£2.73H, 25.
5363°C, BESRIX1H23.07+2.72B8°T, 4.9837°C
LEFEINhT., A ESKEOERESEZ, BRI
T, XF2RZ2HOICRIRESHEHDN, FICEES
B2 Z OFIEBAS» -1z, chuetl, Eic
BIF 2 ZHIE12BH 6 3 Blithiz 3ZRFICISF A E BT
A bhiz.

5l B X &

1. Bliss, C. L. : Connecticut Agr. Expt. Sta. Bull.
No. 615: 1—-56, 1958.

2. Craddock, J. M. : Meteorological Res. Comm.
(London) MRP No. 917 : 1955.

3. Emmens, C. W. : Principles of Biological Assay,
Chapman & Hall, London. 1948.

4. REFB=BB : ER31(6) : 48—53, 1976.

5 HHEA - ARFH - RE - BEXEK: BEX
BHE « 248—254, 1967.

Summary

The cyclic phenomenon in the monthly mean temperatures in Matsue over 35-year
period (1941-1975) and that in Hamamatsu over 93-year period (1883-1975) were well
described by two-term Fourier equations, Y=14.2712-10.6048a:-2.6665b:1+ 0.19384:2+
0.6326b2 and Y=15.2399-9.8615a1-2.6368b1—0.3459a2+0.5956b2, respectively. A correc-
tion for differences in the length of the successive months with Craddock’s weighted
multipliers proved of minor importance relative to other errors in fitting a two-term

Fourier curve. In Matsue, the average maximum temperature occurred on August
2.88+3.17 and the minimum on January 23.88+4.37. Those in Hamamatsu occurred
on August 7.30+2.73 and January 23.07+2.72. The maximum temperature averaged
25.7951°C and the minimum 3,7000°C in Matsue. Those in Hamamatsu averaged
25.5363°C and 4.9387°C, respectively. Observed monthly variances of the mean monthly
temperatures in Matsue were greater in winter season centering around February and

also in summer season centering around August than other seasons. However, that in

Hamamatsu were only in winter season than others.
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