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Fig. 1 Fluctuations in annual mean temperature deviations in the world and Japan
Solid line: 5 year running mean, dashed line: regression line for each stage
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Fig. 2 Fluctuations in seasonal mean temperature deviations in the Northern Hemisphere
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Fig. 3 Fluctuations in seasonal mean temperature deviations in Japan
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Table 1 Rate of change in monthly mean temperature deviations in Japan (C /100 year)

period Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1898-2023

1989-2023

1.07 1.50 1.84 1.29 1.71 1.32 1.21 1.21 1.33 1.40 135 0.98
-0.59 0.55 490 1.72 4.07 3.80 3.94 4.23 4.13 2.76 1.99 -0.79
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Fig. 4 Fluctuations in monthly mean temperature deviations in March and December in Japan
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b HEETIIC BAEBMEINZ RS WA, BHHTIXAEK
E‘ES%LJTT“,%EETE@ CHBICEAENICH L. o 15
T, AEAKIEI% DN CHBIC EAEMICH 5. HRF
BLRIZOWTIE, A% EBEFOPHLIMISHEICH

LEALEINAED SN WELINTD, FEAKREI%LT
TREMICHEZIC FRMEMICH 5. BN & FET D EEP

F2 KB EB BT HETFHAN &

F3 50O Mann-Kendall F5E 45 4

Table 2 Mann—Kendall test results for annual and seasonal mean temperature fluctuations observed at the meteorological offices in Japan

Alt. N.La. E.Lo.: Annual mean Temp. ‘Winter mean Temp. Spring mean Temp. Summer mean Temp. : Autumn mean Temp.
(m) (degree) tau pValue tau pValue tau pValue tau pValue tau pValue
Fujisan (g4} 3775.1 35.4 | 138.7 | 0.262 0.0321 -0.074% 0.529 §{ 0.197 | 0.101 0.377 | 0.00144 0.271 0.0221
Karuizawa @& ##0) 999.1 36.3 138.5: 0.359 0.00242 0.00510 0.966 : 0.331 0.00514 0.262 0.0266 0.181 0.1270
Kawaguchiko ;i#) | 859.6 ' 35.5 138.8 ! 0.414 | 0.000465 0.0760 0.521 ! 0.373 | 0.00164 0.316 | 0.00767 0.256 | 0.0306
Suwa (#) 760.1 36.0 138.1 0.357 0.00257 0.0561 0.635 i 0.329 | 0.00550 0.268 | 0.0234 0.207 0.0806
Matsumoto (2 %) 610.0 36.2  138.0 ; 0.445  0.000169 0.0717 0.544 : 0.403 | 0.000658 : 0.349 | 0.00316 0.372  0.00166
Takayama (%1l 560.0 36.2 137.3 : 0.365  0.00206 -0.0274 0.817 ! 0.337 | 0.00440 0.374 | 0.00156 0.321 0.00676
Nagano (%) 418.2 36.7 138.2 i 0.348 0.00331 -0.0391 0.741 i 0.332 | 0.00500 0.388 | 0.00104 0.276 @ 0.0196
Kofu (75 272.8 35.7 138.6 0.449 0.000148 0.0694 0.558 ; 0.389 | 0.00102 0.357 | 0.00254 0294  0.0131
Trouzaki (5 Bk 52.2 34.6 | 138.8 : 0.309 | 0.00912 -0.0221 0.852 : 0.323  0.00641 0.344 0.00362 0.223  0.0593
Hamamatsu (#5#) 45.9 34.8 137.7 ! 0.411 0.000513 0.0422 0.722 ! 0.400 | 0.000717 ! 0.384 | 0.00117 0.329  0.00550
Omaezaki (@ Fiks) 45.1 34.6 138.2 0.382  0.00127 0.0287 0.808 j 0.376 | 0.00149 0.399  0.000748 | 0.328  0.00558
Mishima (= 8&) 20.5 35.1 138.9 : 0.427 . 0.000306 0.0642 0.587 : 0.368 | 0.00188 0.390 | 0.000996 : 0.331 | 0.00511
Shizuoka (i ™) 4.1 35.0 138.4 ! 0.443  0.000183 0.0608 0.608 ! 0.399 | 0.000748 ! 0.367 | 0.00192 0.375 0.00152
Takada G5 H) 12.9 | 37.1 | 138.2 1 0.262 | 0.0266 -0.165 0.162 i 0.284 | 0.0166 0.338 | 0.00427 0.219 | 0.0637
Fushiki (k) 11.6 36.8 137.1; 0.329 = 0.00546 -0.0942 0.426 ; 0.322 | 0.00655 0.392 | 0.000938 ; 0.257 | 0.0296
Toyama (&l 8.6 36.7 137.2: 0.452  0.000132 : -0.0253 0.830 : 0.396 | 0.000829 : 0.437 | 0.000224 : 0.307  0.00953
TIrako (f BL#) 6.2 [34.6 | 137.1 1 0.404 | 0.000633 | -0.00508 |0.966 i 0.388 | 0.00104 0.373 | 0.00164 0.290 | 0.0142

Red: warming, Blue: cooling

Bold: statistically significant at a significance level of 1% or less, Italic: statistically significant at a significance level of 5% or less
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Fig. 5 Fluctuations in seasonal mean temperature at Mt. Fuji
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Fig. 6 Fluctuations in seasonal mean temperature in Matsumoto
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3 AEE BB B AR AR & A RARSIR O Mann-Kendall #RERS R
Table 3 Mann—Kendall test results for annual maximum temperature and annual minimum temperature
fluctuations observed at the meteorological offices in Japan

HAT7 V7 2SRRI BT B 5 A B DOFHINC L B8 L FEOKIIED L hoTwaRn

Alt. N.La. E.Lo.! Annual maximum Temp. ! Annual minimum Temp.

(m) (degree) ! tau pValue I tau pValue

Fujisan (&+u) |3775.1 | 35.4 1138.7 ; 0.436 0.000362 | 0.0376 0.754
Karuizawa @55 | 999.1 , 36.3 [138.5 1 0.100 0.396 T 0.259
Kawaguchiko (FL1#) | 859.6 | 35.5 138.8 ; (.300 0.0114 | 0.0542 0.647
Suwa () 760.1 | 36.0 [138.1 1 0.204 0.0849 | 0285 0.0159
Matsumoto (4 | 610.0 | 36.2 138.0 | 0.227 0.0555 | 0.175 0.140
Takayama (75l1) 560.0 | 36.2 137.3 1 0.458 0.000111 | 0.168 0.156
Tida B ) 516.4 | 35.5 (137.8 | 0.342 0.00381 | 0.176 0.137
Nagano (R59) 418.2 136.7 1138.2 |  0.361 0.00230 | -0.0391 0.741
Kofu (fp 272.8 | 35.7 |138.6 ; 0.167 0.159 | -0.0867 0.464
Trouzaki (7 &k 52.2 | 34.6 138.8 | 0.320 0.00681 | 0.00171 0.988
Hamamatsu G&#) | 45.9 | 34.8 137.7 i 0287 00153 | -0.107 0.364
Omaezaki (BIFTH) 451 1346 l1ag.2 i 0.218 0.0856 | 0.0478 0.686
Mishima (= &) 20.5 135.1 1138.9 | 0.404 0.000631 @ 0.1702 0.150
Shizuoka (3 14.1135.0 1138.4 1 0.0188 0.874 I 0.1280 0.280
Takada (70 12.9 137.1 1138.2 i 0.214 0.0710 | -0.058 0.625
Fushiki (tt4) 11.6 136.8 1137.11 0.102 0.391 I -0.00170 0.989
Toyama ¢ 8.6 | 36.7 137.2 0284 0.0166 | 0.1330 0.261
Irako (§* & #D .2 34.6 137.1 1 0283 00170 | -0.09322 0.431

Red: warming, Blue: cooling

Bold: statistically significant at a significance level of 1% or less,

Ttalic: statistically significant at a significance level of 5% or less

AEAR SR O Z AL ) CHE—IRET IS E A L AE N %
IR L7Z3EHCDWT, i A & R iR 0 2 5) %
SIZ/RT. AMAEHTIX, 20014, 20034F & 20084F 12 13 4F i 1K
RimA-16CE T EhboTWaS, T II10EMTIRIZEA
EOET-RCETEDLLI L LB HhoTWD, HEH
THIANE ) 234 2 X S ICamRIkT UL, KR K Y
REEIND DS, FRKLARFIEAOKE RAGERICE -
THHDHEST L. FEHM 2SR % B0 TR T
DEAFLRIMICKE LR ERPEL LT LR D,

AEHI O X9 ZARKERIZBEINIC AR THEFREIRE VWD

12, — ISR CORGFE ORI E > T, HEkT 5
FEDIRICZR S Z L 1FE 212w, FEIEO R FERIC
AR AALE LCB Y, SRR MBI 2 T B
(- Ik, 1984) 12Xk 5T, BHKOMBMBGE S h
TW EEZ N5, HAUIKEIZ X 28k %20 T
WA EHFEAS, BRR AR ICIE RN & OB XY
WHEN, MIICHET L2 RADEGRPENTEEIREL &
ORI FRERAAE L A, AHIKISHRAHER L, ask
WEbNWS &, HPFORBBISOEEIRKEL 2D, K
RH 5 KENOHEEE S ER S N5 720, HHIEES

~39 -~

3

< s

£ <35

g 37 g.

E.f 8

% 4 33

= 35

g £

= g

£33 - 31

—~ 6 E

< 10

2 g

£ 9 : E-12

e 8 !

o ; &-14 :

‘=-11 : : ; 3 g '

‘ e, ] e = | S s ‘

g : : i tau = -0i0391 pValue = 0.741 ! g i ‘ 1 . | tau= 0.285 pValue = 0.0159 :

<" {oss 1993 1998 2003 2008 2013 2018 2023 1988 1993 1998 2003 2008 2013 2018 2023
X7 REFIC BT % AP dR A & AR SRS O 22 ) [X8 FREH I BT B AP d e S & AP IR ARSI O 25 B

Fig. 7 Fluctuations in annual maximum and minimum temperature
in Nagano

Fig. 8 Fluctuations in annual maximum and minimum temperature
in Suwa
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Table 4 Mann—Kendall test results for annual and seasonal mean temperature fluctuations observed at the AMeDAS points in Japan

Alt. N.La. E.Lo.: Annual mean Temp. Winter mean Temp. : Spring mean Temp. Summer mean Temp. Autumn mean Temp.
(m) (degree) tau pValue tau pValue tau pValue tau pValue tau pValue
Nobeyama (#5211 1350 ¢ 35.9; 138.5: 0.334 0.00476 0.0320 0.787 0.332 0.00507 0.352 0.00292 0.199 0.0919
Sugadaira () 1253 36.5 i 138.3; 0.130 0.288 -0.135 0.254 0.199 0.0919 0.2085 0.0830 0.0484 0.687
Tashiro (%) 12301 365 13851 0.344 0.00368 -0.00507 0.966 0.383 0.00119 0.251 0.0339 0.2002 0.0807
Kusatsu (F#) 1223 36.6 | 138.6: 0.286 0.0155 -0.0977 0.409 0.296 0.0125 0.283 0.0168 0.1947 0.100
Kaidakogen (BAM®E) | 1130 359 1376i 0256 0.0498 -0.0489 0.679 0.217 0.0665 0.156 0.189 0.170 0.151
Nagawa (ZEJ1) 1068 ¢ 36.11 137.71 0.258 0.0292 -0.0625 0597 0.284 0.0164 0.311 0.00865 0.196 0.0981
Haramura (FH) 1017 36.0, 1382} 0.363 0.00252 0.0199 0.869 0.352 0.00290 0.347 0.00332 0.232 0.0501
Mumaya GXEE 1015 36.1 137.0! 0.369 0.00183 0.0812 0.493 0.311 0.00869 0.406 0.000606 0.298 0.0118
Yamanaka (i) 902! 354 138.8: 0.457 0.000112 0.0708 0.550 0.418 0.000413 : 0.519 0.0000114 : 0.371 0.00174
Toumi (GREN 058 i 364 138.4; 0.172 0.147 -0.0926 0.434 0.230 0.0524 0.189 0.0827 0.064 0.587
Namiai (88 940 | 354 137.71 0215 0.0699 -0.0523 0.659 0.261 0.0275 0.147 0.213 0.163 0.170
Miyanomae (28 9301 36.0 1374: 0.314 0.00799 -0.0271 0.819 0.295 0.0128 0.420 0.000387 0.258 0.0290
Oizumi (K5 867 359 1384 0.503 0.0000211 0.103 0.384 0.441 0.000194 i 0.479 0.0000512 | 0.417 0.000421
Omachi (XA 784 365 137.8; 0.341 0.00400 -0.0338 0.775 0.341 0.00405 0.334 0.0047 0.224 0.0589
Tochio (GRE) 765 362 137.55 0.251 0.0340 0.108 0.370 0.282 0.0171 0.296 0.0123 0.207 0.0808
Tkawa (GFEND 755 352 138.2! 0.180 0.128 0.1281 0279 0.309 0.00912 0.188 0.112 0.152 0.199
Kisofukusima CREE8) | 7500 358 137.7: 0.405 0.000914 0.0322 0.782 0.352 0.00338 0.390 0.00119 0273 0.0231
Tatsuno (%) 732% 36.0: 138.0i 0.471 0.0000690 0.146 0.216 0.410 0.000535 i 0.446 0.000162 0.427 0.000305
Tijima (BK8) 728 357 137.9: 0.317 0.00734 0.0034 0.977 0.320 0.00679 0.243 0.0397 0233 0.0487
Tatesina (SZ&D 7151 363 1383 0.395 0.000846 0.0169 0.887 0.356 0.00260 0.421 0.000379 0.256 0.0303
Shirouma (E15) 7031 367 137.9; 0.226 0.0560 -0.0691 0.559 0.269 0.0230 0233 0.0486 0.152 0.199

Red: warming,

Blue: cooling

Bold: statistically significant at a significance level of 1% or less. Italic: statistically significant at a significance level of 5% or less
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Fig. 9 Fluctuations in seasonal mean temperature at Sugadaira
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Fig. 10 Relationship between the tau value of the Mann—Kendall test for observed trend in
seasonal mean temperature and altitude of the observation points

O: statistically significant at a significance level of 1% or less, A\: statistically significant at
a significance level of 5% or less, X : not statistically significant
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Table 5 Mann—Kendall test results for annual and seasonal mean temperature fluctuations observed in Japan
Alt. N.La. E.Lo. Annual mean Temp. ‘Winter mean Temp. Spring mean Temp. Summer mean Temp. Autumn mean Temp.
(m) (degree) tau pValue tau pValue tau pValue tau pValue tau pValue
Wakkanai (#P4) 28 454 1417 0.293 0.0134 -0.184 0.120 0.255 0.0311 0.219 0. 0637 0.233 0.0487
Abashiri (#87E) 37.6 44.0 1443! 0.299 0.0114 -0.113 0.338 0.290 0.0143 0.245 0.0385 0.238 0.0445
Rumoi () 23.6 439 141.6; 0.263 0.0263 -0.123 0.297 0.270 0.0228 0.294 0.0131 0.137 0.2470
Nemuro (fR) 252 433 145.6! 0.339 0.00418 -0. 140 0. 236 0.327 0.00574 0.282 0.0173 0.276 0.0198
Iwamizawa (& RLiR) 423 432 141.8; 0.322 0.00650 -0.135 0.254 0.274 0.0204 0.297 0.0122 0.187 0.1140
Sapporo (FLER) 174 431 141.3! 0.365 0.00206 -0.144 0.225 0.300 0.0111 0.331 0.00519 0.241 0.0419
Obihiro (#/5) 384 429 1432 0.407 0.000582 -0.030 0.797 0.355 0.00269 0.336 0.00457 0.285 0.0159
Kutchan ({£51%2) 176.1 429 140.8! 0.287 0.0153 -0.151 0.203 0.272 0.0213 0.298 0.0118 0.139 0.241
Muroran (Z#) 39.9 423 141.0; 0.365 0.00202 -0.125 0.290 0.300 0.0111 0.299 0.0115 0.235 0.0473
Wakkanai (ET) 367 422 142.8! 0.311 0.00850 -0.140 0.235 0.339 0.00415 0.348 0.00323 0.216 0.0684
Esashi (/L2) 37 419 14015 0.277 0.0191 -0.164 0.167 0.232 0. 0501 0.286 0.0157 0.234 0.0483
Hakodate (EE#¥) 350 41.8 140.8! 0.371 0.00170 -0. 154 0.194 0.327 0.00574 0.371 0.00174 0.289 0.0147
Aomori (F7FF) 2.8 408 1408 0.259 0.0286 -0.172 0.146 0.239 0.0432 0.336 0.00457 0.261 0.0275
Akita (B F) 63 397 140.1! 0.418 0.000406 -0.109 0.359 0.302 0.0106 0.464 0.0000882 0.299 0.0116
Morioka (®) 1552 39.7 1412 0.407 0.000582 -0.131 0.270 0.330 0.005260 0.383 0.00119 0.356 0.00264
Sendai (fli&) 389 383 140.9: 0.430 0.000279 -0. 0691 0.559 0.375 0.00152 0.445 0.000171 0.348 0.00330
Yamagata (II7¥) 1525 383 1403 0.321 0.00668 -0.157 0.184 0.274 0.0204 0.390 0.000977 0.239 0.0438
Fukushima (& 55) 67.4 378 140.5: 0.381 0.00129 -0. 101 0.392 0.372 0.00167 0.384 0.00117 0.256 0.0309
Toyama (&) 8.6 367 13721 0.452 0.000132 -0. 0253 0.830 0.396 0.000829 0.437 0.000224 0.307 0.00953
Nagano (RF) 4182 367 138.2: 0.348 0.00331 -0. 0391 0. 741 0.332 0.00500 0.388 0.00104 0.276 0.0196
Utsunomiya (FH'E) 1194 365 139.9i 0.463 0.0000915 0.0761 0.520 0.441 0.000191 0.387 0.00108 0.289 0.0145
Maebashi (Aifi) 1121 364 139.1: 0.471 0.0000690 0.0694 0.558 0.404 0.000633 0.394 0.000882 0.345 0.00351
Mito (&)%) 29.0 364 14051 0.472 0.0000659 0.0710 0.549 0.416 0.000441 0.487 0.0000382 0.331 0.00522
Fukui (3F) 88 361 136.2; 0.378 0.00140 -0.1220 0. 304 0.323  0.00632 0.411 0.000512 0.295 0.0126
Saitama (S\ 2 E) 8.0 359 139.6! 0.503 0.0000211 0.103 0.384 0.438 0.000214 0.419 0.000396 0.348 0.00330
Kofu (FIF) 2728 357 138.6; 0.449 0.000148 0. 0694 0.558 0.389  0.00102 0.357 0.00254 0.294 0.0131
Chiba (F3€) 35 356 140.1! 0.476 0.0000568 0.105 0.373 0.422 0.000363 0.429 0.000285 0.327 0.00574
Tottori (FTR) 71 355 1342 0.342 0.00388 -0. 0659 0.578 0.371  0.00173 0.359 0.00242 0.319 0.00698
Matsue (#27L) 169 355 133.1! 0.444 0.000175 0.0136 0.908 0.431 0.000273 0.361 0.00231 0.345 0.00357
Yokohama (Ht#) 391 354 1397 0.491 0.0000337 0.0981 0. 407 0.415  0.000460 0.419 0.000405 0.336 0.00451
Gifu (B 5) 127 354 136.8: 0.397 0.000795 0.00845 0.943 0.381 0.00127 0.344 0.00362 0.315 0.00778
Nagoya (& ) 511 352 137.0§ 0.412 0.000492 0.0152 0.898 0.381  0.00127 0.325 0.00596 0.285 0.0160
Kyoto (5U#8) 408 350 135.7: 0.361 0.00231 -0. 0405 0.732 0.368 0.00188 0.342 0.00391 0.317 0.00734
Otsu (K#) 86.0 350 1359i 0.512 0.0000150 0.0641 0.588 0.425  0.000332 0.390 0.000997 0.376 0.00149
Shizuoka (#d) 14.1 350 138.4: 0.443 0.000183 0.0608 0.608 0.399 0.000748 0.367 0.00192 0.375 0.00152
Tsu (%) 27 347 13651 0.368 0.00188 0.0169 0.886 0.377  0.00143 0.305 0.00990 0.240 0.0422
Osaka (KBg) 23.0 347 1355: 0.233 0.0491 -0.0929 0.432 0.329 0.00550 0.190 0.108 0.195 0.100
Hiroshima (I5 &) 3.6 344 13251 0.301 0.0109 -0. 1200 0.311 0.366 0.00199 0.213 0.0723 0.270 0.0225
Takamatsu (L) 9.4 343 134.1; 0.436 0.000229 0. 0508 0.668 0.421 0.000379 0.326 0.00583 0.359 0.00242
‘Wakayama (FIRKLL) 139 342 13521 0.317 0.00734 -0.0219 0.853 0.352 0.00290 0.218 0. 0651 0.245 0.0385
Tokushima (f %) 1.6 341 134.6; 0.307 0.00956 -0.0810 0.494 0.367 0.00192 0.243 0.0399 0.260 0.0278
Matsuyama (F31L1) 322 338 132.8! 0.389 0.00102 -0. 0458 0.698 0.426 0.000318 0.251 0.0342 0.339 0.00418
Fukuoka (&) 25 336 1304 0.472 0.0000671 -0.0388 0.743 0.506 0.0000191 0.338 0.00425 0.366 0.00200
Kochi (Fi%1) 05 336 1335!0.348 0.00329 0.0219 0.853 0.321 0.00673 0.232 0. 0501 0.324 0.00623
Oita (K53) 4.6 332 131.6i 0.459 0.000105 0. 0641 0.588 0.485 0.0000413 0.266 0.0245 0.382 0.00124
Kumamoto (R&7%) 377 328 130.7: 0.342 0.00382 -0. 0589 0.619 0.387 0.00106 0.196 0.0969 0.274 0.0207
Nagasaki (R#) 269 327 129.9i 0.309 0.00912 -0.1150 0.331 0.353 0.00282 0.221 0.0615 0.196 0. 0969
Naha (BR%) 28.1 262 127.7: 0.461 0.0000984 0.186 0.116 0.241 0.0418 0.216 0.0680 0.415 0.000447

Red: warming,

, Blue: cooling

Bold: statistically significant at a significance level of 1% or less, Italic: statistically significant at a significance level of 5% or less
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Fig. 14 Relationship between the tau value of the Mann-Kendall test of the seasonal average
temperature trends and the latitude of the observation points in Japan

O: statistically significant at a significance level of 1% or less, A\: statistically significant at a
significance level of 5% or less, X : not statistically significant
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Seasonal differences in air temperature fluctuations around the Japanese Alps:
Winters have not been getting warmer in recent years

SUZUKI Keisuke

The annual mean temperature deviation in Japan from 1898
to 2023 has risen at a rate of 1.35°C/100 years. However, since
1989, the rate of increase has been 2.56°C/100 years, with a
remarkable rise in temperature in the recent time period. In this
study, we considered the temperature fluctuations from 1989 to
2023. The seasonal mean temperature deviation has the highest
rate of increase in the summer, but the fluctuation observed in
winter is significantly different from that of the other seasons,
with a rate of fluctuation of -0.28°C/100 years and exhibiting a
decreasing trend. The monthly mean temperature deviation had
the largest rate of increase in March and showed an overall large
rate of increase from March to September, with an exception for
the month of April. The monthly mean temperature deviations in
December and January exhibit a decreasing trend.

The winter mean temperature observed at the

meteorological offices around the Japanese Alps region did

not show a statistically significant trend of fluctuations. At
approximately half of these locations, there was a decreasing
trend which was not statistically significant. Seasonal mean
temperatures in spring and summer seasons showed statistically
significant increasing trend at almost all locations. The annual
minimum temperature observed in Suwa exhibited a statistically
significant upward trend. This upward trend is not because the
recent temperature rise in Suwa has been more pronounced
than in the other locations. We believe that this observed trend
at Suwa can be attributed to an increase in winter seasons in
the past with particularly low temperature values. The average
winter temperatures at the AMeDAS observation points showed
no statistically significant trend of fluctuation at any of the
points, and the upward trend in the seasonal average temperature
from spring to autumn seasons was more gradual than that

observed at the meteorological offices.

Key words: meteorological office, AMeDAS, temperature lapse rate, Mann-Kendall test, Omiwatari (cracks that form in the

ice on Lake Suwa)

Research Center for Mountain Environment, Shinshu University
Asahi 3-1-1, Matsumoto, 390-8621 JAPAN

Omachi Alpine Museum
Omachi 8056-1, Omachi, 398-0002 JAPAN



