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Comparison of Monthly Climate Change in Osaka City since Late 19th Century
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Abstract

This paper analyzed monthly climate change in Osaka City, central Japan, during the period from
1883 to 2006. During these 124 years, the monthly means of daily mean, maximum and minimum air
temperature increased at the rates (°C per 100 years) of 1.50-2.46, 0.934-2.14, and 1.92-3.34, respectively,
while the decrease rates (% per 100 years) of the relative humidity were 8.01-15.0. The rate of tempera-
ture increase was higher in monthly minimum temperature than in maximum temperature in all of 12
months. The increase rate of monthly mean temperature was higher in December-May than in June-
November, that of monthly average of daily maximum temperature was higher in February-August than
in September-January, and that of monthly average of daily minimum temperature was higher in
October-May than in June-September. The decrease rate of monthly mean relative humidity was higher
in October-May than in June-September. Further analysis revealed that the trend of monthly mean tem-
perature can be divided into two partial trends in six months and into three partial trends in two
months (January and February). The trends of monthly average of daily maximum temperature could
be divided into two partial trends in April, June and September-November, and those of daily minimum
temperature into two partial trends in eight months, and into three partial trends in December-
February. The trends of monthly mean humidity could be divided into two partial trends in April and
in June-September, and into three partial trends in October-March and May. Trend comparison among
monthly rainfall, duration of sunshine, temperature and humidity suggested that the influence of ur-
banization on the long term climate change was much more drastic than that of natural condition such

as rainfall and duration of sunshine.
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Table 1 Trends of monthly mean temperature in Osaka City from 1883 to 2006

Month Rate of change 1st turning Rate of change 2nd turning Rate of change Rate of change

in 1st trend year in 2nd trend year in 3rd trend in whole period
Jan. 4.83 (1.63~8.03) 1915 -3.93 (-8.72~-0.852) 1945 3.14 (1.71~4.56)  2.00 (1.48~2.53)
Feb. 5.06 (0.625~9.49) 1915 -5.69 (-10.4~-1.00) 1945 2.97 (1.12~4.81) 2.20 (1.57~2.82)
Mar.  0.726 (-0.928~2.38) - - 1945 3.85 (2.34~5.35) 2.06 (1.49~2.62)
Apr.  —0.303 (-1.59~0.984) - - 1940 3.47 (2.06~4.89) 2.09 (1.58~2.60)
May - - - - - 2.46 (2.10~2.83)
June 1.02 (0. 0398~2.00) - - 1950 3.28 (1.97~4.59) 1.78 (1.38~2.18)
July - - - - - 1.56 (1.02~2.09)
Aug. - - - - - 1.56 (1.17~1.96)
Sep. 1.02 (0.123~1.92) - - 1970 6.24 (3.02~9.46) 1.50 (0.961~2.04)
Oct.  0.994 (-0.129~2.12) - - 1945 3.84 (2.55~5.12) 1.94 (1.50~2.37)
Nov. 1.69 (0.544~2.84) - - 1960 4.57 (2.32~6.83) 1.69 (0.544~2.84)
Dec. - - - - - 2.23 (1.68~2.78)

Rate of change (C per 100 years) is shown as mean and its 95% confidence interval in parentheses.

Turning years imply the years of trend change.
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Table 2 Trends of monthly average of daily maximum temperature

from 1883 to 2006

in Osaka City

Month

Rate of change

in Ist trend

1st turning

year

Rate of change

in 2nd trend

Rate of change

in whole period

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sep.
Oct.
Nov.

Dec.

-1.01 (-3.36~1.34)

-1.43 (-3.86~-0.999)

0.914 (-0.127~1.95)
0.594 (-0.0660~1. 25)
1.29 (0.382~2.20)

1925

1925

1970
1980
1970

2.25 (1.15~3.34)

1.70 (0.832~2.58)

6.52 (2.84~10.2)
7.50 (2.71~12.3)
5.50 (2.05~8.94)

0.934 (0.388~1.48)
1.34 (1.57~2.82)
1.46 (0.861~2.05)
1.73 (1.18~2.27)
2.14 (1.68~2.60)
1.57 (1.09~2.05)
1.42 (0. 763~2.08)
1.28 (0.778~1.78)
0.970 (0.351~1.59)
0.981 (0.510~1.45)
1.18 (0.638~1.73)
1.00 (0.408~1.60)

Rate of change (°C per 100 years) is shown as mean and its 95%
in parentheses. Turning years imply the years of trend change

Table 3 Trends of monthly average of daily minimum temperature

confidence interval

in Osaka City from 1883 to 2006

Month Rate of change 1st turning Rate of change 2nd turning Rate of change Rate of change
in Ist trend year in 2nd trend year in 3rd trend in whole period
Jan 6.65 (2.99~10.3) 1915 -5.78 (-10.2~-1.34) 1945 4.75 (3.33~6.17) 2.78 (2.23~3.34)
Feb 6.91 (2.82~11.0) 1915 -7.14 (-12.3~-2.00) 1945 4.61 (2.85~6.37)  2.93 (2.29~3.56)
Mar. 0.658 (-0.994~2.31) - - 1945 5.38 (3.83~6.93) 2.82 (2.23~3.42)
Apr.  -0.357 (-1.91~1.20) - - 1940 5.34 (0.796~6.93) 2.74 (2.13~3.35)
May 1.94 (0.815~3.07) - - 1945 4.43 (3.33~5.52)  3.27 (2.87~3.67)
June 0.974 (-0.293~2.24) - - 1945 4.00 (2.79~5.21)  2.33 (1.88~2.78)
July - - - - - 1.92 (1.43~2.41)
Aug.  1.02 (-0.0340~2.07) - - 1945 3.37 (2.26~4.48)  2.19 (1.80~2.58)
Sep.  0.530 (-0.967~2.03) - - 1945 4.42 (2.83~6.01)  2.13 (1.56~2.69)
Oct 1.01 (-0.553~2.58) - - 1945 5.64 (4.16~7.13)  2.90 (2.33~3.47)
Nov. 1.56 (0.0655~3. 06) - - 1955 5.82 (3.74~7.91)  3.34 (2.70~3.99)
Dec 5.69 (2.31~9.07) 1920 —6.23 (-12.0~-0. 420) 1945 4.79 (3.26~6.33) 3.09 (2.53~3.65)
Rate of change (C per 100 years) is shown as mean and its 95% confidence interval in parentheses.

Turning years imply the years of trend change.
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Fig. 1 Yearly trends in monthly mean air temperature in Fig. 2 Yearly trends in monthly average of daily maximum air
Osaka City from 1883 to 2006. Open circles imply the start and temperature in Osaka City from 1883 to 2006. For further
end points of trend lines. explanation, see legend of Fig. 1.
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HfE i 8131 ~3H, 5H. T~8AB L C1I2HICB VT, HHD L Y FicHETEdF, IAD ML v FE
fickahte (Fig. 2o ML v FEBOMZIFISH >3, TH>2, 8H>1, 12H &% -7 (Table 2),
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Fig. 3 Yearly trends in monthly average of daily minimum air
temperature in Osaka City from 1883 to 2006. For further
explanation, see legend of Fig. 1.
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SEHRZIAD b Ly FEETE L CGE0 A EIEE QK TR (%/100) . WIno I8V T bk
FHICHETH - 7 (Table 4), ARIKTIZ, 10~5H QK FEN6~IH DK FR I H RE WERHEED Sk
(Table 4)o TNEPPFEMMCHETT 5 &0 AHOETFRIF2H, 5~10BLT12H L v HEHICERICKE 2 -
too Fho, SHEEMTHEST 3L, KFNEBROKE N ->72DR4HD15.0T, SHOEFE (13.5) Az hicikn
120 —H AR NRD R E/NED > 2D RTHD8.01T. 8HDIITENRZ IRV TV S (Table 4),

Table 4 Trends of monthly mean relative humidity in Osaka City from 1883 to 2006

Month Rate of change 1st turning Rate of change 2nd turning Rate of change Rate of change

in 1lst trend year in 2nd trend year in 3rd trend in whole period
Jan.  —9.47 (-14.2~-47.1) 1945 -36.2 (~46.0~-26.4) 1980 5.95 (-7.87~19.8)  -12.7 (-14.4~-11.0)
Feb. -5.60 (-10.0~-1.19) 1940 -28.4 (-36.2~-20.5) 1980 3.69 (-11.7~19.1) -11.8 (-13.3~-10.2)
Mar. -5.62 (-9.38~-1.86) 1945 -39.8 (-51.7~-28.0) 1975 -5.20 (-17.6~7.22) -13.5 (-15.1~-11.9)
Apr. -4.22 (-8.96~0.527) 1935 -18.4 (-22.2~-14.6) - - -15.0 (-16.6~-13.3)
May 0.574 (-4.95~6.09) 1925 -21.1 (=27.6~-14.5) 1975 1.33 (-13.2~15.9) -11.3 (-13.0~-9.65)
June 5.42 (-2.70~13.5) 1925 -11.4 (-14.5~-8.34) - - -9.29 (-11.0~-7.58)
July 2.40 (-2.72~7.53) 1935 -11.4 (-15.1~-7.81) - - -8.01 (-9.61~-6.41)
Aug. 0.161 (-4.32~4.64) 1935 -13.7 (-16.6~-10.8) - - -9.17 (-10.5~-7.81)
Sep. -2.16 (-6.15~1.83) 1940 -16.8 (-20.4~-13.2) - - -10.5 (-11.9~-9.01)
Oct. ~4.81 (-8.47~-1.16) 1935 -28.9 (-35.3~-22.5) 1975 2.14 (-9.22~13.5) -12.5 (-13.9~-11.0)
Nov. -2.33 (-5.83~1.17) 1940 -30.3 (-40.4~-28.2) 1970 -1.34 (-12.4~9.75) -12.9 (-14.5~-11.2)
Dec. -0.00923 (-5.08~5.06) 1940 -36.8 (-48.7~-24.9) 1975 0.0806 (-10.9~11.0) -11.0 (~12.9~-9.16)

Rate of change (% per 100 years) is shown as mean and its 95% confidence interval in parentheses.

Turning years imply the years of trend change.
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A THESIKNER»RD Shic (Table 4),
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Fig. 4 Yearly trends in monthly mean relative air humidity in Osaka City from 1883 to 2006.
Three symbols (open circles, open rectangles and open triangles) imply the start and end points
of trend lines.
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Fig. 5 Yearly trends in monthly rainfall. For further explanation, see legend of Fig. 4.
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Table 5 Trends of monthly rainfall in Osaka City from 1883 to 2006

Month Rate of change Month Rate of change
in whole period in whole period
Jan. 0.705 (-13.2~14.6) July 10.4 (-43.4~64.2)
Feb. 1.94 (-15.5~19.3) Aug. -1.30 (-37.2~34.6)
Mar.  0.0274 (-18.0~18.0) Sep. -13.4 (-58.9~32.1)
Apr.  -32.1 (-57.6~-6.55) Oct. -18.5 (-51.7~14.7)
May 18.1 (-13.6~49.7) Nov. =-3.70 (-24.1~16.7)
June  3.28 (-41.6~48.2) Dec. -5.90 (~19.5~7.66)

Rate of change (mm per 100 years) is shown as mean and its 95% confidence
interval in parentheses.
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Table 6 Trends of monthly duration of sunshine in Osaka City from 1890 to 2006

Month Rate of change Month Rate of change
in whole period in whole period

Jan. 0.105 (-0.0114~0. 221) July  -0.0834 (=0.101~-0. 0662)
Feb. 0.0596 (-0.0644~0.184) Aug. =0.279 (-0.469~-0.0901)
Mar. 0.0188 (-0.118~0. 0691) Sep. ~0.0499 (0. 211~0. 111)
Apr. 0.130 (-0.0140~0. 274) Oct. =0. 112 (-0.0241~0. 249)
May -0. 0217 (-0.205~0. 162) Nov. 0.0275 (=0.0743~0.129)
June =0. 140 (0. 345~0. 0639) Dec. 0.134 (0.0300~0. 239)

Rate of change (hour per 100 years) is shown as mean and its 95% confidence
interval in parentheses.
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