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Abstract. In this paper temperature series of Japan were stathe global average surface air temperatures have risen by
tistically analysed in order to answer the question whether0.74C [0.56°C to 0.92C] over the last 100 yr from 1906—
recent climate change can be proved for Japan; the result3005 (IPCC, 2007). The corresponding trend for the ob-
were compared and discussed with the global trends. Theervation period 1901-2000 is 8® [0.4°C to 0.8C] un-
observations in Japan started for some stations in the 1870slerling the general strengthening of the warming trend dur-
59 stations are available since 1901, 136 stations since 195%g the last decades: Eleven of the last twelve years (1995—
Modern statistical methods were applied, such as: GaussiaR006) rank among the 12 warmest years in the instrumen-
binominal low-pass filter (30yr), trend analysis (linear re- tal record of global surface temperature (since 1850) (IPCC,
gression model) including the trend-to-noise-ratio as mea=2007). Although the temperature increase is widespread over
sure of significance and the non-parametric, non-linear trendhe globe, spatial and temporal characteristics of tempera-
test according to MANN (MANN’s Q). ture trends can be found with highest values in northern lati-
According to the results of the analyses, climate changeudes; additionally, land regions have warmed faster than the
in Japan is clearly shown for temperature over the 100 yroceans (IPCC, 2007). Therefore, climate change and its im-
(1901-2000): Annual mean temperatures increased at all stgpacts are an issue of a great and rapidly accelerating concern
tions from 0.35 (Hakodate) to 2.96 (Tokyo). The mag- since the 1990s. Because of the spatial and temporal distinc-
nitude of climate change is illustrated to increase over thetions of temperature trends, it is very important to analyse
recent period 1976-2000. Seasonally, the strongest warmstation data for a better understanding of trend behaviours on
ing trends were observed for winter temperatures and alseegional and local scales.
increasing temperature trends prevailed in summer, with the So far, some studies have analysed temperature records in
exception of slightly decreasing trends at only four stations. Japan in recent years: A general warming was found, for ex-
ample by Yue and Hashino (2003) who showed increasing
trends of monthly temperature in Japan for 46 stations from
1900-1996. Fujibe (1995) reported about rising temperature
trends at 60 Japanese cities (1891-1992) and their relation-
“Global warming” and “climate change” are major keywords §hip vyit_h urbanisation: Medium sized cities showed increas-
in the present-day global change discussion. Emissions of'd minimum temperatures at a rate of abot€M00years
greenhouse gases and aerosols due to human activities cofh€reas large cities experienced a much stronger warming
tinue to alter the atmosphere commonly recognized to affecPf 2-5 C/100 years. Maximum temperatures also increased
the climate. The concentration of carbon dioxide in the at-Put with @ smaller magnitude. Kato (1996) applied princi-

mosphere has increased by more than 30 percent since 17582! component analysis to separate the impacts of urbaniza-

These developments have the potential of raising global surlion from station data. According the analysis of the data

face temperatures and, in consequence, they impact oth&f 51 stations (1920-1992) the urban increase counts 1.0—-

parts of the climate system. It is commonly accepted that2-> C/100 years.
In a recent paper Fujibe et al. (2007) reported about long-

term changes of temperature extremes and the day-to-day
Correspondence tdD. Schaefer variability in Japan by analysing the records of 17 climate
m (Dirk.Schaefer@Uni-Mainz.de) stations (1931-2005). According to their study, minimum

Published by Copernicus Publications on behalf of the European Geosciences Union.
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130°E 140°E are available since 1901 and 136 stations from 1959 onwards.
Japan can be considered as ideal for climate change studies
as sufficient and detailed (daily) temperature series are kept
at diverse locations scattered across the islands (Fig. 1). The
global temperature anomalies were taken for a comparison
LaoN of the results with global temperature trends (Brohan et al.,
2006). Three observation periods were investigated: 1901—
2000 (100yr), 1951-2000 (50yr) and 1976-2000 (25yr) in
order to find out if the global observations of strengthened
warming trends during the last decades can be confirmed for
Japan. The periods were individually studied and compared
with each other, applying the common international practice

China

Russia

30°NT : F30°N of climate change studies. Computations were carried out
e for annual, winter and summer data, referring to the follow-
c ing seasons:

Legend

° &’ o 0 500 km ® Stations
e | [JJapan - boundaries

winter, December—February;

=
8
I

spring, March—May;

Fig. 1. Location of stations under study.

summer, June—August;

— autumn, September—November.

temperature shows a strong increase of temperature, espe-_l_h tollowi istical hods of fi . vsi
cially for the monthly lowest value (0.2Z/decade for 1931— e following statistical methods of time series analysis

2005 and 0.51C/decade for 1981-2005). The day-to-day were applied, whi_ch are commonly used for global climate
variability of minimum temperatures is decreasing. Max- change research in order to analyse the trends of spatial and

imum temperature shows increasing trends at a lower ratégmporal variabilities of temperature over Japan: As empha-

(0.08'Cldecade for 1931-2005 and 0.4<CHlecade for sised by the World Meteorological Organisation (Mitchell et
1981-2005); besides, there is no trend in the day-to-day varid 1966) the Gaussian binominal low-pass filter that sup-
ability (Fuijibe et al., 2007) presses high-frequency oscillations (30yr) was applied to
In addition to the general warming in Japan articles aboutsmooth the data. The linear trend analysis (thg least square
the role of external forcings can be found. The temperatur ethqd) was computed. to measure .the magmtudg of long-
after a great volcanic eruption (dust veil indes200) av- term linear trends. In this study, the linear regression model
- : was applied for annual and seasonal data (for all three time
erages in summer 1.20.5°C lower than in normal years, periods under study: 1901-2000, 1951-2000, and 1976—

while in northern mid-latitudinal mean surface air tempera—2000 “th ) Hicient VeranA
ture decrease about 02 (Kondo, 1988). Kurihara (2000) ); © regression coetlicients are giverLinAs a mea-
sure of significance the trend-to-noise-ratity V) was cal-

reported of a quasi-six-year fluctuation of high summer tem- N k
b d y g ulated: The trend value is divided by the noise, where the

peratures in Japan which are related to the fluctuations of sei At o
surface temperature in the North Pacific Ocean noise is represented by the standard deviation of the data.

The aim of this paper is (1) to analyse mean temperatur T/N values>1.96 can be regarded as statistically significant
hap Y P %95%) (Sneyers, 1990). Additionally, the non-parametric,

series of a denge netyvork of staﬂons In Japan in det";“lenonlinear trend test according to MANN (MANN®) was
way in order to investigate the spatial and temporal charac-

teristics of temperature change in Japan and (2) to Comparcomputed to detect all trends, no matter what form they have

; . ‘(JT\/Iann, 1945). This trend test was modified by Kendall
and discuss the resuilts with global trends. (Kendall, 1970) and makes no assumption of a statistical dis-

tribution of the analysed data (Sneyers, 1990). MANK's

2 Data and methods values>1.96 can be regarded as significant (95%).

Daily mean temperature series for 155 stations were pro pegyits

vided by the National Climatic Data Center, USA (2006).

The data have been quality checked by the National Climaticz.1  The case study Tokyo

Data Center. According to Yue and Hashino (2003) no sig-

nificant changes in the instrumentation of the stations or therhe official meteorological station Tokyo was taken for a
observation practice have been observed. Instrumental okease study because of its long observation period covering
servations started for some stations in the 1870s, 59 stations25 yr from 1876—-2000. Annual mean temperature shows

Clim. Past, 5, 1319, 2009 www.clim-past.net/5/13/2009/
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Fig. 2. Mean global temperature anomalies (top) and mean annual temperature anomalies at Tokyo (bottom) along with low-pass filtered
values/30yr (red curve) and trend lines, 1901-2000; notice different scales of the y-axis.

a strongly increasing trend during the last century with theof 2.96 the linear trend can be taken as highly significant
1990s as the warmest decade in the series (Fig. 2). Thaend (-99%). The warming trend of mean annual temper-
warmest year on record was 1999, with a temperature ofture continued and even strengthened in the last decades,
1.44#C over the long-term 1961-1990 mean. Most of the which can be clearly shown by the computed trend values
warmest years of the period under study (1876—2000) werger decade increasing from 0°84to 0.52C for the periods
experienced during the 1990s (Fig. 2). The trend line in-1951-2000 and 1976-2000, respectively (Table 1). Strongly
dicates an almost linear trend of the mean annual temperancreasing trends of temperature can be manifested in sea-
ture over the 100 yr observation period 1901-2000 (Fig. 2).sonal respects with highest values for winter and autumn
A general increase of the temperatures can be clearly man(Table 1). All computed seasonal temperature trends over
ifested from about 1905 onwards; the slightly decreasingthe 125 yr study period (1876—-2000) are lineBy § >1.96)
global temperatures from 1946-1975 can not be determinednd significant/N >1.96; MANNs Q >1.96). Warming of

for Tokyo temperatures (Fig. 2). For the 125 yr (1876—2000),seasonal temperatures is also strengthened during the more
the warming trend in Tokyo is confirmed by the results of recent times: The rate of warming of winter temperatures
trend computation and can be quantified by an increasingver the last 25yr (1976—2000) is much higher than over
trend at a rate of 2.9%8 (or 0.242C per decade), which is the last 50yr (1951-2000), namely 0°Z3vs. 0.52C per
almost five time higher than the global trend (0.05per  decade (Table 1). At the same time, thgN-values are
decade, see Table 1 and Fig. 2). According tofili@/-value  slightly decreasing (Table 1). This means that the trends

www.clim-past.net/5/13/2009/ Clim. Past, 5, 13-2009
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Table 1. Annual and seasonal temperature trends per decade, the trend-to-noise-ratios (T/N) and MANNSs Q (Q) in Tokyo (top) and for the
global temperature anomalies (bottom); trends over the whole observation period are given in brackets.

1901-2000 1951-2000 1976-2000

Tokyo Trend TIN Q Trend T/IN Q Trend TIN Q

Annual 0.30(2.95) 3.06 10.70 0.34(1.67) 245 538 0.52(1.24) 185 2.83
Winter 0.40(3.96) 278 9.01 052(259) 247 542 0.73(1.82) 190 2.80
Spring 0.29(2.86) 2.72 876 0.25(1.24) 160 376 0.45(1.07) 130 1.96
Summer 0.21(2.13) 2.09 6.24 0.21(1.05) 1.18 231 0.44(1.07) 104 1.96
Autumn 0.30(2.95) 2.66 8.71 0.42(2.04) 220 498 0.60(1.43) 161 264
Global Trend TIN Q Trend T/IN Q Trend TIN Q

Annual  0.07(0.66) 291 9.92 0.10(0.47) 257 578 0.18(0.43) 2.65 4.46
Winter 0.07(0.69) 264 846 0.11(0.52) 228 501 0.20(0.48) 251 4.16
Spring 0.07(0.73) 2.88 9.84 0.11(0.53) 258 6.01 0.19(0.46) 260 4.61
Summer 0.06(0.61) 281 946 0.09(0.45) 250 5.74 0.19(0.46) 257 4.31
Autumn  0.06 (0.59) 2.77 9.25 0.08(0.40) 2.31 4.99 0.15(0.36) 2.25 3.30
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Fig. 3. Trends/decade of mean annual temperatfig],[1951-  Fig. 4. Trends/decade of (mean) annual temperatti@j,[1976—
2000. 2000.

are not strictly linear because of their high interannual vari- €S can be found:dlt can be Observec(thhat the hlghehst p05|t|\r/]e
ability. In any case, the trends are positive and significanf€MPerature trends are experienced in winter, whereas the
(MANNs 0>1.96). The computed seasonal temperaturetrends in summer are also positive but with a smaller mag-
trends in Tokyol (19'76—2000) are higher than the correspond[‘it“de' It is noticeable to mention that the magnitude of all
ing values of the global temperature anomalies, in case ofemperature trends in Tokyo is _much higher compared with
winter and autumn even three times higher (Table 1). HOW_the global temperature anomalies and the computed trends

ever, the computed trends for the more recent period (19768/€ significant linear over the total observation period (1876—
2000) are not linear but significantly positive (Table 1). In 2000).

summary, annual and seasonal temperatures in Tokyo have

risen over the 125 yr study period (1876—2000) and also over

the more recent periods (1951-2000 and 1976-2000, respec-

tively). The warming trends in Tokyo are intensified in the

last decades. Compared with global trends, general similari-

Clim. Past, 5, 1319, 2009 www.clim-past.net/5/13/2009/
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3.2 Spatial and temporal characteristics of temperaturgespectively. The trends are at 42 stations (or 70%) signif-

trends in Japan icantly linear "/ N-values-1.96). However, the tempera-
ture rise is pronounced: 98% of the trends are significant
3.2.1 Mean annual temperature trends in Japan positive (according to MANNSD>1.96). Positive trends

of temperature prevail in Japan also for the 50 yr period
According to the results of the trend computations for all sta-(1951-2000; see Fig. 3): The highest temperature rise was
tions under study, climate change in Japan is clearly showrmbserved in Okayama with 2.9@ (resp. 0.44C/decade).
for temperature over the past 100yr (1901-2000): Annual84% (or 114 out of 136 stations) of the trends are not
mean temperatures increased at all (59) stations from 0.3Strictly linear but 69% (or 94 stations) are significantly pos-
(Hakodate) to 2.98C (Tokyo), or 0.04C and 0.30C/decade, itive (according to the MANNsQvalues-1.96). For the
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study period 1976-2000, positive temperature trends weré&trongly increasing trends can be observed during all sea-
observed at all stations under study and the magnitude of clisons, with highest trends in winter (corresponding with
mate change is seen to increase (Fig. 4). The highest tenglobal trends). The warming trends in Tokyo were inten-
perature warming was observed in Hiroshima with 235 sified in the last decades. The trend for the annual tem-
(resp. 0.98C/decade), a value which is almost five times perature (1976-2000) in Tokyo (0.B2/decade) is almost
higher than the global trend. In any case, 34% of the com-+three times higher than for the global temperature anomalies
puted trends are linear and 87% significantly positive. As(0.18C/decade). The magnitude of all temperature trends in
far as annual temperatures are concerned, a distinct increa3ekyo is much higher compared with the global temperature
could be shown over the secular period (1901-2000) with aanomalies.
strong trend of warming over the recent period (1976-2000). For Japan as a whole, climate warming is clearly shown
over all periods of observation (1901-2000, 1951-2000,
3.2.2 Mean winter temperature trends in Japan 1976-2000). During the 100yr (1901-2000) mean annual
temperatures increased at all stations from 0.35 (Hakodate)
Analysing seasonal trends (of mean temperatures) théo 2.95C (Tokyo). Strongly increasing trends can be found
strongest warming trends were observed in winter seasom all seasons, with highest increasing trends in winter. The
corresponding with the global trends (Fig. 5). All computed magnitude of climate change is illustrated to increase over
trends were positive during the 50yr period (1951-2000)the recent period 1976—2000, which can be clearly identified
showing even higher values than the trends of the annual tenby the case of Tokyo and also for the other stations under
perature. Again, Tokyo shows the highest increasing trendstudy. The temperature series in Japan show remarkable cor-
with 2.46°C (resp. 0.50C/decade). Although all computed relations with the global temperature anomalies, explaining
trends are positive, only the computed trend at Tokyo is lineara great correspondence between the recent trends of warm-
indicating however a high interannual variability. 46% of the ing in Japan with global warming underlining the highest
trends are significant (according MANN3). The warming  values in winter. However, the magnitude of the computed
trend in winter is strengthened during the last decades (1976#ends in Japan is much higher than the global temperature
2000) resulting in the highest computed temperature trendsnomalies. Increasing temperature trends can be observed
in this analysis (Fig. 6): Temperatures in Nago increased lin-in large parts of East Asia as shown in a detailed investiga-
ear at a rate of 2.8C (resp. 1.12C/decade). Because of the tion for China for the observation period 1951-2000 (Schae-
high interannual variability only 6% of the computed trends fer, 2001; Domroes and Schaefer, 2003): Annual tempera-
are linear but 80% are significant (according to MAN8X ture trends increase mostly between 0.52€.01951-2000)
with the highest magnitudes over the northeastern and north-
3.2.3 Mean summer temperature trends in Japan western parts of China. Annual temperature increase results
mainly from the marked increase in winter temperatures and
In summer, increasing trends of temperature prevail at all stathe positive temperature trends in spring and summer, while
tions, but also slightly decreasing trends were observed aglight decreases are experienced in summer. Thus the obser-
five stations (1951-2000): Its magnitude varies between aations for China correspond with global trends, too. The
decrease 0f-0.52C (resp.—0.11°C/decade) at Yakushima fact that the temperature increase in China appears to be
and 2.02C (resp. 0.41C/decade) at Okayama (Fig. 7). Due growing faster than the global temperatures corresponds with
to the high interannual variability not all trends are signif- the marked warming in Japan.
icantly linear. The increasing trends of summer tempera- The observations on recent climate change in Japan must
tures as already shown for the study period 1951-2000 arée regarded with great concern on the human and natural en-
intensified during the period 1976—2000 (Fig. 8). Hiroshimavironment. However, the observed warming in Japan might
experienced the highest positive trend at a rate of €36 be superposed by other forcings like the urban heat island
(resp. 0.98C/decade). Only at four stations the computed (Fujibe, 1995; Kato, 1996). It is from the statistical point
trends were significantly linear and at most stations not sig-of view difficult to filter out and quantify the urban heating
nificant (according to MANNSD). effects out of the station data. Therefore, the separation of
urban and global temperature signals remains as a subject of
future studies (Fujibe et al., 2007). Even though the data have
4 Discussion been quality checked by the National Climatic Data Center,
possible inhomogeneities caused by station moves may influ-
The case study of Tokyo shows increasing trends of temperaence trend (Mitchell et al., 1966; Fujibe, 1995; Pielke et al.,
ture over all periods of observation (1876—-2000, 1901-20002007). Accordingly further investigations have to be carried
1951-2000, 1976-2000). The mean annual temperatureut to deepen the observations and also to analyse the forc-
shows an increasing trend of 2°@3 (resp. 0.24C/decade) ings of the observed increasing temperature trends in Japan.
during the period 1876—2000 whereas the trend for the
global mean temperatures is 0°89(resp. 0.05C/decade).
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