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ABSTRACT

We evaluated the climate change in Wakkanai area, which is located at most northern part and typically rural area in
Japan. Climate parameters i.e. atmospheric pressure, air temperature, humidity, velocity, daylight hours and snow fall
were obtained from Japan Meteorological Agency. Positive changes in parameters in air temperature, especially mean
of the lowest air temperature (r = 0.508, p < 0.0001) were noted. In addition, parameters of air temperature in January
were significantly and positively correlated with years. However, atmospheric pressure (land) and mean velocity were

negatively correlated with years. Global warming was also proved at Wakkanai area, especially in winter, in Japan.
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1. Introduction

Climate change has become public change in the world.
We have proved the positive changes in air temperatures
in some area in Japan [1,2]. For example, in Takamatsu
area, Japan, an increase in 1.8°C in mean air temperature
was noted for 50 years. However, we could not prove the
global warming at Showa base in Antarctica [3] and Ha-
chijo island [1]. In addition, higher air temperature was
closely associated with higher total ambulance transports
in Japan [4,5]. Therefore, accurate evaluation of the changes
in air temperature is urgently required in various sites in
Japan.

In this study, we evaluated the changes in climate pa-
rameters at Wakkanai areas, which is located at most
northern part and typically rural area in Japan.

2. Methods
2.1. Study Area

Wakkanai area is a city located in Soya, Hokkaido. It is
the capital of Soya Sub prefecture and the northernmost
city in Japan. It contains Japan’s northernmost point, Cape
Soya, from which the Russian island of Sakhalin can be
seen. As of December 31, 2007, the city has an estimated
population of 40,629 and the density of 53.63 persons per
km?. The total area is 760.80 km? (Figure 1, Table 1) [6].

2.2. Climate Parameters

Daily meteorological parameters in Wakkanai areas in
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Figure 1. Wakkanai area in Japan (http://www.craftmap.bo
x-i.net/map.php).

Japan for the required periods were obtained from Japan
Meteorological Agency [7]. The observation spots were
located at the central in the area. Daily meteorological
parameters i.e. atmospheric pressure (land surface) (hPa),
atmospheric pressure (sea surface) (hPa), total precipita-
tion (mm), mean air temperature (Year, January, August:
°C), mean of the highest air temperature (Year, January,
August: °C), mean of the lowest air temperature (Year,
January, August: °C), the highest air temperature (°C), the
lowest air temperature ("C), mean humidity (%), mean
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Table 1. Parameters at Wakkanai area, Japan.

Year Mean + SD Minimum Maximum
Atmospheric pressure (land) (hPa) 1950-2010 1010.7+£0.9 1008.9 1013.7
Atmospheric pressure (sea) (hPa) 1938-2010 1011.7+0.8 1009.9 1014.1
Total precipitation (mm) 1938-2010 1127.8+192.8 776.5 1753.7
Mean air temperature ("C) 1938-2010 6.5+0.6 5.0 8.2
Mean of the highest air temperature (°C) 1938-2010 9.2+0.6 7.8 10.8
Mean of the lowest air temperature (°C) 1938-2010 39+0.7 2.4 5.6
The highest air temperature (°C) 1938-2010 275+2.0 23.1 31.3
The lowest air temperature (°C) 1938-2010 -142+21 -19.4 -9.6
Mean humidity (%) 1938-2010 755+19 70.0 80.0
Mean velocity (m/s) 1951-2010 47+04 4.1 6.2
Daylight hours (hours) 1938-2010 1579.2 + 150.0 1167.7 1952.6
Total snowfall (mm) 1953-2010 429.9 £114.0 189.0 705.0
Mean of the highest air temperature in January ("C) 1938-2010 -33+16 -6.8 0.0
Mean of the highest air temperature in August ("C) 1938-2010 223+19 18.6 26.2
Mean of the lowest air temperature in January (°C) 1938-2010 -75+1.7 -11.0 -34
Mean of the lowest air temperature in August ("C) 1938-2010 17.0+15 13.8 20.1
Mean of the mean air temperature in January ("C) 1938-2010 -53+16 -8.7 -1.6
Mean of the mean air temperature in August ("C) 1938-2010 19.4+1.7 16.3 22.6

velocity of the wind (m/s) and daylight hours (hours)
were used for analysis.

2.3. Statistical Analysis

Simple correlation analysis was used to test the signi-
ficance of the linear relationship among continuous vari-
ables: p < 0.05 was considered to be statistically significant.

3. Results

Climate parameters at Wakkanai area were summarized
in Table 1. Mean air temperature (1938-2010) was 6.5°C
+0.6°C.

We investigated the changes in climate parameters
(Table 2). Mean air temperature (Year, January), mean of
the highest air temperature (Year, January) and mean of
the lowest air temperature (Year, January) were signifi-
cantly and positively correlated with years. The lowest air
temperature was also correlated with years. In addition,
The correlation coefficient between mean of the lowest
air temperature (Year) and years was the highest (r =
0.508, p < 0.0001) (Figure 2). However, parameters of
air temperature in August, atmospheric pressure (sea), the
highest air temperature and total snow fall were not sig-
nificantly correlated with years. Atmospheric pressure
(land), total precipitation, mean humidity, mean velocity
and daylight hours were weakly and negatively correlated
with years (Table 2).
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Table 2. Changes in parameters at Wakkanai area, Japan.

r p
Atmospheric pressure (land) (hPa) -0.454  0.0002
Atmospheric pressure (sea) (hPa) 0.079  0.5079
Total precipitation (mm) -0.256  0.0287
Mean air temperature ("C) 0.415  0.0003
Mean of the highest air temperature ("C) 0.236  0.0445
Mean of the lowest air temperature (°C) 0.508 <0.0001
The highest air temperature (°C) -0.207  0.0783
The lowest air temperature (°C) 0.400  0.0005
Mean humidity (%) -0.250  0.0328
Mean velocity (m/s) -0.456  0.0002
Daylight hours (hours) -0.385  0.0008
Total snowfall (mm) 0.039  0.7698
Mean of the highest air temperature in January (°C) 0.345  0.0028
Mean of the highest air temperature in August (°C) -0.114  0.3387
Mean of the lowest air temperature in January ("C) 0.357  0.0019
Mean of the lowest air temperature in August ("C) 0.060 0.6116
Mean of the mean air temperature in January (°C) 0.357  0.0019
Mean of the mean air temperature in August ('C) -0.026  0.8265
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Figure 2. Changes in mean of the lowest air temperature at
Wakkanai area, Japan (1938-2010).
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4. Discussion

Global warming was also proved at Wakkanai area, Japan,
especially in parameters of the lowest air temperature and
in winter.

The Fourth report of the Intergovernmental Panel on
Climate Change (IPCC) at 2007 on climate change has
forecast that global warming will have a major impact on
health conditions [8]. Global average air temperatures are
predicted to increase between 1.8°C and 4.0°C by the end
of this century [8]. Average subsurface temperature pro-
files in four Asian cities (Tokyo, Osaka, Seoul and Bang-
kok) were compared and analyzed to evaluate the effects
of surface warming [9]. The magnitude of surface warm-
ing was the largest in Tokyo (2.8°C), followed by Seoul,
Osaka and Bangkok. In this study, as previous reports
[1,2], positive changes in air temperatures were also
noted in Wakkanai area, Japan, especially in parameters
of the lowest air temperature and in winter. From the
single regression line, we have estimated the positive
change in the lowest air temperature (Year) was 0.8°C for
50 years in Wakkanai area, Japan.

Potential limitation still remains in this study. The
changes in parameters of air temperatures, which were
noted in Wakkanai area, may not apply for all areas in
Japan. Therefore, we could not accurately evaluate the
changes in air temperatures in Japan. Second, atmos-
pheric pressure (land), total precipitation, mean humidity,
mean velocity and daylight hours were weakly and nega-
tively correlated with years in this area. However, this
mechanism is still uncertain in this study. Further studies
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are required to prove the changes in climate parameters in
all over Japan.
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