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Part I  Climate 
1  Global climate 

1.1  Global climate summary 
○ Extremely high temperatures were frequently observed around low latitudes between 30°S 

and 30°N, around western Russia and around eastern North America. 
○ Extremely low temperatures were observed in Europe from January to February and from 

November to December, and around the southeastern USA from February to March and in 
December. 

○ Weather-related disasters were caused by extremely heavy precipitation in Pakistan (June – 
September), torrential rains in central China (August), and heavy precipitation in Thailand and 
Vietnam (October) as well as in eastern Australia (December). 

 
1.1.1 Major climate anomalies 

Figures 1.1.1 and 1.1.2 show anomalies in the annual mean temperature (normalized by its 
standard deviation) and annual total precipitation amount ratios for 2010, respectively. The 
climatological normals for temperature and precipitation amounts are calculated using statistics 
from the period from 1971 to 2000. Figures 1.1.3 and 1.1.4 show frequencies of extremely 
high/low temperatures and heavy/light precipitation, respectively. These extremes are defined as 
values observed only once every 30 years or longer.  

Annual mean temperatures were above normal in most parts of the world except over the area 
from western to central Siberia, in Europe and in Australia (Figure 1.1.1). Extremely high 
temperatures were frequently observed around low latitudes between 30°S and 30°N, around 
western Russia and around eastern North America (Figure 1.1.3), while extremely low 
temperatures were observed in Europe from January to February and from November to 
December, and around the southeastern USA from February to March and in December. 

Annual precipitation amounts were above normal in Indonesia, around Pakistan, and in 
eastern Europe, western Africa, the northwestern USA, around the Caribbean Sea and in 
Australia, while they were below normal in southwestern South America (Figure 1.1.2). 
Extremely heavy precipitation was frequently observed in northeastern China, around southern 
Indonesia and around the Caribbean Sea, while extremely light precipitation was frequently 
seen in southwestern South America (Figure 1.1.4). 

Weekly, monthly and seasonal figures for world climate anomalies are available on JMA’s 
Tokyo Climate Center website at http://ds.data.jma.go.jp/gmd/tcc/tcc/products/climate/. 

 
1.1.2 Extreme climate events 

Major extreme climate events and weather-related disasters in 2010 are listed below, and are 
also indicated schematically in Figure 1.1.5.  
(1) Low temperatures around western Siberia (January – February, December) 
(2) Low temperatures around Mongolia (February – April, December) 
(3) High temperatures around Japan (June – September) 
(4) Torrential rains in central China (August) 
(5) Typhoons and heavy precipitation from Western Japan to Thailand (October) 
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(6) High temperatures in Southeast Asia (all year round) 
(7) Heavy precipitation around southern Indonesia (July – October) 
(8) Heavy precipitation around Pakistan (June – September) 
(9) Low temperatures in Europe (January – February, November – December) 
(10) High temperatures and light precipitation around western Russia (June – August) 
(11) High temperatures from the Middle East to western Africa (all year round) 
(12) High temperatures around Madagascar (all year round) 
(13) High temperatures around eastern North America (all year round) 
(14) Low temperatures around the southeastern USA (February – March, December) 
(15) Heavy precipitation around the Caribbean Sea (June – December) 
(16) High temperatures in northern South America (January – November) 
(17) Low temperatures in southern South America (May, July – August, December) 
(18) Heavy precipitation in eastern Australia (December) 
 

 

 

Figure 1.1.1  Annual mean temperature anomalies for 2010 
Categories are defined by the annual mean temperature anomaly against the normal divided by its standard 
deviation and averaged in 5° × 5° grid boxes. The thresholds of each category are -1.28, -0.44, 0, +0.44 and 
+1.28. The normal values and standard deviations are calculated from 1971 – 2000 statistics. Land areas 
without graphics represent regions for which the sample size of observation data is insufficient or normal data 
are unavailable. 
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Figure 1.1.2  Annual total precipitation amount ratios for 2010 
Categories are defined by the annual precipitation ratio to the normal averaged in 5° × 5° grid boxes. The 
thresholds of each category are 70%, 100% and 120%. Land areas without graphics represent regions for 
which the sample size of observation data is insufficient or normal data are unavailable. 

Figure 1.1.3  Frequencies of extreme high/low temperature in 2010 shown as upper/lower red/blue semicircles 
The size of each semicircle represents the ratio of extremely high/low temperature based on monthly 
observation for the year in each 5° × 5° grid box. As the frequency of extreme high/low temperatures is 
expected to be about 3% on average, occurrence is considered to be above normal in cases where figures of 10 
– 20% or more are seen. 



Figure 1.1.4  Frequencies of extreme heavy/light precipitation in 2010 
As per Figure 1.1.3, but for monthly values of extremely heavy/light precipitation 

Figure 1.1.5  Extreme events and weather-related disasters in 2010 
Schematic representation of major extreme climatic events and weather-related disasters occurring during the 
year 
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1.2  Global surface temperature and precipitation
○ The annual anomaly of the global average surface temperature in 2010 was the 

second-highest since 1891.
○ On a longer time scale, global average surface temperatures have risen at about 0.68°C per 

century. 
The annual anomaly of the global average surface temperature in 2010 (i.e., the average of 

the near-surface air temperature over land and the SST) was 0.34°C above normal (i.e., the 
1971 – 2000 average), second only to that of 1998 since 1891. The surface temperature over the 
Northern Hemisphere was the highest since 1891, and that over the Southern Hemisphere was 
the fourth-highest (Figure 1.1.6).

Global average temperatures have varied on different time scales ranging from a few years to 
several decades. On a longer time scale, global average surface temperatures have risen at about 
0.68°C3

According to the IPCC Fourth Assessment Report (AR4), palaeoclimatic information 
supports the interpretation that average Northern Hemisphere temperatures during the second 
half of the 20th century were likely the highest in at least the past 1,300 years, and most of the 
observed increase in global average temperatures since the mid-20th century is very likely due 
to the observed increase in concentrations of anthropogenic greenhouse gases.

per century since 1891 (the earliest date for which instrumental temperature records 
are available), surface temperatures over the Northern Hemisphere have risen at about 0.71°C 
per century, and those over the Southern Hemisphere have risen at about 0.66°C per century.
This long-term trend can be attributed to global warming caused by increased concentration of 
greenhouse gases such as CO2.

The annual precipitation amount (for land areas only) in 2010 was 57 mm above normal (i.e., 
the 1971 – 2000 average; Figure 1.1.7). Annual precipitation (for land areas only) has varied 
periodically since 1880. Meanwhile, the Northern Hemisphere saw large amounts of rainfall 
around 1930 and in the 1950s. 

                                                   
3 According to AR4, the 100-year linear trend of the global average temperature is 0.74°C for the period from 1906 to 2005. The 
values given in AR4 and those in this report are considered to show no remarkable difference, although they do not correspond
exactly because of differences in calculation methods and the statistical period examined.

p01_98.indd   13 2011/10/13   10:16:54
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Figure 1.1.6  Annual anomalies in surface temperature (i.e., the average of the near-surface air temperature over 
land and the SST) from 1891 to 2010 globally (top), for the Northern Hemisphere (middle) and for the Southern 
Hemisphere (bottom). Anomalies are deviations from the normal (i.e., the 1971 – 2000 average). The bars indicate 
anomalies in surface temperature for each year. The blue lines indicate five-year running means, and the red lines 
indicate long-term linear trends. 
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Figure 1.1.7  Annual precipitation ratios (over land areas only) from 1880 to 2010 globally (top), for the Northern 
Hemisphere (middle) and for the Southern Hemisphere (bottom). The bars indicate the ratios of annual precipitation 
to the normal (i.e., the 1971 – 2000 average). The green lines indicate five-year running means. 
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2  Climate of Japan 

2.1  Japan’s climate in 2010 
The main characteristics of Japan’s climate in 2010 can be summarized as follows: 
○ Annual mean temperatures and precipitation amounts were above normal, and sunshine 

durations were below normal throughout almost the entire country. 
○ In spring, the intraseasonal temperature variation was very large. 
○ In summer, the seasonal mean temperature was the highest on record since 1898. 
○ The number of typhoons generated was the lowest since 1951. 

2.1.1  Annual climate anomalies and records (Table 1.2.1, Figure 1.2.1) 
(1) Annual mean temperatures 

Area-averaged annual mean temperatures were above normal nationwide and significantly 
above normal in northern, eastern and western Japan (Figure 1.2.1, top). From January to May, 
the temperature variation was large, and after June, above-normal temperatures tended to 
continue (Figure 1.2.2). 
(2) Annual precipitation amounts 

Annual precipitation amounts were above normal (except for western Japan) and 
significantly above normal in northern Japan due to the influences of frequent cyclones and 
fronts (Figure 1.2.1, middle). 
(3) Annual sunshine durations 

Annual sunshine durations were significantly below normal in northern Japan and 
Okinawa/Amami, below normal in western Japan, and near normal in eastern Japan (Figure 
1.2.1, bottom). 

 
2.1.2  Climate characteristics by season (Figure 1.2.2) 
 (a) Winter (December 2009 – February 2010, Figure 1.2.3 (a)) 

Although seasonal mean temperatures were above normal nationwide, the intraseasonal 
temperature variation was large. Due to a number of cold spells, many areas on the Sea of Japan 
side of the country were hit by heavy snowfall in the middle of December, in the first half of 
January, and during the first 10 days of February. In early February, Niigata on the Sea of Japan 
side of eastern Japan was hit by heavy snowfall accumulating to depths of up to 81 cm, which 
was the highest level since the winter of 1984/85.  
 
(b) Spring (March – May 2010, Figure 1.2.3 (b)) 

The intraseasonal temperature variation was very large nationwide. In the first and second 
10-day periods of March and during the first 10 days of May, temperatures were significantly 
above normal nationwide due to warm air advection from the south. Conversely, in the last 10 
days of March, the latter half of April and the last 10 days of May, temperatures were below 
normal nationwide due to a series of cold spells. As cyclones and fronts frequently passed near 
mainland Japan, seasonal precipitation amounts were significantly above normal in northern, 
eastern and western parts of the country, and seasonal sunshine duration amounts were 
significantly below normal in northern Japan and on the Sea of Japan side of eastern and 
western parts. 
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(c) Summer (June – August 2010, Figure 1.2.3 (c)) 

Japan experienced its hottest summer in more than 100 years. The seasonal mean temperature 
(i.e., the average value for 17 observatory stations deemed to be relatively unaffected by the 
urban heat island effect) was the highest on record since 1898. In particular, August was so hot 
that mean temperature records for the month were broken at 77 out of 154 observatories. 
Seasonal precipitation amounts were significantly above normal on the Sea of Japan side of 
northern Japan due to the influence of a series of fronts. 
 
(d) Autumn (September – November 2010, Figure 1.2.3 (d)) 

Seasonal mean temperatures were above normal nationwide and significantly above normal 
in northern Japan. Due to severe late summer heat in the first half of September, records for the 
frequency of extremely hot days (defined as those with maximum daily temperatures of 35°C or 
over) for September were broken at 46 out of 154 observatories. Seasonal precipitation amounts 
were significantly above normal in Okinawa/Amami. 

 
Figure 1.2.1  Annual climate anomaly/ratio over Japan in 2010 
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Table 1.2.1 Number of observatories reporting record monthly mean temperatures, precipitation amounts and 
sunshine durations (2010) 

From 154 surface meteorological stations across Japan 
 

Temperature Precipitation amount Sunshine duration  
Highest Lowest Heaviest Lightest Longest Shortest 

January      1 
February   1   2 

March   9 1  6 
April   7   9 
May       
June 4  2    
July 2  4   6 

August 77   4   
September 3  1   7  

October   2   5 
November     1  
December 2  12   3 

 

 
 

Figure 1.2.2  Five-day running mean temperature anomaly for northern Japan, eastern Japan, western Japan and 
Okinawa/Amami (January – December 2010) 
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(a) Winter (b) Spring 

 
(c) Summer 

 
(d) Autumn 

Figure 1.2.3  Seasonal anomalies/ratios over Japan in 2010 
(a) Winter (December 2009 to February 2010), (b) spring (March to May), (c) summer (June to August), (d) 
autumn (September to November) 



20 
 

 

2.2  Major meteorological disasters in Japan
○ Remarkably high temperatures continued throughout summer 2010, bringing damage to the 

whole country.
○ Damage from heavy rainfall was seen in various places around Honshu during the Baiu rainy 

season.
○ Serious damage caused by heavy rainfall was also seen in the Amami Islands in October.

This section, including Table 1.2.2, summarizes the major meteorological disasters of 2010 
and their causes. 

Figure 1.2.4 shows damage caused by meteorological disasters from 2001 to 2010.

○ High temperatures and heavy rainfall (June – September)
Hot weather was dominant due to a prevailing area of Pacific high pressure from June to 

September. Temperatures that were significantly above normal continued in northern and 
eastern Japan, and the average temperature anomaly in the area was the highest on record since 
1946 when the area-averaged statistics first began. These conditions caused 271 heat 
stroke-related fatalities. In Hokkaido, in addition to these high temperatures, heavy rainfall in 
many places resulting from frontal activity caused agricultural damage amounting to more than 
50 billion yen.

○ Heavy rainfall (1 – 6 July)
From 1 to 6 July, localized heavy rainfall was observed throughout the country due to the 

passage of low-pressure systems and Baiu front activity. Precipitation amounting to more than 
100 mm/hour was observed in southern Kyushu on 3 July. Localized heavy rainfall was 
observed in Hokkaido on 4 July and in Kanto on 5 July.

A total of 5 fatalities or people missing, 14 damaged houses and 1,186 flooded houses were 
reported. Agricultural damage amounted to 1.3 billion yen.

○ Heavy rainfall (10 – 17 July)
From 10 to 17 July, as the activity of the stagnant Baiu front became active due to very wet 

air flowing in from the south, heavy rainfall was observed mainly from eastern to western Japan. 
The total precipitation amount over these eight days exceeded the monthly normal for July at 
many observation stations. Four stations reported record 24-hour maximum precipitation 
amounts, and seven reported record hourly maximums (among stations with more than 10 years 
of accumulated statistics).

A total of 14 fatalities or people missing, 242 damaged houses and 5,267 flooded houses were 
reported. Agricultural damage amounted to 4.8 billion yen.

○ Heavy rainfall (18 – 21 October)
Moist warm air from the eastern area of Typhoon Megi (1013) flowed strongly into a 

stationary front over the Amami Islands from 18 to 21 October. Atmospheric instability brought 
record-breaking heavy rainfall to the Amami Islands, where total precipitation amounting to 
more than 800 mm was observed in places. The daily precipitation amount of 622.0 mm 
observed at Naze on 20 July was the highest since 1896 when observations there first began.

A total of 3 fatalities or people missing, 500 damaged houses and 886 flooded houses were 
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reported. Agricultural damage amounted to 2.9 billion yen.

Table 1.2.2  Major meteorological disasters in Japan in 2010 and related damage

Type Date Region

Damage

Fatalities
or

people 
missing

Houses
damaged

Houses
flooded

Amount of damage
(billions of yen)

Agricultu
ral

Forestry Fishery Total

High temperatures 
and heavy rainfall

Jun. –
Sep.

Whole 
country

271 0 0 50.3 0 0 50.3

Heavy rainfall
1 – 6
Jul.

Whole 
country

5 14 1,186 1.3 0.5 0 1.8

Heavy rainfall
10 –

17 Jul.

Tohoku –
northern 
Kyushu

14 242 5,267 4.8 5.4 0 10.2

Heavy rainfall
18 –21

Oct.
Amami 3 500 886 2.9 0.9 0 3.8

Total 430 2,199 12,738 75.6 11.0 13.3 100.0

Note: This table summarizes meteorological disasters with more than 5 fatalities or people missing, more than 
1,000 damaged/flooded houses or more than JPY 10 billion in agricultural damage. It is based on reports from 
prefectural disaster prevention agencies compiled as of 7 April, 2011. The totals also include meteorological 
disasters not listed here.

Figure 1.2.4  Damage from meteorological disasters in Japan from 2001 to 2010
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2.3  Surface temperature and precipitation in Japan 
○ The mean surface temperature in Japan for 2010 was the fourth-highest on record since 1898. 
○ On a longer time scale, the mean surface temperature in Japan has risen at about 1.15°C per 

century. 
Long-term changes in surface temperature and precipitation in Japan are analyzed using 

observational records from 1898 onward. Table 1.2.3 lists the meteorological stations whose 
data are used to derive annual mean surface temperatures and total precipitation amounts. To 
calculate long-term temperature trends, JMA selected 17 stations that are considered not to have 
been highly influenced by urbanization and have continuous records from 1898 onward. Among 
these, however, Miyazaki and Iida were moved in May 2000 and May 2002, respectively, and 
their temperatures have been adjusted to exclude the influence of these transfers. For the 
calculation of long-term precipitation trends, 51 stations that also have continuous records from 
1898 onward were selected. 

 
Table 1.2.3  Observation stations whose data are used to calculate surface temperature anomalies and precipitation 
ratios in Japan 

 Observation stations 

Temperature 

(17 stations) 
Abashiri, Nemuro, Suttsu, Yamagata, Ishinomaki, Fushiki, Nagano, Mito, Iida, 
Choshi, Sakai, Hamada, Hikone, Miyazaki, Tadotsu, Naze, Ishigakijima 

Precipitation 

(51 stations) 

Asahikawa, Abashiri, Sapporo, Obihiro, Nemuro, Suttsu, Akita, Miyako, Yamagata, 
Ishinomaki, Fukushima, Fushiki, Nagano, Utsunomiya, Fukui, Takayama, 
Matsumoto, Maebashi, Kumagaya, Mito, Tsuruga, Gifu, Nagoya, Iida, Kofu, Tsu, 
Hamamatsu, Tokyo, Yokohama, Sakai, Hamada, Kyoto, Hikone, Shimonoseki, Kure, 
Kobe, Osaka, Wakayama, Fukuoka, Oita, Nagasaki, Kumamoto, Kagoshima, 
Miyazaki, Matsuyama, Tadotsu, Tokushima, Kochi, Naze, Ishigakijima, Naha 

 
The mean surface temperature in Japan for 2010 is estimated to have been 0.86°C above 

normal (i.e., the 1971 – 2000 average), which is the seventh-warmest on record since 1898. The 
temperature anomaly has risen at about 1.15°C per century since instrumental temperature 
records began in 1898 (Figure 1.2.5). In particular, temperatures have rapidly increased since 
the late 1980s. The high temperatures seen in recent years have been influenced by fluctuations 
over different time scales ranging from several years to several decades, as well as by global 
warming resulting from increased emissions of greenhouse gases such as CO2. This trend is 
almost the same as that of worldwide temperatures, as described in Section 1.2. 

The ratio of annual precipitation to the normal in 2010 was 116%. Japan received relatively 
large amounts of rainfall until the mid-1920s and around the 1950s, and fluctuations have 
gradually increased since the 1970s (Figure 1.2.6). 
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Figure 1.2.5  Annual surface temperature anomalies from 1898 to 2010 in Japan. The bars indicate anomalies from 
the normal (i.e., the 1971 – 2000 average of the 17 stations). The blue line indicates the five-year running mean, 
and the red line indicates the long-term trend. 
 

 

Figure 1.2.6  Annual precipitation ratios from 1898 to 2010 in Japan. The bars indicate annual precipitation ratios 
to the normal (i.e., the 1971 – 2000 average of the 51 stations). The green line indicates the five-year running mean. 
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2.4  Long-term trends of extreme events in Japan 
○ The occurrence of extremely high monthly mean temperatures increased, while that of 

extremely low temperatures decreased. Similarly, the annual number of days with minimum 
temperatures of ≥ 25ºC and maximum temperatures of ≥ 35ºC increased, while the annual 
number of days with minimum temperatures of < 0ºC decreased. 

○ The annual number of days with precipitation of ≥ 100 mm increased significantly. 
The trends of extreme climatic events in Japan are described in this section: extreme monthly 

mean temperatures and monthly precipitation amounts, and the number of days with extreme 
temperatures or precipitation amounts above certain thresholds (e.g., 30ºC, 100 mm). The 
observation stations used for this research are the same as the 17 for temperature and the 51 for 
precipitation listed in Section 2.3 (see Table 1.2.3). Monthly mean temperatures for Miyazaki 
and Iida have been corrected to exclude the influence of their transfers. However, the 15 
observation stations other than Miyazaki and Iida are referred to in Sections 2.4.1 (2) and (3) 
due to difficulties in correcting the daily maximum/minimum temperatures. 
 
2.4.1  Long-term trend of extreme temperatures 
(1) Extreme monthly mean temperatures 

Figure 1.2.7 shows annual occurrences of extremely high/low monthly mean temperatures 
over the 110-year period from 1901 to 2010. Table 1.2.4 shows the long-term trends over the 
whole period, the averages for the first 30 years of the 20th century (1901 – 1930) and those for 
the most recent 30-year period (1981 – 2010). 

Here, the threshold of extremely high/low temperature is defined as the fourth-highest/lowest 
value for the month over the 110-year period. The frequency of occurrence of the highest to the 
fourth-highest values over this period is once every 28 years, which is close to the extreme 
event occurrence frequency of once every 30 years or longer. The annual number of extremely 
high/low temperatures is calculated by dividing the total number of occurrences by the total 
number of available stations in that year (i.e., it is equivalent to the occurrence per station). The 
average occurrence of extreme values in a year is expected to be approximately (4/110) × 12 
months = 0.44 (represented by the dashed black horizontal line in Figure 1.2.7). 

The occurrence of extremely high/low temperatures increased/decreased significantly during 
the period from 1901 to 2010 with a 95% confidence level. 

The occurrence of extremely high temperatures increased remarkably from the 1980s onward, 
and the average for the most recent 30-year period (i.e., 1981 – 2010) reached six times that 
seen at the beginning of the 20th century (i.e., 1901 – 1930). Conversely, the occurrence of 
extremely low temperatures in the most recent 30-year period decreased to less than 30% of that 
seen at the beginning of the 20th century. 
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Figure 1.2.7  Annual number of occurrences of extremely high/low monthly mean temperatures 

The annual number of occurrences of the highest/lowest first-to-fourth values for each month during the period 
from 1901 to 2010 are indicated. The thin blue/red lines indicate the annual occurrence of extremely high/low 
monthly mean temperatures divided by the total number of monthly observation data sets available in the year 
(i.e., the average occurrence per station). The thick blue/red lines indicate the 11-year running mean value. The 
thick dashed black line indicates the expected frequency of the highest/lowest first-to-fourth values for each year 
over the 110-year period.  

 
 
Table 1.2.4  Long-term trends of extremely high/low monthly mean temperatures 

The long-term trend is the linear trend and the occurrence per station for each 10-year period. An asterisk (*) 
means that the trend is significant with a 95% confidence level. The average occurrence per station during the 
first 30 years of the 20th century (i.e., 1901 – 1930) and the most recent 30-year period (i.e., 1981 – 2010) are 
also indicated. 

Extremely high monthly mean temperatures 

Average for 1901 – 1930 0.16 Trend for 1901 – 2010: 
+0.10/10 years (*) Average for 1981 – 2010 0.97 

Extremely low monthly mean temperatures 

Average for 1901 – 1930 0.72 Trend for 1901 – 2010: 
 –0.07/10 years (*) Average for 1981 – 2010 0.18 
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(2) Annual number of days with maximum temperatures of ≥ 30ºC and ≥ 35ºC 
Figures 1.2.8 and 1.2.9 show the averages (over 15 stations) for the annual number of days 

with maximum temperatures (Tmax) of ≥ 30ºC and ≥ 35ºC in the 80-year period from 1931 to 
2010. Table 1.2.5 shows the long-term trend over the whole period and average values for the 
first 30 years of the period (1931 – 1960) and for the most recent 30-year period (1981 – 2010). 

The annual number of days with Tmax ≥ 30ºC shows no significant trend in the period from 
1931 to 2010, and there is little difference between the average of the first 30 years and that of 
the most recent 30-year period. However, an increasing trend has been seen since the 1980s, and 
recent 11-year averages (the thick line in Figure 1.2.8) have been in the highest range since 
1931. 

The annual number of days with Tmax ≥ 35ºC increased significantly in the period from 
1931 to 2010, and the average of the most recent 30-year period reached 1.7 times that of 1931 
– 1960. The level increased in the 1980s, and has often been more than two days per station 
since the middle of the 1990s. 

 
 

Table 1.2.5  Long-term trends in the annual number of days with maximum temperatures of ≥ 30ºC and ≥ 35ºC 
The table is the same as Table 1.2.4, except the trend during the period from 1931 to 2010 is indicated as the 
change every 10 years (unit: days/station). The average number of occurrences per station in the first 30 years 
(1931 – 1960) and the most recent 30-year period (1981 – 2010) are also indicated. 

Annual number of days with Tmax ≥ 30ºC 

Average for 1931 – 1960 36.5 days Trend for 1931 – 2010: 
+0.30 days/10 years Average for 1981 – 2010 37.5 days 

Annual number of days with Tmax ≥ 35ºC 

Average for 1931 – 1960 1.0 days Trend for 1931 – 2010: 
+0.16 days/10 years (*) Average for 1981 – 2010 1.8 days 
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Figure 1.2.8  Annual number of days with maximum temperatures of ≥ 30ºC 
Annual number of days per station. The thin line indicates the value for each year, and the thick line indicates the 
11-year running mean value. 
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Figure 1.2.9  Annual number of days with maximum temperatures of ≥ 35ºC 

As per Figure 1.2.8, but for maximum temperatures of ≥ 35ºC 
 
(3) Annual number of days with minimum temperatures of < 0ºC and ≥ 25ºC 

Figures 1.2.10 and 1.2.11 show the averages (over 15 stations) for the annual number of days 
with minimum temperatures (Tmin) of < 0ºC and ≥ 25ºC in the 80-year period from 1931 to 
2010. Table 1.2.6 shows the long-term trends over the whole period, the average values for the 
30 years from 1931 to 1960 and those for the most recent 30-year period (1981 – 2010). 

The annual number of days with Tmin < 0ºC decreased significantly, and the average for the 
most recent 30-year period is about 85% of the value for the first 30 years. Conversely, the 
annual number of days with Tmin ≥ 25ºC increased significantly, and the average for the most 
recent 30-year period is 1.6 times the level seen in the first 30 years. 
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Figure 1.2.10  Annual number of days with minimum temperatures of < 0ºC 

As per Figure 1.2.8, but for minimum temperatures of < 0ºC 
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Figure 1.2.11  Annual number of days with minimum temperatures of ≥ 25ºC 

As per Figure 1.2.8, but for minimum temperatures of ≥ 25ºC 
 
Table 1.2.6  Long-term trends in the annual number of days with minimum temperatures of < 0ºC and ≥ 25ºC 

As per Table 1.2.5, but for minimum temperatures of < 0ºC and ≥ 25ºC 

Annual number of days with Tmin < 0ºC 

Average for 1931 – 1960 69.8 days Trend for 1931 – 2010: 
 –2.36 days/10 years (*) Average for 1981 – 2010 59.4 days 

Annual number of days with Tmin ≥ 25ºC 

Average for 1931 – 1960 11.0 days Trend for 1931 – 2010: 
+1.37 days/10 years (*) Average for 1981 – 2010 17.6 days 

 
2.4.2  Long-term trends in extreme precipitation amounts 
(1) Extreme monthly precipitation amounts 

Figure 1.2.12 shows annual occurrences of extremely heavy/light monthly precipitation over 
the 110-year period from 1901 to 2010. Table 1.2.7 shows the long-term trend for the whole 
period, average values in the first 30 years of the 20th century (1901 – 1930) and those for the 
most recent 30-year period (1981 – 2010). Here, the threshold of extremely heavy/light monthly 
precipitation is the same as that used for extreme temperatures, i.e., the fourth-highest/lowest 
values in the 110-year period. 

The occurrence of extremely light monthly precipitation increased significantly in the period 
from 1901 to 2010, but extremely heavy monthly precipitation shows no significant trend. The 
occurrence of extremely light monthly precipitation in the most recent 30-year period increased 
to about 1.5 times the level seen in the first 30 years of the 20th century. The occurrence of 
extremely heavy/light monthly precipitation shows a negative correlation until around the 
1980s. 



29 
 

 

0.0 

0.5 

1.0 

1.5 

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

A
nn

ua
l n

um
be

r 
of

 o
cc

ur
re

nc
es

 p
er

 s
ta

tio
n

Extremely heavy monthly precipitation Extremely light monthly precipitation

11-year running mean 11-year running mean

0.44

1.61

 
Figure 1.2.12  Annual number of occurrences of extremely heavy/light monthly precipitation  

As per Figure 1.2.7, but for monthly precipitation amounts 
 
Table 1.2.7  Long-term trends in extremely heavy/light monthly precipitation  

As per Table 1.2.4, but for monthly precipitation amounts 

Extremely heavy monthly precipitation 

Trend for 1901 – 2010: 
0.00/10 years 

Average for 1901 – 1930 0.47 

Average for 1981 – 2010 0.45 

Extremely light monthly precipitation 

Trend for 1901 – 2010: 
+0.02/10 years (*) 

Average for 1901 – 1930 0.36 

Average for 1981 – 2010 0.55 

 
 
(2) Annual number of days with precipitation of ≥ 100 mm and ≥ 200 mm 

Figures 1.2.13 and 1.2.14 show averages over 51 stations for the annual number of days with 
precipitation of ≥ 100 mm and ≥ 200 mm during the 110-year period from 1901 to 2010. Table 
1.2.8 shows the long-term trends over the whole period, averages for the first 30 years of the 
20th century (1901 – 1930) and those for the most recent 30-year period (1981 – 2010). 

The annual number of days with precipitation of ≥ 100 mm increased significantly in the 
period from 1901 to 2010, and the average annual number of days with precipitation of ≥ 100 
mm in the most recent 30-year period increased to about 1.2 times the level seen in the first 30 
years of the 20th century. The annual number of days with precipitation of ≥ 200 mm shows no 
significant trend. 
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Figure 1.2.13  Annual number of days with precipitation of ≥ 100 mm 

As per Figure 1.2.8, but for precipitation of ≥ 100 mm 
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Figure 1.2.14  Annual number of days with precipitation of ≥ 200 mm 

As per Figure 1.2.8, but for precipitation of ≥ 200 mm 
 
Table 1.2.8  Long-term trends in the annual number of days with precipitation of ≥ 100 mm and ≥ 200 mm 

As per Table 1.2.5, but for precipitation of ≥ 100 mm and ≥ 200 mm 

Annual number of days with precipitation of ≥ 100 mm 

Average for 1901 – 1930 0.84 days Trend for 1901 – 2010: 
+0.02 days/10 years (*) Average for 1981 – 2010 1.01 days 

Annual number of days with precipitation of ≥ 200 mm 

Average for 1901 – 1930 0.07 days Trend for 1901 – 2010: 
0.00 days/10 years  Average for 1981 – 2010 0.10 days 



31 
 

 

[Column] Long-term trend of heavy rainfall analyzed using AMeDAS data 
 
The Japan Meteorological Agency observes precipitation at about 1,300 regional 

meteorological observation stations all over Japan (collectively known as the Automated 
Meteorological Data Acquisition System, or AMeDAS). Observation was started in the latter 
part of the 1970s at many points, and observation data covering periods of over 30 years or 
more are available. Although the AMeDAS observation period is shorter than that of Local 
Meteorological Observatories or Weather Stations (which have observation records for the 
past 100 years or so), there are about eight times as many AMeDAS stations as there are 
Local Meteorological Observatories and Weather Stations combined. It is therefore possible 
to detect localized heavy precipitation relatively well from AMeDAS observation data. 
 

Here, the long-term trend of change in the frequency of heavy rainfall over the most recent 
30-year period as observed by AMeDAS can be ascertained by tallying up the number of days 
of heavy rain amounting to over 200 mm and over 400 mm per day, and the number of strong 
rain events with over 50 mm and over 80 mm of precipitation per hour (every hour on the 
hour) as observed by AMeDAS every year. The number of AMeDAS stations4 was about 800 
in 1976, and had increased to about 1,300 by 2010. JMA therefore converts the frequency of 
occurrence of heavy and strong rain observed at all stations for a year into a frequency value 
per 1,000 stations to eliminate the influence of differences in the number of stations from year 
to year. 

The change in the frequency of strong hourly rain is shown in Figure 1.2.15, and the same 
for heavy daily rain is shown in Figure 1.2.16. The successive 11- or 12-year average values 
(shown by the horizontal red lines in these graphs) show a gradual increase in all cases, but 
none of the detected increasing trends are significant with a 95% confidence level. 
 

Since the observation period of AMeDAS is still short and the frequencies of heavy and 
strong rain change considerably every year, further data accumulation is necessary to 
accurately identify the long-term trend. 
 

                                                  
4 Excluding abolished automatic radio rain gauge stations in mountainous regions 
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Figure 1.2.15  Frequency of rainfall over 50 (top) and 80 (bottom) mm/hour from 1976 to 2010 (yearly, per 
1,000 AMeDAS points) 
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Figure 1.2.16  Frequency of rainfall over 200 (top) and 400 (bottom) mm/day from 1976 to 2010 (yearly, per 
1,000 AMeDAS points) 
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2.5  Tropical cyclones 
○ A total of 14 tropical cyclones (TCs) with maximum wind speeds of 17.2 m/s or higher 

formed in 2010. This was the lowest number since 1951. 
○ Due to the strong North Pacific High, the number of TCs forming over the sea east of the 

Philippines was significantly lower than normal. 
○ The numbers of formations, approaches and landfalls show no significant long-term trends. 

In 2010, 14 tropical cyclones (TCs) with maximum wind speeds of 17.2 m/s or higher formed 
in the western North Pacific. This number was the lowest since 1951. Of these, 7 came within 
300 km of the Japanese archipelago, and 2 made landfall in Japan. The normal statistics (i.e., 
the 1971 – 2000 averages) for formations, approaches and landfalls are 26.7, 10.8 and 2.6, 
respectively.  

Figure 1.2.17 shows the tracks of tropical cyclones in 2010. The number of formations over 
the sea east of the Philippines during the year was significantly lower than normal. In the area 
south of 20°N and east of 120°E (shown by the red rectangle in Figure 1.2.17), only 5 tropical 
cyclones formed (the normal is 16.1). This was the second-lowest number since 1951 (the 
lowest being the 4 recorded in 1998). This was considered to result from the strong North 
Pacific High and suppressed convective activity over the sea east of the Philippines. 

In addition, the number of approaches to the Izu-Ogasawara islands was only 2 (the normal is 
5.0), and both TCs hitting Japan landed from the Sea of Japan. This was considered to be an 
effect of the strong North Pacific High seen over and south of Japan from late July to 
mid-September when most of the TCs formed. Figure 1.2.18 shows the number of TCs 
approaching and hitting Japan since 1951. Although these figures show variations with different 
time scales, no significant long-term trends are seen. In recent years, the number of TCs 
forming has been lower than normal. 

Figure 1.2.19 shows the number and ratio of tropical cyclones with maximum winds of 33 
m/s or higher to those with maximum winds of 17.2 m/s or higher from 1977 (the year from 
which whole data on maximum wind speeds near the center are available). The number of 
tropical cyclone formations with maximum winds of 33 m/s or higher varies between 10 and 20, 
and no particular trend is seen. The ratios vary from about 40% to 60%. 
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Figure 1.2.17 Tracks of tropical cyclones in 2010

The solid lines represent the tracks of tropical cyclones with maximum winds of 17.2 m/s or higher. The circled 
numbers indicate points where the maximum wind speed of the tropical cyclone exceeded 17.2 m/s, while those 
in squares show points where the maximum wind speed fell below 17.2 m/s.
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Figure 1.2.18 Number of tropical cyclones with maximum winds of 17.2 m/s or higher forming in the western 
North Pacific (top), those that approached Japan (middle) and those that hit Japan (bottom). The solid, thick and 
dashed lines represent annual/five-year running means and normal values (i.e., the 1971 – 2000 average), 
respectively.
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Figure 1.2.19  Number (bottom) and ratio (top) of tropical cyclone formations with maximum winds of 33 m/s or 
higher. The thin and thick lines represent annual and five-year running means, respectively. 
 

2.6  The urban heat island effect in metropolitan areas of Japan 
At metropolitan stations, temperatures tend to rise more rapidly and the number of days with 
minimum temperatures of ≥ 25°C are rising more significantly than at rural stations, most likely 
reflecting the urban heat island (UHI) effect. 

Table 1.2.9 lists the rates of change in annual average temperatures, monthly average 
temperatures for January and August, annual averages for daily maximum and minimum 
temperatures, and annual numbers of days with minimum temperatures of ≥ 25°C and < 0°C at 
metropolitan stations in Japan, along with those recorded at stations considered to be relatively 
unaffected by urbanization (hereafter referred to as “rural stations”; see Table 1.2.3) for 
comparison. 

Temperatures at metropolitan stations are rising more rapidly than average values at rural 
stations. The difference in long-term temperature trends between metropolitan and rural stations 
is considered to stem from the UHI effect (although, to be exact, even rural stations are not 
entirely unaffected by urbanization). 

The increase in temperatures for January is larger than that for August, and the rates of 
increase for daily minimum temperatures are larger than those for daily maximum temperatures. 
The numbers of days with minimum temperatures of ≥ 25°C show a remarkable increase except 
in Sapporo and Sendai, while those with minimum temperatures of < 0°C show a decrease at all 
metropolitan stations. Generally speaking, the difference in temperature between urban and 
rural stations in winter is larger than that in summer. The nighttime difference is also larger than 
the corresponding figure for the daytime. This pattern is clearly observed for temperatures at 
metropolitan stations in Japan. 

In the summer of 2010, the North Pacific High that settled in over Japan for an extended 
period brought the hottest summer on record to most of Japan. The number of days with 
minimum temperatures of ≥ 25°C was unusual at metropolitan stations, and the highest values 
since 1931 were recorded at Sendai, Tokyo, Niigata and Nagoya, but not in Sapporo. In the 
winter of 2010, as the winter monsoon was weak, the annual number of days with minimum 
temperatures of < 0°C was lower than normal.
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Table 1.2.9  Rates of change in annual average temperatures, monthly average temperatures for January and 
August, annual averages for daily maximum and minimum temperatures, and annual numbers of days with 
minimum temperatures of ≥ 25°C and < 0°C at metropolitan stations of Japan with annual numbers of days in 2010. 
These figures are based on data from 1931 to 2010. The rates averaged over rural stations (see Table 1.2.3) are also 
listed. Italics represent statistical insignificance. For cities marked with “*” (including the rural stations of Iida and 
Miyazaki), the rates of change were calculated after adjustment to remove the effects of station relocation, and the 
rates for annual numbers were not calculated. Thus, the rural station temperature is the 17-station average including 
Iida and Miyazaki values adjusted for the effects of relocation, but the rural-station annual number of days is the 
15-station average excluding data from Iida and Miyazaki. Values in parentheses for the annual numbers of days 
indicate the deviation from the normal. 

 
Temperature Annual number of days 

Rates of change (°C/100 years) 
Rates of change 
(days/10 years) 

2010 

Average 

City 

Ann. Jan. Aug. 

Daily 
max. 

Daily 
min. 

Tmin 
≥ 25°C

Tmin 
< 0°C 

Tmin 
≥ 25°C 

Tmin 
< 0°C 

Sapporo 2.7 3.9 1.2 0.9 4.5 0.0  −4.9 0 (−0.1) 120 (−9.8)

Sendai 2.3 3.3 0.6 0.9 3.2 0.3 −6.4 10 (+9.2) 61 (−15.7)

Tokyo 3.3 4.8 1.7 1.5 4.6 3.6 −8.7 56 (+32.9) 2 (−8.2)

Niigata* 2.1 2.8 1.4 1.9 2.4 --- --- 38 (+29.6) 26 (−17.4)

Nagoya 2.9 3.4 2.4 1.1 4.1 3.5 −7.7 48 (+35.2) 14 (−21.6)

Osaka* 2.9 2.9 2.5 2.3 3.9 --- --- 55 (+23.5) 2 (−8.1)

Hiroshima* 2.1 2.1 1.6 1.1 3.2 --- --- 52 (+35.2) 15 (−9.0)

Fukuoka 3.2 3.3 2.4 1.6 5.2 4.7 −5.5 51 (+24.2) 1 (−5.8)

Kagoshima* 3.0 3.4 2.7 1.4 4.3 --- --- 70 (+34.2) 1 (−8.7)

Rural stations* 1.5 1.9 0.9 1.0 1.9 1.4 −2.4 --- --- 
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15:00, 17 Aug 2010 20:00, 17 Aug 2010 

15:00, 17 Aug 2010 20:00, 17 Aug 2010 

 [Column] The urban heat island effect in the Kanto region 
In the summer of 2010, as the North Pacific High settled in over Japan immediately after the 

end of the rainy season, hot sunny days continued for an extended period throughout most of 
the country. In particular, August 17th was the hottest day in the urban area of the Kanto region, 
and Tokyo saw temperatures soaring to 37.2°C (deviation from normal: +6.4°C), which was the 
highest temperature recorded there in 2010. JMA analyzed the urban heat island (UHI) effect 
for that day using the Urban Climate Model (UCM).

Figure 1.2.20 indicates the ground temperatures and wind distribution of the UCM for the 
Kanto region at 15:00 and 20:00. The area above 35°C extends over most of the western part of 
Kanto at 15:00. The shaded area above 31°C at 20:00 has the form of an island.

  
Figure 1.2.20  Temperature 
(°C, isolines) and wind (arrows) 
(arrows) distribution at 15:00 
(left) and 20:00 (right) on 17 
August, 2010

In order to estimate UHI intensity, JMA performed urban and non-urban simulations5

It should be noted that the high temperatures observed in urban areas were attributed not 
only to natural climate variability but also to UHI.

. Figure 
1.2.21 indicates differences in temperature and wind. The peak of UHI intensity appears a little 
inland rather than in the center of Tokyo. This is because the cooler Tokyo Bay sea breeze,
which could otherwise have reached inland areas and helped to mitigate warming there, was
weakened due to increased disturbance from midtown buildings.

  
Figure 1.2.21 Differences in
temperature (°C, isolines) and 
wind (arrows) between urban
and non-urban simulations at 
15:00 (left) and 20:00 (right) on
17 August, 2010. A positive 
temperature difference means 
that the urban temperature is 
higher than the non-urban one. 

                                                   
5 A non-urban experimental simulation is one in which artificial urban structures (buildings, roads and other sites classified as 
urban in MILT's land use data) are replaced by grassland, with anthropogenic heat emission adjusted to 0.


