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Part I  Climate 
 

1  Global Climate 

1.1 Global climate 

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 2007 respectively.  The 
climatological normal values for temperature and precipitation amounts are calculated using 
statistics from the period 1971–2000. Figures 1.1.3 and 1.1.4 show frequencies of extremely 
high/low temperatures and heavy/light precipitation amounts respectively. Extremely 
high/low temperatures and heavy/light precipitation amounts are defined as values that are 
observed only once every 30 years or longer. Monthly and seasonal values are omitted in this 
report. 

Annual mean temperatures were above normal in most areas of the world except South 
America (Figure 1.1.1). Extremely high temperatures were frequently observed in East Asia, 
eastern Siberia and Europe (Figure 1.1.3). 

Annual precipitation amounts were above normal from Siberia to northern Europe and in 
Southeast Asia, while they were below normal around the Mediterranean Sea and in 
northeastern China, the USA and southern Australia (Figure 1.1.2). Extremely heavy 
precipitation amounts were frequently observed from Siberia to northern Europe and in 
Southeast Asia, while extremely light precipitation was observed frequently in northeastern 
China, southern Europe and from southern Australia to New Zealand (Figure 1.1.4). 
 
1.1.2   Extreme climate events 

Major extreme climate events and weather-related disasters across the world for 2007 are 
listed below, and are also indicated schematically in Figure 1.1.5. Information regarding 
disasters is based on EM-DAT (the OFDA/CRED International Disaster Database at the 
Université Catholique de Louvain in Belgium) and other official reports. 
(1) High temperatures in eastern Siberia (April–May, August–November) 
(2) Heavy rains in eastern China (June–July) 
(3) Tropical cyclone and heavy rains from the Korean Peninsula to China (August) 
(4) Drought in southern China (September–November) 
(5) Heavy precipitation in Pakistan (February–March) 
(6) Tropical cyclone and torrential rains in western Asia (June) 
(7) Monsoonal torrential rains in India, Nepal and Bangladesh (June–August) 
(8) Cyclone in Bangladesh (November) 
(9) High temperatures in western Europe (April) 
(10) High temperatures in southeastern Europe (May–August) 
(11) Torrential rains over tropical Africa (July–September) 
(12) Cold wave in the USA (January–February) 
(13) Drought in the eastern and western USA (year-round) 
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(14) Drought in northeastern Brazil (year-round) 
(15) Low temperatures around Argentina (May–August) 
(16) Drought in southern Australia (July–October) 
 

Figure 1.1.1  Annual mean temperature anomalies for 2007 
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. 

Figure 1.1.2  Annual total precipitation amount ratios for 2007 
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 observation data are insufficient or normal data are unavailable. 
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Figure 1.1.4  Frequencies of extremely heavy/light precipitation for 2007 
The frequencies of extremely heavy/light precipitation are marked with upper/lower green/orange 
semicircles. The size of the semicircle represents the ratio of extremely heavy/light precipitation based on 
monthly observation for the year in each 5° × 5° grid box. Since the frequency of extremely heavy/light 
precipitation is expected to be about 3% on average, occurrence is deemed to be above normal in cases of 
10–20% or more. 

Figure 1.1.3  Frequencies of extremely high/low temperatures for 2007 
The frequencies of extremely high/low temperatures are marked with upper/lower red/blue semicircles. The 
size of the semicircle represents the ratio of extremely high/low temperature based on monthly observation 
for the year in each 5° × 5° grid box. Since the frequency of extremely high/low temperatures is expected 
to be about 3% on average, occurrence is deemed to be above normal in cases of 10–20% or more. 
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1.2  Global surface temperature and precipitation 

The annual anomaly of the global average surface temperature in 2007 (i.e. the average of 
the near-surface air temperature over land and the SST) was 0.28°C above normal (based on 
the 1971–2000 average), and was the sixth highest since 1891 (Figure 1.1.6). 

The annual mean surface temperature has varied along different time scales ranging from a 
few years to several decades. On a longer time scale, global average surface temperatures 
have been rising at a rate of about 0.67°C per century since 1891 (the earliest date for which 
instrumental temperature records are available). This trend can be explained by global 
warming caused by the increase in greenhouse gases such as CO2. According to the IPCC 
Fourth Assessment Report (AR4), 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. 

The surface temperature over the Northern Hemisphere in 2007 was the second highest on 
record after 2005 since 1891. Surface temperatures over the Northern and Southern 
Hemispheres have been rising at a rate of about 0.69°C and 0.66°C per century respectively.  

The ratio of global annual precipitation (for land areas only) to the normal in 2007 (i.e. the 
1971–2000 average) was 98%. About 1,200 stations were used to calculate this value. 
Although no particular trend is seen globally or over the Northern Hemisphere, there has been 
a remarkable positive trend over the Southern Hemisphere since 1880 (Figure 1.1.7). 
 
 

Figure 1.1.5   Major extreme climate events and weather-related disasters across the world in 2007 
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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 2007 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 the long-term linear trends. 
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Figure 1.1.7  Annual precipitation ratios (land only) from 1880 to 2007 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 2007 

In winter 2006/07 (i.e. from December 2006 to February 2007), the north-westerly 
monsoon pattern appeared less frequently because the Aleutian low developed eastward from 
its normal position and the Siberian high was weaker than normal. As a result, seasonal mean 
temperatures were extremely high in most parts of Japan. 

Summer 2007 was characterized by the delayed onset and end of the rainy season and an 
extremely hot mid-summer in most of Japan. In June, the onset of the Baiu (Japan’s rainy 
season) was delayed over most of the country except for southern Kyushu. This resulted in 
extremely below-normal precipitation amounts in western Japan. In July, the end of the Baiu 
was also delayed, leading to below-normal temperatures and above-normal precipitation over 
most of Japan. In mid-August, extremely high temperature anomalies were observed over 
wide areas of the country, and a record-high daily maximum temperature for Japan (40.9°C) 
was set in Kumagaya and Tajimi on 16 August. These extremely high temperature anomalies 
continued to September. 

The number of tropical cyclones (TC) with maximum wind speeds of 17.2 m/s or higher 
that formed in the western North Pacific in 2007 was 24, which was below normal (normal: 
26.7, range of near-normal: 25–29). The number of landfalls on mainland Japan was three, 
which was near normal (normal: 2.6). The number of TCs that came within 300 km of Japan’s 
mainland and islands was 12, which was also near normal (normal: 10.8). 
 
2.1.1  Annual climate anomalies and records (Table 1.2.1, Figure 1.2.1) 
(1) Annual mean temperature 

Area-averaged annual mean temperature anomalies were +0.7°C in northern Japan and 
+0.9°C in eastern Japan, both of which were above normal. The anomalies were +1.1°C in 
western Japan and +0.6°C in Okinawa/Amami, both of which tied the second highest on 
record since 1946. 
(2) Annual precipitation amounts 

Annual precipitation amounts were below normal nationwide. Some parts of western Japan 
experienced drought due to light precipitation from spring to early summer and in autumn. 
(3) Annual sunshine durations 
  Annual sunshine durations were above normal in western Japan and on the Pacific side of 
eastern Japan, near normal in northern Japan and on the Sea of Japan side of eastern Japan, 
and below normal in Okinawa/Amami. 
 



 
 
 

8

 
Figure 1.2.1  Annual climate anomalies/ratios throughout Japan for 2007. The normal is the 1971–2000 
average. 
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Table 1.2.1  Number of stations where record highs or lows were observed in 2007 for monthly, seasonal and 
annual values of temperature, precipitation and sunshine duration. 

Mean temperatures Precipitation amounts Sunshine durations 2007 
Highest Lowest Largest Smallest Longest Shortest 

January 
February 

11 
17 

0 
0 

0 
0 

4 
0 

2 
9 

0 
0 

Winter  
(December 2006  
to February 2007) 

63 0 0 2 3 0 

March 
April 
May 

0 
0 
0 

0 
0 
0 

0 
0 
1 

0 
9 
1 

0 
0 
2 

2 
0 
0 

Spring 
(March to May) 0 0 0 3 1 2 

June 
July 
August 

5 
2 
2 

1 
0 
0 

0 
2 
1 

2 
1 
1 

3 
0 
1 

1 
0 
0 

Summer 
(June to August) 0 0 0 0 0 0 

September 
October 
November 

64 
11 
0 

0 
0 
0 

1 
0 
2 

1 
1 
5 

1 
0 
0 

3 
0 
0 

Autumn 
(September to November) 25 0 1 9 4 1 

December   1   1 
Annual value 1 0 0 3 0 0 

 
2.1.2 Climate by season (Figure 1.2.2) 
(1) Winter (December 2006 to February 2007) 

The winter monsoon pattern appeared less frequently, and warm days were dominant 
nationwide. Eastern and western Japan experienced the warmest winter since area-averaged 
statistics started in 1946/47, and winter snowfall amounts in most regions on the Sea of Japan 
side were the lightest on record since winter 1961/62. Winter precipitation amounts from 
San-in to Hokuriku were also significantly below normal. On the other hand, a rapidly 
developing low migrating northeastward along the Pacific side during the first ten days of 
January brought serious rainstorm damage to northern and eastern Japan, where winter 
precipitation amounts were above normal. 
 
(2) Spring (March to May 2007) 

April mean temperatures were below normal nationwide except for western Japan. A frontal 
zone tended to shift southward from its normal position, and migratory highs frequently 
covered western Japan and the Pacific side of eastern Japan. These synoptic situations 
resulted in significantly below-normal seasonal precipitation. Meanwhile, Okinawa/Amami 
experienced below-normal seasonal sunshine duration due to a frontal zone that remained 
near the area. In April and May, unstable atmospheric conditions caused by inflows of upper 
cold air frequently brought thunderstorms, gusts and hailstorms. 
 
(3) Summer (June to August 2007) 

The Pacific high around Japan was weaker than normal in June and July, but was much 
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stronger than normal in August. The onset of the Baiu was later than normal, and water 
shortages occurred in some areas of western Japan during the rainy season due to migratory 
anticyclones. The Baiu front tended to stay near the Japanese mainland through July, bringing 
cool, rainy days. Monthly precipitation amounts for July were above normal due to the active 
Baiu front enhanced by Typhoon 0704 (MAN-YI). The end of the Baiu was later than normal 
in most areas of Japan. However, the Pacific high pressure system became highly dominant 
around the country in August, and hot days continued nationwide with dry weather on the 
Pacific side. On 16 August, both Kumagaya Meteorological Observatory and Tajimi’s 
automated weather station observed a new national record-high maximum temperature of 
40.9°C. 
 
(4) Autumn (September to November 2007) 

In the first half of autumn, the Pacific high around Japan was stronger than normal, and fine, 
hot days were dominant mainly in eastern and western Japan. Although seasonal precipitation 
amounts in eastern Japan and Okinawa/Amami were above normal due to a number of 
tropical cyclones including typhoons, light precipitation continued through autumn in western 
Japan and on the Sea of Japan side of eastern Japan, which resulted in further water shortages 
in some areas of western Japan. In the latter half of autumn, strong cold spells in the second 
half of November caused record-breaking monthly snowfall at some stations in mountainous 
areas. 
 
(5) Early Winter (December 2007) 

In December, winter monsoon patterns rarely appeared, and cyclones or upper troughs 
brought rainy or cloudy weather nationwide. Monthly mean temperatures were above normal 
except for northern Japan, and snowfall amounts on the Sea of Japan side were remarkably 
below normal. 
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 (a）          (b) 

 
 (c)          (d) 

 
Figure 1.2.2  Seasonal anomalies/ratios over Japan in 2007. The normal is the 1971–2000 average. (a) 
Winter (December 2006 to February 2007), (b) spring (March to May), (c) summer (June to August), (d) 
autumn (September to November) 
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2.2  Major meteorological disasters in Japan 

The meteorological disasters of 2007 were characterized by extensive damage resulting 
from intense heat in the summer season, heavy rains caused by the Baiu front, and Typhoon 
0704 (MAN-YI). In terms of the total damage caused by disasters in 2007, 153 people were 
killed or unaccounted for, 2,782 houses were damaged or destroyed, and 10,542 houses were 
flooded. The total damage amounted to 65.0 billion yen (breakdown: 40.1 billion yen 
agricultural, 19.3 billion yen forestry and 5.6 billion yen fishery damages).  

This section, including Table 1.2.2, summarizes the major meteorological disasters of 2007 
and their causes.  

Table 1.2.3 shows damage caused by meteorological disasters from 2000 to 2007. 
 
Ｏ Strong winds, sea waves, avalanches (13–16 February) 

After an extratropical cyclone moved northeastward in the Sea of Japan and passed over the 
country, a strong winter monsoon was predominant and strong winds were observed all over 
Japan. A total of 11 fatalities or people missing and 116 damaged houses were reported, 
including 2 fatalities caused by avalanches in Aomori Prefecture and 9 fatalities or people 
missing caused by a marine accident in Mie Prefecture. 
 
Ｏ Heavy rainfall, Typhoon 0704 MAN-YI (1–22 July) 

The Baiu front was active from 1 to 17 July, and Typhoon 0704 (MAN-YI) moved along the 
southern coast of Honshu from the Nansei Islands, causing heavy rainfall over a wide area 
from Okinawa to the Tohoku region. Precipitation amounts observed during this period 
therefore exceeded normal monthly levels for July in many parts of the Nansei Islands and the 
Kyushu, Shikoku, Tokai and Kanto regions. In addition, the approach of the typhoon brought 
storms and severe waves in parts of the Nansei Islands and on the Pacific side of western to 
eastern Japan. A total of 6 fatalities or people missing resulted from individuals falling into 
flooded rivers or other reasons, while 295 damaged houses and 3,993 flooded houses were 
reported. Agricultural damage amounted to 13.9 billion yen. 
 
Ｏ Intense heat (June–September) 

In June and July, cases of heatstroke were seen intermittently on days of high temperature 
caused by a migratory anticyclone. In August and September, fine, hot days continued due to 
a dominant Pacific high all over Japan. In particular, extremely high temperatures were 
observed in the middle of August, and Japan’s record-high daily maximum temperature 
(40.9 °C) was observed in Saitama Prefecture’s Kumagaya City and Gifu Prefecture’s Tajimi 
City. Cases of hyperthermia were widely reported throughout the country, and the number of 
fatalities reached 66. 
 
Ｏ Typhoon 0709 FITOW (5–12 September) 

Typhoon 0709 (FITOW) moved northward to the west of the Izu Islands and made landfall 
in Kanagawa Prefecture’s Odawara City with a maximum wind speed of 35 m/s before 02.00 
JST (Japan Standard Time) on 7 September. The typhoon subsequently moved northward 
through the Kanto, Tohoku and Hokkaido regions, and became an extratropical cyclone at 
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around 15.00 JST on 8 September. The typhoon brought heavy rainfall, storms and high 
waves in the Tokai, Kanto, Tohoku and Hokkaido regions. A total of 3 fatalities or people 
missing, 671 damaged houses and 1,344 flooded houses were reported. Agricultural damage 
amounted to 7.7 billion yen. 
 
Ｏ Heavy rainfall (15–18 September) 

The Akisame front (which brings rainy days in autumn as the Baiu front does in early 
summer) moved southward to the north of the Tohoku region on 16 September and stagnated 
there until 18 September. Typhoon 0711 made landfall on the Korean Peninsula on 16 
September, changed to an extratropical cyclone at 09.00 JST on 17 September and moved 
eastward along the Akisame front. Consequently, the Akisame front was activated and brought 
above-normal monthly precipitation for September in Iwate, Akita and Aomori Prefectures 
during this period. A total of 4 fatalities or people missing, 238 damaged houses and 1,396 
flooded houses were reported. Agricultural damage amounted to 7.6 billion yen. 
 
Ｏ Avalanches, strong winds, high waves, heavy snowfall (21–23 November) 

A heavy winter monsoon appeared near Japan, and cold air flowed over Hokkaido. The 
monsoon brought storms and high waves all over the country and heavy snowfall in northern 
Japan, the Hokuriku region and inland Honshu. A total of five fatalities or people missing 
were reported throughout Japan, including four fatalities caused by avalanches in Kamikawa 
Subprefecture and one fatality caused by high waves. 
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Table 1.2.2  Major meteorological disasters in Japan in 2007 
Damage 

Amount of damage 
(billions of yen) Type Date Region 

Fatalities
or 

people 
missing 

Houses
damaged

Houses 
flooded 

Agricultural Fishery Forestry Total 

Strong winds, high 
waves, avalanches 
(extratropical cyclone) 

13–16 Feb. Whole 
country 

11 116 1 0.1   0.1

Heavy rainfall, typhoon 
0704 MAN-YI 
(Baiu front, typhoon) 

1–22 Jul. Tohoku–
Okinawa 

6 295 3,993 13.9 2.5 8.9 25.3

Intense heat Jun.–Sep. Whole 
country 

66   

Typhoon 0709 FITOW 5–12 Sep. Hokkaido
–Kinki 

3 671 1,344 7.7 0.7 7.0 15.4

Heavy rainfall 
(Akisame front) 

15–18 Sep. Tohoku 4 238 1,396 7.6  1.4 9.0

Avalanches, strong winds, 
high waves, heavy 
snowfall 
(extratropical cyclone) 

21–23 Nov. Hokkaido
–Kyushu 

5 1   

Total   153 2,782 10,542 40.1 5.6 19.3 65.0

Notes: 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. The totals also include 
meteorological disasters not listed above. 

 
 
Table 1.2.3  Damage from meteorological disasters in Japan from 2000 to 2007 

Damage 

Amount of damage (billions of yen) Year Fatalities 
or people  
missing 

Houses damaged Houses flooded
Agricultural Fishery Forestry Total 

2000 63 1,755 82,585 43.3 6.7 20.3 70.3

2001 110 1,804 12,936 51.6 3.3 20.9 75.8
2002 85 2,919 16,194 80.9 8.6 17.1 106.6
2003 145 3,123 16,148 277.8 8.9 20.5 307.2
2004 327 103,458 172,504 296.4 59.8 136.2 492.4
2005 222 10,064 27,323 64.9 6.2 53.4 124.5
2006 259 17,080 14,684 45.1 35.6 19.0 99.7
2007 153 2,782 10,542 40.1 5.6 19.3 65.0
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2.3  Surface temperature and precipitation in Japan 

Long-term changes in surface temperature and precipitation in Japan are analyzed using 
observational records from 1898 onwards. Table 1.2.4 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 onwards. 
Similarly, to calculate long-term precipitation trends, 51 stations were selected that also have 
continuous records from 1898 onwards. In addition, temperature anomalies for Miyazaki 
station (moved in May 2000) were calculated after adjusting the data to eliminate any 
discontinuity related to the move. 

 
Table 1.2.4  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 and 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 and Naha 

 
The mean surface temperature in Japan for 2007 is estimated to have been 0.85°C above 

normal (i.e. the 1971–2000 average), and was the fourth highest since 1898. The temperature 
anomaly has been rising at a rate of about 1.10°C per century since instrumental temperature 
records began in 1898 (Figure 1.2.3). Despite using only data from 17 carefully selected 
stations, the analysis does not entirely eliminate the influence of urbanization. In particular, 
temperatures have rapidly increased since the late 1980s. The high temperatures 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 caused by an increase in greenhouse 
gases such as CO2. This trend is almost the same as that of worldwide temperatures, described 
in Section 1.2. 

The ratio of annual precipitation to the normal in 2007 was 89%, and the fluctuations have 
gradually increased (Figure 1.2.4). Japan received relatively large amounts of rainfall until the 
1920s and around the 1950s.  
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Annual surface temperature anomalies in Japan
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Figure 1.2.3  Annual surface temperature anomalies from 1898 to 2007 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, while the red line indicates the long-term trend. 
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Figure 1.2.4  Annual precipitation ratios from 1898 to 2007 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. 



 
 
 

17

2.4  Long-term trends of extreme events in Japan 

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 1.2.4). 

In parts (2) and (3) of Section 2.4.1 and in part (2) of Section 2.4.2, when the monthly 
number of days with missing observation data exceeds 20% of the number of days in any 
month for a particular station, the annual data from that station are not used in the calculation. 
 
2.4.1  Long-term trend of extreme temperatures 
(1) Extreme monthly mean temperatures 

Figure 1.2.5 shows annual occurrences of extremely high/low monthly mean temperatures 
over the 107-year period from 1901 to 2007. Table 1.2.5 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 (1978–2007). 

Here, the threshold of extremely high/low temperature is defined as the 
fourth-highest/lowest value for the month over 107 years. 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). 
Additionally, the frequency of occurrence of the highest to the fourth-highest values over the 
107-year period is once every 26.5 years, which is close to the extreme event occurrence 
frequency of once every 30 years. The average occurrence of extreme values in a year is 
expected to be approximately (1/26.5) × 12 months = 0.45 (represented by the black dashed 
horizontal line in Figure 1.2.5). 

The occurrence of extremely high/low temperatures increased/decreased significantly 
during the period 1901–2007.  

The occurrence of extremely high temperatures increased remarkably from the 1980s 
onward, and the average of the most recent 30-year period (i.e. 1978–2007) 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 about 30% of that 
seen at the beginning of the 20th century. 
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Figure 1.2.5  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 1901–2007 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 
month over the 107-year period.  

 
Table 1.2.5  Long-term trends of extremely high/low monthly mean temperatures 

The long-term trend refers to the linear trend and the occurrence per station per ten-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. 1978–2007) are 
also indicated. 
 

Extremely high monthly mean temperatures 

Average for 1901–1930 0.17 Trend for 1901–2007: 
+0.11/10 years (*) Average for 1978–2007 0.99 

Extremely low monthly mean temperatures 

Average for 1901–1930 0.72 Trend for 1901–2007: 
–0.07/10 years (*) Average for 1978–2007 0.20 

 
(2) Annual number of days with maximum temperatures of ≥ 30ºC and ≥ 35ºC 

Figures 1.2.6 and 1.2.7 show the averages (over 17 stations) of the annual number of days 
with maximum temperatures (Tmax) of ≥ 30ºC and ≥ 35ºC in the 77-year period from 1931 to 
2007. Table 1.2.6 shows the long-term trend over the whole period and average values for the 
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first 30 years of the period (1931–1960) and for the most recent 30-year period (1978–2007). 
The annual number of days with Tmax ≥ 30ºC shows no significant trend in the period 

1931–2007, and there is little difference between the averages of the first 30 years and the 
most recent 30-year period. However, an increasing trend has been seen since the 1980s, and 
the most recent 11-year average is the highest since 1931. 

The annual number of days with Tmax ≥ 35ºC increased significantly in the period 
1931–2007, and the average of the most recent 30-year period reached 1.6 times that of 
1931–1960. No large variability was seen until the 1970s, but the level increased in the 1980s 
and has often been more than two days per station since the middle of the 1990s.  

 
Table 1.2.6  Long-term trends in the annual number of days with maximum temperatures of ≥ 30ºC and ≥ 35ºC 

The table is the same as Table 1.2.5, except the trend during the period 1931–2007 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 (1978–2007) are also indicated. 
 

Annual number of days with Tmax ≥ 30ºC 

Average for 1931–1960 38.4 days Trend for 1931–2007: 
+0.24 days/10 years Average for 1978–2007 39.1 days 

Annual number of days with Tmax ≥ 35ºC 

Average for 1931–1960 1.2 days Trend for 1931–2007: 
+0.15 days/10 years (*) Average for 1978–2007 1.9 days 

 

Figure 1.2.6  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 1.2.7  Annual number of days with maximum temperatures of ≥ 35ºC 
As per Figure 1.2.6, but for maximum temperatures of ≥ 35ºC 

 
(3) Annual number of days with minimum temperatures of < 0ºC and ≥ 25ºC 

Figures 1.2.8 and 1.2.9 show the averages (over 17 stations) of the annual number of days 
with minimum temperatures (Tmin) of < 0ºC and ≥ 25ºC in the 77-year period from 
1931–2007. Table 1.2.7 shows the long-term trend over the whole period, and the average 
values for the first 30 years of the 20th century (1901–1930) and the most recent 30-year 
period (1978–2007). 

The annual number of days with Tmin < 0ºC decreased significantly, and the average for 
the most recent 30-year period is about 87% 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 at the beginning of the 20th century. 
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Figure 1.2.8  Annual number of days with minimum temperatures of < 0ºC 

As per Figure 1.2.6, but for minimum temperatures of < 0ºC 
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Figure 1.2.9  Annual number of days with minimum temperatures of ≥ 25ºC 
As per Figure 1.2.6, but for minimum temperatures of ≥ 25ºC 

 
Table 1.2.7  Long-term trends in the annual number of days with minimum temperatures of < 0ºC and ≥ 25ºC 

As Table 1.2.6, but for minimum temperatures of < 0ºC and ≥ 25ºC 
 

Annual number of days with Tmin < 0ºC 

Average for 1931–1960 69.6 days Trend for 1931–2007: 
–2.30 days/10 years (*) Average for 1978–2007 59.9 days 

Annual number of days with Tmin ≥ 25ºC 

Average for 1931–1960 10.3 days Trend for 1931–2007: 
+1.26 days/10 years (*) Average for 1978–2007 16.2 days 

 
2.4.2  Long-term trends in extreme precipitation amounts 
(1) Extreme values of monthly mean temperature 

Figure 1.2.10 shows annual occurrences of extremely heavy/light monthly precipitation 
amounts over the 107-year period from 1901 to 2007. Table 1.2.8 shows the long-term trend 
for the whole period, average values in the first 30 years of the 20th century (1901–1930) and 
the most recent 30-year period (1978–2007). Here, the threshold of extremely heavy/light 
monthly precipitation amounts is the same as that used for extreme temperatures, i.e. the 
fourth highest/lowest values in the 107-year period. 

The occurrence of extremely light monthly precipitation amounts increased significantly in 
the period 1901–2007, but extremely heavy monthly precipitation amounts show no 
significant trend. The occurrence of extremely light monthly precipitation amounts 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. 

However, the occurrence of extremely heavy/light monthly precipitation amounts shows a 
negative correlation until around the 1980s, and both increased after the 1980s. This means 
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that the variability of precipitation amounts has increased (i.e. both extremely heavy and light 
monthly precipitation amounts have appeared frequently). 

 

Figure 1.2.10  Annual number of occurrences of extremely high/low monthly precipitation amounts 
As per Figure 1.2.6, but for monthly precipitation amounts 

 
Table 1.2.8  Long-term trends in extremely heavy/light monthly precipitation amounts 

As Table 1.2.5, but for monthly precipitation amounts 
 

Extremely heavy monthly precipitation 

Average for 1901–1930 0.49 Trend for 1901–2007: 
–0.004/10 years Average for 1978–2007 0.44 

Extremely light monthly precipitation 

Average for 1901–1930 0.37 Trend for 1901–2007: 
+0.02/10 years (*) Average for 1978–2007 0.56 

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

Figures 1.2.11 and 1.2.12 show averages over 51 stations of the annual number of days with 
precipitation of ≥ 100 mm and ≥ 200 mm during the 107-year period from 1901 to 2007. 
Table 1.2.9 shows the long-term trends over the whole period and averages for the first 30 
years of the 20th century (1901–1930) and the most recent 30-year period (1978–2007). 

The annual number of days with precipitation of ≥ 100 mm and ≥ 200 mm increased 
significantly in the period 1901–2007. 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 average annual number of days with precipitation of 
≥ 200 mm 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. 
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Figure 1.2.11  Annual number of days with precipitation of ≥ 100 mm 

As per Figure 1.2.6, but for precipitation of ≥ 100 mm 
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Figure 1.2.12  Annual number of days with precipitation of ≥ 200 mm 

As per Figure 1.2.6, but for precipitation of ≥ 200 mm 
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Table 1.2.9  Long-term trends in the annual number of days with precipitation of ≥ 100 mm and ≥ 200 mm 
As Table 1.2.6, 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 1901–2007: 
+0.02 days/10 years (*) Average for 1978–2007 1.02 days 

Annual number of days with precipitation of ≥ 200 mm 

Average for 1901–1930 0.07 days Trend for 1901–2007: 
+0.004 days/10 years (*) Average for 1978–2007 0.10 days 

 
 
 
Column - Long-term trend of heavy rainfall analyzed using AMeDAS 
data 

 
The Japan Meteorological Agency observes precipitation at one-hour intervals at about 

1,300 regional meteorological observing stations (collectively known as the Automated 
Meteorological Data Acquisition System, or AMeDAS) all over Japan. Observation was 
started in the latter part of the 1970s at many points. Although the period covered by 
AMeDAS data is shorter than that of Local Meteorological Observatories or Weather 
Stations (which have records going back about 100 years), AMeDAS has about nine times 
as many stations. It is therefore relatively easier to catch localized heavy precipitation using 
AMeDAS data. 
 

Here, long-term changes in the frequency of heavy rainfall over the last 30-year period 
covered by AMeDAS can be ascertained by tallying up the frequency of days with over 200 
mm and over 400 mm of heavy rain, and the frequency of hours with over 50 mm and over 
80 mm of strong rain observed by AMeDAS every year. The number of AMeDAS points 
has been about 1,300 since 1979, though the total in 1976 was about 1,100. We therefore 
normalize the data into rain frequencies per 1,000 points to eliminate the influence of 
differences in the number of points from year to year. 

The change in the frequency of strong hourly rain is shown in Figure 1.2.13, and the 
change in the frequency of heavy daily rain is shown in Figure 1.2.14. No statistical 
significance is found in the increasing tendency, expect for frequencies of over 50 mm of 
strong hourly rain and those of over 400 mm of heavy daily rain. However, the decadal 
average values (displayed by the horizontal orange line in the graph) show a gradual 
increase in all cases. 
 

Analysis from AMeDAS data therefore shows increasing tendencies in the frequency of 
heavy and strong rain over the most recent 30-year period. However, since the observation 
period of AMeDAS is short and the frequencies of heavy and strong rain change 
considerably every year, further data accumulation is necessary to accurately capture the 
long-term trend. 
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Figure 1.2.13  Frequency of rainfall over 50 and 80 mm/hour (yearly, per 1,000 AMeDAS points) 
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Frequency of rainfall over 200 mm/day  (yearly,  per 1,000 points)
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Frequency of rainfall over 400 mm/day  (yearly,  per 1,000 points)
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Figure 1.2.14  Frequency of rainfall over 200 and 400 mm/day (yearly, per 1,000 AMeDAS points) 
 
 

 
 
 
 



 
 
 

27

2.5  Tropical cyclones 

In 2007, 24 tropical cyclones (TCs) with maximum wind speeds of 17.2 m/s or higher 
formed. Of these, 12 came within 300 km of the Japanese Archipelago, and 3 made landfall in 
Japan. The normal statistics (i.e. the 1971–2000 averages) for formation, approach and 
landfall are 26.7, 10.8 and 2.6 respectively.  

Figure 1.2.15 shows the tracks of tropical cyclones in 2007. The tracks show no significant 
characteristics, while the number of TCs that developed north of the normal formation area is 
higher than the normal value. 

Figure 1.2.16 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, 
while the number of TCs approaching Japan has been greater than normal. 

Figure 1.2.17 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 show a similar trend, and vary from about 40% 
to 60%, reaching a peak of about 60% in the 1980s and then becoming relatively lower in the 
latter part of the 1990s. Recently the ratio has increased to about 60%. 
 

 
 

Figure 1.2.15  Tracks of tropical cyclones in 2007 
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 1.2.16  The 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, dashed and thin lines represent annual, five-year running means and normal values (i.e. the 1971–2000 
average) respectively. 

 

Figure 1.2.17  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. 
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2.6  The urban heat island effect in metropolitan areas of Japan 

In order to contribute toward formulating policies for the mitigation of the urban heat island 
(UHI) effect, the Japan Meteorological Agency (JMA) has conducted research into how UHI 
actually influences urban climates and what kind of weather conditions are likely to aggravate 
its impact. In 2007, JMA carried out an investigation into temperature trends at stations in 
main cities in Japan and a case study on the effects of UHI on winter days. 

 
2.6.1  Temperature trends in cities in Japan 
Table 1.2.10 lists the stations with the ten highest rates of change in monthly average 

temperatures for January and August. Minimum temperatures for January in metropolitan 
areas have been significantly rising, and their rates of change are greater than those of 
maximum temperatures; this agrees closely with the characteristics of the UHI effect. In 
contrast, for August there is less correlation between the scale of cities and the rates of change 
in temperatures. In addition, stations with higher temperature change rates are concentrated in 
western Japan. Although the reason for this remains unclear, it may be caused by natural 
variability as well as urbanization. 
 
Table 1.2.10  Rates of change in average, maximum and minimum temperatures and the diurnal temperature 

range (DTR) for January (left) and August (right) for the period 1936–2007 (ºC/50 years). 
Stations with higher rates of change in average temperatures are listed with their rates of urbanization. Such 
rates of change averaged over 17 stations considered not to have been highly influenced by urbanization (see 
Table 1.2.4) are also listed. Values in italics indicate that there is no statistically significant difference from the 
17-station average. 

 

                                                        
1Differences between monthly average maximum and minimum temperatures 
2The rates for urban areas within a radius of 7 km from the stations 
3Average over 17 stations thought not to be highly influenced by urbanization and selected in consideration of 
geographical balance 

Rates of change in 
temperature in January 

 (ºC/50 years) 

Rate of 
urbanization

 (%)2 

  

Ave. Max. Min. DTR1 

Tokyo 2.62 0.79 3.77 -2.98 92 

Sapporo 2.02 0.84 3.38 -2.54 72 

Obihiro 1.97 0.55 3.37 -2.82 37 

Yokohama 1.96 1.23 2.81 -1.59 58 

Utsunomiya 1.91 0.64 2.71 -2.06 47 

Nagoya 1.85 0.88 2.31 -1.44 86 

Fukuoka 1.79 1.03 2.69 -1.66 62 
Shimonose

ki 1.76 1.37 2.00 -0.62 32 

Sendai 1.75 0.88 2.22 -1.34 68 

Kumagaya 1.70 0.68 2.27 -1.58 37 

17 stations3 1.06 0.72 1.30 -0.57 17 

Rates of change in 
temperature in August 

 (ºC/50 years) 

Rate of 
urbanization

(%) 

  

Ave. Max. Min. DTR 

Oita 1.34 1.23 1.39 -0.16 40 

Fukuoka 1.27 0.60 2.04 -1.45 62 

Tokushima 1.27 0.97 1.31 -0.34 27 

Kochi 1.26 0.80 1.33 -0.54 30 

Gifu 1.25 1.21 1.16 0.05 49 

Kumamoto 1.25 0.69 1.58 -0.90 51 

Tsuruga 1.22 0.39 1.55 -1.17 12 

Kyoto 1.22 0.30 1.66 -1.35 64 

Mishima 1.21 0.97 1.22 -0.24 35 

Matsuyama 1.21 0.24 1.52 -1.28 41 

17 stations 0.41 0.13 0.62 -0.49 17 
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2.6.2  A case study for winter 2007 
In mid-latitude regions including Japan, the UHI effect is generally greater in winter than in 

summer. This is because the radiative cooling effect at night is stronger in winter (resulting in 
more distinct differences in temperature between cities and suburbs), thermal diffusion in 
lower layers is weaker due to inactive vertical motion in the lower atmosphere, and the effect 
of waste heat is stronger because of weak solar irradiance. 
To analyze the UHI effect on winter temperatures in the Kanto and Kinki districts, numerical 

model simulations are conducted both with and without consideration of the effects of 
urbanization on sunny days with gentle winds. Here, simulation without the effects of 
urbanization means that urban areas in the model are replaced with grassland.  
 

(1) Kanto district 
On 16 January 2007, sunshine was observed all day in the Kanto district due to the weak 

winter monsoon pattern and a high covering Japan. In Tokyo, the daily maximum and 
minimum temperatures were 11.8°C and 4.8°C respectively. Figure 1.2.18 shows the wind 
vectors and temperatures near the surface at 15.00 and 20.00 JST on that day. Temperatures of 
more than 7°C were seen even at 20.00 JST in the center of Tokyo. Figure 1.2.19 illustrates 
differences in wind vectors and temperatures between the two simulation results with and 
without the effects of urbanization. At 15.00 JST, warming caused by urbanization spread 
over most of the Kanto Plain. At 20.00 JST, this warming weakened in inland areas but 
became stronger from the north of the Tokyo Metropolitan District to the south of Saitama 
Prefecture. 
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Figure 1.2.18  Temperatures and wind vectors in the Kanto district at 15.00 (left) and 20.00 (right) JST on 16 
January 2007. Open circles denote AMeDAS observation sites. 

 
Figure 1.2.19  Differences in wind vectors and temperatures between the two simulation results with and 
without consideration of the effects of urbanization in the Kanto district at 15.00 (left) and 20.00 (right) JST 
on 16 January 2007. Positive values mean that figures obtained by simulation with urbanization are greater 
than those without it. 

 
(2) Kinki district 
On 15 January 2007, the winter monsoon pattern was weak, and a high covered Japan. Daily 

maximum and minimum temperatures in Osaka were 11.1°C and 2.4°C respectively. Figure 
1.2.20 shows the wind vectors and temperatures near the surface at 15.00 and 20.00 JST on 
that day. Temperatures of more than 7°C were seen around Osaka even at 20.00 JST. Figure 
1.2.21 illustrates the differences in wind vectors and temperatures between the two 
simulations with and without the effects of urbanization. The difference in temperatures 
became greater in the evening, and the maximum at 20.00 JST was located a short distance 
from the coast of the Osaka Plain. 
In the Kinki district as well as the Kanto district, warming caused by the effects of 

urbanization spreads over the plain in the afternoon, and the peak of this warming is seen at 
night in the center of Osaka Prefecture. This is typical of UHI in winter. 
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Figure 1.2.20  Temperatures and wind vectors in the Kinki district at 15.00 (left) and 20.00 (right) JST on 15 
January 2007. Open circles denote AMeDAS observation sites. 

 

 

Figure 1.2.21  Differences in wind vectors and temperatures between the two simulation results with and 
without consideration of the effects of urbanization in the Kinki district at 15.00 (left) and 20.00 (right) JST on 
15 January 2007. Positive values mean that figures obtained by simulation with urbanization are greater than 
those without it. 
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Part II  Oceans 
Oceans, which cover about 70 percent of the earth's surface, are a major component of the 

climate system and have a significant effect on the motion of the atmosphere. In order to 
monitor oceans, the Japan Meteorological Agency (JMA) conducts various kinds of 
oceanographic observation such as research vessel surveys and the deployment of ocean data 
buoys and profiling floats. Based on these observational data as well as satellite observations 
and reports from voluntary merchant ships and fishing boats, oceanographic conditions such 
as water temperature distribution and ocean currents are analyzed using advanced technology 
including numerical models. In addition to the monitoring of these physical parameters, JMA 
conducts regular surveys to monitor marine pollution. The results of ocean monitoring in 
2007 are summarized in this chapter. Details of the monitoring results and recent information 
are available on the Marine Diagnosis Report website (in Japanese) at 
http://www.data.kishou.go.jp/kaiyou/shindan/.  
 

1  Global Oceans 

1.1  Global sea surface temperature 

Figure 2.1.1 shows the long-term rising trend (0.50°C per century) in the global average sea 
surface temperature (SST), represented in the form of departure from the 1971–2000 mean.  
The SST departure in 2007 was +0.15°C, which is ranked as the ninth highest since 1891. 

Figure 2.1.2 shows global SST anomalies based on the 1971–2000 mean for February, May, 
August and November of 2007. 

In the North Pacific, no remarkable anomalies were observed in February. In May, positive 
anomalies developed from the equatorial region around 150°E to off the west coast of North 
America, and positive anomalies exceeding +1°C were observed around 30°N, 150°W. In 
August, the positive anomalies that were observed around the dateline south of the Aleutian 
Islands in May moved slightly eastward and exceeded +1.5°C. Negative anomalies exceeding 
–2°C were observed east and west of the positive anomalies south of the Aleutian Islands. In 
November, the positive anomalies south of the Aleutian Islands intensified to more than +1°C 
and spread from the area east of Japan to north of Hawaii, while negative anomalies were 
observed from the Bering Sea to the west coast of North America. 

In the equatorial Pacific, negative anomalies of less than –0.5°C were observed around 
130°E in February. These negative anomalies extended eastward, exceeding –2°C in May and 
continuing through August. They had intensified and extended from the area west of the 
dateline to the coast of Peru by November. 

In the South Pacific, positive anomalies were observed along the coast of South America in 
February before disappearing and being replaced by negative anomalies in May. These 
negative anomalies were enhanced from May through November. Negative SST anomalies 
were also observed from the western to the central region around 30°S in February, and turned 
positive in May. Positive SST anomalies were observed from the western equatorial Pacific 
Ocean southeastward to the central South Pacific. 
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In the Indian Ocean, positive and negative anomalies were observed in the Arabian Sea and 
the Bay of Bengal respectively in February, and the negative anomalies shrank in May. 
Positive SST anomalies were observed in the western and central Arabian Sea throughout the 
year. Positive anomalies were also dominant in the western and central Indian Ocean before 
disappearing in the western part and remaining in the central part. Southeast of Madagascar 
Island, positive anomalies exceeding +2°C were observed in February before shrinking in 
May. 

In the North Atlantic, positive anomalies were dominant north of 45°N throughout the year, 
and exceeded +2°C in August. On the east coast of North America, negative SST anomalies 
were observed from February through May before shrinking in August. 

In the South Atlantic, SST anomalies around 40°S on the east coast of South America were 
positive in February and November before turning negative in August. Negative anomalies 
were observed around 50°S from May through August. 
 

 
Figure 2.1.1  A time-series representation of annual departures of global average SST from the 1971–2000 

mean for the period 1891–2007. The blue bars represent annual departures, the red line shows the five-year 
running mean and the green line the long-term linear trend. 
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(a) February 2007 (b) May 2007 

(c) August 2007 (d) November 2007 

Figure 2.1.2  Monthly mean SST anomalies based on the 1971–2000 mean for (a) February, (b) May, (c) 
August and (d) November of 2007 

 

1.2  El Niño and La Niña  

The term El Niño refers to a climatologic phenomenon in which sea surface temperatures 
(SSTs) across the region from the central equatorial Pacific to just off the coast of Peru stay 
above normal for around 6 to 18 months. A contrasting phenomenon in which SSTs in the 
same area stay below normal is referred to as La Niña. These two basin-scale phenomena are 
known to be closely related to variations in the trade winds that blow perpetually westward 
over the equatorial Pacific Ocean. These trade winds build in intensity during La Niña 
conditions and ease during El Niño conditions. The determining factor behind the intensity of 
trade winds is the disparity in sea-level pressure (SLP) between the eastern and western 
equatorial Pacific. This difference, which fluctuates in a seesawing action, is known as 
Southern Oscillation. El Niño/La Niña and Southern Oscillation are not independent of each 
other, but are in fact different manifestations of a single phenomenon in which the atmosphere 
and the ocean are closely intertwined. This single phenomenon is referred to as El Niño 
Southern Oscillation, or ENSO for short. As changes in SST in the central to the eastern 
equatorial Pacific are in most cases preceded by changes in the subsurface temperature, it is 
essential to monitor conditions deep in the ocean in order to follow the development of El 
Niño/La Niña phenomena.  

Figure 2.1.3 (b) shows a time-series representation of monthly mean SST departures from 
the reference value (defined as the most recent 30-year mean SST) averaged over the El Niño 
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monitoring region (5°N–5°S, 150°W–90°W; see Figure 2.1.3 (a)). The SST departure values 
remained above normal from the summer of 2006, turned neutral in February 2007, and 
stayed below –0.5°C after April 2007. The five-month running mean SST departure values 
remained below –0.5°C for more than six months from April 2007, which fulfilled JMA’s 
criterion for the definition of a La Niña event. As of the end of 2007, this La Niña event 
remained ongoing. 

Figure 2.1.3 (c) shows a time-series representation of the Southern Oscillation Index (SOI), 
defined as the difference between SLP anomalies observed in Tahiti in the Southern Pacific 
Ocean and in Darwin, Australia. Generally, SOI swings toward the negative during El Niño 
events and toward the positive during periods of La Niña. During the spring of 2007, the 
five-month running mean SOI was around zero, with short-term fluctuations in cycles of 
roughly two to three months. From the summer of 2007 onward, the five-month running mean 
SOI continued in positive territory, reflecting the ongoing La Niña event. 

Figures 2.1.2 (a), (b), (c) and (d) show the monthly mean SST anomalies for February, May, 
August and November of 2007 respectively. In the equatorial Pacific, negative SST anomalies 
that were observed around 130°E in February spread and intensified in May, exceeding –2°C 
in its eastern parts. These negative anomalies continued in the eastern region through August 
before intensifying and spreading to the central region in November. 

Figures 2.1.4 (a), (b), (c) and (d) show subsurface water temperatures and their anomalies to 
a depth of 400 m along the equator in the Pacific Ocean for February, May, August and 
November of 2007 respectively. Under normal conditions, the thermocline, which is marked 
by a thin layer where the temperature drops abruptly with depth (roughly equivalent to the 
depth of the 20°C isothermal line), has an uphill gradient toward the east. In February, 
negative anomalies exceeding –4°C were observed in eastern parts. From May to August, 
positive anomalies exceeding +1°C were observed in western parts, and the negative 
anomalies in eastern parts continued. In November, negative anomalies exceeding –1°C were 
observed from central to eastern parts from the sea surface to a depth of 200 m, while the 
positive anomalies in western parts intensified. 
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(a) 
 

(b) 

  
Year 

(c) 

 
Year 

Figure 2.1.3 (a) The El Niño monitoring region (shaded in orange) and the locations of Darwin (Australia) and 
Tahiti. (b) A time-series representation of monthly mean SST departures (°C) from the reference value 
(defined as the most recent 30-year mean SST) averaged over the El Niño monitoring region (5°N–5°S, 
150°W–90°W), and (c) a time-series representation of the Southern Oscillation Index for 1978–2007. The thin 
lines represent the monthly mean, and the thick lines show the five-month running mean. The durations of El 
Niño events (defined as periods during which the five-month running mean SST departure stays above +0.5°C 
for six consecutive months) are shown as red boxes, and those of La Niña events (when the value stays below 
–0.5°C for six consecutive months) are shown as blue boxes in (b). The red and blue areas in (c) designate 
periods of negative and positive SOI respectively. 
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(a) February 2007 (b) May 2007 

(c) August 2007 (d) November 2007 

Figure 2.1.4  Longitude-depth plots for subsurface water temperatures and their anomalies along the equator in 
the Pacific Ocean for (a) February, (b) May, (c) August and (d) November of 2007. Anomalies are based on 
the 20-year mean from 1987 to 2006. 
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1.3  Sea ice in the Arctic and Antarctic areas 

Figure 2.1.5 shows interannual variations of the sea ice extent in the Arctic Ocean 
(including the Sea of Okhotsk and the Bering Sea), the Antarctic Ocean, and the sum of both 
(denoted as Globe). 

In the Arctic Ocean, deviation of the sea ice extent from the 1979–2000 mean was positive 
from 1979 to 1987. The extent decreased from 1987 to 1990, and the deviation turned 
negative in 1989. It has remained negative since that time, while the sea ice extent was near 
normal in 1993 and has followed a significant downward trend since 2001. In 2007, the 
lowest seasonal minimum sea ice extent in the Arctic Ocean was recorded, and the 
second-lowest seasonal maximum sea ice extent (next to 2006) since statistics began in 1979 
was seen.  

In the Antarctic Ocean, the extent had shown no significant tendency as of 2005. 
The sum of the sea ice extents in both oceans has shown negative deviation since 1996, 

mainly reflecting the negative tendency in the Arctic Ocean. In 2007, the third-lowest 
seasonal minimum of the global sum was recorded (next to 2006 and 2005), and the lowest 
seasonal maximum since 1979 was also seen. 

 

 

Figure 2.1.5  Time-series representations 
of the normalized anomalies of sea ice 
extent in the Arctic Ocean, the Antarctic 
Ocean and their sum (denoted as Globe). 
The thin red lines indicate normalized 
anomalies observed twice a month, and the 
thick blue lines indicate their three-year 
running means. The normalized anomalies 
are the departures from the 1979–2000 
means divided by the standard deviations to 
facilitate comparison of these three 
variations. The sea ice extent is based on 
data from the Scanning Multifrequency 
Microwave Radiometer (SMMR) on board 
NIMBUS-7 from November 1978 to July 
1987 and the Special Sensor 
Microwave/Imager (SSM/I) on board the 
Defense Meteorological Satellite Program 
(DMSP) from July 1987 to December 2007. 
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2  The western North Pacific and the seas adjacent to Japan 

2.1 Sea surface temperature and ocean currents in  the western North Pacific  
2.1.1  Sea Surface Temperature 

Figure 2.2.1 shows the rates of increase in the annual mean SST around Japan by area for 
the period 1900 to 2007 (ºC/100 years).  SSTs have risen by +0.7ºC to +1.7ºC over the last 
100 years in the seas around Kyushu and Okinawa, the central and southern Sea of Japan, and 
the seas south of Japan. The rate of increase in SST in the seas around Japan is higher than 
that of oceans globally (0.5ºC/100 years). 

Figure 2.2.2 shows monthly mean SST anomalies for February, May, August and November 
2007. In January and February, SSTs in the seas adjacent to Japan were above normal. In 
particular, positive anomalies exceeding +2ºC were seen in the Sea of Japan, the East China 
Sea and the sea east of Honshu; these were likely caused by weak cold air outbreaks from the 
Eurasian continent. These positive anomalies shrank from March to April, and negative SST 
anomalies dominated around Japan in May. In June, SSTs were temporarily above normal in 
the Sea of Japan and the seas off Kushiro and Sanriku. From July to early August, SSTs 
exceeding 31ºC were seen in the areas of 15°N–30°N, 115°E–130°E and 15°N–20°N, 
130°E–155°E as a result of strong sunshine and calm weather brought by a dominant North 
Pacific anticyclone. 

Figure 2.2.3 shows the areas where the highest SSTs have been recorded since satellite data 
became available in 1985. From August to December, SSTs in the seas adjacent to Japan were 
above normal. 

 

Figure 2.2.1  Rates of mean SST rise from 1900 to 2007 (ºC/100 years).  Areas marked ‘＊’ are those where 
no significant value has been estimated due to large SST variability factors such as decadal oscillation. 
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（a） （b） 

（c） （d） 

Figure 2.2.2  Monthly mean SST anomalies (ºC) based on the 1971–2000 mean in the western North Pacific for 
(a) February, (b) May, (c) August and (d) November of 2007 

 
Figure 2.2.3  Red areas denote the sea regions where the highest 10-day mean SST since 1985 was recorded in 
early August 2007. 
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2.1.2  Ocean Currents 
(1) The Kuroshio 

In January, the Kuroshio took a slight meandering path south of Shikoku, and the meander 
moved eastward to the area off Tokai. From late February to mid-June, the Kuroshio took a 
meandering path off Tokai, and the southernmost part of the meander reached the area south 
of 31°N in April. In late June, the southern part of this meandering path was cut off, and the 
Kuroshio’s main current flowed eastward along 33°N from the area off Tokai to the Izu Ridge.  

In the vicinity of the Izu Ridge from August to September, the Kuroshio flowed along the 
margin of a cold eddy that moved westward along 33°N from the area southeast of the Boso 
Peninsula and flowed far away from it. An isolated cold eddy then moved westward along 
30°N and reached the area southeast of Tanegashima Island in December. The Kuroshio began 
to flow along the margin of the cold eddy in late December. 
 
(2) The Oyashio 

The southernmost position of the coastal branch of the Oyashio moved gradually southward 
from January to February, reaching 39°N, 143°E and staying from late February to 
mid-March before turning and moving northward. Meanwhile, the offshore branch of the 
Oyashio reached 39°N, 147°E in April and stayed near 39°N–40°N, 147°E until July. After 
August, both branches moved gradually northward, and the Oyashio disappeared east of 
Honshu and south of 42°N in late November. 

In November and December 2007, the area of Oyashio cold water (with temperatures less 
than 5ºC at a depth of 100 m) was the smallest since December 1997 (Figure 2.2.4). 
 

 
Figure 2.2.4  The red line is a time-series representation of the area of Oyashio cold water (in units of 10,000 

km2) in the sea east of Honshu (south of 43°N, between 141°E–148°E). The blue line and green band denote 
the 1971–2000 mean and its normal range respectively. 
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2.2  Sea level around Japan 

According to the Working Group I contribution to the IPCC (Intergovernmental Panel on 
Climate Change) Fourth Assessment Report released in February 2007, the global average sea 
level rose at an average rate of 1.8 [1.3 to 2.3] mm/year from 1961 to 2003. The rate was 
faster from 1993 to 2003 at about 3.1 [2.4 to 3.8] mm/year (the values in square brackets 
show the range of uncertainty).  

Unlike the global average, however, no clear rise in sea level is seen along the Japanese 
coast over the last 100 years, as shown in Figure 2.2.5. The maximum sea level appears 
around 1950, and near-20-year (bidecadal) variation is dominant. As for recent rising trends, 
after the mid-1980s when the minimum value appeared, a high rate of 3.2 [2.2 to 4.2] 
mm/year is calculated from 1985 to 2007. In contrast to the globally averaged rate noted in 
the IPCC report, the rate along the Japanese coast is 0.9 [0.4 to 1.4] mm/year from 1961 to 
2003 and 5.0 [2.3 to 7.7] mm/year from 1993 to 2003. 

Figure 2.2.5 shows the tide gauge stations assessed as being affected to a lesser extent by 
crustal movement along the Japanese coast.  

The annual mean sea level around Japan in 2007 was 3.6 cm higher than the normal value 
(i.e. the mean from 1971 to 2000), and is ranked as the fifth highest since 1960. The ten 
highest values (except the sixth-highest recorded in 1972) were observed during the ten-year 
period from 1998 to 2007. The sea level around Japan has remained higher than normal for 
recent years. 
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Figure 2.2.5  A time-series representation of annual mean sea-level values (1906–2007) and the location of tide 

gauge stations 
Tide gauge stations assessed as being affected to a lesser extent by crustal movement are selected. The four 
stations shown in the map on the left are selected for the period from 1906 to 1959, while the 16 shown on the 
right are for the period after 1960. From 1906 to 1959, a time-series representation of the mean value of the 
annual mean sea-level anomalies for the selected stations is shown. After 1960, cluster analysis was first 
applied to sea-level observation data for the selected stations along the Japanese coast, with the Japanese 
Islands divided into the following four regions according to sea-level variation characteristics: I: the 
Hokkaido-Tohoku district, II: the Kanto-Tokai district, III: the Pacific coast of Kinki - Pacific coast of Kyushu 
district, IV: the Hokuriku-East China Sea coast of Kyushu district.  
Then, by averaging region-mean values of annual mean sea-level anomalies, a time-series representation for 
the Japanese Islands overall was obtained, as shown in the figure. In both cases, the normal is the 1971 to 2000 
average. The blue line represents the five-year running mean of sea-level anomalies at the four stations, while 
the red line represents this value for the four regions. Among the tide gauge stations, those at Oshoro, 
Kashiwazaki, Wajima and Hosojima belong to the Geographical Survey Institute, while Tokyo (Shibaura) 
station belongs to the Japan Coast Guard. 
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Figure 2.2.6 shows time-series representations of the mean value of annual mean sea-level 
anomalies after 1960 at the stations involved in each region shown as Ⅰ,Ⅱ,Ⅲ, and Ⅳ in 
the map on the right of Figure 2.2.5. Because of the Kuroshio meander that occurred from 
July 2004 to August 2005, the sea level along the coast from the Kanto district to the Tokai 
district varied significantly from 2004 to 2006. When this meander occurred, a flow branching 
off from its main stream ran westward along the coast from Kanto to Tokai, and seawater was 
transported ashore under the influence of the earth’s rotation. As a result of the effect of the 
westward flow and thermal expansion in the seawater, the sea level in 2004 was 8.6 cm higher 
than normal. A cold eddy formed in the northern area of the Kuroshio’s meander; as it ended 
and the westward flow disappeared in 2005, cold seawater covered the coast of these districts. 
As a result, the sea level along the coast from Kanto to Tokai fell after 2005, and in 2006 was 
3 cm lower than the normal value. The sea level along the Pacific coast from Kinki to Kyushu 
in 2007 was 2.9 cm lower than that in 2006, while the average value over the four sea areas 
was 1.6 cm higher than that in 2006. Of particular note was the sea level along the coast from 
Kanto to Tokai in 2007, which rose by 6.1 cm compared to that in 2006. This is attributed to 
the fact that cold water off the coast of Tokai declined in influence and the subsurface 
temperature off the coast of Shikoku decreased. 

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Year

I: Hokkaido - Tohoku
II: Kanto - Tokai
III: Pacific coast of Kinki - Pacific coast of Kyushu
IV: Hokuriku - East China Sea coast of Kyushu
Average

10 cm

 
Figure 2.2.6  Time-series representations of annual mean sea-level anomalies (1960–2007) for the four regions 

shown in Figure 2.2.5. The average value for the four regions is also shown. The normal is the 1971–2000 
average. Each line has been shifted by 10 cm for clarity. 

 
At a constant sea surface pressure, sea level varies with the salinity of water as well as with 

the temperature of that, which are factors that affect seawater density. JMA has been 
conducting oceanographic observation using research vessels in the seas around Japan and in 
the western North Pacific since the 1960s. Based on the profiles of seawater temperature and 
salinity obtained, seawater density and sea surface dynamic height are calculated. Figure 2.2.7 
shows temporal variations in the sea surface dynamic height at representative ship observation 
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points for three sea areas around Japan (consisting of (A) the Sea of Japan, (B) the East China 
Sea, and (C) the sea south of Honshu) together with values measured at the tide gauge station 
nearest to each observation point. The trends in the long-term variation of dynamic height at 
ship observation points A, B and C are similar to those of the sea level at the corresponding 
stations of Toyama, Naha and Chichijima respectively. This indicates that variations in the sea 
level along the Japanese coast are mainly influenced by those of the subsurface seawater 
density around the country. The anomalies in sea surface dynamic height at the respective 
oceanographic observation points have been increasing since the mid-1980s (from 1985 to 
2007), which corresponds to the rise in sea level at the tide gauge stations.  

 
 

 
Figure 2.2.7  Map showing the oceanographic 

observation points (A, B and C) and the nearest 
tide gauge stations to Toyama, Naha and 
Chichijima (panel above), and time-series 
representations of anomalies in sea surface 
dynamic height at each oceanographic observation 
point and anomalies in sea level at the nearest tide 
gauge station (panels on the right). The periods of 
oceanographic observation are 1973–2007 at point 
A, 1972–2007 at point B and 1976–2007 at point 
C. The anomaly in the sea surface dynamic height 
is shown as the deviation from the normal value, 
calculated using profiles of subsurface 
temperature and salinity. The blue lines represent 
variations in dynamic height at the oceanographic 
observation points, while the red ones indicate 
variations in sea level at the corresponding tide 
gauge stations. The normal values for the 
oceanographic observation points are the 
1973–2000 average at A, the 1972–2000 average 
at B and the 1976–2000 average at C. The normal 
values for the tide gauge stations are the 
1971–2000 average at Toyama and Naha, and the 
1976–2000 average at Chichijima. 
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2.3  Sea ice in the Sea of Okhotsk 

From December 2006 to May 2007, the sea ice extent in the Sea of Okhotsk was nearly 
normal (i.e. close to the 30-year average from 1970/1971 to 1999/2000) from December to 
January and below normal from February to May. In mid-March in particular, it approached 
the lowest level on record (Figure 2.2.8). On March 5, the sea ice extent reached its seasonal 
maximum of 107.28 × 104 km2, which was lower than the normal seasonal maximum (122.83 
× 104 km2). In December 2007, the sea ice extent in the Sea of Okhotsk was below normal 
(Figure 2.2.8). 

Although the accumulated sea ice extent in the Sea of Okhotsk shows large interannual 
variations, a modest downward trend for the period from 1971 to 2007 is seen. In 2006, the 
accumulated sea ice extent was at its lowest level since 1971.  In 2007, the accumulated sea 
ice extent was 84% of the normal (Figure 2.2.9). 

 
Figure 2.2.8  Seasonal variations of sea ice extent in the Sea of Okhotsk from December 2006 to May 2007 and 

December 2007. The normal is the 30-year mean from 1970/1971 to 1999/2000. 

 
Figure 2.2.9  Time-series representations of maximum sea ice extent (red) and accumulated sea ice extent 

(green) values in the Sea of Okhotsk from 1971 to 2007. The term accumulated sea ice extent refers to the 
seasonal sum of sea ice extents at five-day intervals from December to May. 
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2.4  Marine pollution in the western North Pacific 

Activities based on an international framework are essential in the prevention of marine 
pollution. In Japan, the Law Relating to the Prevention of Marine Pollution and Maritime 
Disaster took effect in 1971 against a background of discussion on the adoption of the 
Convention on the Prevention of Marine Pollution by Dumping of Wastes and other Matter 
(a.k.a. the London Dumping Convention, or LDC) and the International Convention for the 
Prevention of Pollution from Ships (a.k.a. the MARPOL73/78 Convention). For the purposes 
of preventing marine pollution and preserving the marine environment based on this law, the 
Japan Meteorological Agency (JMA) has been monitoring background marine pollution since 
1972.  
 
2.4.1  Floating pollutants (plastics) 

Floating pollutants are counted by observers from the bridges of research vessels during the 
daytime. When floating pollutants are found, their location, shape classification, size, number 
of pieces and time of observation are recorded (“NIL” is noted if no pollutant is found). The 
data observed are arranged by adding together the numbers of floating pollutants counted 
along cruise tracks of 100 km each.  

Figure 2.2.10 shows the distribution of floating plastics in the four seasons of 2007. A black 
circle whose size corresponds to the number of plastics found is plotted on the ship’s position 
at noon of each day (“+” symbols denote “NIL”). Floating pollutant concentrations of more 
than 50 pieces/100 km were observed in some regions adjacent to Japan from winter to 
summer in 2007. In addition, 10–20 pieces/100 km were also observed around the Kuroshio 
and the Kuroshio Extension.  

Figure 2.2.11 shows the interannual variation in the number of floating pollutants observed. 
In the sea adjacent to Japan, the number in 2007 was 10.3 pieces/100 km, slightly up from the 
7.4 pieces/100 km value of 2006. In this area, the floating pollutant concentration peaked 
from 1988–1990, gradually decreased until the early 2000s and then gradually increased again. 
Conversely, the number of floating pollutants observed along the observation line of 137°E to 
the south of 20°N shows a slightly increasing trend since 1996 rather than a decreasing one.  
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Figure 2.2.10  Floating pollutants (plastics) observed in 2007 (a) winter, (b) spring, (c) summer and (d) autumn. 

“+” symbols denote that no pollutant was found during the daytime. 
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Figure 2.2.11  Time-series representations of floating pollutant amounts (in pieces/100 km) in the sea adjacent 
to Japan (blue line), at 20–30°N along 137°E (green line) and at 0–20°N along 137°E (red line), and the area of 
observed sea adjacent to Japan (A) and the observation line of 137°E (B) (right) 

 
2.4.2  Floating tarballs (particulate petroleum residue) 

Tarballs are the remnants of oil spills, and come from bilge water discharged by ships or 
crude oil stemming from sea disasters. They lose volatile components through the weathering 
process, and finally form ball-like shapes. Their diameter is usually between one and several 
millimeters, but they very occasionally also reach tens of centimeters. Floating tarballs are 
gathered using a neuston net (with a mouth width of 75 cm or 50 cm and a mesh size of 0.35 
mm) that is fed out from the research vessel and towed 1.5 nautical miles (about 2.8 km). The 
tarball density (in units of mg/m2) is then calculated by dividing the weight of the tarballs 
gathered by the area that the mouth of the neuston net has passed through. This information is 
then recorded along with other details of observation, including the station location and the 
time and date. (If no tarballs are gathered, “NIL” is recorded).  

The distribution of tarballs observed in 2007 is shown in Figure 2.2.12. Black circles whose 
size corresponds to the observed tarball density (mg/m2) are plotted at the position of each 
observational station (“+” symbols denote “NIL”). In 2007, a very low number of tarballs 
were collected around the Kuroshio Current at 137°E in spring. Since 1996, tarballs have 
rarely been collected in the western North Pacific. 
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Figure 2.2.12  Distribution of floating tarballs in 2007 (a) winter, (b) spring, (c) summer and (d) autumn. “+” 

symbols denote that no tar was collected. 
 

2.4.3  Heavy metals 
Heavy metals are a group of elements that have specific gravities of greater than 4–5. 

Although living organisms require many kinds of heavy metal, some of them are detrimental 



 
 
 

52

to the body. JMA sets mercury and cadmium as monitoring items, as they tend to accumulate 
in organisms and can cause serious injury.  

Table 2.2.1 shows the concentrations of mercury and cadmium in surface seawater observed 
in 2007 (the observational stations are shown in Figure 2.2.13).  

The highest concentration of mercury was 12 ng/kg, observed by the station at 30°N, 137°E. 
This concentration is lower than 1/40 of the environmental quality standards value for public 
water areas provided by the Environmental Quality Standards for Water Pollution (Bulletin 
No. 59, 1971, Environmental Agency). The highest concentration of cadmium, 67 ng/kg, was 
observed in the area south of Hokkaido. This is approximately 1/150 of the above 
environmental quality standards value. The concentrations of mercury and cadmium are 
therefore within the limits of a natural background level.  

It is well known that cadmium concentration in seawater shows a high correlation with 
phosphate concentration, and that their vertical profiles are similar to each other. Since the 
area south of Hokkaido roughly corresponds to the Oyashio area, which is abundant in 
nutrients such as phosphates, higher concentrations of cadmium can be detected more than in 
the area south of Honshu. This region roughly corresponds to the Kuroshio area, which is not 
abundant in nutrient salts.  
 
Table 2.2.1  Concentrations of mercury and cadmium in surface seawater observed in 2007 
* Environmental quality standards value, converted into ng/kg units (provided by Environmental Quality 

Standards for Water Pollution (Bulletin No. 59, 1971, Environmental Agency))  
Area Mercury Cadmium 

South of Hokkaido 1–9 15–67 
Sea of Japan 1–3 13–28 

Off the Boso Peninsula 1–6 1–11 
South of Honshu 1–7 0–8 

Seas adjacent to 
Japan 

East China Sea 0–7 0–8 
137°E Line 
20°N–30°N 2–12 0–6 Western North 

Pacific 137°E Line 
5°N–15°N 1–7 0–19 

Environmental Quality Standards * 500 10,000 
 
 
 
 
 
 
 
 
Figure 2.2.13  Observational stations for heavy 
metals (mercury and cadmium). The red circles denote 
observational stations in the seas adjacent to Japan, 
and the red line denotes the 137°E meridian on which 
observational stations are set at 5° intervals of latitude. 
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Part III  Atmospheric Environment 
Environmental policies should be based on a scientific understanding of the current state of 

our environment and its changes.  To this end, JMA conducts observations on the 
atmospheric environment as part of worldwide observation networks such as the WMO’s 
Global Atmosphere Watch (GAW) programme.  

Section 1 of this part outlines the results of observation on greenhouse gases and aerosols. 
Surface concentrations of carbon dioxide (CO2) and methane (CH4) have been observed at 
three stations in Japan, and their concentrations in the upper troposphere (at altitudes of 8–13 
km) have been observed using commercial passenger aircraft. Concentrations in the air and 
the seawater of the western North Pacific have also been observed using research vessels. 
Noting their effects on the global climate, atmospheric turbidity has been observed from 
direct solar radiation measurements at four stations, and aerosol optical depths have been 
observed at three stations in Japan.  

Section 2 deals with the results of observation on the ozone layer and UV (except for 
ozone-depleting substances, which are covered in Section 1 as greenhouse gases). The details 
are also available in the Annual Report of Ozone Layer Monitoring: 2007. The location of the 
stations used to observe greenhouse gases, direct solar radiation, the ozone layer and UV are 
shown in Figure 3.1.1.  

Section 3 covers the results of observation on Aeolian dust (Kosa) and acid rain.  
JMA operates the WMO World Data Centre for Greenhouse Gases (WDCGG) to gather, 

archive and provide data on greenhouse gases throughout the world. The archived data can be 
accessed globally through the Internet (http://gaw.kishou.go.jp/wdcgg/wdcgg.html), enabling 
its use in various studies on the carbon cycle among the atmosphere, the ocean and the 
biosphere, as well as on projections of global warming. 

 
Figure 3.1.1  Map of observation stations for greenhouse gases (three stations), direct solar radiation (four 

stations) and the ozone layer and UV-B radiation (four stations)  



 
 
 

54

1  Monitoring of greenhouse gases and ozone-depleting substances  

1.1  Greenhouse gases and ozone-depleting substances in the atmosphere 

Table 3.1.1 shows the global concentrations of greenhouse gases analyzed from data 
reported to the WDCGG by 2007. Global mean atmospheric concentrations of carbon dioxide 
(CO2) and nitrous oxide (N2O) continue to increase, while that of methane (CH4) remains 
almost constant. Global mean concentration of carbon monoxide (CO, which itself is not a 
greenhouse gas but affects the concentrations of greenhouse gases) shows no significant trend. 
 
Table 3.1.1  Global mean concentrations of greenhouse gases 

Atmospheric concentration Property  
Parameter Pre-industrial 

level 
Global mean in 2006 

(growth rate from 
pre-industrial level) 

 
Increase  

from  
previous year 

Lifetime 
(in years) 

Radiative forcing**
(W/m2) 

CO2 ~ 280 ppm 381.2 ppm 
(+36%) 

+2.0 ppm - 1.66 
[1.49–1.83] 

CH4 ~ 700 ppb 1,782 ppb 
(+155%) 

-1 ppb 
12 

0.48 
[0.43–0.53] 

N2O ~ 270 ppb 320.1 ppb 
(+19%) 

+0.8 ppb 
114 

0.16 
[0.14–0.18] 

CO*  Approx. 94 ppb -3 ppb ~ 0.25 - 
*  CO is not a greenhouse gas, but affects the atmospheric concentrations of greenhouse gases through various 
chemical reactions.  
** Radiative forcing is a measure of the influence that a factor exerts in altering the balance of incoming and 
outgoing energy in the earth-atmosphere system, and is an index of the importance of the factor as a potential 
climate change mechanism. It is expressed in Watts per square meter (Wm-2). 
 
1.1.1  Carbon Dioxide 

Of all the greenhouse gases, CO2 is the most significant contributor to global warming. The 
atmospheric concentration of CO2 has been increasing as a result of emissions from various 
human activities such as fossil-fuel combustion, cement production and deforestation. Among 
these activities, the combustion of fossil fuels accounts for about three quarters of all 
anthropogenic CO2 emissions.  

Figure 3.1.2 shows time-series representations of atmospheric CO2 concentrations at Ryori 
(Japan), Mauna Loa (Hawaii, USA) and the South Pole. These concentrations have been 
observed since 1957 at the South Pole, since 1958 at Mauna Loa and since 1987 at Ryori. The 
concentrations at the South Pole and Mauna Loa were about 315 ppm at the beginning of the 
observation period, and have been increasing gradually with seasonal variations. Analysis by 
the WDCGG shows that the global mean annual atmospheric CO2 concentration was 381.2 
ppm in 2006, a 2.0 ppm increase from 2005. This is 36% higher than the 280 ppm value 
considered to be the prevailing level before the industrial era. 
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Figure 3.1.2  Time-series representations of monthly mean atmospheric CO2 concentrations at Ryori (Japan), 

Mauna Loa (Hawaii, USA) and the South Pole, based on data from the WDCGG and the Carbon Dioxide 
Information Analysis Center in the USA  

 

 

 

 
Figure 3.1.3  Three-dimensional representations of monthly variations in zonally averaged atmospheric CO2 

distribution (concentrations (top) and growth rates (bottom)). This analysis was performed using data archived 
by the WDCGG. 
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Figure 3.1.3 shows variations in zonally averaged atmospheric CO2 concentrations and 
growth rates produced by the WDCGG using archived data from all over the world. The 
concentrations are high in mid and high latitudes in the Northern Hemisphere, and decrease 
toward the southerly latitudes. This latitudinal distribution of CO2 concentration is ascribed to 
the existence of major CO2 sources in the mid and high latitudes of the Northern Hemisphere. 
The seasonal variation (a decrease from spring to summer and an increase from summer to the 
following spring) is mainly due to the activity of the terrestrial biosphere, and the amplitude is 
smaller in the Southern Hemisphere because of the small land area. In both hemispheres, 
atmospheric CO2 concentrations are increasing year by year. The global mean growth rate 
during the 1983–2006 period was 1.7 ppm/year. 

Figure 3.1.4 shows monthly mean atmospheric CO2 concentrations, deseasonalized trends 
and growth rates at Ryori, Minamitorishima and Yonagunijima. The deseasonalized trends are 
obtained by filtering out variations in time scales shorter than a season. At all stations, CO2 
concentrations increase with seasonal variation in relation to photosynthesis and respiration in 
the biosphere. The CO2 concentration at Ryori has a larger seasonal variation than the other 
two stations because of its location at a high latitude, where the atmosphere is significantly 
influenced by biosphere activity. The CO2 concentrations are generally higher at 
Yonagunijima than at Minamitorishima despite the almost identical latitudes of the two 
locations. This reflects the influence of anthropogenic and wintertime biospheric emissions 
from the Asian continent.  
 

 
 

Figure 3.1.4  Time-series representations of monthly mean atmospheric CO2 concentrations, deseasonalized 
concentrations (top) and growth rates (bottom) at Ryori, Minamitorishima and Yonagunijima 

 
 

The annual mean CO2 concentrations in 2007 were 386.6 ppm at Ryori, 384.6 ppm at 
Minamitorishima and 386.3 ppm at Yonagunijima. Compared with the previous year, the 
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values increased by 1.3 ppm, 0.9 ppm and 1.7 ppm respectively. At Minamitorishima, data for 
September and October (when CO2 concentrations are normally low) were not obtained in 
2006 because of typhoon damage, meaning that the growth rate from 2006 to 2007 may be 
estimated as smaller than the actual value. 

Growth rates of CO2 concentrations are not constant. Figure 3.1.3 shows globally higher 
growth rates during 1983, 1987–1988, 1994–1995, 1997–1998, 2002–2003 and 2005, and 
significantly decreased levels for 1992–1993 when negative growth rates were observed in 
northern high latitudes. Corresponding variations in CO2 growth rates were observed at three 
Japanese stations (as shown in Figure 3.1.4) and at high altitudes over the Pacific Ocean (as 
shown in Figure 3.1.5).  

The increases in the CO2 growth rate from 1997 to 1998 and from 2002 to 2003, as well as 
the subsequent decreases, are related to the 1997/1998 and 2002/2003 El Niño events 
respectively. El Niño events have two opposite effects on the atmospheric concentration of 
CO2. On one hand, the suppressed upwelling of CO2-rich ocean water reduces CO2 emissions 
from the ocean into the atmosphere in the eastern tropical Pacific. On the other hand, warmer 
and drier weather strengthens CO2 emissions from the terrestrial biosphere (particularly in 
tropical regions) through the strengthening of plant respiration and organic soil decomposition 
as well as the depression of photosynthesis. In total, the latter effect exceeds the former, 
which brings about a net CO2 increase in the atmosphere with a delay of several months. The 
anomalously low precipitation in 1997/1998 (which brought droughts and frequent forest fires 
in Southeast Asia) and the remarkably high global mean temperature in 1998 are considered 
to have strengthened CO2 emissions from the terrestrial biosphere.  

Despite the 1991/1992 El Niño event, the CO2 growth rate decreased significantly during 
1992–1993. Global cooling caused by the eruption of Mt. Pinatubo in June 1991 brought 
about reduced CO2 emissions from terrestrial respiration and strengthened CO2 absorption 
into the ocean. The high growth rates during 2005–2006, this time during a La Niña event 
rather than an El Niño event, may be related to increased CO2 emissions from fossil fuel 
combustion and the global high temperature, with the highest hemispheric mean temperature 
in 2005 and the third-highest in 2006 in the Northern Hemisphere. 

These interannual changes in the CO2 growth rate can be attributed to fluctuations in the 
carbon cycle due to climatic variations. Moreover, fluctuations in this cycle affect the climate 
through the greenhouse effect; the mechanism of the carbon cycle system, including its 
interannual variations, should therefore be clarified to enable accurate projection of global 
warming. 

The Meteorological Research Institute and the National Institute for Environmental Studies 
have carried out measurement of greenhouse gases such as CO2 at altitudes of 8–13 km using 
commercial passenger aircraft between Japan and Australia in cooperation with the JAL 
Foundation, the Ministry of Land, Infrastructure, Transport and Tourism, and Japan Airlines. 
Figure 3.1.5 shows time-series representations of atmospheric CO2 concentrations and growth 
rates obtained from this measurement. The values increase as seen in surface measurements at 
all latitudes, although the amplitudes of seasonal variations are smaller. In the Southern 
Hemisphere, variations are more complicated, and include a double-peak seasonality in some 
cases. 
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Figure 3.1.5  Time-series representations of concentrations (dots), deseasonalized trends (blue lines) and growth 
rates (red solid lines) for CO2 averaged over five-degree latitudinal zones observed at altitudes of 8–13 km. 
The data used in this analysis were collected from commercial flights between Japan and Australia. 
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1.1.2  Methane 
Methane (CH4) is the second most significant greenhouse gas after CO2, and is emitted into 

the atmosphere from various sources including wetlands, rice paddy fields, ruminant animals, 
natural gas production and biomass burning. CH4 is primarily removed from the atmosphere 
by photochemical reaction with very reactive and unstable hydroxyl (OH) radicals. 

Analysis by the WDCGG shows that the globally averaged atmospheric CH4 concentration 
was 1,782 ppb in 2006. This is 155% higher than the 700 ppb value considered to be the 
prevailing level before the 18th century. 

Figure 3.1.6 shows variations in zonally averaged atmospheric CH4 concentrations from 
1984 to 2006, produced by the WDCGG using archived data from all over the world. The 
concentrations decline southward from mid and high latitudes in the Northern Hemisphere. 
This is because sources of CH4 are mainly land-based, and the Northern Hemisphere has a 
larger area of land than the Southern Hemisphere.  

 

 

 
Figure 3.1.6  Three-dimensional representations of monthly variations in zonally averaged atmospheric CH4 

distribution (concentrations (top) and growth rates (bottom)). This analysis was performed using data archived 
by the WDCGG. 
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Generally, growth rates were lower in the 1990s than in the 1980s, when global mean CH4 
concentrations were increasing in line with growing emissions from anthropogenic sources 
such as activities in agriculture and industry. However, the situation may be in transition to a 
steady state in which the removal of CH4 is balanced with emissions from its sources. The 
mechanism has not yet been fully elucidated, and needs to be watched closely. 

Figure 3.1.7 shows monthly mean concentrations, deseasonalized trends and growth rates 
for atmospheric CH4 at Ryori, Minamitorishima and Yonagunijima. The annual mean 
concentrations reached their highest levels in 2003 except in Ryori, where the concentration 
was even higher in 2007. It is thought that methane-rich air masses transported from the Asian 
continent to Ryori in August 2007 caused higher CH4 concentrations for August. 

The annual mean CH4 concentrations in 2007 were 1,868 ppb at Ryori, 1,805 ppb at 
Minamitorishima and 1,824 ppb at Yonagunijima. Compared with the previous year, the levels 
were the same at Minamitorishima and Yonagunijima, and higher by 9 ppb at Ryori.  

  

 
Figure 3.1.7  Time-series representations of monthly mean concentrations with deseasonalized trends (top) 

and growth rates (bottom) for atmospheric CH4 at Ryori, Minamitorishima and Yonagunijima  
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1.1.3  Nitrous Oxide 
Nitrous oxide (N2O) is a very significant greenhouse gas because of its radiative effect per 

unit mass (about 200 times greater than that of CO2) and its long lifetime (about 114 years) in 
the atmosphere. N2O is emitted into the atmosphere by soil, the ocean, the use of nitrate and 
ammonium fertilizers, and various industrial processes. It is photodissociated in the 
stratosphere by ultraviolet radiation. 

The concentration of atmospheric N2O has been increasing slightly on a global scale. 
According to WDCGG analysis, the global mean concentration of atmospheric N2O was 
320.1 ppb in 2006. This is 19% higher than the 270 ppb value considered to be the prevailing 
concentration before the 18th century.  

Figure 3.1.8 shows a time-series representation of monthly mean N2O concentrations in the 
atmosphere observed at Ryori. Short-term variations are very weak, and no seasonal 
variability is observed. The annual mean N2O concentration was 323.3 ppb in 2007, showing 
a continuation of the slightly increasing trend. 

Figure 3.1.8  A time-series representation of monthly mean atmospheric N2O concentrations at Ryori  
 
1.1.4  Halocarbons 

Halocarbons are carbonic compounds with fluorine, chlorine, bromine or iodine. Most are 
chemically manufactured rather than occurring naturally in the atmosphere. They not only 
destroy stratospheric ozone, but also warm the global atmosphere directly as greenhouse 
gases, and at the same time cool the lower stratosphere indirectly as a result of this 
stratospheric ozone destruction. Most halocarbons have atmospheric concentrations less than 
a millionth of the levels of CO2. However, they contribute significantly to global warming 
because of their radiative effects per unit mass, which are several thousand times greater than 
that of CO2. Furthermore, these effects last a very long time because of the extended lifespan 
of halocarbons in the atmosphere. 

Chlorofluorocarbons (CFCs), which are compounds of carbon, fluorine and chlorine, are 
important halocarbons. Emissions of CFCs are regulated under the Montreal Protocol on 
Substances that Deplete the Ozone Layer and its Amendments and Adjustments. Consequently, 
observation data collected from all over the world by the WDCGG shows that CFC-11 
concentration peaked in 1993 and has declined since then. The increasing tendency of 



 
 
 

62

CFC-12 concentration has slowed since 1996, and has remained almost unchanged in recent 
years. The concentration of CFC-113 had stopped increasing by 1996, and has decreased 
gradually since then. 

Figure 3.1.9 shows time-series representations of monthly mean concentrations of CFC-11, 
CFC-12 and CFC-113 in the atmosphere observed at Ryori, indicating weak short-term 
variations and an absence of seasonal variability. The concentration of CFC-11 peaked at 
about 270 ppt in 1993–1994, and has decreased since then. CFC-12 concentration increased 
until 1995 and increased gradually thereafter, but has remained almost unchanged in recent 
years. The concentration of CFC-113 previously showed little change, but has been 
decreasing gradually since 2004. The annual mean concentrations in 2007 were about 251 ppt 
for CFC-11, about 544 ppt for CFC-12 and about 78 ppt for CFC-113. 

Concentrations of hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs) and 
perfluorocarbons (PFCs), used as substitutes for CFCs, have been increasing in the 
atmosphere. As an example, the Special Report on Safeguarding the Ozone Layer and the 
Global Climate System by the Intergovernmental Panel on Climate Change (IPCC) and the 
Technology and Economic Assessment Panel (TEAP) reported that HCFCs are increasing by 
3–7% per year and HFCs by 13–17% per year. HFCs and PFCs, as well as CO2, CH4 and N2O, 
are the greenhouse gases that are subject to the Kyoto Protocol to the United Nations 
Framework Convention on Climate Change. 
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Figure 3.1.9  Time-series representations of monthly mean concentrations of atmospheric CFC-11 (top), 

CFC-12 (middle) and CFC-113 (bottom) at Ryori  
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1.1.5  Carbon Monoxide 
Sources of carbon monoxide (CO) include the combustion of fossil fuels and biomass and 

the oxidation of methane and other hydrocarbons. CO is removed mainly through reaction 
with OH radicals in the atmosphere. CO in the atmosphere has a lifetime of 2–3 months and 
depends on local emissions, resulting in large spatial and temporal variations. CO is not a 
greenhouse gas in itself because it absorbs hardly any infrared radiation from the earth’s 
surface. However, it is a precursor of tropospheric ozone, and controls the concentrations of 
many greenhouse gases through reaction with OH radicals. 

Analysis by the WDCGG shows that the globally averaged atmospheric CO concentration 
in 2006 was about 94 ppb. Ice-core analysis shows that the concentration of CO in Antarctica 
has remained at approximately 50 ppb with little change over the last 2,000 years. The results 
also suggest that the concentration of CO in Greenland was about 90 ppb before the middle of 
the 19th century, increasing gradually to about 110 ppb by 1950.  

Figure 3.1.10 shows annual variations in the latitudinal distribution of CO concentration 
and its growth rate for the period 1992–2006. There is a clear seasonal cycle of high 
concentrations from winter to spring and low concentrations in summer. The levels are high in 
northern mid and high latitudes and low in the Southern Hemisphere, indicating that the major 
sources are in the northern mid and high latitudes, and that the concentration decreases toward 
the tropical ocean area where CO is destroyed photochemically. 

 Concentrations from the equatorial area to the northern mid and high latitudes increased 
from 1997 to 1998. The large-scale biomass burning in Indonesia in 1997 and forest fires in 
Siberia from summer to autumn in 1998 influenced the increase in CO levels. Concentrations 
from the equatorial area to northern mid and high latitudes also increased from 2002 to 2003. 

Figure 3.1.11 shows time-series representations of monthly mean concentrations and 
deseasonalized trends for atmospheric CO at Ryori, Minamitorishima and Yonagunijima. The 
concentrations show seasonal variations with a peak from winter to early spring and a 
depression in summer. An increase in CO concentration was seen from 1997 to 1998, 
suggesting an influence from the forest fires in Indonesia and Siberia. A smaller increase was 
also seen from 2002 to 2003. The annual mean concentrations in 2007 were 166 ppb at Ryori 
and 158 ppb at Yonagunijima, representing a 1 ppb increase and a 1 ppb decrease from the 
previous year respectively. The CO concentration at Minamitorishima in 2007 was 111 ppb. 
Comparison with the previous year cannot be made for this site because the concentration in 
2006 was not obtained due to equipment problems and typhoon damage. 

The eastern part of the Asian continent is considered to be one of the most active CO 
emission areas due to the region’s lower biofuel combustion efficiency. The concentration at 
Yonagunijima is higher than that at Minamitorishima, despite their almost identical latitudes, 
because Yonagunijima is more influenced by CO emissions from the Asian continent. High 
CO concentrations at Yonagunijima in the first halves of 2003 to 2006 are also thought to be 
influenced by exposure to airflow from the Asian continent.  
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Figure 3.1.10  Three-dimensional representations of the monthly variations in zonally averaged atmospheric 

CO concentrations (top) and growth rates (bottom). This analysis was performed using data archived by the 
WDCGG. 

 
 

 
Figure 3.1.11  Time-series representations of monthly mean concentrations and deseasonalized trends for 

atmospheric CO at Ryori, Minamitorishima and Yonagunijima. Data for Minamitorishima from January 2004 
to October 2006 are missing due to equipment problems and typhoon damage. 
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1.1.6  Tropospheric Ozone 
Atmospheric ozone (O3) is found mostly in the stratosphere, and shields life on earth from 

harmful ultraviolet solar radiation by absorbing it. Tropospheric O3 accounts for under 10% in 
terms of mass, but in high concentrations can cause harm to humans (such as eye or throat 
irritation) and plants. In Japan, the concentration is therefore regulated to an hourly mean of 
below 60 ppb. Tropospheric O3 acts as a significant greenhouse gas because it also has strong 
absorption bands in the infrared and ultraviolet wavelength ranges. It is also a chemically 
reactive gas, and produces OH radicals that control the atmospheric concentrations of many 
greenhouse gases (such as CH4) through chemical reactions.  

Tropospheric O3 is produced by the photochemical oxidation of CH4, CO and non-methane 
hydrocarbons (NMHCs) in environments that are rich in nitrogen oxides (NOx). O3 is 
removed through reaction with hydrogen oxides (HOx, i.e. HO2 and OH). In mid and high 
latitudes, O3 is transported from the stratosphere down to the troposphere, and is destroyed on 
the earth’s surface. As its concentration varies significantly with location, altitude and season, 
observation must be made in rural areas away from urban centers in order to monitor 
long-term variations free from the influence of human activities. 

Figure 3.1.12 shows time-series representations of monthly mean concentrations and 
deseasonalized trends for surface O3 at Ryori, Minamitorishima and Yonagunijima. The level 
at Ryori has slightly increased since the beginning of observation in the 1990s. The 
concentrations usually show seasonal variations with a peak in winter or spring and a 
depression in summer. This summer change is attributed to increased OH radical 
concentrations (which reduce the concentration of O3) as water vapor increases with rising 
temperatures. While Yonagunijima is located in the same latitudinal zone as Minamitorishima, 
the concentration at the former is usually higher than that at the latter. In the eastern part of 
China, the peak of monthly mean ozone concentration is observed in autumn, and the 
maximum exceeds 60 ppb at the Changjiang River Delta. The values at Yonagunijima are 
higher than those at Ryori from autumn to early spring; this is thought to be a result of 
ozone-rich air masses being transported from the Asian continent to Yonagunijima. 

The high concentrations at Yonagunijima and Ryori in the spring of 2003, 2004 and 2005 
were also influenced by air masses from the Asian continent. The annual mean concentrations 
in 2007 were 40 ppb at Ryori, 25 ppb at Minamitorishima and 38 ppb at Yonagunijima, 
representing a change over the previous year of +1 ppb, -5 ppb and -3 ppb respectively. At 
Minamitorishima, the concentration showed a clear decrease in 2007, reaching its lowest level 
since 1994 when observation started. 
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Figure 3.1.12  Time-series representations of monthly mean concentrations and deseasonalized trends for 

surface O3 at Ryori, Minamitorishima and Yonagunijima 
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1.2 Oceanic Carbon Dioxide 

  To enable prediction of atmospheric CO2 concentration and global warming, it is very 
important to evaluate the amount of anthropogenically released CO2 taken up by the ocean. 
On a global scale, it is estimated that the ocean absorbs CO2 at a rate of about 2 PgC (2 x 1015 
grams of carbon) per year (IPCC, 2001). On a regional scale, however, the amount of oceanic 
CO2 absorption changes from place to place. Some areas (such as the equatorial Pacific) emit 
CO2, while the role of other regions as a sink or source of atmospheric CO2 changes from 
season to season.  These geographical non-uniformities and seasonal changes make it 
difficult to estimate the oceanic CO2 uptake as a whole. It is necessary to evaluate the 
absorption or emission of CO2 quantitatively for each region and season in order to reduce the 
uncertainty of the estimates. JMA conducts marine observations of greenhouse gases (CO2, 
CH4, CFCs and N2O) in the air and seawater of the western North Pacific using the research 
vessels Ryofu Maru and Keifu Maru (see the panel on the right of Figure 3.1.13).  

Figure 3.1.13 shows the distributions of the partial pressure difference in CO2 (ΔpCO2) 
between the surface seawater and the air above it as observed by the Ryofu Maru and Keifu 
Maru in winter (January–March), spring (April–May), summer (June–August) and autumn 
(October–November) of 2007. Oceanic and atmospheric CO2 partial pressures are calculated 
using each CO2 concentration (i.e. the mole fraction), barometric pressure and saturated vapor 
pressure. A positive ΔpCO2 value means that the emission of CO2 from the ocean to the 
atmosphere exceeds the absorption, and vice versa. CO2 absorption is predominant over the 
region observed by JMA vessels, except for equatorial regions in winter and south of Japan in 
summer where CO2 emission dominates. 

 
Figure 3.1.13  The results of surface observation of CO2 in 2007. The columns show the partial pressure 
difference in CO2 (ΔpCO2) between the surface seawater and the air above it as observed by the Ryofu 
Maru and Keifu Maru in winter (upper left), spring (lower left), summer (upper right) and autumn (lower 
right) of 2007, in units of μatm. 
 
  The panel on the left of Figure 3.1.14 also shows time-series representations of oceanic and 
atmospheric CO2 concentrations averaged between 7°N and 33°N along 137°E in January and 
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February. In this region, the concentrations of oceanic CO2 are lower than those of 
atmospheric CO2, suggesting that the ocean acts as a sink for atmospheric CO2 in winter. The 
mean growth rate in oceanic CO2 concentration from 1984 to 2007 is 1.6±0.3 ppm/year (the 
range indicated by the symbol ‘±’ represents a confidence limit of 95%), which is nearly 
equal to the 1.7±0.1 ppm/year value for atmospheric CO2 concentration. It is presumed that 
there is no appreciable change in the capacity for CO2 uptake by the ocean in this region, 
because the long-term growth rate in oceanic CO2 concentration is almost equal to that of 
atmospheric CO2 concentration, although the former has larger interannual variability. 
 

  
Figure 3.1.14  Left panel: Time-series representations of oceanic (blue line) and atmospheric (red line) 

CO2 concentrations averaged between 7°N and 33°N along 137°E in winter (January–February) from 
1984 to 2007. Right panel: The observation lines followed by JMA research vessels. 

 
Figure 3.1.15 shows time-series representations of oceanic and atmospheric CO2 

concentrations averaged between 156°E and 165°E along the equator from 1996 to 2007.  
The difference in the values between the ocean and the atmosphere was small from February 
2002 to July 2005, but oceanic CO2 concentrations were higher than those in the atmosphere 
by 50 ppm or more in February 2006 and by about 30 ppm in July 2007. Usually, oceanic CO2 
concentration is higher in the eastern equatorial Pacific than in the western equatorial Pacific 
because the equatorial upwelling and the east-west shift of the boundary between the 
upwelling region (containing CO2-rich water) and the warm water region (containing 
CO2-poor water) cause variability in the oceanic CO2 concentration in the western equatorial 
Pacific. The period from autumn 2005 to spring 2006 was characterized by a La Niña event, 
in which strong east winds (i.e. trade winds) moved the boundary between the warm-water 
region and the upwelling region to the west, causing the oceanic CO2 concentration between 
156°E and 165°E to increase. In July 2006 after the La Niña event had finished, the oceanic 
CO2 concentration fell due to the eastward movement of the boundary. 
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Figure 3.1.15  Time-series representations of oceanic and atmospheric CO2 concentrations averaged 

between 156°E and 165°E along the equator from 1996 to 2007. The red and blue belts represent periods 
of El Niño and La Niña events respectively. 
 

  In the subtropical western North Pacific, a close correlation has been found between the 
oceanic CO2 concentration in the surface layer and the sea surface temperature, based on 
observation along the 137°E line and the 165°E line (Inoue et al., 1995). Using this 
correlation and the observed atmospheric CO2 concentration, JMA estimated oceanic CO2 
concentrations for the seasons and regions where no observed CO2 data are available, and 
then calculated the air-sea partial pressure difference in CO2.  Furthermore, the air-sea CO2 
flux can also be estimated using the calculated oceanic CO2 concentration and gas-transfer 
coefficients calculated from monthly mean wind speeds over the ocean. Figure 3.1.16 shows 
seasonal and interannual variations in the oceanic CO2 uptake from 1996 to 2006 in the 
subtropical region of the western North Pacific (11°N–30°N and 130°E–165°E), which 
occupies 2.6% by area of the earth’s oceans. This region acts as a source of atmospheric CO2 
in summer and a sink in winter. Over the year, however, the region acts as a net sink because 
the uptake in winter is estimated to be greater than the release in summer. The estimated 
annual oceanic CO2 uptake fluctuated between 0.026 and 0.083 PgC (the average is 0.061 
PgC) during the period, and was 0.064 PgC in 2006. The average uptake is equal to about 3% 
of the global oceanic uptake (1.7 PgC for the 1990s, IPCC (2001)). 
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Figure 3.1.16  Net air-sea CO2 flux integrated (a) monthly and (b) yearly in the subtropical region of the 

western North Pacific (11°N–30°N and 130°E–165°E, from 1996 to 2006). The unit is PgC, 
representing petagrams (1015 grams) of carbon; positive values signify a flux into the atmosphere. The 
data used here are atmospheric CO2 concentrations observed at Minamitorishima (Marcus Island) and 
monthly mean values of surface wind speed and sea surface temperature estimated from JMA 
objective-analysis data. The gas transfer coefficients were calculated using the equation given by 
Wanninkhof (1992) for the long-term average wind speed. 
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1.3 Aerosols 

Small particles floating in the atmosphere are called aerosols. They affect the climate both 
directly and indirectly. Directly, most aerosols contribute to a reduction in the global 
temperature because they scatter solar radiation (although some aerosols, such as soot, absorb 
solar radiation and lead to an increase in the global temperature). At the same time, they warm 
the atmosphere by absorbing and re-emitting infrared radiation from the earth’s surface. 
Indirectly, aerosols change the characteristics of clouds by acting as cloud condensation nuclei 
(CCN), resulting in a change in the planetary albedo and thus an influence on the climate. 
While large uncertainties remain in terms of the contribution of such opposing effects to 
climate change, an increase in the amount of aerosols is estimated to cause a net reduction in 
the surface temperature on a global scale. 

 
1.3.1  Interannual variation in the turbidity coefficient 

JMA monitors direct solar radiation at four stations in Japan. The values obtained are used 
to calculate the Feussner-Dubois turbidity coefficient, which is an index of atmospheric 
loading for turbid constituents such as aerosols, water vapor, ozone and CO2. The turbidity 
coefficient is expressed as the ratio of the observed solar radiation extinction to that in an 
ideally pure atmosphere. Larger values therefore indicate higher levels of turbid constituents 
in the atmosphere. 

Figure 3.1.17 shows interannual variations in the Feussner-Dubois turbidity coefficient 
from 1935 to 2007 with seasonal and short-term variations filtered out. In this analysis, the 
monthly minimum values are averaged over the whole of Japan to cancel out short-term 
variations from water vapor and severe dust events. The increased turbidity coefficients 
during the periods of 1963–1969, 1982–1985 and 1991–1993 were caused by the eruptions of 
Mt. Agun (Indonesia) in 1963, Mt. El Chichon (Mexico) in 1982 and Mt. Pinatubo (the 
Philippines) in 1991 respectively. These eruptions spewed huge amounts of volcanic SO2 into 
the stratosphere, and this gas subsequently became sulfate aerosol. The turbidity coefficient 
has been slightly lower in recent years than the levels seen before the eruption of Mt. El 
Chichon. 

 
Figure 3.1.17  A time-series representation of the Feussner-Dubois turbidity coefficient from 1935 to 2007 

averaged over the whole of Japan. The monthly minimums are averaged to avoid the influence of water vapor 
and severe dust events. The values were averaged over 14 stations before September 2007 and over 4 stations 
thereafter. The locations of the 14 stations are listed in Climate Change Monitoring Report 2006. 
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1.3.2  Aerosol optical depth 
Figure 3.1.18 shows interannual variations in the monthly average aerosol optical depth 

(AOD: an index of atmospheric turbidity at a wavelength of 500 nm) and the Ångström 
exponent (α: an index of aerosol size distribution, with larger values when smaller amounts of 
aerosol are dominant) observed at Ryori, Minamitorishima and Yonagunijima from 1998 to 
2007. The monthly averages may not be accurate in some months because observation data 
can be obtained from sunphotometers only on clear days. 

At Ryori, both the AOD and α values are usually at their maximum from spring to summer 
and at their minimum in winter. This may be attributed to yellow sand (Aeolian dust) in spring 
and maritime air masses in summer. Additionally, air pollutants transported from the Asian 
continent may also be superposed in spring. Some literature suggests that the effects of 
Aeolian dust and continental pollutants on aerosol optical properties are comparable. The high 
AOD values seen in May 2003 are attributed to smoke from a forest fire in Siberia. This event 
is explained in detail in Climate Change Monitoring Report 2003. The high AOD values in 
April 2006 are attributed to Aeolian dust. 

Minamitorishima shows lower AOD values than the other two stations throughout the year. 
This is probably caused by the location’s remoteness from continental aerosol-source regions. 
The α value is smaller at Minamitorishima than at Ryori and Yonagunijima, meaning that 
larger particles are dominant in this area relative to the other two. The AOD at 
Minamitorishima is at its maximum in spring and at its minimum in autumn. The AOD 
average value in spring at Minamitorishima, which is far higher than the yearly average for 
Hawaii, is thought to be a result of Aeolian dust and air pollutants transported from the Asian 
continent. 

At Yonagunijima, the AOD is at its maximum from winter to spring and at its minimum 
from summer to autumn. The reason for the former is likely to be the influence of outflow 
from the Asian continent, particularly Aeolian dust, air pollutants and smoke from forest fires 
in spring.  
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Figure 3.1.18  Time-series representations of monthly averaged AOD at 500 nm and the Ångström exponent from 

1998 to 2007, observed at Ryori (top), Minamitorishima (middle) and Yonagunijima (bottom). 
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1.3.3  Vertical profiles of aerosols 
Lidar (laser radar) is a remote sensing technology that can monitor the vertical profile of 

aerosol concentrations by shooting a laser light into the sky, then detecting and analyzing the 
light scattered back by the atmosphere or aerosols. Furthermore, aerosol properties can be 
identified; as an example, spherical sulfate aerosol can be distinguished from non-spherical 
Aeolian dust. JMA observes the vertical profiles of aerosols using a lidar system at Ryori. 

Figure 3.1.19 shows vertical profiles of the aerosol scattering ratio averaged over 
three-month periods from December 2006 to November 2007. At heights of about 10 km or 
more, depending on the season, the vertical profiles show that considerably lower amounts of 
aerosols are distributed in the stratosphere than in the troposphere, and that the amounts in the 
troposphere vary significantly by season. The large amounts of aerosols in the lower 
troposphere are attributable to their sources being located mainly on the earth’s surface. In the 
middle troposphere, the aerosol amount is larger in spring than in other seasons. This 
increment is caused by Aeolian dust transported from the Asian continent. 
 

 
Figure 3.1.19  Vertical profiles (the solid lines) of three-month average scattering ratios (for clear days only) 

observed with a wavelength of 532 nm using a lidar system, and their standard deviations (the shaded areas) at 
Ryori from December 2006 to November 2007 

 
Tropospheric aerosols, such as Aeolian dust, sulfate aerosols and soot particles, influence 

short-term climate variations. If volcanic eruptions inject large amounts of volcanic gases and 
ash into the stratosphere, the aerosols suspended there can exert a significant influence on the 
climate over a period of several years. Understanding the distribution of aerosols, with their 
large spatial and temporal variations, is important in improving the monitoring of the global 
climate as well as the projection of global warming. Lidar systems are an effective tool for 
clarifying the behavior of aerosols. 
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2  Monitoring of the ozone layer and ultraviolet radiation 

Ozone is distributed mainly in the stratosphere at altitudes of 10–50 km, and absorbs 
harmful solar UV (ultraviolet) radiation, thus protecting the terrestrial ecosystem. Large-scale 
depletion of the ozone layer has been observed over Antarctica (mostly from September 
through November) since the early 1980s, creating what is known as the ozone hole. This is 
mainly caused by man-made chlorofluorocarbons (CFCs) and halons, and appears over 
Antarctica under unique meteorological conditions resulting from the topography of the 
Southern Hemisphere and the polar night. CFCs and halons have been used in a wide range of 
applications including cleaning solvents, aerosol propellants, refrigerants and fire 
extinguishers because of their high chemical stability and safety.  This stability, however, 
means that CFCs hardly decompose in the troposphere and spread gradually into the 
stratosphere, where they release chlorine atoms that destroy ozone molecules.  Ozone layer 
depletion, as characterized by the ozone hole, is observed in both hemispheres except in 
equatorial areas. 

The mechanism of ozone layer depletion is described here. When CFCs reach an altitude of 
about 40 km in the stratosphere, they release chlorine atoms under solar UV radiation. As the 
released atomic chlorine moves around in the stratosphere, it reacts with the surrounding 
ozone to form molecular oxygen. After turning back to atomic chlorine, it then reacts with and 
destroys ozone again. This process creates a chain reaction that destroys ozone repeatedly. 

 

2.1  Ozone layer 

2.1.1  Global ozone layer 
Satellite data show negative anomalies in the total ozone for 2007 against the monthly mean 

values from 1979 to 1992 in most areas of the globe, especially in southern high latitudes, 
which show negative anomalies of less than 5% (see Figure 3.2.1). On the other hand, 
anomalies in the equatorial areas observed were less than 2.5%. This contrast is thought to be 
a result of Quasi-Biennial Oscillation (QBO) in the stratosphere. In northern high latitudes, 
negative anomalies were significant from March to April. 

Deseasonalized, area-weighted monthly total ozone deviations estimated from 
ground-based and satellite data are shown in Figure 3.2.2. Total ozone values decreased 
significantly in the 1980s and early 1990s, and currently remain lower than pre-1980 levels. 
Ground-based observation indicates that the global mean total of ozone for 2007 was 
2.8±0.2% less than the value for 1979. 
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Figure 3.2.1  Distribution of total ozone anomalies in 2007 as deviations (in %) from the averages from 1979 to 

1992. For areas to the north of 60°N in November, December and January, and to the south of 60°S in May, 
June and July, data are not included here due to the low solar angle. This distribution was produced from 
satellite data supplied by NASA. 

 
Figure 3.2.2  A time-series representation of total ozone anomalies as deviation (in %) from the averages over 

the period 1970–1980 (indicated by the horizontal line). Closed circles indicate satellite data (70°N–70°S), and 
the smooth solid line indicates the EESC (Equivalent Effective Stratospheric Chlorine) fitting line. The 
influences of known periodical natural variations (i.e. solar, volcanic and QBO) are subtracted. 

 
2.1.2  Ozone layer over Japan 

JMA has been carrying out total ozone and vertical profile observation at several domestic 
stations and at Syowa Station in Antarctica since 1957 (see Figure 3.1.1). Monthly variations 
in total ozone over Japan for 2007 are shown in Figure 3.2.3.  In this section, the term almost 
normal is used to indicate values that are within the standard deviation from the monthly 
mean, and higher/lower than normal values are higher/lower than almost normal. At Naha, 
monthly mean values were higher than normal from April to November. In April, a 
record-high monthly mean value for the month was observed. 



 
 
 

78

 
Figure 3.2.3  Monthly means and normals of total ozone at four stations in Japan for 2007 (Sapporo, 

Tsukuba/Tateno, Naha and Minamitorishima). Closed circles indicate values for 2007, and solid lines indicate 
the normals (i.e. the averages over 1971–2000, except for Naha (1974–2000) and Minamitorishima 
(1994–2006)), with bars indicating the ranges of standard deviation. 

 
Figure 3.2.4 shows time-series representations of annual mean total ozone at Sapporo, 

Tsukuba/Tateno, Naha and Minamitorishima in Japan. The values over Japan mainly 
decreased in the 1980s. Since the mid-1990s, although there have been yearly variations, the 
observations are characterized by a lack of trend (or slightly increasing trends). The figure 
shows that total ozone values have generally decreased more clearly at higher latitudes. 
 

 

Figure 3.2.4  Time-series representations of annual mean total ozone at Sapporo, Tsukuba/Tateno, Naha and 
Minamitorishima in Japan. The influences of known periodical natural variations are not subtracted. 
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2.1.3  Ozone layer over Antarctica: the ozone hole 
Satellite data show that in 2007 the ozone hole was the largest on 13 September (see the 

panel on the left of Figure 3.2.6), with an area of 2.49 x 106 km2 (see Figure 3.2.5). The annual 
maxima for the area and ozone mass deficit were both at their third-lowest levels after 2002 
and 2004. 

The first reason why the ozone hole in 2007 was small for this decade is that meteorological 
conditions over mid to high latitudes in the Southern Hemisphere from July to September 
were not favorable for severe ozone depletion over Antarctica. The second is that a 
stratospheric sudden warming event occurred in mid-September (earlier than the normal 
late-September timing of the ozone hole’s maximum), making stratospheric temperatures 
higher than normal during that period. 

The scale of the ozone hole changes in line with the weather conditions of the year. The 
ozone layer remains vulnerable because there is still an abundance of ozone-depleting 
material in the stratosphere.  

Daily values of total ozone observed at Syowa Station are shown in Figure 3.2.7. 
Observation data from the station in 2007 shows that total ozone levels were less than 220 m 
atm-cm from late August to October. On 5 October, the annual minimum value of 133 m 
atm-cm was observed. Total ozone levels were more than 220 m atm-cm after November. 
Monthly means of total ozone at Syowa Station in Antarctica were less than normal from July 
to October (see Figure 3.2.8). 

 

 

Figure 3.2.5  Total ozone distribution in the Southern Hemisphere on 13 September 2007, when the area of the 
ozone hole reached its maximum for the year. This distribution was produced from OMI data supplied by 
NASA. 
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Figure 3.2.6  Daily changes in the area of the ozone hole in 2007 (left) and changes in its annual maximum area 

since 1979 (right). The area of the ozone hole is defined as the region over which total ozone is equal to or less 
than 220 m atm-cm. In the figure on the left, the red dots show daily values for 2007, and the dashed lines 
show daily maximum and minimum values over the last ten years (1997–2006). The figure on the right shows 
the trend of the annual maximum area since 1979. The black horizontal line indicates the area of Antarctica.  
These figures were produced from TOMS data and OMI data supplied by NASA. 

Figure 3.2.7  A time-series representation of daily total ozone at Syowa Station in Antarctica from August 
to December 2007. The red dots show daily values for 2007, and the solid lines show the daily maximum 
and minimum values since observation began in 1961. The dashed horizontal line indicates 220 m atm-cm.. 
 

 
 
 
 
 
Figure 3.2.8  Monthly means and normals of total ozone at Syowa 

Station in Antarctica in 2007. Closed circles indicate the values for 
2007, and solid lines indicate the normal (i.e. the average over 
1981–2000). The dotted line indicates monthly mean values before the 
appearance of the ozone hole (1961–1980), and the solid line indicates 
values after its appearance (1981–2000), with bars indicating the range 
of standard deviation. 
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2.2  Solar UV radiation 

Since ozone absorbs UV radiation, there is concern that a decrease in total ozone could 
increase the amount of harmful solar UV radiation that reaches the earth’s surface.  JMA has 
been conducting UV observation at stations in Japan and at Syowa Station in Antarctica since 
1990.  

Figure 3.2.9 shows daily maximum UV Index values for 2007 at three stations in Japan.  
Mainly because of solar elevation, UV Index values are at their highest in summer, and are 
larger at lower latitudes.  A UV Index rating of greater than three is observed throughout the 
year at Naha, and from March to October at Sapporo. Scattering of daily maximum UV Index 
values is caused mainly by weather conditions, which exert a significant influence on the 
amount of UV radiation reaching the earth’s surface. 

 

 
Figure 3.2.9  Changes in daily maximum UV Index values at three stations in Japan for 2007. The solid lines 

show 15-day running means of daily maximum UV Index levels (i.e. the mean of 1990–2006 for Tsukuba and 
of 1991–2006 for the other stations).  

 
Figure 3.2.10 shows monthly mean daily accumulations of erythemal UV radiation for 2007 

at three stations in Japan. In June and July, record-high monthly mean values for those months 
were observed at Sapporo, while the values were mostly higher than normal at Tsukuba from 
March to December. In March and September, record-high monthly mean values were 
observed at Tsukuba. At Naha, the monthly means were almost normal or lower than normal 
throughout the year, and a record-low monthly mean value for April was observed. These 
observations may be significantly influenced by local weather conditions. 

Monthly mean values of erythemal UV daily accumulation for 2007 at Syowa Station in 
Antarctica were almost normal in the ozone hole season (from September to December) (see 
Figure 3.2.11).  

Increasing trends are seen in erythemal UV radiation at all three stations in Japan since UV 
radiation observation began in the early 1990s (see Figure 3.2.12). As total ozone was at its 
lowest around the early 1990s and there is a lack of trend (or slightly increasing trends) in 
total ozone after the mid-1990s (as discussed in Section 2.1.2), the above increasing trends in 
erythemal UV radiation since the early 1990s cannot be attributed to ozone changes alone. 

Total ozone levels over Japan mainly decreased in the 1980s, and have remained lower than 
pre-1980 levels since then. This suggests that current erythemal UV radiation would exceed 
pre-1980 levels if weather conditions and aerosol amounts had not changed. At Sapporo, for 
example, where the level of ozone depletion is the highest in Japan, the increase in erythemal 
UV radiation due to decreased total ozone is estimated to be about 2% as an annual mean and 
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about 9% as a maximum. The WMO has reported that erythemal UV radiation has increased 
by 6–14% at more than ten stations worldwide since the early 1980s. This is considered to be 
a result of the decreasing trends in the amounts of clouds and aerosols. 

 

 
Figure 3.2.10  Monthly mean values of erythemal UV daily accumulation for 2007 at Sapporo, Tsukuba/Tateno 

and Naha in Japan. The closed circles indicate the values for 2007, and the solid lines represent the normal (i.e. 
the average over 1990–2006 for Tsukuba and 1991–2006 for the other stations), with bars indicating the 
ranges of standard deviation. 

 

 

Figure 3.2.11  Monthly mean values of erythemal UV daily accumulation for 2007 at Syowa Station in 
Antarctica. The closed circles indicate the values for 2007, and the solid lines represent the normal (the 
average over 1993–2006), with bars indicating the ranges of standard deviation. 
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Figure 3.2.12  Time-series representations showing annual accumulation of erythemal UV from the beginning 

of observation up to 2007 at Sapporo, Tsukuba/Tateno and Naha in Japan. The straight lines indicate 
regression for the whole observation period. 

 
 
 
Erythemal UV radiation and the UV Index 
Excessive exposure to solar UV is known to have adverse effects on human health, such as 
increased risk of skin cancer and cataracts.  Erythemal UV radiation is widely used as a scale 
of UV radiation to grade its effect on the human body, calculated by considering different 
influences depending on wavelength.  The UV Index is a standardized index for erythemal 
UV radiation, and in Japan the value normally ranges from 0 to 12.  International 
organizations such as the World Health Organization (WHO) currently promote measures to 
protect the human body from UV using the UV Index (WHO et al., 2002). In Japan, the 
Ministry of the Environment suggests seeking shade when the index is higher than three, and 
advises against being outside when it is higher than eight during daytime hours. 
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3 Yellow sand (Aeolian dust) and acid rain 
3.1  Yellow sand (Aeolian dust) 

Yellow sand (Aeolian dust) is a meteorological phenomenon in which fine dust is blown up 
by cyclonic or other wind systems from deserts and cropland in arid or semi-arid areas of the 
Asian continent to an altitude of several thousand meters, and is transported over long 
distances by westerly winds, resulting in haze or dustfall in downstream areas. The 
Taklimakan Desert, the Gobi Desert and the Loess Plateau are known as places where dust 
particles are blown up. Such dust sometimes reaches as far as North America across the 
Pacific Ocean depending on weather conditions. Research shows that the radius of the dust 
particles transported over Japan is mostly from 1.6 to 1.8 μm, in contrast to sulfate aerosol 
particles, which are generally smaller than 1 μm in radius. It is known that yellow sand is 
observed mostly in spring and sometimes in autumn. In addition, recent research has revealed 
a persistent thin dust layer over Japan even in summer.  

In the source areas of yellow sand, large-scale dust storms may cause human damage. In 
Japan, yellow sand represents a traffic hazard and causes damage to laundry and vehicle 
bodies. The phenomenon affects not only social activities but also the global climate through 
processes such as absorption and scattering of solar radiation, absorption of infrared radiation 
and cloud formation. Floating dust weakly absorbs solar radiation and heats the atmosphere; 
at the same time, the scattering of solar radiation reduces the amount of radiation arriving at 
ground level. According to the global dust transport model developed by the Meteorological 
Research Institute, the presence of dust results in a weak global cooling effect of –0.3 W/m2 

compared with a dust-free atmosphere. 
 
3.1.1  Occurrences of yellow sand over Japan in 2007 

JMA’s 85 meteorological stations carry out observation of yellow sand (as of 31 December 
2007). The phenomenon is recorded when observed by station staff. 

The number of days when any meteorological station in Japan observes yellow sand 
(referred to below simply as the number of days) was 34 in 2007. The total number of stations 
observing yellow sand as a total for the whole year (referred to below as the annual total 
number of stations) was 482 in 2007. 

On 2 April 2007, yellow sand was observed at 65 stations. This is the highest figure since 
records began in 1967, exceeding the previous record of 64 stations on 10 April 2002 (Figure 
3.3.1). 
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Figure 3.3.1   The daily number of stations observing yellow sand from February through May 2007 
 

3.1.2  Variations in yellow sand (Aeolian dust) 
The largest annual total number of stations observing Aeolian dust since records began in 

1967 was 959 in 2002 (Figure 3.3.2). The highest number of days when the phenomenon was 
observed was 55 in 2002 (Figure 3.3.3). The annual total number of stations and the number 
of days have exceeded 400 and 40 respectively almost every year since 2000. Yellow sand has 
frequently been seen in recent years, but no long-term trend is clearly identifiable due to the 
large interannual variation. 

  
Figure 3.3.2  The annual total number of stations observing yellow sand in Japan (1967–2007), targeting the 85 

stations that were active as of 31 December 2007 for the whole period. 

 
Figure 3.3.3  The number of days when any station in Japan observed yellow sand (1967–2007), targeting the 

85 stations that were active as of 31 December 2007 for the whole period. 
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3.2 Acid rain 
Acid rain is a concept that describes the process in which acidic substances are deposited 

from the atmosphere to the ground, forming a cycle of acidic substances together with 
emission and transportation. In recent years, the deposition of acidic substances from the 
atmosphere to the ground has become a concern as it adversely influences the environments 
of rivers, soil and plants. The major acidic substances in the atmosphere are sulphuric acid 
and nitric acid, which are generated by photochemical reaction from the sulphur dioxide and 
nitrogen oxides emitted into the atmosphere from fossil fuel combustion. 

There are two processes for acid deposition: wet deposition dissolved in rain, fog or snow, 
and dry deposition attached to aerosols or as gaseous substances. The influence of acid 
deposition depends on the total amount of acid deposited on the ground, meaning that a large 
amount of weakly acidified rain could cause more serious damage than a small amount of 
strongly acidified rain. Acid deposition influences the biological environment in two ways: 
indirect effects from changes in acidity, and direct effects from acid substances such as 
ammonia. In general, acidity in precipitation is expressed as a logarithm of hydrogen-ion 
concentration (pH=-log[H+]). Values smaller than 7 represent acidic conditions, while those 
larger than 7 are basic or alkaline. Hydrogen-ion concentration in precipitation is determined 
by equilibrium with other ion concentrations. 

In June 2004, the Ministry of the Environment issued a comprehensive report on a survey 
into acid deposition conducted from 1983 to 2002. Below is a summary: 
• The pH values averaged over the whole period at different observation sites ranged 

between 4.49 and 5.85, with an average of 4.77. 
• The pH value remained almost stationary with small fluctuations before 1999, and 

decreased thereafter. 
• This decrease is likely to be a result of sulphur dioxide emitted from the volcanic 

eruption on Miyake Island, but increased sulphur dioxide emissions from the Asian 
continent must also be considered.  

 
3.2.1 Time-series representations of the annual mean pH of precipitation at JMA’s 
observation sites 

Outlined below are the results up to 2006 that have so far been analyzed from samples. 
The annual means of pH in precipitation for 2006 were 4.8 at Ryori and 5.5 at 

Minamitorishima. Figure 3.3.4 shows time-series representations of annual mean acidity at 
Ryori and Minamitorishima. At Ryori, the annual mean acidity exceeded pH 5.0 in 
1976–1977, and varied thereafter between pH 4.4 and 5.0. There is no significant trend at 
Ryori for the whole 30 years of observation. At Minamitorishima, the annual mean acidity 
ranged between pH 5.5 and 5.8 from 1996 to 2002, but has recently shown a significant 
decrease. The large decreases in 2003 and 2005 at Minamitorishima may be a result of active 
eruptions of Anatahan Volcano in the Mariana Islands, located 1,200 km southeast of 
Minamitorishima. The volcano erupted repeatedly from May to June 2003 and from April 
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2004 to September 2005. Meteorological analysis shows that volcanic gases frequently 
flowed over Minamitorishima during this time. However, the recent decrease in the acidity of 
precipitation reported in Okinawa and Chichijima in the Ogasawara Islands suggests the 
increased influence of acidic substances transported from the Asian continent. 

 
Figure 3.3.4 Time-series representations of annual means of pH at Ryori and Minamitorishima  
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Map1  Geographical subdivisions of Japan in this report 
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Map2  Distribution of surface meteorological observation stations in Japan 

 
 
 




