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Preface

The years from 2008 to 2012 represent the first commitment period of the quantified 
economy-wide emission target under the Kyoto Protocol of the United Nations Framework 
Convention on Climate Change (UNFCCC), and 2010 marks the third year of this period.  

In addition, intense international negotiations are under way on the post-Kyoto framework, 
and international momentums to promote mitigation actions are being accelerated. At the 15th 
Session of the Conference of the Parties to the UNFCCC (COP15) in December 2009, Japan’s 
government declared that the country would reduce its greenhouse gas emissions by 25 
percent compared with 1990 levels by 2020, which is premised on the establishment of a fair 
and effective international framework in which all major economies participate and on 
agreement by those economies on ambitious targets. 

At the World Climate Conference-3 (WCC-3) held from 31 August to 4 September, 2009, 
the formation of the Global Framework for Climate Services (GFCS) was decided upon with 
the aim of using climate information to make adaptation plans for climate change. The heavy 
burdens placed on the social economy by severe weather and climate phenomena such as 
heavy precipitation, drought, heat waves and cold waves give rise to an increasing need for 
climate information, and expectations of improvements to easy-to-use climate information 
have grown worldwide. 

Since 1996, the Japan Meteorological Agency (JMA) has published a series of assessments 
under the title of the Climate Change Monitoring Report. These publications highlight the 
outcomes of JMA’s activities, including the monitoring and analysis of greenhouse gases and 
the ozone layer, thereby providing up-to-date information on the climatic conditions of the 
world and Japan. 

It is my hope that readers of this report will find it useful in gaining a better understanding 
of the latest status of the climate toward further protection of the global environment. I would 
like to take this opportunity to convey my sincere appreciation to the members of JMA’s 
Advisory Group of the Council for Climate Issues under the chairmanship of Dr. Hiroki 
Kondo for their pertinent comments and guidance in our work on this report. 

(Kunio Sakurai) 
Director-General 

Japan Meteorological Agency
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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 2009 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.  

Annual mean temperatures were above normal in most areas of the world except in central 
Siberia and from Canada to the USA (Figure 1.1.1). Extremely high temperatures were 
frequently observed around low latitudes from 30°S to 30°N (Figure 1.1.3), while extremely 
low temperatures were observed around the central USA in October and December, around 
China in November and from western Siberia to eastern China in December. 

Annual precipitation amounts were above normal in eastern Siberia, from the Philippines to 
Indonesia and from Europe to northern Africa, while they were below normal over the 
Arabian Peninsula, in southern South America and from central to southern Australia (Figure 
1.1.2). Extremely heavy precipitation amounts were frequently observed in northern Europe, 
while extremely light precipitation amounts were frequently observed in northern Argentina 
(Figure 1.1.4). 

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

1.1.2  Extreme climate events 
Major extreme climate events and weather-related disasters across the world for 2009 are 

listed below, and are also indicated schematically in Figure 1.1.5.  
(1) Low temperatures from western Siberia to eastern China (December) 
(2) Low temperatures around China (November) 
(3) Heavy precipitation amounts from eastern Mongolia to Northern Japan (December) 
(4) High temperatures from China to the Middle East (February – October) 
(5) Typhoons and torrential rains in the Philippines (May, September – October) 
(6) High temperatures from Micronesia to Indonesia (April to December) 
(7) Torrential rains in southern India (September – October) 
(8) Heavy precipitation amounts in northern Europe (July) 
(9) Heavy precipitation amounts from the Aral Sea to northern Africa (September) 
(10) Torrential rains in southern Africa (March) 
(11) High temperatures around Madagascar (January – February, May – December) 
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2.2  Major meteorological disasters in Japan 

Meteorological disasters in 2009 were characterized by serious damage resulting from the 
Chugoku and northern Kyushu heavy rainfall of July 2009 from 19 to 26 July and nationwide 
damage from gales and heavy rainfall related to October’s Typhoon MELOR (0918) – the first 
typhoon to land on Japan’s mainland of Honshu in two years. In terms of the total damage 
caused by disasters in 2009, 208 people were killed or unaccounted for, 4,681 houses were 
damaged or destroyed, and 21,900 houses were flooded. The total damage amounted to 104.0 
billion yen (breakdown: 88.0 billion yen agricultural, 11.7 billion yen forestry and 4.2 billion 
yen fishery damages).  

This section, including Table 1.2.2, summarizes the major meteorological disasters of 2009 
and their causes.  

Table 1.2.3 shows damage caused by meteorological disasters from 2000 to 2009. 

� Prolonged rainy days, low temperatures and short sunshine durations (July – August) 
As low-pressure systems and the Okhotsk high greatly influenced Hokkaido from July to 

August, significantly below-normal temperatures, considerably above-normal precipitation 
and below-normal sunshine durations were observed. These led to lower yields and quality 
loss in many crops, including rice crop sterility in many areas due to low water temperatures, 
pre-harvest sprouting of wheat due to rainfall in the harvest season, and poor growth of beans 
due to wet conditions. Agricultural damage amounted to 59.5 billion yen. 

� Heavy rainfall (19 – 26 July) 
The stationary Baiu front became active over western Japan from 19 to 26 July, bringing 

remarkably heavy rainfall in and around Yamaguchi Prefecture on 21 July and heavy rainfall 
around northern Kyushu from 24 to 26 July. Eleven observation stations from Chugoku to 
northern Kyushu reported record hourly maximum precipitation amounts, and some recorded 
nearly twice their normal precipitation amounts for July. 

A total of 39 fatalities or people missing, 378 damaged houses and 11,524 flooded houses 
were reported. Agricultural damage amounted to 6.5 billion yen. JMA gave this heavy rainfall 
the official name of The Chugoku and Northern Kyushu Heavy Rainfall of July 2009.

� Typhoon ETAU (0909) (8 – 11 August) 
ETAU (0909) formed as a tropical depression (TD) in the south of Japan on 8 August. As it 

moved northward, it was upgraded to typhoon (TY) status at 15 JST on 9 August. It passed 
south of the Kii Peninsula on 10 August and south of the Tokai and Kanto regions on 11 
August before advancing to eastern Japan. The TD/TY and the humid air mass around it 
brought heavy rain from the Kyushu to the Tohoku regions from 8 to 11 August.  

Local heavy rainfall was observed in the Shikoku, Chugoku, Kinki and Kanto regions. 
Eleven observation stations reported record hourly maximum precipitation amounts, and five 
experienced two to three times their normal monthly precipitation amounts for August during 
this period.   

A total of 27 fatalities or people missing, 1,165 damaged houses and 4,468 flooded houses 
were reported. Forestry damage amounted to 5.6 billion yen.
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� Typhoon MELOR (0918) (6 – 9 October) 
Typhoon MELOR (0918) formed to the east of the Mariana Islands at 09 JST on 30 

September. After recurving northward, it advanced to the south of Minamidaito Island on 6 
October and to the south of Shikoku on 7 October. It landed near the Chita Peninsula on 8 
October and passed over the Tokai, Kanto-Koshin and Tohoku regions before advancing to 
the Pacific Ocean and transforming into an extratropical cyclone on the evening of the same 
day. It approached the Chishima Islands on 9 October.  

As MELOR (0918) approached the Nansei Islands and the western part of Japan with no 
loss of intensity, it brought strong winds over a wide area from Okinawa to Hokkaido. With 
the passage of MELOR (0918), some parts of the Kinki region experienced total precipitation 
amounts of more than 300 mm from 6 to 9 October, and 21 observation stations reported 
record wind speeds. Tornadoes were also generated in Ibaraki and Chiba prefectures on the 
morning of 8 October from the developed clouds surrounding MELOR (0918). 

A total of 6 fatalities or people missing, 2,325 damaged houses and 3,310 flooded houses 
were reported. Agricultural damage amounted to 16.6 billion yen.

Table 1.2.2  Major meteorological disasters in Japan in 2009 and related damage 
Damage 

Amount of damage 
(billions of yen) Type Date Region 

Fatalities
or 

people
missing 

Houses
damaged

Houses
flooded 

Agricultural Fishery Forestry Total 

Prolonged rainy days, 
low temperatures and 
short sunshine durations 

Jul. – Aug. Hokkaido 0 0 0 59.5 0 0 59.5

Heavy rainfall 19 – 26 
Jul.

Kanto – 
Northern 
Kyushu 

39 378 11,524 6.5 0.1 3.7 10.2

Typhoon 8 – 11 
Aug. 

Tohoku –
Northern 
Kyushu 

27 1,165 4,468 1.2 0 5.6 6.9

Typhoon 6 – 9 Oct. Whole 
country 

6 2,325 3,310 16.6 3.0 2.2 21.7

Total   208 4,681 21,900 88.0 4.2 11.7 104.0

Note: This table summarizes meteorological disasters with more than five 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. 
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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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(a) 

°C/10 yrs

(b) 

(c) (d) 

(e) Figure 1.2-15 � Trends of extreme 
temperatures over the 31-year period from 
1979 to 2009 at 402 AMeDAS stations 

(a) annual mean temperature, annual numbers 
of days with maximum temperatures of (b) �
30ºC and (c) � 35ºC, and annual numbers of 
days with minimum temperatures of (d) �
25ºC and (e) < 0ºC 
Solid squares denote significant values at a 
95% confidence level, and open squares 
denote insignificant values. 

Days/10 yrs

Days/10 yrs Days/10 yrs
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1.3  Sea ice in Arctic and Antarctic areas 

Figure 2.1.5 shows interannual variations of the minimum and annual mean sea ice extent in 
the Arctic Ocean (including the Sea of Okhotsk and the Bering Sea) from 1979 to 2009 along 
with interannual variations of the annual mean sea ice extent in the Antarctic Ocean. 

In the Arctic Ocean, the sea ice extent has followed a significant long-term downward trend 
since 1979. In particular, this reduction is keenly noted in summertime when the sea ice extent 
is at its lowest (the minimum sea ice extent). The rate of decrease in the minimum up to 2009 
was 8.3 × 104 km2 per year, and the rate of decrease in the annual mean until the same time 
was 6.1 × 104 km2 per year. In 2009, the seasonal minimum sea ice extent in the Arctic Ocean 
was 513 × 104 km2, which was the third-lowest value recorded (after 2007 and 2008) since 
statistics began in 1979.  

Meanwhile, the annual mean sea ice extent in the Antarctic Ocean has shown a slight 
increase at a rate of 1.5 × 104 km2 per year. 

Figure 2.1.5   Time-series 
representations of minimum 
and annual mean sea ice extents 
in the Arctic Ocean (including 
the Sea of Okhotsk and the 
Bering Sea) from 1979 to 2009 
and the annual mean sea ice 
extent in the Antarctic Ocean. 
The broken blue lines indicate 
the sea ice extent (i.e., the 
minimum sea ice extent in the 
Arctic Ocean, the annual mean 
sea ice extent in the Arctic 
Ocean and the annual mean sea 
ice extent in the Antarctic 
Ocean from the top). The 
dashed lines indicate the linear 
trend of each. 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 2009. 
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Figure 2.2.3  Time-series representation of annual mean sea-level values (1906 – 2009) 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 and the 16 stations 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. For the period after 1960, cluster 
analysis was first applied to sea-level observation data for the selected stations along the Japanese coast, then 
the Japanese islands were divided into the four regions listed below according to sea-level variation 
characteristics, the annual mean sea-level anomalies were averaged for the four regions, and the variations 
were plotted in the figure. The four regions are I: the Hokkaido-Tohoku district; II: the Kanto-Tokai district; 
III: the Pacific coast of Kinki - Pacific coast of Kyushu district; and IV: the Hokuriku-East China Sea coast of 
Kyushu district.  
The sea level variation in the graph is a time-series of the annual mean sea-level anomalies for each year, 
obtained using the 1971 to 2000 average as the normal. The solid blue line represents the five-year running 
mean of sea-level annual anomalies averaged among the four stations, while the solid red line represents this 
value for the four regions. The dashed blue line represents this value at the four stations for the same period 
shown by the solid red line (after 1960) for reference. The coefficient of correlation between the solid red line 
and the dashed blue line from 1962 to 2007 is as high as 0.96. Accordingly, the extent to which changing the 
tide gauge stations used affects the variance of sea level anomalies can be regarded as small. 
Among the tide gauge stations, those at Oshoro, Kashiwazaki, Wajima and Hosojima belong to the 
Geographical Survey Institute. Sea-level data for the Tokyo station are available from 1968 onward. 
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1.3.3  Vertical profiles of aerosols
Lidar (laser radar) is a remote sensing technology used to monitor vertical profiles of 

aerosol concentration by shooting a laser light upward, then detecting and analyzing the light 
scattered back by the atmosphere or aerosols. It can also distinguish spherical aerosols, such 
as the sulfate type, from non-spherical ones such as dust particles. 

Tropospheric aerosols such as Kosa, sulfate aerosols and soot particles influence short-term 
climate variations, while stratospheric aerosols originating from volcanic gases and ash from 
large-scale volcanic eruptions can exert a significant influence on the climate over a period of 
several years. Understanding the distribution of aerosols and their sources, which are 
characterized by large spatial and temporal variations, is important for improved monitoring 
and projection of the global climate. Lidar systems are an effective tool in monitoring the 
behavior of aerosols. 

Figure 3.1.19 shows vertical profiles of the aerosol scattering ratio averaged over 
three-month periods from December 2008 to November 2009. At heights of about 10 km or 
more, depending on the season, significantly lower amounts of aerosols are distributed in the 
stratosphere than in the troposphere, with amounts in the troposphere varying considerably 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, aerosol 
amounts are larger in spring than in other seasons. This increment is mainly caused by Kosa 
transported from the Asian continent. 

Figure 3.1.19  Vertical profiles of the scattering ratio (solid lines) and its standard deviation (shaded areas) 
observed using the lidar system at a wavelength of 532 nm at Ryori averaged over three-month periods from 
December 2008 to November 2009 

The elevated concentration of aerosols at heights from 8 to 20 km in the winter was 
probably influenced by the eruption of Kasatochi Volcano in the Aleutian Islands in August 
2008. The peaks in aerosol concentration at heights from 15 to 20 km in the summer and 
autumn are probably attributable to the eruption of Sarychev Peak in the Kurile Islands in 
June 2009. 





79

Figure 3.2.1  Time-series representation of deviations of total ozone (in %) from the averages between 1970 
and 1980. The 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. A total of 63 ground-based stations were used for the 
calculation, of which 54 were in the Northern Hemisphere and 9 in the Southern Hemisphere. 

Figure 3.2.2� Global distribution of total ozone trends as derived from satellite observations. The trends were 
estimated from the EESC (Equivalent Effective Stratospheric Chlorine) curve fitting TOMS and OMI data, and 
expressed as a percentage of change (%) from 1979 to 2009 for the values on the curve. The TOMS and OMI 
satellite data were provided by NASA.
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2.1.2  Ozone layer over Japan 
JMA started observing the total amount of ozone at Tsukuba/Tateno in 1957, and has now 

extended this observation to the total amount and vertical distribution of ozone at several 
stations in Japan and at Syowa Station in Antarctica (see Figure 3.1.1). 

Figure 3.2.3 shows a time-series representation of annual mean total ozone observed at 
Sapporo, Tsukuba/Tateno, Naha and Minamitorishima. The values mainly decreased in the 
1980s and early 1990s. Since the mid-1990s, although there have been yearly variations, 
observations are characterized by a lack of trend (or a slightly increasing trend). The figure 
shows that total ozone values have generally decreased more clearly at higher latitudes. The 
annual mean total ozone values for 2009 at Sapporo and Tsukuba/Tateno were 2.9% and 0.7% 
less than the average from 1959 to 1980 respectively. 

Monthly variations in total ozone over Japan for 2009 are shown in Figure 3.2.4. At all four 
stations, the monthly mean values were within one standard deviation of the averages seen 
over the period 1994 – 2008. 

Figure 3.2.3  Time-series representations of annual mean total ozone at Sapporo, Tsukuba/Tateno, Naha and 
Minamitorishima.
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Figure 3.2.4  Monthly mean values of total ozone at four stations in Japan for 2009 (Sapporo, Tsukuba/Tateno, 
Naha and Minamitorishima). The closed circles indicate values for 2009, and the solid lines show the averages 
for 1994 – 2008, with bars indicating the ranges of standard deviation.
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Figure 3.3.1  Daily numbers of stations observing Kosa from February through December in 2009 

3.1.2  Variations in Kosa 
The largest number of days of Kosa observation since records began in 1967 was 47 in 

2002 (Figure 3.3.2). The largest annual total number of stations was 789 in 2002 (Figure 
3.3.3). The number of days and the annual total number of stations have often exceeded 30 
and 300 respectively since 2000. Kosa has frequently been observed in recent years, but no 
clear long-term trend is identifiable due to large interannual variations. 

Figure 3.3.2  The number of days when any station in Japan observed Kosa (1967 – 2009), targeting the 67 
stations that were active for the whole period 
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