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Chapter 1 Climate in 2014 

1.1  Global climate summary 
○ Extremely high temperatures were frequently observed in low-latitude areas from June 

onward. 
○ Extremely low temperatures were frequently observed around the Midwest of the USA, 

while extremely high temperatures were observed throughout the year from the 
southwestern USA to northwestern Mexico. Drought persisted in the southwestern USA. 

○ Weather-related disasters were caused by torrential rains in northern Afghanistan (April to 
June), India (July to September), Nepal (August) and Pakistan (September). 
 
Major extreme climate events and weather-related disasters occurring in 2014 are shown in 

Figure 1.1-1 and Table 1.1-1. 
Extremely high temperatures were frequently observed in low-latitude areas in the second 

half of the year (see (6), (12), (13) and (18) in Figure 1.1-1). 
Extremely low temperatures were observed around the Midwest of the USA from January to 

March, in July and in November, while extremely high temperatures were observed throughout 
the year from the southwestern USA to northwestern Mexico (see (15) and (17) in Figure 1.1-1). 
The three-month mean temperature from January to March in Detroit, Michigan, was -5.8°C 
(4.9°C lower than the normal), and the annual mean temperature in San Francisco, California, 
was 16.7°C (2.2°C higher than the normal). Wildfires and agricultural losses caused by the 
persistent drought in the southwestern USA were reported (see (16) in Figure 1.1-1). 

Torrential rains in parts of Japan from 30 July to 26 August caused more than 80 fatalities 
(see (1) in Figure 1.1-1). In northern Afghanistan, floods and landslides caused more than 750 
fatalities from April to June. During the monsoon season from June to September, torrential 
rains caused more than 1,000 fatalities in India, more than 250 in Nepal and more than 360 in 
Pakistan. 

Annual mean temperatures were above normal in many parts of the world, and were below 
normal in the Philippines, from Western Siberia to Central Asia and from central Canada to the 
southern USA (Figure 1.1-2). 

Annual precipitation amounts were above normal from Central Siberia to the eastern part of 
Central Asia, on the southern Scandinavian Peninsula, in southeastern Europe, around the Red 
Sea, in the northeastern USA, in western Mexico, in the southern part of South America and 
from Micronesia to the southern Philippines, and were below normal on the southern Arabian 
Peninsula and in southern Algeria (Figure 1.1-3). 
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Figure 1.1-1 Extreme events and weather-related disasters observed in 2014 

Schematic representation of major extreme climatic events and weather-related disasters 
occurring during the year. 

 
Table 1.1-1 Extreme events and weather-related disasters occurring in 2014 

No. Events 

(1) Torrential rain in Japan (August) 

(2) Drought in northeastern and eastern China (June − August) 

(3) Low temperatures in the southern part of Western Siberia (July, September – October) 

(4) Low temperatures in the southern part of Central Asia (February, October – November) 

(5) Typhoon in the Philippines (July) 

(6) High temperatures from Malaysia to Indonesia (June – July, October – November) 

(7) Torrential rain in India, Nepal and Pakistan (July − September) 

(8) Floods and Landslides in northern Afghanistan (April − June) 

(9) Heavy precipitation in southeastern Europe (May – June, August – September, December) 

(10) High temperatures in southern Europe (February, April, October – November) 

(11) Heavy precipitation in western Europe (January – February, May, July – August, November) 

(12) High temperatures in western Africa (June – July, November) 

(13) High temperatures around northern Madagascar (July – August, October – December) 

(14) High temperatures in western Alaska (January, August, November) 

(15) Low temperatures around the Midwest of the USA (January – March, July, November) 

(16) Drought in California (all year round) 

(17) High temperatures from the southwestern USA to northwestern Mexico (all year round) 

(18) High temperatures around the Caribbean Sea (June – July, November) 

(19) 
High temperatures (January – February, September – October) and heavy precipitation (June – July, 
September – October) around southern Brazil 

(20) High temperatures in southern Australia (May, September – October) 
Data and information on disasters are based on official reports of the United Nations and national 
governments and databases of research institutes (EM-DAT). 
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Figure 1.1-2 Annual mean temperature anomalies in 2014 

Categories are defined by the annual mean temperature anomaly against the normal divided by its standard 
deviation and averaged in 5° × 5° grid boxes. Red marks indicate values above the normal calculated from 
1981 to 2010, and blue marks indicate values below the normal. The thresholds of each category are –1.28, 
–0.44, 0, +0.44 and +1.281. Areas over land without graphical marks are those where observation data are 
insufficient or where normal data are unavailable. 

 

 
Figure 1.1-3 Annual total precipitation amount ratios in 2014 

Categories are defined by the annual precipitation ratio to the normal averaged in 5° × 5° grid boxes. Green 
marks indicate values above the normal calculated from 1981 to 2010, and yellow marks indicate values 
below the normal. The thresholds of each category are 70, 100 and 120%. Areas over land without graphical 
marks are those where observation data are insufficient or where normal data are unavailable. 

 

 
  

                                                        
1 The values of 1.28 and 0.44 correspond to occurrence probabilities of 10 and 33.3%, respectively. 
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1.2  Climate in Japan2 
○ Annual sunshine durations were significantly above normal on the Pacific side of northern 

Japan and in eastern Japan in conjunction with dominant migratory high-pressure systems. 
These conditions brought sunny weather to northern and eastern Japan in spring and 
autumn. 

○ Western Japan experienced a cool and wet summer for the first time since 2003 due to 
weaker-than-normal northwestward expansion of the Pacific High. 

○ Two record-breaking heavy snowfall events hit the Kanto/Koshin region of eastern Japan in 
February. 

○ Hazardous extremely heavy rains were observed nationwide due to active fronts and 
typhoons from late July to August. 

 
1.2.1 Annual characteristics (Figure 1.2-1) 
○ Annual mean temperatures were near normal all over Japan. Temperatures tended to be 

above normal from the second half of spring to the first half of summer in northern/eastern 
Japan and from summer to the first half of autumn in Okinawa/Amami, and below normal 
from the second half of summer to early autumn in western Japan. (Figure 1.2-2). 

○ Precipitation amounts were above normal on the Sea of Japan side of northern and eastern 
Japan and on the Pacific side of northern and western Japan, below normal in 
Okinawa/Amami, and near normal on the Pacific side of eastern Japan and on the Sea of 
Japan side of western Japan.  

○ Sunshine durations were significantly above normal on the Pacific side of northern Japan 
and in eastern Japan, above normal on the Sea of Japan side of northern Japan, below 
normal in western Japan, and near normal in Okinawa/Amami. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2-1 Annual climate 
anomaly/ratio for Japan in 2014 

The base period for the 
normal is 1981 – 2010. 

                                                        
2 The term significantly above normal is used for cases in which observed mean temperatures or precipitation amounts exceed 
the 90th percentile for the base period (1981 – 2010), and significantly below normal is used when the corresponding figures fall 
below the 10th percentile. 
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Figure 1.2-2 Five-day running 
mean temperature anomaly for 
divisions (January – December 
2014) 

The base period for the normal 
is 1981 – 2010. 

 
1.2.2 Seasonal characteristics 

(1) Winter (December 2013 – February 2014) (Figure 1.2-3(a)) 
- Mean temperatures were below normal in eastern Japan and in Okinawa/Amami, and near 

normal in northern and western Japan. 
- Precipitation amounts were above normal in northern Japan and on the Pacific side of 

eastern and western Japan, below normal on the Sea of Japan side of eastern Japan, and near 
normal on the Sea of Japan side of western Japan and in Okinawa/Amami. 

- Sunshine durations were above normal on the Pacific side of eastern and western Japan and 
in Okinawa/Amami, and near normal in northern Japan and on the Sea of Japan side of 
eastern and western Japan. 

Although the intensity of the winter monsoon was near normal, snowfall amounts were 
significantly below normal on the Sea of Japan side of Japan. Meanwhile, the Pacific side of 
eastern Japan was hit by two heavy snowfall events in February, with maximum snow depths 
significantly exceeding records at many stations in the Kanto/Koshin region. 
 

(2) Spring (March – May 2014) (Figure 1.2-3(b)) 
- Mean temperatures were above normal in eastern and western Japan, below normal in 

Okinawa/Amami, and near normal in northern Japan. 
- Precipitation amounts were below normal on the Sea of Japan side of northern Japan and in 

western Japan, and near normal on the Pacific side of northern Japan and in eastern Japan 
and Okinawa/Amami. 

- Sunshine durations were significantly above normal in northern, eastern and western Japan, 
and near normal in Okinawa /Amami. 

Migratory high-pressure systems were dominant over the main islands of Japan, bringing 
more sunny days than normal to northern, eastern and western parts of the country. Cold air 
flowed over Okinawa/Amami. 
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(3) Summer (June – August 2014) (Figure 1.2-3(c)) 
- Mean temperatures were above normal in northern and eastern Japan and in 

Okinawa/Amami, and below normal in western Japan. 
- Precipitation amounts were significantly above normal in northern Japan and on the Pacific 

side of western Japan, above normal on the Sea of Japan side of eastern and western Japan, 
and near normal on the Pacific side of eastern Japan and in Okinawa/Amami. 

- Sunshine durations were significantly below normal in western Japan, below normal on the 
Sea of Japan side of eastern Japan and in Okinawa/Amami, above normal on the Sea of 
Japan side of northern Japan, and near normal on the Pacific side of northern and eastern 
Japan. 

Due to weaker-than-normal northwestward expansion of the Pacific High, western Japan 
experienced a cool summer for the first time since 2003, and the sunshine duration total for the 
Pacific side of western Japan was the lowest for August since 1946. Hazardous extremely heavy 
rains were observed nationwide due to active fronts and typhoons from late July to August. 
 

(4) Autumn (September – November 2014) (Figure 1.2-3(d)) 
- Mean temperatures were significantly above normal in Okinawa/Amami, and near normal in 

northern, eastern and western Japan. 
- Precipitation amounts were below normal in northern Japan and Okinawa/Amami, and near 

normal in eastern and western Japan. 
- Sunshine durations were significantly above normal in northern Japan and on the Sea of 

Japan side of eastern Japan, and above normal on the Pacific side of eastern Japan and in 
Okinawa/Amami. 

Migratory high-pressure systems were dominant over the Tohoku region of northern Japan 
and the Hokuriku region on the Sea of Japan side of eastern Japan, bringing the highest 
sunshine durations since 1946 to the Sea of Japan side of eastern Japan. The enhanced Pacific 
High covered the Sakishima Islands of southwestern Japan, bringing hot and dry conditions to 
the area from the second half of summer to the first half of autumn. 
 
(5) Early Winter (December 2014) 

In conjunction with a stronger-than-normal winter monsoon pattern, monthly mean 
temperatures were below normal nationwide. Snowfall amounts were above normal on the Sea 
of Japan side of the country. On the same side of northern and eastern Japan, monthly 
precipitation amounts were the highest on record for December since 1946 due to cold surges 
and cyclones frequently passing near the country.  
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 (a) (b) 

(c)  (d)  

Figure 1.2-3 Seasonal anomalies/ratios for Japan in 2014 
(a) Winter (December 2013 to February 2014), (b) spring (March to May 2014), (c) summer (June to August 
2014), (d) autumn (September to November 2014). The base period for the normal is 1981 – 2010. 
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1.3  Atmospheric circulation and oceanographic conditions3
 

○ In winter, central to eastern North America was repeatedly affected by harsh cold waves   
associated with the Arctic cold air mass sitting more toward North America than normal 
and significant southward meandering of the jet stream. 

○ In August, western Japan experienced record-high precipitation and a record-low sunshine 
duration, primarily due to two typhoons approaching and making landfall in rapid 
succession in combination with a stationary front and sustained inflow of moist air 
associated with the jet stream meandering and flowing south of its normal position.  

○ Although El Niño conditions emerged in summer and continued thereafter, global 
atmospheric circulation did not resemble that of a typical El Niño episode. 
 
Monitoring of atmospheric and oceanographic conditions (e.g., upper air flow, tropical 

convective activity and sea surface temperatures (SSTs)) is key to understanding the causes of 
extreme weather events4 . This section briefly outlines the characteristics of atmospheric 
circulation and oceanographic conditions seen in 2014. 
 
1.3.1 Characteristics of individual seasons5 
(1) Winter (December 2013 – February 2014)6 

SSTs were above normal in western parts of the equatorial Pacific and below normal in 
central to eastern parts (Figure 1.3-1). In association with these conditions, tropical convective 
activity was enhanced over the area from Indonesia to the western equatorial Pacific, and was 
suppressed over the central equatorial Pacific (Figure 1.3-2). 

In the 500-hPa height field, positive anomalies were seen over the Arctic region and negative 
anomalies were seen across central to eastern North America (Figure 1.3-3), indicating 
above-normal inflow of the Arctic cold air mass into central to eastern North America. This led 
to repeated cold waves and severe impacts on socio-economic activity in the region. An 
anticyclone centered on the southwest of the USA was stronger than normal in its northward 
extension, causing northerly winds to be dominant and southerly moist winds to be suppressed 
over the southwestern USA and resulting in drier-than-normal conditions there. Meanwhile, 
distinctive negative anomalies and equatorward-protruding 500-hPa height contours were 
observed to the west of Europe, indicating the persistence of an upper-tropospheric trough. In 
association, numerous extratropical cyclones formed and developed to the west of Europe 
(Figure 1.3.4), bringing wetter-than-normal winter conditions to the UK and France.  
 
(2) Spring (March – May 2014) 
                                                        
3 See the Glossary for terms relating to El Niño phenomena, monsoons and Arctic Oscillation. 
4 The main charts used for monitoring of atmospheric circulation and oceanographic conditions are: sea surface temperature 

(SST) maps representing SST distribution for monitoring of oceanographic variability elements such as El Niño/La Niña 
phenomena; outgoing longwave radiation (OLR) maps representing the strength of longwave radiation from the earth’s 
surface under clear sky conditions into space or from the top of clouds under cloudy conditions into space for monitoring of 
convective activity; 500-hPa height maps representing air flow at a height of approximately 5,000 meters for monitoring of 
atmospheric circulation variability elements such as westerly jet streams and the Arctic Oscillation; and sea level pressure 
maps representing air flow and pressure systems on the earth’s surface for monitoring of the Pacific High, the Siberian High, 
the Arctic Oscillation and other phenomena. 

5 JMA publishes Monthly Highlights on the Climate System including information on the characteristics of climatic anomalies 
and extreme events around the world, atmospheric circulation and oceanographic conditions. It can be found at 
http://ds.data.jma.go.jp/tcc/tcc/products/clisys/highlights/index.html. 

6 See Section 1.3.2 (1) for details of cold conditions over Japan and northern East Asia. 

http://ds.data.jma.go.jp/tcc/tcc/products/clisys/highlights/index.html.
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Throughout most of the equatorial Pacific, and particularly in the vicinity of the Date Line, 
SSTs were above normal (Figure 1.3-5). Convective activity was enhanced over the central 
Indian Ocean and over the Pacific north of the equator, and was suppressed over Indonesia 
(Figure 1.3-6). 

In the 500-hPa height field, positive anomalies were seen over Europe and East Asia, and 
negative anomalies were seen over the Arctic region (Figure 1.3-7). In association, 
below-normal cold Arctic air mass inflow into Europe and East Asia resulted in 
warmer-than-normal conditions there. Above-normal precipitation was observed in southeastern 
Europe, where equatorward-protruding 500-hPa height contours (Figure 1.3-7) and negative sea 
level pressure anomalies (Figure 1.3-8) were seen, reflecting recurrent low-pressure systems 
passing through the region. Countries including Bosnia and Herzegovina in particular suffered 
damage in relation to heavy precipitation and floods. 
 
(3) Summer (June – August 2014) 

SSTs in the equatorial eastern Pacific stayed above normal as they had been in spring (Figure 
1.3-9). The SST deviation from the reference value, however, became larger than that recorded 
in spring and satisfied the criteria for El Niño conditions to be declared (see Section 2.6). 
Convective activity in the tropics was enhanced over central to eastern parts of the Pacific north 
of the equator and suppressed over the western Indian Ocean (Figure 1.3-10). Contrary to a 
typical El Niño event, however, SSTs in the equatorial western Pacific stayed above normal 
throughout summer and convective activity over Indonesia averaged for summer was enhanced. 
Convective activity across the Asian Summer Monsoon region (including Southeast Asia and 
South Asia) was enhanced in July and suppressed in August, reflecting large variability on an 
intra-seasonal time scale. 

In the 500-hPa height field, negative anomalies were seen over the area from eastern China to 
Japan (Figure 1.3-11), indicating that the subtropical jet stream was flowing southward of its 
normal position. The North Pacific Subtropical High was weaker than normal except in its 
extension to the southeast of Japan (Figure 1.3-12). These circulation anomalies were especially 
pronounced in August. Most of Japan, and its western part in particular, experienced 
record-high precipitation and a record-low sunshine duration in August. This was primarily 
attributed to a stationary front and sustained inflow of moist air in association with the 
subtropical jet stream meandering southward upstream of Japan and northward downstream 
during mid-to-late August. Two typhoons that struck the country in quick succession in early 
August also contributed to these conditions. 
 
(4) Autumn (September – November 2014) 

SSTs were above normal across the equatorial Pacific with deviations from the normal 
becoming wider than in summer. SSTs were also above normal in the tropical Indian Ocean 
(Figure 1.3-13). In association with these anomalies, convective activity in the tropics was 
enhanced over much of the Indian Ocean and the North Pacific. Meanwhile, convective activity 
over Indonesia was suppressed (Figure 1.3-14). Convective activity in the equatorial Pacific 
near the Date Line averaged for autumn was suppressed in contrast to the active convection 
typically seen during an El Niño episode.  

In the 500-hPa height field, negative anomalies were observed over the area from Western 
and Central Siberia to Central Asia and in eastern North America (Figure 1.3-15). These 
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anomalies indicate southward meandering of the jet stream, bringing above-normal inflow of 
the Arctic cold air mass. Equatorward-protruding 500-hPa height contours (Figure 1.3-15) and 
negative sea level pressure anomalies (Figure 1.3-16) were seen to the west of Europe. These 
anomalies were pronounced in November when recurrent extratropical cyclones influenced and 
brought above-normal precipitation to southwestern Europe.  
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Figure 1.3-1 Three-month 
mean sea surface temperature 
(SST) anomaly (December 
2013 – February 2014) 

The contour interval is 
0.5°C. Sea ice coverage 
areas are shaded in gray. 
The base period for the 
normal is 1981 – 2010. 

   

 
 

 Figure 1.3-2 Three-month 
mean outgoing longwave 
radiation (OLR) anomaly 
(December 2013 – February 
2014) 

The contour interval is 8 W 
per m2. The base period for 
the normal is 1981 – 2010. 
Negative (cold color) and 
positive (warm color) OLR 
anomalies show enhanced 
and suppressed convection, 
respectively, compared to 
the normal. 

   

 

 

 
Figure 1.3-3 Three-month mean 500-hPa height and 
anomaly in the Northern Hemisphere (December 2013 
– February 2014) 

Contours show 500-hPa height at intervals of 60 m, 
and shading indicates height anomalies. The base 
period for the normal is 1981 – 2010. “H” and “L” 
denote high- and low-pressure systems, respectively. 
Westerly winds flow along the contours. Dense 
(sparse) contour intervals denote high (low) wind 
speed. 

 Figure 1.3-4 Three-month mean sea level 
pressure and anomaly in the Northern Hemisphere 
(December 2013– February 2014) 

Contours show sea level pressure at intervals of 4 
hPa, and shading indicates sea level pressure 
anomalies. The base period for the normal is 
1981 – 2010. “H” and “L” denote high- and 
low-pressure systems, respectively. 
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Figure 1.3-5 Three-month 
mean sea surface temperature 
(SST) anomaly (March – May 
2014) 

As per Figure 1.3-1, but for 
March – May 2014 

   

 

  
 
 
Figure 1.3-6 Three-month 
mean outgoing longwave 
radiation (OLR) anomaly 
(March – May 2014) 

As per Figure 1.3-2, but for 
March – May 2014. 

   

 

 

 
Figure 1.3-7 Three-month mean 500-hPa height 
and anomaly in the Northern Hemisphere (March – 
May 2014) 

As per Figure 1.3-3, but for March – May 2014. 

 Figure 1.3-8 Three-month mean sea level pressure 
and anomaly in the Northern Hemisphere (March – 
May 2014) 

As per Figure 1.3-4, but for March – May 2014. 
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Figure 1.3-9 Three-month 
mean sea surface temperature 
(SST) anomaly (June – 
August 2014) 

As per Figure 1.3-1, but for 
June – August 2014. 

   

 

  
 
 
Figure 1.3-10 Three-month 
mean outgoing longwave 
radiation (OLR) anomaly 
(June – August 2014) 

As per Figure 1.3-2, but for 
June – August 2014. 

   

 

 

 
Figure 1.3-11 Three-month mean 500-hPa height 
and anomaly in the Northern Hemisphere (June – 
August 2014) 

As per Figure 1.3-3, but for June – August 2014. 

 Figure 1.3-12 Three-month mean sea level 
pressure and anomaly in the Northern Hemisphere 
(June – August 2014) 

As per Figure 1.3-4, but for June – August 2014. 
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Figure 1.3-13 Three-month 
mean sea surface temperature 
(SST) anomaly (September – 
November 2014) 

As per Figure 1.3-1, but 
for September – 
November 2014. 

   

 
 

  

 
Figure 1.3-14 Three-month 
mean outgoing longwave 
radiation (OLR) anomaly 
(September – November 
2014) 

As per Figure 1.3-2, but 
for September – 
November 2014. 

   

 

 

 
Figure 1.3-15 Three-month mean 500-hPa height 
and anomaly in the Northern Hemisphere (September 
– November 2014) 

As per Figure 1.3-3, but for September – 
November 2014. 

 Figure 1.3-16 Three-month mean sea level 
pressure and anomaly in the Northern Hemisphere 
(September – November 2014) 

As per Figure 1.3-4, but for September – 
November 2014. 
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1.3.2 Analysis of specific events occurring in 20147 
(1) Winter 2013/2014 cold waves over North America8  

In winter 2013/2014 (December – February), extremely cold conditions were frequently 
observed over central and eastern North America, resulting in various influences on 
socio-economic activities there. 

Seasonal mean temperatures were above normal in Alaska, around California and around the 
Florida Peninsula, and were below normal across much of the rest of North America, especially 
from central Canada to the southern USA (Figure 1.3-17). At Minneapolis/St. Paul Int., 
Minnesota, daily mean temperatures were below normal in early to mid-December, early 
January, late January to early February and late February, and fell below -25°C (approximately 
16°C below the normal) in early January (Figure 1.3-18 (a)). At Chicago/O’Hare, Illinois, daily 
mean temperatures fell below -20°C (more than 16°C below the normal) in early and late 
January (Figure 1.3-18 (b)).  

Cold waves reportedly caused at least 40 fatalities in the USA from mid-December to early 
January. In addition, winter storms reportedly caused more than 80 fatalities throughout the 
USA during winter as well as power outages at hundreds of thousands of homes, with 
transportation influences including flight delays and cancellations. In eastern Canada, at least 
10 fatalities were reportedly caused by cold weather around late December (Source: US 
Government EM-DAT).  

From December 2013 onward, the Arctic cold air mass was located farther toward North 
America than normal and the jet stream in the upper troposphere significantly meandered 
northward over western North America and southward over central to eastern North America. 
This led to a series of cold waves in central to eastern North America (Figure 1.3-19). The 
north-south meandering of the jet stream may have been related to enhanced convective activity 
over the area from Indonesia to the western Pacific.  

 

 

 

 

 

 

 

 

 

 

Figure 1.3-17 Three month mean 
temperature anomalies for North 
America from December 2013 to 
February 2014 (unit: °C) 

Anomalies are shown in relation 
to 1981 – 2010 normals. 

                                                        
7 The analysis was implemented in collaboration with JMA’s Advisory Panel on Extreme Climate Events, which consists of 
prominent experts on climate science from universities and research institutes and was established in June 2007. When a 
nationwide-scale extreme climate event that significantly impacts socio-economic activity occurs, the Panel performs 
investigation based on up-to-date information and findings, and JMA promptly issues a statement highlighting factors behind 
the event and other matters based on the Panel’s investigation and advice. 
8 See Section 1.2.2 (1) for the details of winter conditions over Japan. 
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Figure 1.3-19 Primary factors contributing to the cold 2013/2014 winter conditions seen in central to eastern 
North America 

The green line represents the axis of westerly winds in the upper troposphere. The color shading indicates 
temperatures at 500-hPa height (around 5,000 m above sea level). 

 
(2) Unseasonable weather conditions in Japan in August 2014  

The period from late July to August 2014 was characterized by exceptionally unseasonable 
weather conditions across Japan that brought heavy rainfall over sustained periods. From 30 
July to 26 August, parts of the country experienced extremely heavy precipitation, some of 
which caused substantial damage. Massive landslides caused by torrential rain hit Hiroshima 
late during the night of 19 August to daybreak on 20 August, eventually causing dozens of 
fatalities. In consideration of the severity and nature of related impacts, the Japan 
Meteorological Agency (JMA) recorded the extreme precipitation experienced during the 

 

Figure 1.3-18 Daily mean temperatures (°C) at (a) Minneapolis/St.Paul Int., Minnesota and (b) Chicago, Illinois 
from 1 December 2013 to 28 February 2014  

Red circles denote daily mean temperatures. The black dashed line denotes normal values (1981 – 2000 
average) for daily mean temperature. 

 

(°C) 
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period from the end of July to late August on a list of extreme weather events that have caused 
serious disasters in the country.  

The monthly precipitation total for August averaged over the Pacific side of western Japan 
was the highest on record since 1946 at 301% of the normal. Meanwhile the sunshine duration 
was shorter than normal almost nationwide except in the Hokkaido area of northern Japan, with 
the record-lowest area-averaged sunshine duration at 54% of the normal for the Pacific side of 
western Japan (Figure 1.3-20). 

Three factors are considered to have contributed to these extremely wet conditions: (i) 
Typhoon Nakri and Typhoon Halong in early August, whose slow northward movement brought 
extended influence to western Japan; (ii) a synoptic-scale front lingering around mainland Japan 
from mid- to late August in association with the southward meandering of the subtropical jet 
stream to the west of Japan; (iii) the enhancement of the Pacific High to the southeast of Japan 
in combination with anti-cyclonic circulation anomalies in the lower-troposphere around the 
Philippines, leading to persistent moist air flow into western Japan. Suppressed convective 
activity around the Philippines is considered to have been a primary factor behind the 
meandering of the jet stream and the anti-cyclonic circulation anomalies observed. This was in 
turn associated with enhanced convective activity in the eastern Pacific and the eastern Indian 
Ocean, as well as the tropical intra-seasonal variability that coincidentally came into the phase 
of inactive convection around the Philippines. The primary factors discussed here are 
summarized in Figure 1.3-21. 

In August 2014, several extremely intense precipitation events, including torrential rainfall 
exceeding 100 mm/hour in Hiroshima, gave rise to hydrological disasters in Japan. The number 
of annual occurrences of intense precipitation exceeding 50 and 80 mm/hour, based on 
AMeDAS observation data, is extremely likely to have increased since records began. 
Meanwhile, changes in water vapor abundance in the troposphere based on radiosonde 
observations show an upward trend (Figure 1.3-22), which is consistent with that expected from 
the observed warming caused by increased atmospheric concentrations of carbon dioxide and 
other greenhouse gases. According to the fifth assessment report of the Intergovernmental Panel 
on Climate Change (IPCC), extreme precipitation events over most of the mid-latitude land 
masses will very likely become more intense and more frequent by the end of the 21st century, 
and the average amount of water vapor in the atmosphere could rise by 5 to 25% as the global 
mean surface temperature increases. Thus, global warming may be a contributing factor to the 
upward trend in the number of intense hourly precipitation occurrences observed in Japan, 
although the current statistics spanning a period of about 40 years remain insufficient for 
comprehensive judgment. Further accumulation of data is needed to allow the establishment of 
a more robust causal relationship. 
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Figure. 1.3-20 Precipitation ratios 
and sunshine duration ratios for the 
period from 30 July to 31 August 
2014 in relation to the 1981 – 2010 
average 

 
Figure 1.3-21 Primary factors contributing to the unseasonable weather conditions seen in Japan in August 2014 

 

 

 
 
 
Figure 1.3-22 Time-series representation of 
change in water vapor abundance in the lower 
troposphere over Japan for summer (June to 
August) from 1981 to 2014 

The black line with dots indicates 850-hPa 
specific humidity ratios (mass of water vapor 
divided by mass of total air) to the normal 
averaged over 13 radiosonde stations across 
Japan. The thick blue line represents the 
five-year running mean, and the straight red 
line represents the long-term linear trend. The 
red triangles indicate replacement of 
observation instruments. 


