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I  Post-El Niño 

○ The annual anomaly of the global average surface temperature in 2016 was +0.45ºC above 
the 1981 – 2010 average, which was the highest since 1891. The mean surface 
temperature in Japan for 2016 is estimated to have been +0.88ºC above the 1981 – 2010 
average, which is the highest since 1898. The high temperatures observed in 2016 are 
considered to be partially attributable to the high temperature of the troposphere in 
association with the El Niño event. 

 
I.1  Global temperature for 2016 was the highest since 18911 
The annual anomaly of the global average surface temperature for the year 2016 (i.e., the 
combined average of the near-surface air temperature over land and the sea surface 
temperature (SST)) is estimated at +0.45°C above the 1981 – 2010 average, which was the 
highest since 1891. 

Positive temperature anomalies were seen over many regions of the world, especially 
Eurasia, North America, the Indian Ocean and the Tropical Pacific, while negative temperature 
anomalies were seen over parts of the North Atlantic and the North Pacific (Figure I.1-1). The 
monthly anomalies of the global average surface temperatures for January, February, March, 
April, June and July, and the seasonal anomalies of the global average surface temperatures for 
the boreal winter, spring and summer were also the highest since 1891. 

 

 
Figure I.1-1  Annual mean temperature anomalies 2016 

Circles indicate temperature anomalies from the 1981 – 2010 baseline averaged in 5° x 5° grid boxes. 
 

                                                 
1 Monthly, seasonal and annual estimates of average temperatures around the globe and around Japan are published on JMA’s 
website.  
http://www.data.jma.go.jp/cpdinfo/temp/index.html (Japanese) 
http://ds.data.jma.go.jp/tcc/tcc/products/gwp/gwp.html (English) 

http://www.data.jma.go.jp/cpdinfo/temp/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/gwp/gwp.html
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The mean surface temperature in Japan for 2016 is estimated to have been +0.88ºC above the 
1981 – 2010 average, which is the highest since 1898. 

In an El Niño event, atmospheric air temperatures generally increase on a global scale 
first at low latitudes and then at mid-to-high latitudes. Warm sea water in the eastern part of 
the Indian Ocean extended to the western part in association with a change in winds over the 
tropical Indian Ocean from relatively weak westerlies to easterlies2 (Section 1.3). SSTs in the 
Indian Ocean then increase around three months after the evolution of an El Niño event. Thus, 
it is known that the global mean temperature increases after an El Niño event. 

The high global average surface temperature observed in 2016 is attributed to high SSTs 
in the tropical Pacific and the tropical Indian Ocean in association with the El Niño event that 
continued from boreal summer 2014 to boreal spring 2016, as well as to global warming and 
the high temperature of the troposphere. The high temperatures observed over Japan in 2016 
are attributed to warm-air inflow over Japan throughout boreal winter to spring in relation to 
strong high-pressure systems to the south and east of the country in association with the El 
Niño event, as well as to global warming and the high temperature of the troposphere. 

On a longer time scale, it is virtually certain that the global average surface temperature 
has risen at a rate of about 0.72ºC per century, and it is virtually certain that the annual mean 
surface temperature over Japan has risen at a rate of about 1.19ºC per century. 
 
Table I.1-1  The 10 highest annual average surface temperature anomalies globally and in 
Japan 

Global Japan 

 
Year Anomalies (ºC) 

 
Year Anomalies (ºC) 

1st 2016 +0.45 1st 2016 +0.88 

2nd 2015 +0.42 2nd 1990 +0.78 

3rd 2014 +0.27 3rd 2004 +0.77 

4th 1998 +0.22 4th 1998 +0.75 

5th 2013 +0.20 5th 2015 +0.69 

 
2010 +0.20 6th 2010 +0.61 

7th 2005 +0.17 
 

2007 +0.61 

8th 2009 +0.16 8th 1994 +0.56 

 
2006 +0.16 9th 1999 +0.49 

 
2003 +0.16 10th 2013 +0.34 

 2002 +0.16  
 
  

                                                 
2 http://www.data.jma.go.jp/gmd/cpd/data/elnino/learning/faq/whatiselnino2.html (Japanese) 

http://www.data.jma.go.jp/gmd/cpd/data/elnino/learning/faq/whatiselnino2.html
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I.2  Influences from the termination of the El Niño event on the global climate 
The El Niño event that emerged in summer 2014 peaked in winter 2015/2016 and ended in 
spring 2016. This section highlights the characteristics of atmospheric circulation observed 
after its termination and related impacts on the global climate, including extremely heavy 
precipitation in the Yangtze River basin and delayed formation of the first TC in the western 
North Pacific. 
 
(1) Heavy precipitation in the Yangtze River basin 
Areas along the middle and lower reaches of the Yangtze River experienced above-normal 
precipitation from April to July 2016. Cumulative precipitation from April 1 averaged over the 
stations in the basin was the highest since 1997 (Figure I.2-1). Amounts soared from late June 
onward in particular, with the highest cumulative 30-day precipitation among the stations for 
June 21 to July 20 exceeding 900 mm (Figure I.2-2). More than 200 fatalities were reported in 
relation to heavy rainfall and landslides from late June to early July according to the 
government of China. 

Such an extended period of extremely heavy precipitation was caused by a strong 
convergence of moist air flow from the South China Sea over the Yangtze River (Figure I.2-4). 
This was induced by anticyclonic circulation anomalies over the western tropical North Pacific 
(Figure I.2-3) associated with high SSTs in the Indian Ocean in the wake of the El Niño event 
(see Section 1.3). 
 

 

Figure I.2-1  Cumulative precipitation averaged over the stations in the middle and lower Yangtze River basin 
Observation stations are shown on the inset map. The red, blue and green lines indicate cumulative 
precipitation for the periods starting on April 1 of 2016, 1998 and 1999, respectively, and the grey lines 
indicate the same periods for all other years since 1997. The dashed black line indicates the average over the 
19 years from 1997 to 2015. 
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Figure I.2-2  30-day precipitation in the middle and lower reaches of the Yangtze River basin 
The map indicates 30-day precipitation for June 21 to July 20 2016, when particularly heavy rainfall was 
recorded. Red dots denote stations recording the three highest precipitation amounts for the 30-day period 
(Anqing, Wuhan and Macheng) and the highest amount for April 1 to July 24 (Huangshan). 

 

 

 

Figure I.2-3  Anomalies of outgoing longwave radiation (shading) and sea level pressure anomalies (contours; 
unit: hPa) for April to June 2016 

Warm and cool colors indicate suppressed and enhanced convective activity, respectively. H denotes anticyclonic 
anomalies. 
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(2) Delayed formation of the season’s first tropical cyclone 
The first tropical cyclone (TC) of 2016 over the western North Pacific basin formed on July 3 
(TC definition: a tropical low-pressure system with wind speeds of 17.2 m/s or higher). This 
was the second-latest since 1951, being slightly earlier than the July 9 date recorded in 1998 
(Table I.2-1). The top four records in Table I.2-1 coincide with TC seasons subsequent to a 
winter when an El Niño event reached its peak and sea surface temperatures in the Indian 
Ocean remained high. During all these TC seasons, pronounced anticyclonic circulation 
anomalies developed in the lower troposphere and convection activity was suppressed over the 
western tropical North Pacific as per the pattern seen in Figure I.2-3. 

In summary, suppressed convective activity and enhanced anticyclonic circulation over 
the western North Pacific in association with high SSTs in the Indian Ocean in the wake of the 
El Niño event were a factor behind the heavy precipitation observed in the Yangtze River basin 
from April to July 2016 and the delayed first TC formation of 2016. 
 

 
 
 
 
 
 
 
 
  

 

Figure I.2-4  Movement of water vapor (arrows) and related inflow/outflow (shading) anomalies at an altitude 
of around 1,500 m for April to June 2016 

Warm and cool colors indicate net outflow and inflow anomalies, respectively. These anomalies are 
normalized with a value of ±1.83 corresponding to once every 30 years. 

Rank Year 
Date of first TC 
formation (UTC) 

Rank Year 
Date of first TC 
formation (UTC) 

1 1998 06Z, July 9 6 1984 06Z, June 9 
2 2016 00Z, July 3 7 1964 06Z, May 15 
3 1973 18Z, July 1 8 2001 00Z, May 11 
4 1983 06Z, June 25 9 2006 12Z, May 9 
5 1952 18Z, June 9 10 2011 12Z, May 7 

Table I.2-1 Top 10 years of delayed TC formation 
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II  Extreme climate conditions in Japan in August 2016 

○ In August 2016, western Japan experienced hot summer conditions, and sea surface 
temperatures in the area were much higher than normal. 

○ Due to rainfall from tropical cyclones, fronts and moist air inflow, monthly precipitation 
was the highest on record in northern Japan and caused serious damage. 

 
II.1  Surface climate and sea surface temperature 
(1) Surface climate conditions 
In mid-to-late August, four tropical cyclones (Chanthu (T07), Mindulle (T09), Lionrock (T10) 
and Kompasu (T11)) made landfall on northern and eastern Japan in rapid succession. This 
was the joint-highest number of monthly TC (tropical cyclone) landfalls on the country since 
records began in 1951, tying with August 1962 and September 1954. The Hokkaido region 
was affected by Conson (T06), which passed the area’s Nemuro Peninsula. Lionrock (T10) 
was the first TC to make landfall on the Tohoku region from the Pacific Ocean side since 1951, 
and caused heavy precipitation there. Due to rainfall from the TC, fronts and moist air inflow, 
monthly precipitation amounts were significantly above normal in northern Japan and were the 
highest (at 231% of the normal) since 1946 on the Pacific side of northern Japan. Meanwhile, 
sunshine durations in northern Japan were also significantly above normal in association with 
high-pressure systems that frequently covered the area during the first half of the month. 

Western Japan experienced hot and dry conditions from late July to August. In western 
Japan, monthly mean temperatures were +0.9°C above the normal and the 10-day mean 
temperature for mid-August was the second highest since 1961 at +1.6°C above the normal. 
Monthly sunshine durations on the Sea of Japan side and the Pacific side of western Japan 
were 131% (the second-highest since 1946) and 126% (the third-highest since 1946) of the 
normal, respectively. 
 

Figure II.1-1  Temperature anomalies, precipitation ratios and sunshine duration ratios for August 2016 
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(2) Sea surface temperature 
As with the hot conditions observed in western Japan, sea surface temperatures (SSTs) were 
much higher than normal in August in the seas around western Japan and the Okinawa Islands. 
In contrast, SSTs were much lower than normal in the seas around Minamitorishima and in 
seas east of Japan affected by TCs. 

In the northern part of the East China Sea, areas with SSTs exceeding 31°C were seen in 
mid-August (Figure II.1-2). The 10-day mean SST in mid-August was 29.9°C, which was the 
highest since 1982. 
 

 

Figure II.1-2  10-day mean sea surface temperatures (top) and related anomalies (bottom) for 11 – 20 August 2016 
Sea surface temperatures (unit: °C) are based on the MGDSST dataset. The aqua rectangle indicates the 
northern part of the East China Sea (30 – 35°N, 120 – 130°E). 
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II.2  Atmospheric conditions (Figure II.2-2) 
(1) Record precipitation in northern Japan 
Convective activity was enhanced from the area around the Philippines to the southeast of 
Japan from late July. The westerly jet stream meandered northward around the Kamchatka 
Peninsula and a blocking high developed (Figure II.2-1(a)). Meanwhile, the jet stream 
meandered southward over the central Pacific and a trough formed there. 

Cyclonic eddies separated from the trough over the mid-latitude central Pacific and 
moved westward, contributing to the enhanced convective activity over the seas to the 
southeast of Japan. In association with this enhancement, major cyclonic circulation was seen 
to the south of Japan and a greater number of tropical cyclones than normal formed (Figure 
II.2-1(b)). Southerly winds prevailed in the upper troposphere to the east of Japan due to the 
meandering of the westerly jet stream. The Pacific High was weaker than normal over the seas 
to the south of Japan and extended toward the south of the Kamchatka Peninsula. Due to these 
large-scale circulation anomalies, tropical cyclones moved northward over the seas to the east 
of Japan along the Pacific High and approached or hit the north of the country following 
southerly winds in the upper troposphere. Lionrock (T10) followed a peculiar path: after 
moving southwest over the seas to the south of the Kanto region, it made a U-turn over the 
Pacific Ocean and then moved northwest in association with the meandering westerly jet 
stream. It was the first TC make landfall on the Tohoku region from the Pacific Ocean side 
since 1951. These TCs brought a series of heavy precipitation events and serious damage to 
northern Japan, especially on the Pacific side. 
 
(2) Hot summer conditions in western Japan 
Divergent flow in the upper troposphere from the area around the Philippines was clearly seen 
in association with enhanced convective activity there (Figure II.2-1(b)). The jet stream 
meandered northward over northeastern China, and the Tibetan High was stronger than normal 
in its northeastern part (Figure II.2-1(a)). The flows converged over the area from eastern 
China to western Japan, and downward flows were seen in the mid-troposphere. Vertical 
advection and greater amounts of solar radiation than normal were seen as factors behind the 
hot and dry summer conditions in western Japan. The sea surface temperature around western 
Japan was much higher than normal in association with the enhanced solar radiation and weak 
surface wind. 
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Figure II.2-1  (a) Wind (arrows) and height anomalies (shading) at 200 hPa (height: approx. 12,000 m), (b) 
outgoing longwave radiation (shading) and sea level pressure (contours) in August 2016 

(a) Long arrows indicate the jet stream, and Hs denote the blocking high (east) and the extended Tibetan High 
(west). 
(b) Blue shading indicates the active convection area, and H and L denote the center of the Pacific High and the 
cyclonic circulation system, respectively. 

 
 

 

Figure II.2-2  Characteristics of atmospheric circulation associated with extreme climate conditions in Japan in 
August 2016 
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III  Sea surface temperature (SST) product based on geostationary 

Himawari-8 satellite data 

○ JMA has provided SST products since 1946 to support monitoring of oceanic variations, 
coastal disaster prevention, the shipping and fishing industry, marine tourism and other 
areas. In 2016, two new SST products were developed using data from the Himawari 8 
geostationary satellite. 

 
III.1  Sea Surface Temperature Composite Images Based on Himawari Data 
The functions and specifications of the imager on board Himawari-8, which entered operation 
in July 2015, are notably superior to those of imagers on board previous geostationary 
satellites. The high-resolution, high-accuracy SST data produced by the satellite is used to 
provide a new product called Sea Surface Temperature Composite Images Based on Himawari 
Data. The product provides composite images made from hourly Himawari SST data, and is 
issued twice a day with a horizontal resolution of 0.02 degrees in both longitude and latitude. 
There are fewer areas where SST data cannot be retrieved due to cloud cover in this product as 
compared to a 12-hour snapshot, giving users a clearer picture of sea conditions.   

Figure III.1-1 shows a sample of the product for 17th March 2016. It can be seen that  
sharp fronts lie between the Oyashio cold water distributed widely southeast of Hokkaido and 
the Kuroshio warm water extending east of Honshu. SST distribution and ocean current status 
can be monitored from this product in areas with no cloud or sea ice. 
 

 

Figure III.1-1  Sea Surface Temperature Composite Image Based on Himawari Data (17th Mar 2016) 
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Table III.2-1  Verification of HIMSST and conventional analysis compared to in-situ data 
Period: Oct. 2015 – Dec. 2016; Area: Western north Pacific. Comparison of average values within individual 
1-degree boxes. 

Analysis type Bias (°C) RMSE (°C) 
Number of applicable 
1-degree boxes 

HIMSST 0.041 0.789 114,348 

Conventional  0.051 0.813 114,351 
 
III.2  High-resolution Merged Satellite and in-situ Data Sea Surface Temperature (HIMSST) 
HIMSST analysis is based on SSTs from the Himawari-8 geostationary satellite, polar-orbiting 
satellites and in-situ platforms (buoys and ships). With the addition of Himawari SST data and 
method improvement, HIMSST data now offer higher resolution and better analysis accuracy 
than data from conventional analysis. The improvement enables consideration of small-scale 
and short-period variations determined from Himawari SST data and NOAA/AVHRR 
high-resolution data. The HIMSST area of coverage is limited to the western north Pacific  to 
ensure the validity of verification of Himawari-8 observation data. Table III.2-1 shows 
verification of HIMSST and conventional analysis compared to in-situ data. HIMSST 
accuracy is higher than that of conventional analysis with both bias and RMSE, and the data 
are more sensitive to SST variations. 
 
III.3  Sea Surface Temperature (SST) product specifications 
Table III.3-1 shows the specifications of JMA’s current SST products. 
The Sea Surface Temperature Composite Images Based on Himawari Data product has been 
provided since May 2016, and HIMSST has been provided since November 2016. Both are 
uploaded to JMA’s Marine Diagnosis Report web page (Japanese only). 
 

 
  

Table III.3-1  Specifications of JMA Sea Surface Temperature (SST) products 

Product Conventional SST 
product 

HIMSST (new) SST Composite 
Images Based on 
Himawari Data (new) 

Resolution  0.25 degrees 0.1 degrees 0.02 degrees 

Frequency  Once a day Once a day Twice a day 

Type Analysis Analysis 

Observation 
(no data from areas 
under cloud cover or 
in sea ice) 

Area Global 
Western north Pacific 
0 – 60°N, 100°E – 180 

Seas adjacent to 
Japan 
20 – 50°N, 120 – 
160°E 
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IV  Interannual variability in carbon dioxide concentrations and related 

causes 

○ Carbon dioxide (CO2) atmospheric concentration growth rate exhibits interannual 
variability strongly associated with terrestrial biosphere uptake and emission.  

○ The net uptake of CO2 by the terrestrial biosphere in 20153 was lower than the average 
for the previous decade. This was due to high temperatures and droughts in tropical 
regions and elsewhere associated with the recent El Niño event, which enhanced CO2 

emissions from plant respiration, decomposition of organic matter in soil, and wildfires. 
 
Carbon dioxide (CO2) is the most influential contributor to global warming. Its atmospheric 
concentration increases at a rate of around 2 ppm/year, corresponding to 4 GtC/year in units of 
carbon mass, with seasonal cycles. The growth rate of CO2 concentration is not necessarily 
constant, exhibiting significant interannual variations. The 2015 growth rate was the 
second-highest since 1985 (Figure IV-1). 

The interannual variability observed is primarily associated with natural sources and 
sinks of CO2. Accordingly, it is important to clarify the causes of this variability in order to 
better understand the global carbon cycle, which will eventually provide scientific pointers for 
the effective reduction of greenhouse gas concentrations. 

 
Figure IV-1  Time-series representation showing monthly averages of global atmospheric CO2 concentration 
(blue dots) and its annual growth rate (gray bars) from 1985 to 2015 

The analysis was performed using data archived by the World Data Centre for Greenhouse Gases (WDCGG). 
The annual growth rate is defined as the average of concentrations in December of one year and January of 
the next year minus the corresponding average for previous years. Conversion from ppm to carbon mass per 
year is based on a factor of 2.12 GtC/ppm (IPCC, 2013). 

 
As shown in Figure IV-2, once CO2 is emitted into the atmosphere as a result of 

anthropogenic activity, it is exchanged with reservoirs formed by oceans and the terrestrial 
biosphere. As a result, roughly half of all anthropogenic emissions remain in the atmosphere, 
with the remainder being captured in these reservoirs. The terrestrial biosphere plays the most 
significant role in interannual variations of the CO2 concentration growth rate. 
                                                 
3 The latest available data (up to 2015) are referenced here. 
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Figure IV-2  Atmospheric CO2 sources and sinks 

 
The method for estimating net CO2 uptake by the terrestrial biosphere here is that of Le 

Quéré et al. (2016), with the atmospheric concentration growth rate and oceanic uptake 
subtracted from anthropogenic emissions. Figure IV-3 illustrates the resulting net CO2 uptake 
by the terrestrial biosphere as a function of years. A rate of 2.6 ± 0.8 GtC/year on average is 
seen for the period 1990 – 2015. The annual net CO2 uptake in 2015 was 2.2 ± 0.9 GtC/year, 
which is lower than the average of 3.2 ± 0.9 GtC/year for the previous decade (2006 – 2015). 

El Niño events usually induce high temperatures and droughts, particularly in the tropics, 
and such anomalies enhance CO2 emissions from the terrestrial biosphere. Plant respiration 
and decomposition of organic matter in soil are promoted as a result, while plant 
photosynthesis is diminished (Keeling et al., 1995; see also Section 3.1.1). In addition, 
frequent wildfires contribute to higher CO2 emissions. The low net CO2 uptake by the 
terrestrial biosphere in 2015 can be attributed to the 2014 – 2016 El Niño event (WMO, 2016). 
Similar suppressions of net CO2 uptake by the terrestrial biosphere were also observed with 
rough correspondence to the El Niño events of 1997/1998, 2002/2003 and 2009/2010. In 
particular, 1998 exhibited the highest growth rate of atmospheric CO2 concentration for three 
decades and the lowest net uptake by the terrestrial biosphere. An exception was the period 
1991 – 1992, when net CO2 uptake by the terrestrial biosphere was large despite the 
corresponding El Niño event. This may be attributable to the eruption of Mt. Pinatubo, which 
caused negative temperature anomalies worldwide and inhibited CO2 emissions from the 
decomposition of organic matter in soil (Keeling et al., 1996; Rayner et al., 1999).  

Net uptake of CO2 by the terrestrial biosphere exhibited no discernible long-term trend 
in the period 1990 – 2015 due to large interannual variations. It is possible, however, that the 
progress of global warming will suppress the uptake of CO2 by the terrestrial biosphere and 
accelerate the increase in atmospheric CO2 concentrations (IPCC, 2013). Hence, it is necessary 
to continuously monitor the long-term trend of CO2 exchanges among the atmosphere, the 
oceans and the terrestrial biosphere. 
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Figure IV-3  Time-series representation of annual net CO2 uptake by the terrestrial biosphere from 1990 to 2015 

Net CO2 uptake is estimated by subtracting the growth rate of atmospheric concentration (Figure IV-1) and 
oceanic uptake (Iida et al., 2015; see also Section 3.1.1) from anthropogenic emissions mainly caused by fossil 
fuel combustion and land-use changes (Le Quéré et al., 2016). Oceanic uptake incorporates a natural CO2 
efflux of 0.7 GtC/year (IPCC, 2013) associated with river input into oceans. Positive/negative values indicate 
CO2 uptakes/emissions, respectively. Error bars represent a 68% confidence level. El Niño and La Niña periods 
are shaded in red and blue, respectively. 

 


