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State of Global Warming in 2014

~The year 2014 was the warmest since 1891.~

Global Surface Temperature in 2014

The annual anomaly of the global average surfage 1
perature for 2014 (i.e., the combined average of
nearsurfaceair temperature over land and the SST) v
+0.27°C above the 19821 2010 average (+0.63°C abo\
the 20thcentury average), making it the highest sir
1891. The top five warmest years are now 2014 (+0.27
1998 (+0.22°C), 2013 and 2010 (+0.20°C), and 32
(+0.17°C). On a longer time scale, global average sur
temperatures have risen at a rate of about +0.70°C
century since 1891 (Figure 1).

In 2014, the monthly average air temperatures for A;
May, June, August, September, October and Decen
and the seasonal average air temperatures for b
spring, summer and autumn, were also the highest ¢
1891.

Warm temperature deviations are seen not only ac
much of Asia and Europe but also over a wide ocean ¢
particularly in the North Pacifi(Figure 2).

All years this century rank within the warmest 16 sir
1891. The recent high temperatures are thought to r
from the global warming trend caused by increasaw (
centrations of carbon dioxide and other anthropoge
greenhouse gases. Gl temperatures are also affected
inter-annual to decadal natural fluctuations intrinsic to
earth’s cli mate. The hi
thought to be associated with the El Nifio phenomenon
began in summer 2014.

JMA monitors monthly,seasonal and annual avera
anomalies of global surface temperature. The results
routinely updated on the following TCC web page:
http://ds.data.jma.go.jp/tcc/tcc/produgisp/temp/ann_wid.html

(Kaji Ishihara, Climate Prediction Division
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Figure 1 Long-term change in annual mean surface tempera-
ture anomalies over the globe

The black line with filled circles indicates anomalies of surf:
temper#ure in each yeaiThe blue line indicates fivgear running
mean, and the red line indicates a ldagn linear trend. Ano-
alies are represented as deviations from the -P830D average.

Annual Mean Temperature Anomalies 2014

Japan Meteorological Agency
The circles indicate temperature anomalies from 1981-2010 baseline
averaged in 5%x 5° grid boxes.
Figure 2 Annual mean temperature anomalies in 2014
The circles indicate anomalies of fage temperature averaged
5°x5°grid boxes. Anomalies are deviations from the 19810

average.
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Ocean Heat Content in 2014

Oceans have a significant impact on the global clirr
because they cover abotit0 % of t he ea
have high heat capacity. According to the Intergove
mental Panel on Climate Change Fifth Assessment re
(IPCC, 2013), more than 60% of the net energy incre
in the climate system from 1971 to 2010 is stored in
upperocean (0- 700 m), and about 30% is stored belc
700 m. Oceanic warming results in sea level rises du
thermal expansion, and impacts marine ecosystems.

It is virtually certain that globally integrated upp
ocean (0- 700 m) heat content (OHC) rosetlveen 1950
and 2014 at a rate of 2.11 x 1022 J per decade

12 T T T T T T

long-term trend with interannual variations (statistica
significant at a confidence level of 99%). Oceans ekhi
ed marked warming from the miB90s to the early
2000s. Although the slopeab become more moderat
OHC has continued to increase significantly since ther
rise of 0.022°C per decade in the globally averaged u
ocean (0- 700 m) temperature has accompanied the C
increase.

These longerm trends can be attributed to glok
warming caused by increased concentrations of arthr
genic greenhouse gases such as CO2 as well as n
variability.

(Yoshikazu FukudaJarine Division)
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Figure 3 Time series representation of the globally
integrated upper (0 — 700 m) ocean heat content
anomaly

The 1981- 2010 average is used as the normal. The s
line with dots shows the annual mean for the globa-it
grals of upper (8- 700 m) ocean heat content anomali
The shaded area indicates a 95% confidence level.
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Highlights of the Global Climate in 2014

Annual mean temperatures were ab¢ oW 2.
normal in many parts of the world, ar 3
were below normal in the Philippine:
from Western Siberia to Central Asia al
from central Canada to the southern U
(Figure 4). Extremely high temperature
were frequently observed from Malays
to Indonesia, in southern Europe, in we
ern Africa, around northern Madagasci
in western Alaska, from the southweste
USA to northwestern Mexico, around tt
Caribbean Sea, arousduthern Brazil anc
in southern Australia, and extremely lo
temperatures were frequently observed
the southern part of Western Siberia, in 1
southern part of Central Asia and arou
the Midwest of the USA.
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Figure 4 Annual mean temperature anomalies in 2014
Categories are defined by the annual mean temperature anomaly against t

mal divided by its standard deviation and averaged in 5° x 5° grid boxes
thresholds of each category afe28,-0.44, 0, +0.44 and1.28. The normal ‘a
ues and standard deviations are calculated from-2080 statistics. Land aree
without graphics represent regions for which the sample size of observation «
insufficient or normal data are unavailable.
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Annual precipitation amounts wer:
above normal from Central Siberia to tl
eastern part of Central Asia, on the $ou
ern Scandinavian Peninsula, in soutle:
ern Europe, around the Red Sea, in
northeastern USA, in western Mexico,
the southern part of SoutAmerica and
from Micronesia to the southern Phii
pines, and were below normal on tl
southern Arabian Peninsula and in $pu
ern Algeria (Figure 5. Extremely heavy U
precipitation amounts were frequent
observed in southeastern and westeun
rope and arowhsouthern Brazil.
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Figure 5 Annual total precipitation amount ratios in 2014

Categories are defined by the annual precipitation ratio to the normal avera
5° x 5° grid boxes. The thresholds of each category are 70%, 100% and
Landareas without graphics represent regions for which the sample size of (
vation data is insufficient or normal data are unavailable.

Major extreme climatic events and weathelated
disasters occurring in 2014 are listed belaso see k-
ure6).

(1) Torrential rain in Japan (August)
(2) Dr ought in northeaster

August)

(3) Low temperatures in the southern part of Western
beria (July, SeptemberOctober)
(4) Low temperatures in the southern part of Central /

(February, October November)

(5) Typhoon in the Philippines (July)
(6) High temperatures from Malaysia to Indonesia (Jur

July, October November)

(7) Torrential rain in India, Nepal and Pakia n (.

September)

(8) Floods and Landslides in northern Afghanistan (A|

—June)

(9) Heavy precipitation in southeastern Europe (Ma

June, August September, December)

(10) High temperatures in southern Europe (Febru

April, October— Novembe)

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

(12) High temperatures in western Africa (Juréuly,
November)

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

(14) High temperatures in western Alaska (Januany; .
gust, November)

(15) Low temperatures around the Midwest of the U
(January- March, July, November)

(16) Drought in California (all year round)

(17) High temperatures from the southwestern USA
northwesterMexico (all year round)

(18) High temperatures around the Caribbean Sea @t
July, November)

(19) High temperatures (JanuaryFebruary, September
October) and heavy precipitation (Jureluly, Se-
tember— October) around southern Brazil

(20) High emperatures in southern Australia (Mayp$St
tember— October)

(Ayako Takeuchi, Tokyo Climate Cent¢
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Figure 6 Major extreme climate events and weather-related disasters across the world in 2014
Major extreme climatevents and weatheelated disasters that occurred during the year are indicated schematically.
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Summary of Japan’s Climatic Characteristics in 2014

- Annual mean temperatures were near no

Jan Feb Mar Apr May Jun Jul Aug

all over Japan. Annual precipitation amot N
. . orthern

were above normal in many regions of Japan
country, and were below normal in @k
wa/Amami. Annual sunshine durations w
significantly above normal on the Pac Eastern
side of northern Japan and eastern Jay Japan
and were below normal in western Japan

- WesternJapan experienced cool, wetrsu Western
mer conditions for the first time since 200 Japan

- Hazardous extremely heavy rains wdre
served in some areas nationwide from Okinwa/
July to August. Amami

- Two recorébreaking heavy snowfall ever
hit the Kanto Koushin region in February

Figure 7 Time series of five-day running mean temperature anomalies
for subdivisions (January — December 2014)

The normal is the 19842010 average.

(1) Annual characteristics

The annual mean temperature over Japan was
normal. Although all regions of the country exper
enced abowmormal temperatures for several mont|
temperatures fluctuated periodically with largelg-t
low-normal temperature periods. Migrato
high-pressure systems were dominant and brot
sunny weather to mthern and eastern Japan mainly
spring and autumn, while a number of typhoons
developed cyclones brought high precipitati
amounts there.

(2) Seasonal characteristics
(a) Winter (December 2013 — February 2014)
Although the strength of the winteramsoon was
near normal, snowfall amounts were significanté |
low normal on the Sea of Japan side of Japan.nMi
while, the Pacific side of eastern Japan was hit by
heavy snowfall events in February, with maximt
snow depths significantly exceeding pimws records
at many stations in the Kanto Koushin region.

(b) Spring (March — May)

Migratory highpressure systems were domine
over the main islands of Japan, bringing more su
days than normal to northern, eastern and wester!
pan and cold air advéon to Okinawa/Amami.

(c) Summer (June — August)

The expansion of the Pacific High to western Ja
was weaker than normal. This part of Japan eéxg
enced cool summer conditions for the first time sir
2003, and sunshine durations were the lowest for
gust since 1946 on the Pacific side of western Ja
Hazardous extremely heavy rains were observe(
some areas nationwide due to active fronts and
phoons from late July to August.
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Figure 8 Annual climate anomaly/ratio for Japan in 2014

(d) Autumn (September — November)

Migratory highpressure systems werdominant over
northern Honshu and brought the highest sunshine dura
since 1946 to the Sea of Japan side of eastern JapanaTl
cific High covered the Sakishima Islands, bringing hot .
conditions to the area from the second half of summer tc
first half of autumn.

(Norihisa Fujikawa, Climate Prediction Division
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TCC Training Seminar on Global Warming Projection Information

JMA's Tokyo Climate Center (TCC) assists Nation
Meteorological and Hydrological Services (NMHSSs)
improving their climate services. The Center's two mz
activities in this regard involve providing basic clime
data and products to NMHSs through its website @ad
sisting with capacity development at NMHSs in t
Asia-Pacific region. TCC holds annual training semin.
as part of capacity development activities related to
role as an RCC in the WMO RA Il area. In addition
running annual training seminars,aitranges expert visit
to and hosts visitors from NMHSs to support discussi
on cli-mate services and the effective transfer of teth
ogy.

In fiscal year 2014, TCC held the Training Seminar
Global Warming Projection Information from 26 to
January2015 at JMA Headquarters in Tokyo. The ew
was attended by 13 experts from NMHSs in Bangladi
Cambodi a, Hong Kong (Chi
Democratic Republic, Malaysia, Mongolia, Myanmi
Nepal, the Philippines, Sri Lanka, Thailand and Viati\
The seminar focused on enhancing knowledge regar
global warming and related issues, and on improving
di vidual countries’ capa
warming projection information. The teaching involv:

7CCTraining Seminai on
\|g, ),

263t Jaruary 015 To!
Tokys Zlivcay

JJajal

TCC News

\( lobal Wariming Projection inf rmation

lectures and practical exercisesing one of the latese+
sults of global warming projection. The participants ger
ated global warming projection information for their ov
countries u s i-55greandlydia ' data ah
20-km-resolution MRIAGCM data prodtu
Meteorological Reearch Institute (MRI) under Theme C
the Program for Risk Information on Climate Change (e
known as SOUSElan initiative s
Ministry of Education, Culture, Sports, Science andhFe
nology (MEXT).

At the end of the seminar, all atidees gave presant
tions on the results of their exercises and engaged in frt
discussions with the lecturers and other participants.
content of the lectures is available on the TCC websit
http://ds.data.jma.go.jp/tcc/tcc/library/library2014.html

Attendees also listened to lectures byClwairs of IPCC
Wor king Groups at the Sy
Change and our Future” o1
the Enviroment. JMA and MEXT were among it
co-organizers.

(Atsushi Goto, Tokyo Climate Cente

Ay
=>

C2 %t Japen Metecrc ogical Ageicy
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TCC Activity Report for 2014

In 2014, the Tokyo Climate Center (TCC) continu
support the climate services of NMktSasiaPacific con-
tries by providing and enhancing data and products, ha
training seminars, sending experts and hosting visitors.

1. Highlights of 2014

1.1 Contribution to the Global Framework for Climate
Services (GFCS)

At its 15th session helth Doha, Qatar in Decembe
2012, the WMO Regional Association recognized that
implementation of the GFCS depends on the sharin
good practices and lessons learned (including adval
project management capabilities), the development @f
jects andhe improvement of climate services provided
NMHSs. Toward the achievement of these aims, the
Pilot Project for Information Sharing on Climate Servic
was adopted. TCC plays a leading role in the impleae
tion of the Project, and started colleg¢timformation from
NMHSs in 2013. Based on the data received, the Ce
has developed a new dedicated website to suppori
sharing of information on climate services provided
NMHSs and on their Frameworklated activities.The
website (http://ds.data.jma.go.jp/tcc/pilgt/ was  officially
launched on 31 March 2014, and is kept updated. F
Members are encouraged to inform TCC of any update
their related activities.

The GFCS is intended tenablebettermanagement of
climaterelated risk. As reported ifCC News No. 38
JMA has also developed a nemebsitefor climate risk
management (CRM)

(http://www.data.jma.go.jp/gmd/risk/en/index.h)miwhich is
linked to the TCC website. Theew websiteincludes n-
formation on the following to support CRM activities
Japan:

- Clarification of the basic CRM concept and related-
cesses

- Good practices in CRM conducted by JMA together w
partner organizations in the agriculture and apy
el/fashion industries

1.2 New provision of “Monthly Discussion on Seasonal
Climate Outlooks”

On 25 March 2014, TCC started providing a newdpr
uct called Monthly Discussion on Seasonal Climate-C
looks on its web page

(http://ds.data.jma.go.jp/tcc/tec/products/model/index html
This website is intended to assist NMHSs in tt
Asia-Pacific region in interpreting and assessing prodt
from the Global Producing Center of Longnge Forecast:
(GPC) Tokyo for thregnonth prediction and warm/col
season prediction, and to facilitate understandingurrent
climate system condition§TCC News No.3p

1.3 New Forecast Products in Support of Early Warn-
ings for Extreme Weather Events
Early warnings for extreme events on a -selsonal

TCC News

time scale are of great benefit in seeimonomic activities
such as mitigating the effects of floods and heatwaves
ensuring appropriate food and water supplies. TCC
developed a set of extreme wleer warning products fo
phenomena such as high/low temperatures, heavy pre
tation/drought conditions, and strong winds, based
J MA’ s o0 p e rnaonth ensemble pediction syste
(EPS) to support the provision of early warnings faf
treme eventsThe products include maps of the Extrei
Forecast Index (EFI), extreme weather warnings base
the EFI, and probabilistic forecasts for extreme conditi
together with an EPSgram covering the period up to
weeks ahead. On 28 August 2014, TCC sthpmviding
the new forecast products via the TCC web@iteC News
No.39.

1.4 Issuance of special reports on extreme events
In its role as a WMO Regional Climate Center (RCC
RA 1I, TCC monitors world climate conditions with foct
on Asia and the surrounding area. The Center issete
ports on extreme climate events and summaries of
Asian summer/winter monsoon on its website
http://ds.data.jma.go.jp/tcc/tcc/products/clisys/reports/index.ht
In August 2014, Japan experienced unseason
weather. In particular, the western part of the country :
recordhigh precipitation and recofldw sunsine dua-
tions. TCC invited members of its Advisory Panel ot E
treme Climate EventéTCC News No0.28) to investigate
and discuss possible factors related to these unseasc
conditions. EBsed on its deliberations, the Panel issue
statement on primary factors causing the cloudy and r
conditions observed. The statement and detailed ang
were issued in Japanese and English on the JMA wel
and the English versienwere also madavailable onthe
TCC welsite
(http://ds.data.jma.go.jp/tcc/tcc/news/press 2014090B.pdf
TCC also closely monitored the extreme events lis
below and a number of others, aisdued related medi
releases in Japanese. These are available on the JitA
site at
http://www.data.jma.go.jp/gmd/cpd/monitor/extreme_world/inc
x.html.
- Extreme cold in noltern America in December 2013 ai
January 2014
- Drought in the southwestern US starting in January 2(

In its role as an RCC in RA |l, TCC informed WMO 1
events in the region to assist in the preparation of
WMO Statement on the Global Climate in 2014.

It is worth noting that the global temperature for 2C
was the highest since 18¢
preliminary report was issued on 22 December, and
final report was published in February 20@8CC News
No.39).
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1.5 Upgrade of JMA's One-month forecast model in
March 2014

TCC provides onenonth prediction products via the
web based on JMA's Ensemt
for operational ongnonth forecasting (Onmonth EPS).
On 6 March, JMA implemented a major upgrade of tl
Onemonth EPS. Major changes to the new system inclL
increased horizontal resolution of the Atmospheric Glok
Circulation Model (AGCM), improvement dfs boundary
conditions, and amendment of the ensemble methGL
News No.35.

2. Enhancement of data/products/tools on the TCC
website

TCC strives to continuously enhance its servicethe
provision of data, products and tools. In 2014, the Vollo
ing data and ducts were made available on this:site

30 January: Upgraded version of ClimatView

10 February: Updated hindcast gridded data f

onemonth forecasts

28February JRA-55data via ITACS

3 March: Climate products (e.g., analys
charts and indices on the Asic
Monsoon) generated using JFo&
(as opposed to the previous produ
generated using JRA5)

25 March: Monthly Discussion on Season
Climate Outlooks

28 August:  Forecast Products in Support ofrE:

ly Warnings for Extreme Weathe
Events, including Extreme Foreca
Index (EFI) maps

Some of these were made available in response-to
guests by NMHSs, and are also expected to be usefu
other parties. The Center Witontinue to accommodate
requests from NMHSs wherever possible.

3. Capacity development

TCC holds annual training seminars as part of capac
development activities related to its role as an RCC in F
[I. In addition to running annual training seminaitsalso
arranges expert visits to and hosts visitors from NMHSs
support exchanges of views on climate services and
effective transfer of technology.

3.1 Training seminar

TCC holds a training seminar each fiscal year (whi
runs from April to March). In 2014, preparations wer¢
made for the event to be held in January 2015. As the F
Assessment Report of the IPCC was issued in Novem
2014, the Center chose global warming as the subjec
the annual event. Details of the training are regabiin
TCC News No. 39.

TCC News

3.2 Expert visits and other follow-up activities

In June, a TCC expert visited the Department ofevi¢
orology and Hydrology (DMH) of Myanmar in Nay P
Taw to assist with improvements to seasonal predic
services using numericalrgdiction model outputs an
products available on the TCC website. The visit v
planned as a followp to the TCC training seminar held
2013, and also provided opportunities for DMH and T
to discuss future collaboratioff.CC News No.3Y.

Other followup activities to previous TCC trainin
seminars included hosting expert visits at TCC angat ¢
ducting teleconferences to provide technical support.

4. International meetings

4.1 Regional Climate Outlook Forums

RCCs are expected to actively contribute to discuss
in Regional Climate Outlook Forums (RCOFs). In 20:
TCC experts participated in the following RCOFs in Asii

- Fifth session of the South Asian Climate Outlook For
(SASCOF5) held in Pune, India, from 22 to 23 Apri
and a preceding training workshop on operational ¢
sonal prediction

- Tenth session of the Forum on Regional Climate iMc
toring, Assessment and Prediction for Regional Asso
tion Il (FOCRA 11) held inBeijing, China, from 23 to 2t
April

- Second session of the East Asia winter Climate Outl
Forum (EASCOF) held in Tokyo, Japan, from 29 to
October (Hosted by JMA; see 4.2 for details.)

- Third session of the ASEAN Climate Outlook Foru
(ASEANCOF) held inSingapore from 17 to 19 Nore
ber

TCC attendees gave presentations on seasonalcpt
tions based on JMA’S nume
discussions toward the formulation of a consensug-s
ment on regional forecasts.

4.2 EASCOF
From 29 to 31 Octolsye JMA hosted the second sessi

of EASCOF at its headquarters in Tokyo with the atte
ance of over 30 experts from China, Japan, Mongolia
the Republic of KoregTCC News No.3B After the
session, TCC devabed a new dedicated EASCOF \sizé
in collaboration with experts from other participatil
countries to share presentations and reports at EAS
sessions

(http:/ds.data.jma.go.jp/tcc/tec/library/ EASCOF/ The new
websiteis linked to the WMO website and the TCClwe
site.

4.3 Other meetings

In 2014, TCC was represented at the 16th session o
WMO Commission for Climatology (C€16) (July, Hé
delberg, Germanyand the 2nd session of the Intevgc
ernmental Board on Climate Services (IBZ)S(Novem-
ber, Geneva, Switzerland). In conjunction with €®land
the 35th Meeting of the Joint Scientific Committee of 1
World Climate Research Programme, the WMO Techn
Conference on Climate ServiceBuilding on CLIPS Le-
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acy was held. At this event, TCC made a presentatiol
support from research for the operational activities
RCCs as well as a poster presentation on-3BATCC
experts also participated in the 16thsSen of the Cm-
mission for Agricultural Meteorology (CAgM6) (April,
Antalya, Turkey), giving two poster presentations

JMA's contribution to i mg
in Japan’ s agricultural
JRA-55.

5. Publications

TCC has published its newsletter (TCC News) ot
quarterly basis since 2005. The publication is intende:
enhance communication and provide information
NMHSs and related communities about recent TGS
velopments, events and activitieswasll as details of the
Center’ s reports on the
results and outlooks. In 201FCC News No. 35and No.
38were issued and made available online by TCC.

Other EnglisHanguage publications related to theé ¢
mate, such as Climate Change Monitoring Report 2
and Annual Report on the Climate System 2013, were
published by TCC on the Web.

6. Staff changes

Ryuji Yamada, who served as a TCC focal point for
eign colleagues for a number of years, moved to the W
Secretariat in October to work as Programme Manage
the Regional Office for Asia and the Sowtest Pacific
(RAP; part WMO' s Devel opment i-¢
ties Department (DRA)). His position was taken over
Atsushi Goto, who also assumed his responsibilities
member of the RCC’'s CCI E

7. Plans for 2015

- Contribution to the Global Framework for Climate
Services (GFCS)

RCCs are expected to play a major role in the ém|
mentation of the GFCS, and TCC plans to furtl
strengthen its activities:cs
Framework. Such activities include further assistance
NMHSs for theprovision of better climate services, as w
as maintenance and updating of the portal site for the |
Project for Information Sharing on Climate Services.

- New/upgraded data, products and tool

TCC plans to implement a major upgrade of its Seas
Ensemble Prediction System for operational thremth
and warm/cold season forecasting by the summer of 2C

Taking advantage of the JR3S longterm reanalysis
dataset, i nvestigation of

Any comments or inquiry on thisewsletterand/or the TCC
website would be much appreciated Please amail to
tcc@met.kishou.go.jp
(Editors: Teruko Manabe, Atsushi Goto
andYasushi MochizuKi

TCC News

mate is underway. Teleconnectionices (e.g., the Arctic
Oscillation Index) are also being developed using -H8A
to enhance monitoring of atmospheric circulation. Tt
plans to make the investigation results and the ind
available online in 2015.

TCC further plans to upgrade the lstetive Tool for
Analysis of the Climate System (ITACS) to version 5.0
2015. The new version will have a renovated Graph
User Interface (GUI) to reduce network traffic and u
burdens, and will feature a new function enabling the ¢
eration of onemonth probabilistic forecasts at static
points based on the Model Output Statistics (MOSh-te
nique with 30year (1981- 2010) hindcasts. Thesepu
grades are expected to provide ITACS users with a n
convenient operational environment and to be more L
in application.

TCC is additionally working on the development of i
formation/products based on the Standard Precipite
Index (SPI) for improved monitoring of drought around 1
world.

- Capacity development

In the last quarter of the year, TCCliwiold its annual
training seminar with a dozen invited experts as attenc
The Center will also continue to dispatch experts
NMHSs as necessary and host visitors from NMHSs u
request.

(Teruko Manabe, Tokyo Climate Cente
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