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Objectives of atmospheric circulation analysis

 Understand and assess the background of climate,
especially extreme climate events, which significantly
influences socio-economic sectors.

* Accumulation of findings on atmospheric circulation
through operational analysis can contribute to
understanding the mechanism of climate system and
furthermore to the improvement of seasonal prediction.



Important phenomena in one-month
forecasting

* Tropical intraseasonal oscillations (e.g. MJO)
* El Nifo/La Nina phenomena (ENSO)

4

It is crucial:

* to understand these phenomena and their possible
impacts on climate;

* to monitor their current condition;
* to predict evolution of these phenomena.

(understand prediction model performance and
appropriate interpretation of model products)
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Climatological normal

* In climate system monitoring and prediction, we assess
the system including atmospheric circulation compared
to climatological normal. (“anomaly”, deviation from
long-term average, is analyzed and predicted.)

* Therefore, it is important to understand climatological
normal of atmospheric circulation and its boundary
conditions.



Climatological normals in Asian summer monsoon (1)
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Climatological normals of atmospheric circulation and convection (July)

1208

Contours: 200-hPa (left) and 850-hPa (right) stream function (JRA/JCDAS)
Shading: outgoing longwave radiation (OLR), observed by NOAA satellites

Base period for normal: 1981 — 2010
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Climatological normals in Asian summer monsoon (2)
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Climatological normals of atmospheric circulation and convection (July)

Left: Sea level pressure (contour), 850-hPa temperature (shading) and 925-hPa wind vectors
Right: 925-hPa water vapor flux (vector) and its divergence/convergence (shading)

Base period for normal: 1981 — 2010



Climatological normals in Asian winter monsoon (1)
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Climatological normals of atmospheric circulation and convection (December)

Contours: 200-hPa (left) and 850-hPa (right) stream function (JRA/JCDAS)
Shading: OLR (observed by NOAA satellites)
Base period for normal: 1981 — 2010
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Climatological normals in Asian winter monsoon (2)
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Climatological normals of atmospheric circulation and convection (December)

Left: Sea level pressure (contour), 850-hPa temperature (shading) and 925-hPa wind vectors
Right: 925-hPa water vapor flux (vector) and its divergence/convergence (shading)
Base period for normal: 1981 — 2010
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Madden-Julian Oscillation (MJO)

* In 1971, Madden and Julian first documented an equatorial
Intrasoasonal oscillation propagating eastward, using modern
observations. Therefore, this is called Madden-Julian
Oscillation (MJO).

* MJO is one of major phenomena in the tropical atmosphere,
Influencing on not only tropical but also extratropical weather
and climate.

* MJO Is a very important phenomenon in medium and
extended range forecasting.

* However, it is difficult to simulate and predict MJO accurately,
because we don’t know completely understand the
mechanism of MJO, especially its generation and persistence.




Characteristics of MJO

MJO B P G s
* propagates eastward along the 236 X
equator with periods of 30 — 60 days, ——————<+

* IS a large-scale coupled pattern
between deep convection and
atmospheric circulation,

e IS more active In boreal winter than
In boreal summer,

 has a clearer signal in convection
over the Indian Ocean and the
western Pacific than other regions.

Schematic of MJO
time increasing downward

(Madden and Julian 1972) S — : _ —
AFRICA INDONESIA S. AMERICA
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Dynamical structure of MJO

« MJO has characteristics of both the equatorial Kelvin wave and the
equatorial Rossby wave.

* The 3D-structure of MJO resembles atmospheric circulation anomalies
responding to convective heating (Matsuno-Gill model)

divergence
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Schematic depiction of large-scale wind structure of MJO (Indian Ocean)
The cloud symbol indicates the convective center. Arrows represent anomalous winds at 850
and 200 hPa and the vertical motions at 500 hPa. “A” and “C” mark the anticyclonic and
cyclonic circulation centers, respectively. (Rui and Wang 1990)




Analysis of MJO

It is easy to discern MJO using observations, without any
advanced techniques, when MJO is active.

200-hPa velocity potential anomaly
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(right), which are 7-day running mean values and averaged around the equator
(5S-5N), from December 2010 to May 2011.
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MJO Index

Wheeler and Hendon (2004 ) defined MJO indices based on

the EOF of OLR, U200 and U850 in which seasonal,

Interannual and ENSO variations are subtracted in advance.
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http://ds.data.jma.go.jp/tcc/tcc/products/clisys/mjo/monitor.html

MJO In boreal summer and austral summer

In boreal summer, northward propagation is seen over the Indian Ocean and
western PaC|f|c In austral summer, eastward propagatlon IS dominant.

JJA
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Boreal summer intraseasonal oscillation (BSISO)

* Approximately, half of the northward propagations are associated with the
equatorial eastward propagation (MJO), and the other are independent.

« Monsoon onset and break are closely related to MJO.

Latitude-time cross section of

BN 1

o seven-day running mean OLR
o ' averaged 80-100 degree E
oo (around Indian sub-continent)
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Five-day mean 200-hPa stream function and OLR



Life cycle of BSISO

There are differences in the characteristics of BSISO between early and
late boreal summer, due to the differences in climatological conditions.
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Impacts of MJO

850hPa stream function
psi850(contour) & statistical significance{shade}) phasel( Mgl Anticyclonic
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Enhanced
convection

Suppressed
convection

N

Convective activity (OLR)
http://juice.cpd.naps.kishou.go.jp/gmd/cpd/data/fruit_wwwroot/MATERIALS/mjo2/index.html
(This is experimental products and available only on a JMA internal website)
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El Nifo/La Nina-Southern Oscillation (ENSO

)

 ENSO, quasi-periodical and ocean-atmosphere interactive
phenomenon, occurs with approximately five-year intervals.

* [t has broad, significant impacts on world climate.

Climate in El Nifio (Jun. — Aug.)
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http://ds.data.jma.go.jp/tcc/tcc/products/climate/ENSO/index.htm
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JMA’s El Nino Outlook (updated 12 October 2011)

It Is more likely than not that La Nina conditions will develop
during boreal autumn and winter.
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Impacts of La Nina on world climate
Temperature (December)
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Impacts of La Nina on world climate
Precipitation (December)
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La Nifia composite (December)
Sea surface temperature
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La Nifia composite (December)
Atmospheric circulation anomaly in the lower troposphere
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La Nifia composite (December)
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MJO

over the Indian Ocean late the month.

In October, a large-amplitude MJO propagated from northern
South America to the Indian Ocean, and was stuck in phase

200-hPa velocity potential OLR anomaly & @ | 850-hPazonal wind
anomaly VIR s =Ry Y anomaly
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Longitude-time cross sections of 200-hPa velocity potential anomaly
(left), outgoing longwave radiation (OLR) anomaly (center) and 850-hPa
zonal wind anomaly (right), which are 7-day running mean values and
averaged around the equator (5S-5N).
(from May to October 2011)
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In late October, the
MJO is stuck in phase.
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Convective activity and atmospheric circulation

Five-day averaged
850hPa stream function
and OLR anomaly
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http://juice.cpd.naps.kishou.go.jp/gmd/cpd/data/fruit_wwwroot/anim/anim_asia.html
(This is experimental products and available only on a JMA internal website)

TCC Training Seminar, 7 November 2011 33


http://juice.cpd.naps.kishou.go.jp/gmd/cpd/data/fruit_wwwroot/anim/anim_asia.html

Tropical conditions (October 2011)

La Nina-like conditions and above-normal over the Indian Ocean.
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Comparison to past La Nina
Sea surface temperature anomaly (SST)
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Comparison to past La Nina
OLR anomaly (Convective Activity)
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Comparison to past high IOBW SST Index
OLR anomaly (Convective Activity)
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Diagnhosis of the current condition

In October, a large-amplitude MJO propagated from northern
South America to the Indian Ocean.

Associated with the MJO and above-normal SST over the
Indian Ocean, convective activity was enhanced over the
western Indian Ocean and suppressed over the Maritime
Continent and the western Pacific, which is similar to the

characteristics in past above-normal IOBW SST years.

In upcoming season, it is likely that the IOBW SST will be near
normal and is more likely than not that La Nina conditions will

develop.

Considering this outlook, the current anomaly pattern in
convective activity temporarily shows that in IOBW+ years and
possibly will return to that in La Nina years.




S L

Introduction

. Climatological normal

MJO (tropical intraseasonal oscillation)
ENSO
Current conditions (October 2011)

Summary



Summary

In the climate monitoring and one-month
forecasting, it is important to focus on MJO and
ENSO, with knowledge of their characteristics
including possible impacts (and model
performance and interpretation of model
products).




Appendices

JMA’s climate system monitoring products

« TCC routinely updates various kinds of monitoring products
on world climate and climate system.

 Please see the following slides for more information on
monitoring products.
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Monthly Highlights on Climate System

- This monthly report contains climate in Japan and the world,
atmospheric and oceanographic conditions for the previous month,

- issued around 15t every month,

- provided through the TCC website.
http://ds.data.jma.go.jp/tcc/tcc/products/clisys/highlights/index.html

16 November;, 2010

Japan Meteorological Agency

Monthly Highlights on Climate System (October 2010)

Highlights in October 2010

- Monthly mean temperatures were above normal in the whole Japan.

- Monthly precipitation amounts were extremely heavy around the South China Sea and Indonesia.

- In the 500-hPa height field, a wavy pattern of anomalies was found from the Pacific to North America.

- Convective activities were enhanced from the eastern Indian Ocean to Indonesia and around the South China Sea.
- Remarkably negative SST anomalies were dominant in the equatorial Pacific.

Climate in Japan (Fig. 1):

Due to the large influence of fronts and cyclones,

cloudy and rainy weather was dominant compared to
the normal. Monthly sunshine durations were below
normal in most of Japan. In the latter period of the
middle 10 days. Amami
record-breaking heavy rains.

region experienced
Temperatures were above normal in the first and
middle 10 days in the whole Japan, while in the last
10 days they were below normal in Northem and
Eastern Japan due to severe cold-air outbreaks.

World Climate (Figs. 2 and 3):

The monthly anomaly of the global average
surface temperature in October 2010 (i.e. the average
of the near-surface air temperature over land and the
SST) was +0.26 °C (10th warmest since 1891)
(Fig.2). On a longer time scale. global average
surface temperatures have been rising at a rate of

about 0.60°C per century. Extreme climate events are

the lower troposphere were below normal in eastern
and southern China. Zonally-averaged tropospheric
air temperature in the middle and high latitudes of the
Northern Hemisphere decreased but remained
remarkably higher than normal from summer 2010,
which was the fifth highest on record for October
since 1979.

Tropics (Figs. 6. 7 and 8):

Convective activities were enhanced from the
eastern Indian Ocean to Indonesia, from India to the
Philippines, around the Caribbean Sea, and in the
intertropical convergence zone of Africa, while they
were suppressed across the equatorial Pacific (Fig. 6).
The active phase of the Madden-Julian Oscillation
(MJO) moved eastward around Indonesia early this
month (Fig. 7). In the lower troposphere, easterly
wind anomalies were dominant from July 2010 (Fig.
7). Corresponding with this, the Southern Oscillation
Index (SOI) was +1.8. In the upper troposphere.
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Fig. 8 Monthly mean Duigoing Longwave Radiation (OLR) anomaly (October 2010)
Contour (nterval is 10 Wim® Base period for
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Annual Report on Climate System

- This annual report contains reports on major climate events (e.g.
summary on El Nino/La Nina events, Asian summer monsoon) as
well as overviews on climate in Japan and the world,
atmospheric and oceanographic conditions,

- issued in March every year,

provided through the TCC website.
http://ds.data.jma.go. |p/tcc/tcc/products/cl|svs/arcs html

2.7 Summary of the Asian Summer Monsoon in
2009

The figures referred to in this section can be found
on pp. 66 —63.

Observing Asian summer monsoon achivify is very
important, smce fluctuations m convective activities

and atmospheric circulation associated with it can
mfluence the summer climate m Asia, meluding that of
Japan. In this section, the characteristics of the Asian
summer monsoon from June to September 2009 are
described.

271 Asian summer monsoon activities and
atmospheric circulation in summer 2009

Fig. 438 Monthly mean linear regression
coefficient of OLR (top) and 200 hPa
zonal wind (bottom) with part of
southward mode score not predicted
by NINO.3,
The contour interval 15 2 Wit on the left
and 1 m'son the nght The shading shows
a 95% confidence level based on F-testing,

Asian summer monsoon activities inferred from the
seasonal mean (ie, from June to September) of
Outgoing Longwave Radiation (OLR) were enhanced
from the east of the Plulippines to the western Pacific
(Fig. 27.1), and were suppressed over western
Indonesia and from India to the area around Tarwan.

Asian summer monsoon activities were generally
suppressed throughout the season except in the West

LR

North Pacific Monsoon (WNPM) region (Table 2.7.1). Fig. 2.7.2 Four-month mean stream function and its
; anomaly for June — September 2009
In the lower troposphere, soon circulation wa -
R i S T A . _l‘ RS (a) The contowrs mndicate the B50-hPa stream
stronger than normal over the eastern Indian Ocean, fanction (m¥s) at imtervals of 2.5 * 10° mYs, and the 0
though its northward penetration was weaker than color shading mdicates 850-hPa stream function -
normal (Fig. 2.7.2a). Cyclonic circulation anomalies anomalies. (b) n‘*: coutours indicate the 120.};.;1}:.
: 59 3 : ‘ 7 105
were ohtarved s «d the Phili o fieg that stream fanction (m™/'s) at mtervals of 10 = 10° m7/s,
i e e ppnes ey itha and the color shading mdicates 200-hPa stream

the monsoon trough was deeper than normal and function anomalies.
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El Nino Outlook

- This report contains current condition of and outlook for ENSO,
- issued around 10t every month,

- provided through the TCC website.

http://ds.data.jma.go.jp/tcc/tcc/products/elnino/outlook.html
El Nino Outlook

( January 2011 - July 2011 )

Last Updated: 11 Jamuary 2011

+ La Nina conditions are likely to persist dwring boreal winter and decay in boreal spring.

[Pacific Ocean]

In December 2010, the 35T deviation from a sliding 30-year mean SET averaged over the WINO 3 region was -1.5%C. The five-month rinning-mean value of the
NINO. 3 S5T deviatons was -1,4°C for October, The Southern Oscillation Index for December was +3.0 (Table and Fig 1). In December, negative S5T
anomalies prevaled over most of the equatonal Pacific, except near Indonesia (Fig 2 and Fig 4). Subsurface temperature anomalies were remarkably positive i the
western equatorial Pacific, and were remarkably negative in the central and the eastern parts (Fig 3 and Fig. 5). In the equatorial Pacific, conwvective actvities m the
western part and near the date ine were below normal Easterly wind anomalies in the lower troposphere prevailed in the western and the central equatorial Pacific
(Fig 6, Fig 7 and Fig 8). The oceanic and atmosphenc features mentioned above reflect La Iifia conditions.

In the equatonal Pacific, persistent easterly ariomalies in the lower troposphere mamtained the negatve subsurface temperature anomales in the central and the
eastern parts, The negative subsurface temperature anomalies will, in tumn, keep 35Ts below normal

The JIMA's El Mifio prediction model predicts that the ININO. 3 SST will be below normal during boreal winter, and will gradually become near normal during
boreal spring, and will be near or above normal dunng boreal summer (Fig 9).

Considering all the above, La Mifia condihons are likely to persist dunng boreal winter and decay in boreal spring.

It 1z lkcely that the 35T in the NINO WEST wall be above normal during boreal winter, and will gradually become near normal during boreal spring and summer
(Fig. 10).

[Indian Ceean)

The 35T averaged over the tropical Indian Ccean (IOBW) region became below normal in December (Fig 1), It 15 likely that the 35T m the IOBW region will be
below normal during boreal winter, and near or below normal during boreal spring and summer (Fig 11).
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Asian Monsoon Monitoring

- This product contains a variety of analysis products (figures) to
assess the current condition of climate system related to Asian,

- provided through the TCC website.
http://ds.data.jma.go.jp/tcc/tcc/products/clisys/index.html

- In addition to this, MJO Monitoring is provided through the
website.
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Statistical Research

- Regression and correlation analysis between atmospheric
circulation and major monitoring indices related to ENSO:
http://ds.data.jma.go.jp/tcc/tcc/products/clisys/newoceanindex/index.html

- Composite maps of temperature and precipitation in El Nino/La
Nina events:

http://ds.data.jma.go.jp/tcc/tcc/products/climate/ENSO/index.htm
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Climate System Monitoring page of the TCC website

* The JMA’s climate system monitoring products are provided
through the TCC website:

http://ds.data.jma.go.jp/tcc/tcc/products/clisys/index.html

r@) S58T Welcome to Tokyo Climate Center

lapan Meteorological Agency

© TCC home @ sbout TCC @ Site Map @ Contact us

Home Warld
Climate

El Mifio NwWP Maodel Global Clirrate in Training Mews
Manitaring Prediction Warrming Japan Maodule Archive

HOME = Climate Systern Mo

Climate System Monitoring

IMA monitors the present state of the global atmospheric, oceanic and terrestrial climate system focusing on atmospheric circulation, convection, ocean
conditions and snow/fice coverage based on numerical objective analyses and satellite observations. These monitoring results provide useful information for
interpretation of the present climate including extreme events and long-term trends, and for long-range forecasts and scientific research.

MNoting that homogeneous and consistent data is necessary for reliable monitoring of the global climate system, JMA conducted the Japanese Reanalysis Project
(JRA-25) in cooperation with the Central Reasearch Institute of Electric Power Industry {CRIEPI). The project was completed in March 2006, and long-term,
homogeneous global analysis data for the period 1979-2004 was finalized and released to users in July 2006. JMA has operated the JMA Climate Data Assimilation
System {JCDAS), which is the same data assimilation system used in JRA project, on a near-real-time basis since March 2006,

The normal was replaced by a new one based on JRA-25 from the December 2006 issue. For detailed information on the new normal, please refer to MRCS

Separated Yolume No.13 published in January Z007.
== Outlines of the New Atmospheric Circulation Climatological Normals based on the JRA-25 data (PDF:280KB)

I Main Products I Links

¥ WO DDB (Various Climate-related
Report on Climate System Products and Data)

3

Monthly Climate Statistics for Japan
Satellite Imagery of MTSAT-1R

Monthly features of extratropical circulation®, tropical circulation and convection, conditions of ocean are
described with figures and tables.

a

3

¥ Monthly Highlights on Clifmate System Tropical Cyclone Advisory @ Tokyo
¥ Explanation of figures Typhoon Center

¥ Mew Climatological Mormals based on the JRA-25- Monthly Report on Climate System Separated Yolume Mo, 13 -
Current Month (October 2010}

£

Japanese 25-year Reanalysis Project
(IR4-25
¢ JRA-ZE Atlas MEW

Waorld Data Center for Greenhouse
¥ Tropics (Highlights and Figures) Gases (WDCGG)
¥ Dceanic Condition (Highlights and Figures)

¥ Report on Climate System Top
¥ Extratropics (Highlights and Figures)

3

e

RSMC Tokyo - Typhoon Center

Seasonal Report (Summer, June 2010 - August 2010) Meteorological Research Institute, JMa

-

¥ Report an Climate System Top

-

Meteorological Satellite Center, IJMA
¥ Extratropics (Highlights andFigures)

&3

b Tropics (Highlights and Figures) World Meteaorological Organization

¥ Oceanic Condition (Highlights and Figures) (M
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Global Surface Climate Monitoring

* Weekly, monthly and seasonal monitoring reports on extreme
climate events with brief descriptions on disastrous events are
available on the TCC website.

http://ds.data.jma.go.jp/tcc/tcc/products/climate/index.html

r@) S5T Welcome to Tokyo Climate Center

lapan Meteorclogical Agency

© TCC home © asbout TCC © Site Map © Contact us

Climate System El Mifio NWP Model Glohal Climate in Training News
Monitoring Monitoring Prediction Warming Japan Module Archive

World Climate

IMA monitors the global climate with CLIMAT and SYNOP reports from NMHSs through the Global Telecommunication System (GTS) of WMO. Quality-checked
data on temperature and precipitation are assembled to assess extreme climate events. Weekly, monthly and seasonal monitoring reports on extreme
climate events with brief descriptions of disastrous events are available on this page, along with world distribution maps of temperature and precipitation.
Climateological normals for temperature and precipitation are based on the period 1971-2000.

I Main Products

I Links

[l Extreme Climate Monitoring

b Weekly Report @8 Dee 2010) * Seasonal Report @o sep 20103
» Weekly Anomaly ©s Des 20100 b oAnnual Report @3 Jun 2010)

¥ Monthly Report @o New 2010)

¥ Waekly circulations & convective acticities in the Tropics (o Dec 20103

¥ Weekly atmospheric field in the extra-tropics ©g Des 2010)

| Normal & Historical Data

» ClimatVview: Monthly Historical & Normal Data (&l available stations)
¥ Normals of Monthly Mean Temperature and Precipitation (Global Map) (10 ey 2008)
» Monthly Normals Data (Principal Stations)

ﬂDuta Descriptions & Analysis Procedures Statistical Research

# Waekly Repaort ¥ Composite Maps on El Nifio/La Nifia
¥ Monthly (Seasonal / Annual) Report
+ Weekly Atmospheric Conditions

¥ WMO DDB (Yarious Climate-related Products and Data)
* Maonthly Climate Statistics for Japan

* Satellite Imagery of MTSAT-1R

* Tropical Cyclone Advisory @ Tokyo Typhoon Center

¥ Japanese 25-year Reanalysis Project (JRA-25)

¥ JRA-25 Atlas EW NI

* World Data Center for Greenhouse Gases (WDCGG)
RSMC Tokyo - Typhoon Center

* Meteorological Research Institute, JMA

* Meteorological Satellite Center, JMa

World Meteorological Organization (WHO)

GLCOS Surface Network Monitoring Center {(GSNMC)

» CBS Lead Centraes for GCOS

¥ Beijing Climate Center, China Meteorological Administration
* Korea Meteorological Administration

v Asian Disaster Reduction Center
r Severe Weather Information Center
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El Nino Monitoring

* Monthly diagnosis reports, ENSO monitoring products, ENSO indices
and El Nino outlooks are available on the TCC website.
http://ds.data.jma.go.jp/tcc/tcc/products/elnino/index.html

@) S8 Welcome to Tokyo Climate Center

lapan Metecrclogical Agency

© TCC home © About TCC @ Site Map © Contact us

NWP Model Global Climate in Training News
Prediction Warming Japan Module Archive

Homea World Climate System
Climate Maonitoring

HOME = El Nifio Monitoring

El Niiio Monitoring and Outlook

MA operates the Dcean Data Assimilation System and the El Nifo Prediction System (an ocean-atmosphere coupled model) for monitoring and prediction of
| Niho-Southern Oscillation (ENSD). Monthly diagnosis reports, ENSO mo ring products, ENSO indices and El Nifio outlooks are available on this page.

I Main Products I Links

~ WMO DDB (Various Climate-related Products and
iLatBst Products jast updated : 13 Dec 2010 HENSG Impacts Data)

Monthly Climate Statistics for Japan

Satellite Imagery of MTSAT-1R

Tropical Cyclone Advisory @ Tokyo Typhoon Center

-

Brief summary appears when moving your mouse over the links with » Global Climate
broken lines.

¥ Atmosphere
* El Nifio Outlook GirGklation

» Figures and Tables
» Download El Nifio Monitaring Indices
* Model forecast of SST anomalies for Nifio regions

Japanese 25-year Reanalysis Project (JRA-25)
JRA-25 Atlas EW .

World Data Center for Greenhouse Gases (WDCGG)
RSMC Tokyo - Typhoon Center

» Meteorological Research Institute, JMaA

L

Animations

* S5T and Anomaly
¥ Longitude-Depth Cross Section along the Equator

. [ Meteorological Satellite Center, JMA
Grid Point Yalues

» Download SST (COBE-SST from 1891 to the latest month) NEW

wWorld Meteorological Organization (WMO)

GCOS Surface Network Maonitoring Center (GSNMC)
CBS Lead Centres for GCOS
* Explanation of El Nifio Monitoring Indices Beijing Climate Center, China Meteorological

Description of Coupled Ocean-atmosphere General Circulation Model (JMA/MRI-CGCM) ¥EW since Administration
March 20049 Korea Meteorological Administration

IMudeI Descriptions & Analysis Procedures

»

w

Description of Ocean Data Assimilation System (MOVE/MRI.COM-G) since March 2008
¥ Asian Disaster Reduction Center

Description of Daily Sea Surface Analysis for Climate Monitoring and Predictions (COBE-SST)
The Characteristics of the Global Sea Surface Temperature Data (COBE-SST)

-

Severs Weather Information Center

"
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