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Introduction to Climatology

Tomoaki OSE (tomoaose@mri-jma.go.jp)
Climate Research Department, Meteorological Research Institute (MRI/JMA)
1-1 Nagamine, Tsukuba, 305-0052, JAPAN

1. Climate and Climate system

According to WMO website, “At the simplest level the weather is what is happening to the
atmosphere at any given time. Climate in a narrow sense is usually defined as the "average weather,"
or more rigorously, as the statistical description in terms of the mean and variability of relevant
quantities over a period of time.”

Although climate is the synthesis of the weather, climate is not maintained only by atmosphere
itself but is formed in the interactions among many components of the Earth. This system is named as
climate system. The global climate system consists of atmosphere including its composition and
circulation, the ocean, hydrosphere, land surface, biosphere, snow and ice, solar and volcanic
activities (Fig.1). These components interact on various spatial and temporal scales through the
exchanges of heat, momentum, radiation, water and other materials.

The purpose of the lecture is to know how climate and its variability is formed and changed in

the global climate system and what kind of role each component of the climate system plays.

Climate System http:/fipec-wg ucar edulng 1/FAQAwgT_fag-1.2 html Fictures are from NASA web-sies
Difference between
Changat in the Atmosphere: Changes in the Equilibrium radiative temperature and Ground Surface Temperature
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Schamatic view of !he componams of ha cimals sysiam, thelr processas and Imaraclions.
Figure 1 Climate system. Figure 2 Raditive balance of planets.
(From ipcc-wgl.ucar.edu) (Pictures are from NASA website)

2. Global mean temperature and Radiative balance

Global mean temperature of planets, which is the temperature “observed from space”, is
estimated by global radiation balance between absorbed solar radiation and terrestrial emission from
the planet. Incoming solar radiation is reflected back to space by a fraction of the planetary albedo.

For the Earth, the observed mean ground temperature (15°C) is warmer by 34°C than the estimated
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temperature (-19°C). The reason is suggested by comparing other planet cases (Fig.2). The mean
ground temperature for Mars with thin atmosphere is warmer only by 1°C than the estimated
temperature. For Venus with thick atmosphere, the difference is 503°C. Radiative absorption by
greenhouse gas in atmosphere is an important factor to determine mean ground temperature as well
as planetary albedo.

The Earth’s atmosphere has different characteristics for shortwave and longwave radiations
(Fig.3). It is transparent (58%) for shortwave radiative flux from the sun as an approximation except
for the reflection due to clouds (23%). On the other hand, the longwave radiation flux emitted from
the Earth’s ground is absorbed (90%) once in the atmosphere approximately and then mostly emitted
back to the ground (greenhouse effect). Upper cold atmosphere and clouds emit less longwave flux to
space than the ground emits. As a net, surface ground is heated by shortwave radiation from the sun,
and atmosphere is cooled by longwave emission to space. The vertical contrast of the heating
between ground and atmosphere creates thermal instability, which is compensated by vertical

transport processes of sensible and latent heat energy due to turbulences, convections and waves.

hitplipec-wgl ucaredulwg 1P A wg1_faq-1. 1 himl Ficture is from [FCC 1985

Reflected Solar Inceming 235 Outgoing . . . . s .
107\ Radiation Solar Longwave Imbalanced horizontal distribution of radiative heating

|(1] Latitudinal Imbalance between Pole and Tropics ~ Timescale=1year |

165 4 Driving Forces of Climste

Relaxation time to radiative
equilibrium temperature
(radiative equilibrium

Emitted by Clouds

els

N timescale) is estimated as
5 B ‘-x ¥ Sty about 30 days
£ 2 e
- 5 b SR Radiative imbalance between
= 5 it avey Pole and Tropics drives
= it e m global circulations.
4 P 2l iy Radiative imbalance between
e G T e day and night has small
%m“‘"““‘ e influence on global
R | circulations directly.
omas i ine |(2] Longitudinal Imbalance between Day and Night Timescale=1day
The atmasphere
Figure 3  Vertical energy balance. Figure 4 Horizontal radiative imbalance.
(From ipcc-wgl.ucar.edu) (Picture is from IPCC 1995)

3. Annual mean circulation and Horizontal heating contrast

Longitudinal contrast of radiative heating is created between day and night (Fig.4). But, generally,
as compared with the annual cycle, the diurnal heating contrast does not produce significant
temperature differences between day and night and related global circulations because a relaxation
time to a radiative equilibrium is estimated as 30 days for the Earth (James, 1995), which is much
longer than a day scale. However, diurnal cycles play a dominant role in local precipitation
occurrences particularly in the tropical to subtropical lands and surrounding seas.

Latitudinal heating contrast on the Earth is created on seasonal time-scale by the different
incoming shortwave radiation between near the poles and the tropics (Fig.4). Local surface
temperature determining outgoing longwave radiation is not adjusted instantly enough to compensate

for the showtwave radiation contrast. A part of absorbed radiative energy in low latitudes is
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transported poleward by meridional circulations and waves in atmosphere and ocean, and these heat
transports keep high-latitudes warmer than the radiative equilibrium. Poleward/equatorward air
motions form westerly/easterly wind in the upper/lower subtropics (Fig.5) through Coriolis force due
to the rotation of the Earth (or the angular momentum conservation about the Earth’s rotation axis).

Extra-tropical waves are also responsible for creating mid- to high latitude’s westerly jets.

4. Seasonal change and Heat capacity

Seasonal change is definitely produced by the seasonally changing solar incidence with its
maxima at the South Pole in December and at the North Pole in June. However, zonally averaged
features of wind and temperature are not drastically changed in the troposphere (lower than about
100hPa) through the whole year; westerly jets in both hemispheres, hot tropics and cold poles (Fig.5).
This fact is attributed to basically unchanged distribution of sea surface temperature (SST) due to
large heat capacity of the oceans. SSTs roughly determine the location of deep cumulus occurrences,
which leads to vertical energy mixing in the troposphere and drives global circulations (Webster,
1994).

Stratospheric climate above 100hPa varies following the seasonal march of the sun (Fig.5)
because of the seasonal change of ozone-related shortwave heating and small heat capacity of thin
stratospheric atmosphere; cold around a winter pole, warm around a summer pole, westerly jet in a
winter hemisphere and easterly in a summer hemisphere. Atmospheric circulations also contribute to

the stratospheric climate; a cold tropopause in the tropics is steadily created by upward motion.

Jan-Jul contrastof surface temperature/precipitation
Seasonal Change of Temperature and Zonal Wind

Ly
1)

Alr Temperature  NCEP{1846-20 lanuary  Procipitation EMAP(1879-3001)

Solar Insolation

e

908

ED WAk AP WAY KN KL A 5B OCT NN DEC

Figure 5 (Left) seasonal change of solar insolation and Figure 6 (Left) surface air

(right) zonally averaged temperature and winds in temperature and (right)
January (uppers) and July (lower). (the figure for precipitation in (upper) January
solar insolation is from IPCC 1995)). and (lower) July.

Heat capacity of land surface is small as compared with that of the oceans. Surface air
temperature over the northern continents is much higher than SSTs at the same latitudes in the

northern summer (especially in daytime) and much colder in the northern winter (Fig.6). The large
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contrasts of surface air temperature between continents and the oceans add a significant feature to
regional seasonal changes of rainfall and wind around the continents in low and mid-latitudes, which
is named as monsoon. A concentrated subtropical rainfall forms a typical summer monsoon system
consisting of an upper-level anti-cyclonic circulation, a monsoon trough, a low-level jet, a
subtropical rainfall band expanding north(south)eastward and extensive downward motions causing
dry region in the north(south)westward area of the northern (southern) hemisphere (Rodwell and

Hoskins, 1996), as shown in the Asian region of Fig. 7.

Effect of mountain: Koppenclimate )
Northern Summer Monsoon (Kitoh, 2005)

WF|-CGCME.2 control MEI-CGCME.2 no-meuntain

CMAP( 1979 EDOH_ - -

= . NS — M um e bs W e ewooom o - e o o
== T /-\_,__,J /_/___‘_/—,,_, A Tropical humid (Tropical wet, Tropical monsoonal, Tropical savanna)
o == ’\_&‘_'__,.- % C’:\ o C: Mild mid-latitude (Mediterranean, Humid subtropical, Marine west coast
= ot I P D: Severe mid-latitude (Humid continental or Subarctic)
=== E: Polar (Tundra, Ice cap)
w 850hPa Stream-Function =~
Figure 7 (Left) precipitation, (upper-right) Figure 8 Koppen climate maps simulated by a
200hPa streamfunction and (lower-right) climate model (left) with mountains and
850hPa streamfunction in July. (right) without mountains.

(From Kitoh 2005 in Japanese)

5. Climate model and Experiments

A good way to understand climate system is to modify or remove some elements of the climate
system (Fig. 1). It is not easy to modify a real climate system of the Earth by changing the Earth orbit
or removing mountains. Instead, we can easily modify virtual climate systems simulated numerically
in climate models based on physics and other fundamental sciences. From the comparison between
with/without mountain model experiments (Fig. 8), we can see that mountains would be responsible
for the real world climate of humid summer and somewhat cold winter in the eastern parts of the
continents. Paleo climate is another climate system we can confirm based on observational evidences.

It gives us a chance to test the ability of climate models to simulate another different climate.

6. Intra-seasonal to Interannual variability

Climate varies naturally with time. Atmosphere itself includes internal instability mechanisms,
typically the baroclinic instability around the extratropical westerly jets, so that it may be considered
as chaotic or unpredictable beyond a few weeks. However, some atmospheric low-frequency (>10
days) teleconnections are analyzed such as wave patterns along the westerly jet waveguides and other

ones from the northern mid-latitudes across the equatorial westerlies (Fig. 9), which are consistent
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with the Rossby-wave propagation theory. Numerical ensemble predictions from many disturbed

atmospheric initials are a reasonable tool to capture mean weathers in next few weeks.

Monthly Weather Review, 1562

Rossby-wave Propagation

Global in the 250-mb 5 Field

during the Northern Hembsphere Winter

HUANG-HSILNG HEU anD SHIH-HSUN Lis

@1 -3 diy bow-pass

1}

(a) 200hPa zonal wind DJF

Wheeler, M., and G. N. Kiladis, 1999: Convectively coupled eguatorial

waves: Analysis of clouds in the wavenumber frequency
Red
Noise

domain. ). Atmos. Sci., 56, 374-399.
rodh

15 s
0 {E,,, POWEROLAA 1 gucramouno o { £, s POWEROLAS) } g0

Figure 9 (Left) a teleconection pattern of
250hPa (upper-right)

various propagations and (lower-right)

streamfunction,

200hPa climatological zonal wind in
DJF. (From Hsu and Lin 1992)

10

power-spectrums in the tropics of (left)

Figure Spatial and temporal
asymmetric and (right) symmetric OLR
the equator.

Wheeler and Kiladis 1999).

variability about (From

From Madden and Julian (1972) From Knutson and n (1987)

Current Seasonal Forecast is based on El Nino Predictability,

Madden-Julian Oscillation (MJO) (An Example of Four-month-lead Seasonal Prediction)
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Figure 11 (Left) schematic time-sequence Figure 12 (Left) observed SST, precipitation

of Madden-Julian Oscillation (MJO)
along the equator (from Madden and
Julian, 1972).
of OLR and 250hPa
anomaly at MJO phases (from Knutson
and Weickmann 1987).

(Right) composite maps

streamfunction

and surface air temperature anomalies for DJF
1997-98. (Right) the

four-month lead prediction.

same except for

Some time-space power-spectrum peaks, indicating organized atmospheric variability coupled
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with convective activity, are imbedded in red noise backgrounds in the tropics. Variability of
outgoing longwave radiation (OLR) associated with equatorial waves, such as Kelvin waves,
equatorial Rossby waves (ER) and mixed Rossby-Gravity waves (MRG), can be detected, as well as
tropical depressions and easterly waves (TD-type) in Fig. 10. Madden-Julian Oscillation (MJO) is an
eastward-moving oscillation of surface pressure, precipitation and winds along the equator with the
period of 30-60 days and planetary scale wavenumbers (Fig. 11). Monitoring MJO or watching OLR
and velocity potential anomalies may be very helpful for intra-seasonal prediction in the tropics to
the subtropics and even in the mid-latitudes (Fig. 11).

Atmosphere-ocean interactions are able to produce longer time-scale natural variability in
atmosphere with periods beyond months up to several and decadal years. A typical example is ENSO
(El Nifio / Southern Oscillation) with the period of 2-7 years, which is influential to worldwide
climate even out of the tropical Pacific. El Nifio events, related surface air temperature and
precipitation anomalies are predicted successfully on seasonal to inter-annual scales (Fig.12). The El
Nifio SST anomaly tends to keep seasonally steady precipitation (heating) anomalies over the
equatorial central Pacific. Upper and lower-level tropical atmospheric response to a steady heating
anomaly can be explained based on forced equatorial waves or the Gill-pattern (or Matsuno-Gill
pattern) (Fig. 13). Recently, terms of El Nifio Modoki or Central Pacific (CP)-El Nifio are used for
the equatorial Pacific phenomena with warm SST anomaly and enhanced precipitation in the central
Pacific but cold SST anomaly and suppressed precipitation in the eastern Pacific, distinctive from

normal El Nifio events or Eastern Pacific (EP)-El Nifio (Fig. 14).

Anomalous winter climate conditions in the Pacific rim during recent El Nifio

Some simple solutions for heat-induced tropical circulation modoki and El Nifio events
PF“""";[’{‘ J:“’“ﬂa?:hlﬁl "';""_':;E;“:[?:‘!E‘[ . Hengyi Weng, Swadhin K. Beheraand Toshio Yamagata
Flume B fum A58 Ay SRR PemmadrmaRs AR E {Climate Dynamics, 32, 563-574, 2009)
Symmetric Heating Anomaly Asymmetric Heating Anomaly Regressed 55T&skin-temperature Regressed rainfall & surface wind
about the equator added about the equator { lan-Feb-Mar) { lan-Feb-Mar)
et

o verticsl welodity feaneouts] Lowerisper wind fs

5] et verticel welodity joomours]

Figure 13  Tropical atmospheric Figure 14  Comparison between (lower) El Nifo

responses to equatorially (left) Modoki or CP-El Nifio and (upper) normal El Nifio
symmetric and (right) plus or EP-El Nifio events. (Left) related surface air
asymmetric heating anomalies temperature  anomalies, (right) precipitation
(from Gill 1980). anomalies. (From Weng et al. 2009)

The remote effect of El Nifio during the mature stage is stored in the Indian Ocean capacity and

still influential to the Indo-western Pacific climate even during summer following the ENSO (Fig.
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15). A dipole mode with an east-west SST anomaly contrast sometimes occurs around Sep-Oct in the
tropical Indian Ocean, which is at least partially independent from ENSO events (Fig. 16).
Occurrence of this mode affects climate over various regions including tropical eastern Africa and

the maritime continent.

Climate during the A dipole mode in the Saji et al., Nature 1999
tropical Indian Ocean

1A YAN DU ] y ) j
M. M. Saji*, B. N. Goswami, P. N. Vinayachandran” & T. Yamagala't - |
=R T m’ TR | e : -

Indian Ocean Capacitor El
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Figure 15 Indian Ocean capacitor effect. (Left) Figure 16 A dipole mode in the tropical

lagged correlation of tropical Indian Ocean Indian Ocean. (Upper-left)
SST with Nino 3.4 SST for NDIJ. time-evolution of the dipole mode SST
(Upper-right) seasonality of major modes. anomaly, (lower-left) rainfall shift
(Lower-right) correlation of the NDJ Nino3.4 during the dipole mode, (right)
SST with the following JJA climate. (From historical records for dipole mode and
Xie et al. 2009) El Nifio events. (From Saji et al. 1999).

7. Decadal variability and Climate change

Decadal variability and climate change involve feedbacks from other elements of the climate
system. Changes of vegetation and soil moisture amplify the dramatic drying trend in 1980’s in Sahel
region, which is basically forced by a southward precipitation shift of the Inter-tropical Convergence
Zone due to cooler/warmer SST anomaly in the northern/southern Atlantic Ocean (Fig. 17). Decadal
variabilities are also found in SST anomaly from the North Pacific to the tropics. A possible
mechanism is the subduction hypothesis; high latitudes’ cold surface water is subducted in the North
Pacific and flows into the subtropical deeper ocean along the surfaces of constant density, then back
up to the equatorial Pacific surface again by upwelling. This is consistent with the analysis showing
that the decadal SST variability in the central North Pacific spreads into the deep ocean (Fig. 18).

Natural change in external conditions of climate system (e.g., the increase of aerosol by volcano
eruption) forces climate to change. Paleo climates may be related to different external conditions of
the Earth orbit, greenhouse gas concentrations, land-sea distribution, topography, solar and volcano
activities. Various feedbacks may be caused through relevant responses of ice coverage, clouds, dust
and deep ocean circulations.

Human activity also changes external conditions of the climate system, typically the increase of
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greenhouse gases (CO,, CHy, N0, etc.) which are leading to warmer climate during relatively short
periods. The climate models driven with natural forcing only cannot explain the observed increase of
the global mean temperature in the 20th century while the models with anthropogenic forcing
included capture the real global warming (Fig. 19). The influences of global warming appear not only
in global mean temperature but also in future regional precipitation (Fig. 20), where wet/dry region

generally tends to become further wetter/drier due to enhanced horizontal moisture transports.

Decadal Variabili f the Sahelian Rainfall . ST
ecadal Variabllity of the Sahellan Rainta Pacific Ocean Decadal Variability

ssT — Rainfall — Vegetation feedback GCM Simulation

The dramatic drying trend In the Sanel from the R . iesi .
. 19300 15 the 19508 Initially forced by ST (b} but Decadal variability in the North Pacific ~ S2=s2n=l tempersturs anomalissin the central
over the Sahel region ampitian by sail molsturs (¢] ana vegetation (o). . . North Pacificregion at selected depths from
Possible Mechanisms 1970 to 1992 [Desaret 2|, 1996, 1C).
g pe—
=] oos |
- v
: .'ITf-ETf r“'"‘"r"wr'v‘
e .. R ==
—I Ll i
- ¥ ¥ W‘
‘,,'.‘._..l_q,.rul..nr‘,h[ 3 LJ A
- - . o i 4
o, | ' I = .
=== ’ —eT——
v .

CLIVAR AV/G4/0102 Zengetal (1999)

Figure 17 Decadal variability of the Sahel Figure 18 Decadal variability of the North

Rainfall. (Left) a possible mechanism, Pacific Ocean. (Left) a possible mecanism,
(Right) observed historical Sahel rainfall (right) time-sequence of ocean
anomaly and GCM simulations (from temperature at various depths (from Deser
Zeng et al. 1999). et al. 1996).

From http:/wwipee.ch

AR4 Global Mean Temperature Simulation Projected Change of DJF and JJA Precipitation
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From http:fvwwipec.ch

Figure 19 Observation and simulations for global Figure 20  Future projection of

mean temperature change in 20th century relative precipitation changes
(upper-left) with and (lower-left)  without (%) between 2090-2099 and
anthropogenic forcing. (Right) Future projections of 1980-1999. (Left) Dec-Jan-Feb
global mean temperature under various scenarios. and (right) Jun-Jul-Aug. (From
(From http://www.ipcc.ch). http://www.ipcc.ch).
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The global warming tends to change not only average climate but also the strength and
frequency of extreme weather events because of moisture increase. Precipitation intensity increases
over most regions of the world, especially over the northern extratropics and the equatorial lands (Fig.
21). This is the case even for drier future mean climate regions. On the other hand, the annual
maximum number of consecutive dry days also tends to increase in most of the tropics, the subtropics
and the mid-latitudes (Fig. 21), where drier future mean climate is projected seasonally. Tropical
cyclone frequency tends to decrease over active tropical cyclone regions at present and increase over
the other regions (Fig. 22). This fact may be explained from the projection that mean vertical
circulations triggering tropical cyclone occurrences tend to be suppressed on average because of
upper troposphere further warmer than near-surface in the future mean climate. At the same time, the

frequency of strong tropical cyclones is projected to increase due to moisture increase (Fig. 22).

St | stes go | pheiosing Veng o hureigenensl 32 0mpcrg. pet

o . . Precptaion ity ) Procpeaton irmsty - . Future Change
Precipitation 1+ ; ‘ﬂ! ¥ in Tropical Cyclones
Intensity wl = / W A 3 L7 Nindd

H A e 1$$ k-é\ ;-JJ,___J)JJ_J_J_I_,JJlrJ._uu_LJJ...LJ.u..-.L o ) - )
S A e A
Dry days "% ; ) : L iy re

From http://wwwipec.ch

Figure 21 Future projections for Figure 22 Future projection of changes of (lower)
changes of (uppers) precipitation tropical cyclone frequency and (upper-right)
intensity and (lowers) dry days. strong tropical cyclone frequencies. (From
Those are normalized with their http://www.jamstec.go.jp/kakushin21/eng/broc
standard deviations. (From hure/general%20report-e.pdf)

http://www.ipcc.ch).

8. Summary

Unusual weather and climate are attributed to unusual atmospheric flows, storms and convective
disturbance. Diagnostic analysis shows that those disturbances are often related to atmospheric
intrinsic waves and phenomena. However, atmospheric environment is maintained and influenced by
other elements sustaining the climate system. Sometimes, unusual and steady convective activity is
connected to long-term SST anomalies related to ocean variability. Numerical ensemble simulations
starting from many disturbed atmospheric and oceanic initials are a reasonable tool to capture mean
weathers and climate in weeks to seasons.

Radiative processes including longwave absorption by greenhouse gases and shortwave reflection

by snow, ice, clouds and aerosols determine the local Earth’s ground temperature. The distribution of
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ground temperature is influential to vertical and horizontal atmospheric and oceanic stabilities, the
amount of water vapor and the speed of water cycle. Then, those can affect atmospheric and oceanic
flows, the features of storms and convections and eventually our daily lives. Therefore, we need to
continue careful watches and diagnostics for global and local climate systems (Fig.1), as well as its

future projection.
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Use of ClimatView and Statistical analysis

1. Monitoring of the GCOS networks
1. 1 Background

Current and historical data related to extreme weather and climate events are necessary for seasonal
and interannual climate prediction as well as for climate research, monitoring of climate variability and
detection of climate change. The importance of these activities has been recognized on numerous
occasions by governments at various meetings, in particular by the Intergovernmental Panel on Climate
Change (IPCC) and by the Conference of the Parties to the United Nations Framework Convention on
Climate Change (UNFCCC). In response to these requirements from the climatological community, the
Global Climate Observing System (GCOS) program was established in 1992 to meet the needs for:

» Climate system monitoring, climate change detection and monitoring the impacts of and the
response to climate change;
+ Data for application to national economic development;

» Research towards improved understanding, modeling and prediction of the climate system.

Meanwhile, GCOS established the networks of surface and upper air observation stations run by
WMO member National Meteorological and Hydrological Services (NMHSs). These “baseline” networks
constitute a minimum number of appropriately-distributed sites to provide globally-representative,
high-quality data records of key climate variables for monitoring global trends. The GCOS Surface
Network (GSN) consists of over 1000 land surface stations selected from the WMO stations (Fig.1).

Since the need for monitoring the performance of these networks was recognized, DWD (German
Meteorological Service) and JMA have implemented the monitoring activities as the GSN Monitoring
Centre since 1999.

GCOS Surface Network
(1023 Stations)

s ® “0 : o “# . '.v
* ’3:‘;.‘:’.' :‘: .0"' 3‘{3'}-3";‘...}.0' A
R R L S
. vo o %t ® 4 S . . . .
T A Sole Ao . 1';.,,;‘:':5.. . Fig.1 Distribution of GCOS Surface
LA ESRRANR, - R
SR ANG W | Fire Network(January 2012)
)] /7 oo’ Refer to: http://www.wmo.int/pages/
ey 20l ..o .: :o:"..
. prog/gcos/documents/GSN_map_2012.png

GCOS Sectretariat, 1 January 2012

1.2 Monitoring of GSNMC
The monitoring results by GSNMCs are available on the web site (http://www.gsnmc.dwd.de/) and
CLIMAT data are sent to the GSN Analysis Centre in Asheville, NCDC/NOAA. The monitoring report
integrated the monthly basis products are also published once a year and sent to the GCOS Secretariat.
The reception rate of CLIMAT report from the GSN stations shows a slight increase from 2010 to
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2012 to somewhat more than 80% (Fig. 2). Since the GSN is the minimum configuration for global
climate monitoring, the reception rate is needed to be improved more.

Percentage of received CLIMAT-Reports
Selection: GSN-stations from September 2010 to August 2012
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Fig.2 Percentage of received
CLIMAT messages from GSN
stations
(Sep 2010 — Aug 2012)
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1.3 CBS Lead Centre for GCOS Data

Based on the monitoring result of GSNMCs, the CBS Lead Centre in each region contacts with the
National Focal Point (http://www.wmo.int/pages/prog/wwwi/ois/rbsn-rbcn/FocalPointsGCOS.doc) to
identify problems related to CLIMAT report. Each CBS Lead Centre also may give technical advice for
preparing a CLIMAT message in the correct format (Fig. 3).

JMA took the responsibility of CBS Lead Centre for GCOS data in East / Southeast Asia and started
the activity in 2005 year as the trial one. In 2007, nine CBSLCs are established in each area in the world
(http://www.wmo. int/pages/prog/gcos/index. php?name=CBSLeadCentres) .
® YEOM+E

CBS Lead Centres
for GCOS Data

Monthly monitoring results Fig.3 Information

flow related CBS

GSN Monitoring Centres

Request sending
CLIMAT messages
by e-mail, if GTS
trouble

Monitoring Products and CLIMAT data

Focal Points(FPs)

Lead Centre

Contact NMHSs sending
noferroneous CLIMAT

messages
-Problem identification
-Give advice on comect message
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2. Usage of ClimatView

ClimatView is an interactive database launched by JMA on the TCC website in August 2007. Monthly
temperature and precipitation data from CLIMAT reports since 1982 are available. NMHSs can monitor
the availability of CLIMAT report over the GTS. It is expected to facilitate exchange of climate data.

Data on ClimatView are derived from CLIMAT reports received at DWD (Germany NMHS) and
JMA. Data are updated on around 9th day, 14th day (JMA), and the end of the month (DWD+JMA).

Please refer to http://ds.data.jma.go.jp/tcc/tcc/index.html in order to use ClimatView.

Before using ClimatView, please read the explanations, which include precautions and usage.

1. Click on the area of interest
On the top page of ClimatView, a global map is shown. Clicking on an area of interest shows
another map of the area with the distribution of monthly mean temperatures. The month and year
are selected on the top page (the default value is the most recent month).

2. Distribution map

The user can choose the indicated area, month/year and element (monthly mean temperature,
monthly total precipitation, monthly mean of daily maximum/minimum temperature, monthly
mean temperature anomaly, monthly total precipitation ratio, normal of monthly mean
temperature and normal of monthly total precipitation).

Hovering over a station on the distribution map page shows the data of the chosen element
and the name of the station in a pop-up balloon.

Data at all stations in the selected area can be shown as a table by clicking the "Data list"
button.

3. Historical graph and data
A time-sequential graph for two years can be displayed by clicking on the station. The period
of the graph can be changed (1 year, 2 years, 5 years and all years are available). The list of data
used for the graph is indicated below it, and can be download as a text file by clicking the
"Download" button.
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3. Statistical research on El Nino impact by using Excel

El Nino/Southern Oscillation (ENSO) events influence global atmospheric circulations and convective
activities. The influence to surface climate also appears globally. JIMA implemented a statistical research
about the relationships between ENSO and surface climate. The results are indicated in schematic figures
on the TCC web site (fig.1, http://ds.data.jma.go.jp/tcc/tcc/products/climate/ENSO/index.htm). The
impact on ENSO was tested by t-test (fig 2).

Nino.3(+) December - February @ Warn (Ocold LWt Dy

30°'W o 30°E 60°E 90°E 120°E 150°E 180" 150°W 120'W 20'W 60°W 30'W
90'N . - - n . - - 90'N
60'N B60°N
30°N 30°N

0" o}
30°S -| 30°S
60°S 60'S
90°'S : : : : : : : 90's

30'W o 30°E 60°E 90'E 120'E 150°E 180" 150'W 1200W 90'W 60°W 30'W

Fig. 1 Climate tendencies in El Nino Phase

Shadings indicate neither temperature nor precipitation data were enough to produce composite data.
Light shadings indicate either temperature or precipitation data were enough to produce composite data.
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In this work, we examine the statistical relationship between ENSO and surface climate by using the

data in December 1979 — December 2011. The method is very simple as follows;
1) Select the historical surface climate data (temperature and precipitation)

2) Sort the data at a station (three running-mean) by the phase of EI Nino, La Nina and neutral

3) Average the data in each phase compare the averaged data

4) Test the statistical significance

Here, this statistical research is similar to the method of JMA, but not exactly the same. In JMA

research, detrended area-averaged climate data are used. The results from this research and JMA’s

research do not necessarily correspond to each other.

Open the Excel file “ENSO-Impact.x|s”.

It has “Answer” sheet, “Work” sheet, “Data” sheet, and

“Nino3 5-month mean” sheet. Details of the process are described below. “Data” sheet include

temperature and precipitation data, which are used in this exercise. “Nino3 5-month mean” sheet has

5-month running mean SST anomaly in Nino.3 region.

1. First, make a copy of “Work” sheet as "Work (x)" (X=2, 3 ...).

2. Second, copy the data in the “Data” sheet, then paste the data in green cell in the sheet of “Work

(X)”.
47807 Fukuoka Fukuoka
vear month temperatu |precipitati vear month temperatu |precipitati
re on re on

1979 12 9.3 82 1979 12 9.3 82
1980 1 6.2 57 1980 1 6.2 57
1980 2 5.1 32 1980 2 5.1 32
2011 10 19.7 127 2011 10 19.7 127
2011 11 16.3 166.5 2011 11 16.3 166.5
2011 12 8.5 38 2011 12 8.5 38
J

—~ _ ~

Copy » Paste

The “Data” sheet

The sheet of “Work (X)”

3. Confirm three month average temperature and three month cumulative precipitation. They are

automatically calculated in the blue-colored cells, when data exist for consecutive three months (the

preceding, the concerned and the following ones). Since we consider the El Nino as seasonal

phenomenon, we make these calculations.
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Fukuoka Fukuoka

5 month 3 month |3 month 3 month (3 month
mean SST| ENSO mid— mean total ENSO mid— mean total
deviation event ey month temperatu |precipitati event YL month temperatu |precipitati
(NINO.3) re on re on

0.6 [EL 1979 12

0.5 [EL 1980 1] 6.866667 171

0.4 [NE 1980 2| 6.966667 221

0.3 [NE 1980 3| 9.566667 267

X

Blue-colored cells in these two columns
are filled automatically, when all three
months have monthly data. Here, three
months are the preceding, the concerned
and the following ones.

The sheet of “Work (X)”
Copy and paste the calculated data (value) to the next blue cells. -- Copy the cells from column
“ENSO event” to column “3 month total precipitation”. Then select the cell “L3”. On the <Edit>
menu, click <Paste Special>, and then select <value>. If you did not do this work, the 3 month data
are unreasonable after next process.

Fukuoka Fukuoka

5 month 3 month (3 month 3 month (3 month
mean SST| ENSO mid- mean total ENSO mid— mean total
deviation event e month temperatu |precipitati event Ve month temperatu |precipitati
(NINO.3) re on re on

0.6 [EL 1979 12

0.5 [EL 1980 1] 6.866667 171

0.4 [NE 1980 2| 6.966667 221

0.3 [NE 1980 3] 9.566667 267

— — I

Copy r | W
Select these columns. Then on the

<Edit> menu, click <Paste
Special>, and select <value>

The sheet of “Work (X)”

Next, sort the data. -- Click a cell in the pasted column from “ENSO event” to “3 month total
precipitation”. On the <Data> menu, click <Sort>. In the <Sort by> box, click the column of
“mid-month” with <Ascending> sort option, and <Then by> box, click the column of “ENSO event”
with <Ascending> sort option, and then click <OK>.
Statistical results are shown from column “R” to column “Y” except the result for Dec-Feb
(mid-month = 1).
Please calculate average temperature in each El Nino and La Nina phase using “average” function.
After that, calculate the statistical significance on the difference of average using “ttest” function.
Example: “=TTEST (03:012, 023:034, 2, 2)” for t-test,

“=TTEST (03:012, 023:034, 2, 3)” for Welch-test
Make a graph of the average of 3 month mean temperature for each phase. You may change the graph
option.
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9.
precipitation table.

Make a graph of average of 3 month total precipitation for each phase. -- Similar to above, using the

Precipitation
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10. Grasp the character of data including statistical tests.
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Appendix

“Manual on Codes” WMO-N0.306

FM 71-XN CLIMAT Report of monthly values from a land station

CODE FORM:

SECTIOND CLIMAT  MMJL iii

SECTION 1 111 1PoPsPuPa 2PPPP A5 TTT55S A5, Ty TaTaSa TnTaln
fEEE BRFLRRnNe 754513 papaps AmpmpEmEmTMTMT,
BmmamampEmems

SECTION 2 (xx2 0¥puYeYe  1PaPoPePa 2PPPP s TT T5mm AeaTuTuTuSalalals
SEE BRIFRIRIN T3:5:3:0 ByRyeyTyTYn¥Te  BYaYeYeysysye)

SECTION 3 (333 OTasTxeTanTa 1TasTsTaa T IMeaTra Taa T IRpiRxmRosRas
4R 1R Rl BR1c0R100R 150 150 5050050150 7510510550550
Bfisfiofacffatan OV NNV W )

S‘ECTI'DN 4 ':444 nEthdTlﬂTll.IY::'Il 1'5||T||:TrllT||::!'n,'!'n 25||TnTnTn:p'n:!'lx
IsaTanlwn Tan¥an¥an  ARRRFayey S ofufuynye
BDsDaDig Dy Ty5:GuGnGE0)

Notes:

{1} CLIMAT is the name of the code fior reporting menthly values from a land station.
{2} The CLIMAT code form consists of five sechions:

Section Symbolc figurs group Contents
number
] —_ Code name and groups MM.J.L ITii

1 11 Monthly data of the month referred to in MMJJJ including number of
days missing from the records. This section is mandatory

2 222 Monthly normals comesponding o the month referred to in MWL
including number of years missing from the calculation

3 333 Mumber of days in the month with parameters beyond certain
thresholds during the month referred to in MM

4 442 Extreme walues during the month referred to in MMUL and

occcurmrence of thunderstorms and haid
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Symbolic letters and remarks as to the methods of coding (Section1)

PaPoPoPo

PPPP

RiRyRR

nn,

$1515

PsPsPs

MpiMp

MMy

Mty

Mty

Mg Mg

MsMg

Monthly mean pressure at station level, in tenths of a hectopascal, omitting the thousands
digit.

(FM 71)
Monthly mean pressure, in tenths of a hectopascal, omitting the thousands digit or
maonthly mean geopotential, in standard geopotential metres, for surface stations.

(FM 71, FM 72)

Sign of the data, and relative humidity indicator. (Code table 3845)

(FM 12, FM 13, FM 14, FM 18, FM 22, FM 36, FM 62, FM 63, FM &4, FM 67, FM 71,
FM 72, FM 86)

Monthly mean air temperature, in tenths of a degree Celsius, its sign being given by s,.
(FMT1. FM 72)

Standard deviation of daily mean values relative to the monthly mean air temperature, in
tenths of a degree Celsius.
(FM 71)

Mean daily maximum air temperature of the month, in tenths of a degree Celsius, its sign
being given by s,.

(FM 77)
Mean daily minimum air temperature of the month, in tenths of a degree Celsius, its sign

being given by s,.
(FM 71)

Mean vapour pressure for the month, in tenths of a hectopascal.
(FM 71, FM 72)

Total precipitation for the month. (Code table 3596)
(FM 71, FM 72)

Number of days in the month with precipitation equal to or greater than 1 millimetre.
(FM 71, FM 72)

Total sunshine for the month to the nearest hour.
(FM 71)

Percentage of total sunshine duration relative to the normal.
(FM 71)

Number of days missing from the records for pressure.
(FM 71)

Number of days missing from the records for air temperature.
(FM 77)

Number of days missing from the record for daily maximum air temperature.
(FM 77)

Number of days missing from the record for daily minimum air temperature.
(FM 77)

Number of days missing from the records for vapour pressure.
(FM 77)

Number of days missing from the records for precipitation.
(FM 71)

MNumber of days missing from the records for sunshine duration.
(FM 71)
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Annual cycle of atmospheric circulation and sea surface temperatures in the tropics

This report summarizes characteristics seen in
the annual cycle of atmospheric circulation and
sea surface temperatures (SSTs) in the tropics
with particular focus on areas around the equator
using climatological normal data (i.e., the 1981 —
2010 average). JRA/JCDAS (Onogi et al. 2007)
atmospheric circulation data and COBE-SST
(JMA 2006) sea surface temperature (SST) data
were used for this explanatory text. The
outgoing longwave radiation (OLR) data
referenced to infer tropical convective activity
were originally provided by NOAA.

1. SSTs in the tropics

In the western tropical Pacific, which has
some of the highest SSTs in the world, values
exceeding 29°C are seen throughout the year
(Figures 1 and 2 (b)). SSTs in the western
equatorial Pacific show their first annual peak in
May and the first half of June, and areas of high
SSTs then move northward. SSTs east of the
Philippines (15°N — 20°N) reach their annual
maximum from the second half of June to early
August, and values exceeding 29.5°C extend to
around 150°E. SSTs exceeding 28°C extend
further northward, passing 30°N from late July to
the first half of September. Areas of high SSTs
gradually migrate southward in boreal autumn
(September — November), and SSTs in the
western equatorial Pacific show their second
annual peak in November. Areas of high SSTs in
the western Pacific move into the Southern
Hemisphere with a core reaching around 10°S —
15°S.

In the eastern Pacific, SST values along the
equator remain below those observed north and
south of it throughout the year (Figures 1 and 2
(c)). Zonally elongated high SSTs exceeding 27°C
are seen north of the equator (5°N — 15°N)
throughout the year, with their northernmost
position observed in September. In boreal spring
(March — May), double high-SST areas are seen
north and south of the equator (5°S — 15°S) with
comparable magnitudes. SSTs north of the
equator are higher than those south of it
throughout the year except in boreal spring.

In the equatorial Indian Ocean, SSTs reach
their annual maximum in April and May (Figures
1 and 2 (a)). Areas of high SSTs gradually extend
northward in the North Indian Ocean, and SSTs in
the 5°N — 15°N area show their annual maximum
and first peak in late April and May with some
values exceeding 30°C. SSTs in the North Indian
Ocean temporarily decrease in the summer
monsoon season and bottom out in August before
increasing and reaching a second peak in October
when the summer monsoon withdraws. Areas of
high SSTs move into the Southern Hemisphere in
boreal winter (December — February) and early
spring.

In the Atlantic, equatorial SSTs reach their
annual maximum in boreal spring (Figures 1 and
2 (d)). The core of high SSTs is seen in the Gulf
of Mexico and the Caribbean Sea in boreal
summer (June — August), and areas of high SSTs
extend eastward from summer to autumn before
moving into the Gulf of Guinea in boreal winter.
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(a) SST (January) (b) SST (April)
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Figure 1 Monthly mean normal SSTs

The base period for the normal is 1981 — 2010. (a), (b), (c) and (d) indicate January, April, July and October, respectively. The
contours show SSTs at intervals of 0.5°C for values of 27°C and above. The gray lines indicate the equator.
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Figure 2 Annual cycle of zonal-mean daily-average normal sea surface temperatures (SSTs)

The base period for the normal is 1981 — 2010. (a), (b), (c) and (d) show the Indian Ocean (60°E — 90°E), the western Pacific
(120°E — 150°E), the eastern Pacific (150°W — 90°W) and the Atlantic (60°W — 0°W), respectively. The contours show SSTs at
intervals of 0.5°C for values of 27°C and above. The green lines indicate the equator.
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2. Tropical convective activity activity is the most enhanced and the most
Large-scale active convection areas in the significant among the three regions (Figure 3).
tropics are seen from South America to Central These areas migrate northward or northwestward
America, over Africa and from the eastern Indian from boreal winter to summer and southward or
Ocean to the western Pacific, where convective southeastward from boreal summer to winter.

CPD/UMA

GOE 120E 180

220 230 240 250 260 270 ZBO 290

OPD /i

GOE 120E 180

200 210 220 230 240 250 280 270 280 290 300

60E 120E

220 230 240 250 260

60E 120E 180

200 210 220 230 240 250 260 270 280 290 300
Figure 3 Monthly mean normal outgoing longwave radiation (OLR)
The base period for the normal is 1981 — 2010. (a), (b), (c) and (d) indicate January, April, July and October, respectively. The
contours show OLR at intervals of 10 W/m? for values of 240 W/m? and below. The red lines indicate the equator.
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In the western Pacific, convective activity
around the equator is enhanced throughout the
year (Figures 3 and 4 (b)). Enhanced convective
activity east of the Philippines (10°N — 20°N)
persists from June to October, reaching its annual
maximum and its northernmost extent in the first
half of August. The core of active convection is
seen north of Australia in boreal winter.

In the eastern Pacific, active convection areas
are confined to approximately between 5°N and
15°N, corresponding to the intertropical
convergence zone (ITCZ) (Figures 3 and 4 (c)).
Convective activity south of the equator (around
5°S) is moderately enhanced in March and April,
showing the double ITCZ.

In the Indian Ocean, convective activity over
central and eastern equatorial areas is generally
enhanced throughout the year (Figures 3 and 4

(a) Indian Ocean (60 — 90°E) |

Fzar

“UAN FEB MAR APR  MAY JUN JUL AUG SEP  OCT NOV DEC

.u| (c) Eastern Pacific (150 — 90°W) I._m
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EC
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240
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JAN  FEB  MAR  APR  MAY JUN JUL  AUG SEP  OCT NOV  DEC

(a)). Active convection areas in the North Indian
Ocean move northward from May to July,
exhibiting their annual maximum intensity and
their northernmost extent in the second half of
July and the first half of August. This northward
migration of active convection areas lags that of
high SSTs (Figure 2 (a)) by approximately one or
two months. In boreal winter and early spring,
convective activity is enhanced mainly south of
the equator centered near 5°S.

In the Atlantic, convective activity north of
the equator (0° — 10°N) generally remains
enhanced throughout the year (Figures 3 and 4
(d)). In the 60°W — 0°W zonal average field, the
annual cycle of active convection areas is
approximately parallel to that of areas of high
SSTs (Figure 2 (d)).

(b) Western Pacific (120 — 150°E)
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Figure 4 Annual change in zonal-mean daily-average normal OLR

The base period for the normal is 1981 — 2010. (a), (b), (c) and (d) show the Indian Ocean (60°E — 90°E), the western Pacific
(120°E — 150°E), the eastern Pacific (150°W — 90°W) and the Atlantic (60°W — 0°W), respectively. The contours show OLR at
intervals of 10 W/m? for values of 240 W/m? and below. The red lines indicate the equator.
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3. Atmospheric circulation in the tropics summer and weakest in winter. The centers of
3.1 Lower-tropospheric circulation (Figure subtropical highs over the Pacific and the Atlantic
5) are observed in eastern parts of these oceans.

Zonally elongated high-pressure systems Easterly winds (i.e.,, northeasterly and
(subtropical highs) are seen over subtropical areas southeasterly trade winds in the Northern and
of the North and South Pacific, the North and Southern  Hemisphere, respectively) prevail
South Atlantic, and the South Indian Ocean throughout the year in the tropical area between
throughout most of the year centered near 30°N the subtropical highs of the Northern Hemisphere
or 30°S. The subtropical highs are strongest in and the Southern Hemisphere.

/;:»"

= At ""///__ S0 r> \\\\\E ™
(@) SLP (January) |§/ *"‘:J“"/ / \@ EQ%%@ T

‘-.»\ 1020

- \
e i N \_,//{ “CH et
;;/-\.\_//X/ //%"'J \\yﬁ_r/> ; _3 toao” )Tt
= < N N P TR
T ;\\ NN ﬂ—,—,_,m, ==

e \, (\ L "} e 2h\ ‘) /
(@ < g Q b)) Yoda

\c,
<‘~—ﬁ102& H =\ He 1020 )y R
—— ]

AR (e (o, e, SIS
e e \P\p,fé
Ao la — - — R

SaeE =) g S N
CETA S S RN 4/\@@\’«@; =

% L,Ifx-’ " X
%%’NW%’ :ZVQJ \__?;"’gj % »;isg
N N SSEE
oA et el o

(d) SLP (October) |

Wi L' ”ﬁ SNy AN

Figure 5 Monthly mean normal sea level pressure (SLP) and surface wind vectors

The base period for the normal is 1981 — 2010. (a), (b), (c) and (d) indicate January, April, July and October, respectively. The
contours show SLP at intervals of 10 hPa for values below 990 hPa and 2 hPa for values above 990 hPa. The arrows denote wind
vectors 10 m above the surface.
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3.2 Upper-tropospheric circulation (Figure
6)

Anticyclones are seen over subtropical
continents in the summer hemisphere. For
example, the Tibetan High is developed over
southern Eurasia in boreal summer. Distinct
troughs are seen over central parts of the North
Pacific and the North Atlantic in boreal summer;

(a) 2200 (January) |

that over the Pacific is referred to as the
mid-Pacific trough. In boreal winter, a pair of
troughs straddling the equator is seen over the
eastern Pacific and the central Atlantic, and
related westerly winds prevail around equatorial
areas. A pair of anticyclones straddling the
equator is seen over the western Pacific in boreal

winter.

(b) Z200 (April)

(c) 2200 (July)

aaaaaaaa 12000~
S o ey M B s s 5 s b > o o b o B 3 s b
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Figure 6 Monthly mean normal 200-hPa geopotential height and wind vectors

The base period for the normal is 1981 — 2010. (a), (b), (c) and (d) indicate January, April, July and October, respectively. The
contours show 200-hPa geopotential height at intervals of 300 m for values below 12,300 m and 30 m for values above 12,300
m. The vectors denote 200-hPa wind vectors.

- 26 -



TCC Training Seminar on Climate Analysis Information
26 — 30 November 2012, Tokyo, Japan

3.3 Zonal-vertical
equator (Figure 7)
Upward flow is seen over the western Pacific

circulation along the

in line with large-scale active convection. In the
upper troposphere, the upward flow is split into
westward and eastward flow descending over the
western Indian Ocean and the eastern Pacific,
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Pacific. These zonal-vertical movements are
collectively called the Walker circulation. Those
over the Pacific and the Indian Ocean are distinct
in boreal winter and summer, respectively.
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Figure 7 Zonal-vertical sections of monthly mean normal circulation along the equator (5°S — 5°N average)

The base period for the normal is 1981 — 2010. (a) and (b) indicate January and July, respectively. The vectors indicate
zonal-vertical circulation, and their vertical components (unit: Pa/s) are multiplied by -300. The shading denotes zonal wind
speeds (unit: m/s) at intervals of 5 m/s, and positive (warm color) and negative (cold color) values show westerly and easterly

winds, respectively.

3.4 Meridional-vertical circulation zonally
averaged in the hemisphere (Figure 8)
Upward and downward flow is seen over the
tropics of the summer and winter hemispheres
where air temperatures in the lower troposphere
are relatively high and low, respectively. In the
upper troposphere, most of the upward flow
moves southward across the equator and descends
over 10 — 30 degrees latitude in the winter

(a)V&w (January) ‘

In the the
downward flow changes direction toward the

hemisphere. lower troposphere,
summer hemisphere. This meridional-vertical
movement is collectively called the Hadley
circulation. The annual cycle of ascending-flow
areas is in line with that of active convection
areas, which is approximately parallel to that of
solar elevation.
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Figure 8 Meridional-vertical sections of monthly mean normal circulation zonally averaged in the hemisphere

The base period for the normal is 1981 — 2010. (a) and (b) indicate January and July, respectively. The vectors indicate

meridional-vertical circulation, and their vertical components (unit: Pa/s) are multiplied by -100. The shading denotes meridional

wind speeds (unit: m/s) at intervals of 0.5 m/s, and positive (warm color) and negative (cold color) values show southerly and

northerly winds, respectively.
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3.5 Zonal and meridional winds along the
equator

In the lower troposphere, the zonal
components of equatorial winds (Figure 9 (a))
along the central and eastern Pacific are easterly
throughout the year, showing their annual
maximum in boreal winter. Zonal winds along the
western equatorial Pacific and Indonesia show
westerly and easterly winds in boreal winter and
summer, respectively. Westerly and easterly
winds over the eastern equatorial Gulf of Guinea
and other parts of the equatorial Atlantic,
respectively, are seen throughout the year.

In the lower troposphere, the meridional
components of equatorial winds (Figure 9 (b))
along the eastern Pacific are southerly throughout
the year, exhibiting their annual maximum in
September and their minimum in March.
Equatorial meridional winds from the Indian
Ocean to the dateline region are northerly and
southerly from December to March and from
May to October, respectively, reversing in
direction in April and November. In boreal
summer, predominant southerly winds are seen
over the western equatorial Indian Ocean,
corresponding to the movement of the Somali jet.
Southerly winds are generally seen throughout
the year over the equatorial Atlantic, especially in

the Gulf of Guinea.

In the upper troposphere, the zonal
components of equatorial winds (Figure 10 (a))
over the Indian Ocean and the western Pacific are
easterly throughout the year, showing their annual
maximum in boreal summer. Easterly and
westerly winds are seen along the central and
eastern equatorial Pacific in boreal summer and
winter, respectively.

In the upper troposphere, the meridional
components of equatorial winds (Figure 10 (b))
over parts of the Atlantic (30°W — 0°) and parts of
the eastern Pacific (around 120°W) are northerly,
and those in other areas (i.e., most equatorial
areas of the globe) are northerly and southerly in
boreal summer and winter, respectively.
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Figure 9 Annual cycle of daily-average normal surface winds along the equator (5°S — 5°N average)
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The base period for the normal is 1981 — 2010. (a) The shading indicates zonal wind speeds at intervals of 1 m/s. Positive (warm
color) and negative (cold color and white) values show westerly and easterly winds, respectively. (b) The shading indicates
meridional wind speeds at intervals of 1 m/s. Positive (warm color and white) and negative (cold color) values denote southerly

and northerly winds, respectively.
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Figure 10 Annual cycle of daily-average normal 200-hPa winds along the equator (5°S — 5°N average)
The base period for the normal is 1981 — 2010. (a) The shading indicates zonal wind speeds at intervals of 4 m/s. Positive (warm
color and white) and negative (cold color) values show westerly and easterly winds, respectively. (b) The shading indicates
meridional wind speeds at intervals of 2 m/s. Positive (warm color and white) and negative (cold color) values denote southerly

and northerly winds, respectively.
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Annual cycle of Asian monsoon circulation

This report summarizes characteristics seen in
the annual cycle of large-scale atmospheric
circulation associated with the Asian monsoon
using climatological normal data (i.e., the 1981 —
2010 average). JRA/JCDAS (Onogi et al. 2007)
atmospheric circulation data and COBE-SST
(JMA 2006) sea surface temperature (SST) data
were used for this explanatory text. The
outgoing longwave radiation (OLR) data
referenced to infer tropical convective activity
were originally provided by NOAA.

1. General characteristics of Asian monsoon
circulation

The term monsoon primarily refers to
seasonal winds (i.e., the annual cycle of a
prevailing wind system), and is broadly defined
as such winds accompanied by an annual cycle of
rainfall (i.e., wet/dry seasons). Regions where
seasonal winds prevail are called monsoonal
climate zones, and Asia is the world’s most
prominent.

The Asian monsoon is a large-scale wind
system driven by the thermal contrast between the
Eurasian Continent and oceans caused by the heat
capacity difference between the two (i.e., the
continent heats and cools more readily).

In boreal summer, the Eurasian Continent is
effectively heated due to high solar elevation,
leading to increased near-surface temperatures
over the continent (i.e., reduced surface pressure).
Consequently, continental surface pressure is
lower than that over oceans, and surface air flows
from the latter to the former. Surface air flowing

from the Indian Ocean to the continent curves to
the right of its travel direction under the influence
of the Coriolis force in the Northern Hemisphere
(and vice-versa in the Southern Hemisphere). As
the vast high mountains and highlands of
southern Eurasia (e.g., the Himalayas and the
Tibetan Plateau) prevent surface air from directly
flowing inland to the continent, it flows
anti-clockwise over the southern and eastern
periphery of the Tibetan Plateau. As a result,
southwesterly or westerly winds (i.e., monsoon
westerlies) prevail over southern Asian areas
including India and the Indochina Peninsula, and
southerly winds are predominant over East Asia.

In boreal winter, radiation cooling outweighs
solar-radiation heating due to low solar elevation,
leading to reduced near-surface temperatures over
Eurasia (i.e., increased surface pressure).
Consequently, surface pressure is higher over the
continent than over oceans, and surface air flows
from the former to the latter. Northerly or
northwesterly winds prevail over East Asia, and
northeasterly or easterly winds are dominant over
southern Asia due to the effect of the Coriolis
force and the topographic features of the
continent.

Figure 1 shows monthly mean atmospheric
circulation in the upper and lower troposphere
and convective activity for January and July in
the climatological normal.
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Figure 1 Monthly mean normal atmospheric circulation

The base period for the normal is 1981 — 2010. The panels on the left (a, c, e, g, i) and right (b, d, f, h, j) show monthly mean
normal atmospheric circulation for January and July, respectively. (a) and (b): The contours indicate sea level pressure (SLP) at
intervals of 10 hPa for values below 990 hPa and 2 hPa for values above 990 hPa. The arrows show wind vectors at 10 m above
the surface. (c) and (d): The contours indicate 200-hPa geopotential height at intervals of 300 m for values below 12,300 m and
30 m for values above 12,300 m. The arrows show 200-hPa wind vectors. (e) and (f): The contours indicate 200-hPa velocity
potential at intervals of 2 x 10°m%s. The arrows show 200-hPa divergent wind vectors. (g) and (h): The contours indicate
850-hPa velocity potential at intervals of 2 x 10° m?/s. The arrows show 850-hPa divergent wind vectors. (i) and (j): The shading
and contours indicate outgoing longwave radiation (OLR) at 20 W/m?. Original data provided by NOAA.

level High (a subtropical high over the South Indian

Ocean) flows northwestward, converges east of
Africa and flows northward across the equator.
The flow moves to southern Asia with its

In the sea pressure (SLP) and
near-surface field for July (Figure 1 (b)), a broad
low-pressure system is seen over Eurasia centered
in West Asia and the Tibetan Plateau, and
monsoon westerly winds are predominant across

the Arabian Sea and southern Asia on the

direction changing from northward to westward
over the Arabian Sea. The low-level strong winds

southern side of the low-pressure system. The
near-surface air diverging from the Mascarene

blowing to the east of Africa are called the Somali
jet, which transports large amounts of water vapor
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from the Arabian Sea and the South Indian Ocean
to areas of southern Asia including India,
contributing to monsoon rainfall. The Pacific
High (a quasi-stationary large-scale subtropical
anticyclone) is seen widely over the North Pacific
centered to the west of North America. The ridge
of the Pacific High extends northwestward to the
south of Japan, and easterly winds (i.e., trade
winds) are predominant on the equatorial side of
the high. These winds meet with monsoon
westerlies over parts of the northwestern tropical
Pacific including the vicinity of the Philippines,
converging and leading to active convection
(Figure 1 (j)).

In the SLP and near-surface field for January
(Figure 1 (a)), a wide high-pressure system (i.e.,
the Siberian High) is observed over Eurasia
centered southwest of Lake Baikal, and a large
low-pressure system (i.e., the Aleutian Low) is
seen over the northern North Pacific. In
association, strong zonal SLP gradients and
prominent northerly winds are seen in and around
Japan, which is located between the Siberian
High and the Aleutian Low. The continental
high-pressure system extends to southern China
and West Asia, and northeasterly winds are seen
over the South China Sea and the Arabian Sea.

Convective activity associated with the Asian
summer monsoon is enhanced over India, the Bay
of Bengal, the Indochina Peninsula and the
Philippines (Figure 1 (j)). In association,
large-scale divergence and convergence are seen
over these areas in the upper and lower
troposphere, respectively (Figures 1 (f) and (h)).
The tropospheric atmosphere is warmed by
condensation heating caused by convective
activity. In boreal winter, active convection areas
are seen over Indonesia, northern Australia and
the western equatorial and southwestern tropical
Pacific (Figure 1 (i)). In line with this, cores of

upper-level  divergence and  lower-level
convergence are observed northeast of Australia
(Figures 1 (e) and (g)). The large-scale
convection  area  associated  with  the
Asian-Australian  monsoon migrates from the

northwest to the southeast in its annual cycle.

In the upper troposphere for the summer
monsoon season (Figure 1 (d)), a zonally
elongated large-scale anticyclone (i.e., the Tibetan
High) is seen across southern Eurasia and
northern Africa centered over the Tibetan Plateau.
The development of the Tibetan High is
associated with effectively warmed atmospheric
conditions in the middle and upper troposphere
due to the effects of the Tibetan Plateau and
condensation heating due to large-scale monsoon
convection.  Tropospheric  air  temperatures
between the equator and the Tibetan High
increase in a northward direction, and easterly
winds are predominant in the upper troposphere
over parts of southern Asia (Figure 2 (b))
including India and the Indochina Peninsula. In
line with the predominant westerly winds seen in
the lower troposphere over southern Asia, the
vertical structure of zonal winds over the area
exhibits easterly shear with height (Figure 3 (b)).
The subtropical jet stream over southern Eurasia
(i.e., the Asian jet) flows over the northern
periphery of the Tibetan High, which is clearly
seen from June to September and is not
developed in boreal winter. In association, the
Asian jet flows over the northern Tibetan Plateau
(40°N — 45°N) in boreal summer (Figure 2 (b))
and on the southern side of the plateau (25°N —
30°N) in boreal winter (Figure 2 (a)). In line with
predominant easterly winds seen in the lower
troposphere over southern Asia, the vertical
structure of zonal winds over the area shows
westerly shear with height in boreal winter
(Figure 3 (a)).
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Figure 2 Vertical-latitude section of monthly mean normal zonal wind speeds and temperatures (60°E — 120°E averages)
(@) and (b) denote January and July, respectively. The contours show zonal wind speeds at intervals of 5 m/s. The shading
indicates temperatures at intervals of 10°C.
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Figure 3 Vertical-longitude section of monthly mean normal zonal wind speeds (10°N — 20°N averages)
(a) and (b) denote January and July, respectively. The shading shows zonal wind speeds at intervals of 5 m/s; warm and white
shading indicates westerly winds, and cold shading indicates easterly winds.
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Figure 4 Annual cycle of 850-hPa (black line; left axis) and  Figure 5 Annual cycle of 250-hPa daily mean normal
200-hPa (red line; right axis) daily mean normal zonal-wind speeds (60°E — 120°E averages)

zonal-wind speeds averaged over southern Asia (10°N — The shading shows zonal wind speeds at intervals of 5 m/s.
20°N, 60°E — 120°E) Positive and negative values indicate westerly and easterly
Positive and negative values (unit: m/s) indicate westerly and  winds, respectively.

easterly winds, respectively. The straight black and red lines

denote the timing with which 850-hPa and 200-hPa zonal

winds reverse, respectively.
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In normal years, the zonal component of
low-level wind averaged over southern Asia
(10°N — 20°N, 60°E — 120°E) reverses from
easterly to westerly in late April and vice versa in
early October, exhibiting a change from winter to
summer monsoon circulation and vice versa,
respectively (black line shown in Figure 4).
Upper-level zonal winds averaged over southern
Asia reverse from westerly to easterly in
mid-May and vice versa in early November (red
line shown in Figure 4), and the upper-level
reversal timing lags that of low-level circulation
by up to a month. The Asian jet shows its annual
maximum speed and its southernmost position in
January and February, and exhibits its annual
minimum speed and its northernmost position in
the second half of July and the first half of August
(Figure 5). The jet rapidly shifts northward in
May, and then southward while strengthening in
September and October.

2. March of the Asian summer monsoon

This section outlines the characteristics of
atmospheric circulation associated with the Asian
summer monsoon for each related month with
focus on its time evolution (Figures 6 — 8).

April: A low-level ridge extends from the
subtropical high over the North Pacific to the
Indochina Peninsula. Convective activity is
enhanced over the Maritime Continent (i.e., the
Indonesian archipelago) and surrounding seas.
Low-level monsoon westerly winds are not yet
seen.

May: The low-level ridge extending from the
subtropical North Pacific withdraws to the
South China Sea. Cyclonic circulation appears
over southern Asia, and the Somali jet and
low-level monsoon westerly winds develop.
Southwesterly moisture flow prevails over the
Bay of Bengal and contributes to enhanced

convective activity over the Indochina
Peninsula, marking the onset of the summer
monsoon over the peninsula.

June: The low-level monsoon westerly winds are

enhanced and shift northward, and a monsoon
trough develops from northern India to the
northern Indochina Peninsula and in the vicinity
of the Philippines. Convective activity is
enhanced over India, the Indochina Peninsula
and the Philippines. The Indian summer
monsoon forms in June. In the upper
troposphere, the Tibetan High develops and is
seen from the Arabian Peninsula to north of the
Indochina Peninsula.

July — August: Monsoon circulation and

convective activity are further enhanced in July,
and the strengthened conditions persist in
August. The eastern part of the Tibetan High
extends over Japan except its northern part from
late July and late August. The trough from the
South China Sea to east of the Philippines is
enhanced, shifts northward and extends
eastward from July to August.

September: Summer monsoon circulation and
convective activity moderately weaken and shift
slightly southward in comparison with those of
July and August (i.e., their mature conditions).
The northwestern Pacific trough to the east of
the Philippines remains dominant, but also
moderately weakens and shifts slightly
southward.

October:  Summer monsoon circulation s
gradually replaced by winter monsoon
circulation. Low-level winds over the South
China Sea and the Indochina Peninsula change
from westerly/southwesterly to
easterly/northeasterly. Active convection areas
move further southward, and convective activity
over India and the Indochina Peninsula is
suppressed, marking the end of the summer
monsoon in these areas. The northwestern
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Pacific trough east of the Philippines is obscured.
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Figure 6 30-day mean 850-hPa stream function and OLR for normal months from April to November

The contours indicate the stream function at intervals of 2.5 x 10° m%s. The shading shows OLR at intervals of 20 W/m?, and the
green arrows denote the prevailing wind direction. “A” and “C” indicate the centers of anticyclonic and cyclonic circulation
areas, respectively.
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Figure 7 30-day mean 200-hPa stream function and OLR for normal months from April to November

The contours indicate the stream function at intervals of 5 x 108 m?/s. The shading shows OLR at intervals of 20 W/m?, and the
green arrows denote the prevailing wind direction. “A” and “C” indicate the centers of anticyclonic and cyclonic circulation
areas, respectively.

-37-



TCC Training Seminar on Climate Analysis Information
26 — 30 November 2012, Tokyo, Japan

04.01 — 04.30 05.01 - 05.30

Figure 8 30-day mean 850-hPa equivalent potential temperature and water vapor flux for normal months from April to
November

The contours and shading indicate equivalent potential temperatures at intervals of 10 K. The arrows show water vapor flux
(unit: m/s x kg/kg), and areas with altitudes exceeding 1,500 m are masked out.
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3. March of the Asian winter monsoon

This section outlines the characteristics of
atmospheric circulation associated with the Asian
winter monsoon for each related month with
focus on its time evolution (Figure 9).

September: Low-level temperatures over parts of
southern  Eurasia including the Arabian
Peninsula and the Tibetan Plateau are higher

than those over the |Indian Ocean. A

low-pressure system in the SLP field is seen in
southern Eurasia, and the Somali jet and
low-level monsoon westerly winds are
predominant. These characteristic circulation
patterns echo those seen in the summer
monsoon.

October: Low-level temperatures decrease over
Eurasia, and a high-pressure system on the
surface forms in the middle of the continent.
Atmospheric circulation is gradually reversed
from the pattern seen in boreal summer to that
seen in boreal winter, marking the transition
from the summer to the winter monsoon.

November: In the lower troposphere, a core of
cold air develops over eastern Siberia, and the
continental  high-pressure  system centered
southwest of Lake Baikal is enhanced and
expanded, marking the development of the
Siberian High. A low-pressure system is clearly
seen over the northern North Pacific, marking
the enhancement of the Aleutian Low.
Consequently, zonal SLP gradients between
Eurasia and the North Pacific are strengthened.
Northerly and easterly winds are seen in East
Asia and southern  Asia, respectively.

Northeasterly winds prevail over the South

China Sea and the eastern coast of the

Indochina Peninsula. This circulation is

characteristic of the winter monsoon type.

December: Low-level temperatures over Eurasia
fall further, and the Siberian cold-air core is
enhanced. The Siberian High and the Aleutian
Low are enhanced, and the winter-monsoon
SLP pattern strengthens in northeastern Asia.
The near-surface northeasterly wind area over
the South China Sea extends over the eastern
coast of the Malay Peninsula.

January: Winter monsoon circulation shows its
seasonal maximum strength, marking the
mature phase of the Asian winter monsoon.

February: Signs of reduced winter monsoon
circulation appear in Siberia and East Asia.
Low-level temperatures over southern Asia start
to rise, and northeasterly winds around the
South China Sea weaken.

March: Low-level temperatures over Eurasia
increase, while low Siberian temperatures
increase and their areas shift northward. The
Siberian High and the Aleutian Low weaken.
Near-surface winds around the South China Sea
change from northeasterly to easterly.

April: Increasing low-level temperatures over the
Arabian Peninsula and southern Asia exceed
those over the Indian Ocean, marking a reversal
of meridional temperature gradients. The
Siberian High and the Aleutian Low further
weaken and are obscured, while a distinct
subtropical high-pressure system is seen over
the North Pacific.
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Figure 9 30-day mean sea level pressure (SLP), 850-hPa temperatures and 925-hPa winds for normal months from

September to April
The contours indicate SLP at intervals of 4 hPa, and the shading shows temperature at intervals of 4°C. The arrows show wind

vectors (unit: m/s). “H” and “L” indicate the centers of high- and low-pressure systems, respectively. Areas with altitudes
exceeding 1,500 m are masked out.
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JMA's web-based application for climate analysis
ITACS: Interactive Tool for Analysis of the Climate System

Climate Prediction Division, Japan Meteorological Agency

ITACS is the Interactive Tool for Analysis of Climate System since 2007. The aims are
analyzing the causes of climate events and monitoring current climate status. And, the system
consists of Web interface, programs, GrADS and data files on the web server.

Data sets
Atmospheric analysis data / Outgoing Longwave Radiation (OLR) data / Sea surface
temperature analysis data / ocean analysis data / CLIMAT reports ...

Application and contact
There is application form and introduction about ITACS on the homepage of Tokyo Climate
Center.

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

tcc@met.kishou.go.jp

Tokyo Climate Center homepage
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ITACS

Climate Prediction Division, JMA

menu

What'’s ITACS

Data

Application to use

Exercise and learning by using ITACS
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What’s ITACS

ITACS is the Interactive Tool for Analysis of Climate System since 2007.

Aim:

Analyzing the causes of climate events and monitoring current climate status.
System:

Web interface + programs(Ruby, Gphys...) + GrADS + data files on the web server

0 A % R e

data

CLIMAT

— Monthly world climate data derived from CLIMAT messages via the GTS line from WMO
Members around the world.

INDEX

— EI'Nino Monitoring Indices consisting of monthly mean Sea Surface Temperature produced by
COBE-SST.

JRA-JCDAS

— Atmospheric circulation data produced by JMA's Climate Data Assimilation System (JCDAS),
which is consistent quality with Japanese 25-year reanalysis (JRA-25).

MOVE-G
— Oceanic assimilation produced by the system operated by JMA.
SAT

— Outgoing Longwave Radiation (OLR), which is derived from observations by NOAA's polar
orbital satellites, and provided by Climate Prediction Center (CPC) in the National Centers for
Environmental Prediction (NCEP) of the National Oceanic and Atmospheric Administration
(NOAA).

SST
— Sea Surface Temperature produced by the system operated by JMA (COBE-SST).
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Application to use
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e ey by o T ——— B BT home © Abou & © Contac
Werld Chimate Climate System Mantoring 1 Mifte Monitaring NWP Medel Prodiction Glebal Warming Clhimate wn Japan Traen Press relea
| kee Functions and Main Products | what's vew | Links
werativeal Activities fur LRF 16 August 2011 MW P RATE e
Activitias for Cl * New Release: Monrthly Mighlights on Climate System
15 August 2011 MW

8 Sarvicas to suppart cparational LEF and

ring
wim of pperational KCE products asd services

Additionsl Fusetians

GRCane

LRF products’

STRATALERT
TOKYO ik wpsnbod 32 e 201

There is banner link about application to use ITACS in the TCC homepage:
http://ds.data.jma.go.jp/tcc/tcc/index.html

Exercise

Now, let’s access and use ITACS. Using it will help you to understand ITACS.

Sample image

\

ﬂ If we have enough time after every exercises...

Making image like sample image by yourself

Let’s try to change sample image as you like (self study)

Let’s start exercise. Please access to following site:
http://extreme.kishou.go.jp/tool/itacs-tcc2011/
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Appendix) Self study

Let’s try to draw maps as you like if you know basic use of ITACS.
For example, you can make a map around your country...

Index of today’s Exercise

e Sea surface temperature(SST)

* Average of SST anomaly

e Stream function of historical data

e Subtraction of monthly SST

e 500-hPa height and anomaly (polar stereographic plot)

* Time-longitude cross section of 200-hPa velocity potential

e Water vapor flux(vector) anomaly and specific humidity anomaly
* Interannual variation of monthly mean 850-hPa air temperature
e SST composite of La Nina years

* Regression Analysis and Correlation Analysis




Sea surface temperature(SST)

DATA1  5ST

sst HIST Bat = —90:80 lon = 0:360 level = 11 DATAT 55T set AMOM lgt = -G080 lon = $:360 level = 111
time = 2010080100: 2010080100 ave = M0 time = 2010080100:70100B0100 ave = 1W0

908

Sea Surface Temperature in August 2010 Sea Surface Temperature anomaly in
August 2010

This is tutorial for making a map of Sea Surface Temperature(SST) and its anomaly.
Let’s know basic use of ITACS.

Sea surface temperature(SST)

datal
dataset element data type area level average period show period
Dataset- | sement | Data_type- || -Arza- ~ || 1000nPa || 1000nPa | [Wean Period- v| |RANGE v
1900 «
Ave]
Vect .
ector 0] time filter [ 1900 >
sbd
analysis method : | -Analysis_method- ~

Graphic Option Show Contour Labels Color Table - [INo Scale Labels

Celorizing : | COLOR w| 7 Show Color Bar [1Polar Stereozraphic [ Draw Credit Insice
Drawing k [ Set Contour Parameters for datal [ Logerithmic Coordinates [ Apply Al Pics

l.tltEﬂﬂl| | il | ‘ max_| ‘ [JReverse the Axes

Image Format : -Pﬂg M
T . default [ Set Vector size I:I[i-“h] value - [IFlip the X-axis [Flip the Y-axis
efau
ot [ONo Caption

picture size I:I %

/_\ /—\
sm{n SE9T¥| Lug}ut
N

This is default screen of ITACS. Click “Clear” button if you need default screen.
“Help” button gives you help page.
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Sea surface temperature(SST)

area level average period show period

’ AHEL Data type- [¥] | -ArS * || 1000hPa | 1000hPa % ||| \Mean Period- » | || RANGE ¥
- 1900«
< . Temperature (SST) [C Deg 1 Ave[d
Sea Surface Data ime flter [] 1900 v
SU

analvsis method : | -Analysis_method-

Show Contour Labels

Cologii COLOR v [l Show Color Bar
olorizing i
[ Set Contour Parameters for datal

[ONo Scale Labels
[1Draw Credit Inside
[JApply All Pies

v

Color Table : | Rainbow
[ Polar Stereographic : | Morth pole |+
[ Logarithmic Coordinates

Drawing :| SHADE  ~»|
interval : min : max [JReverse the Axes
Image Format ;| png ¥
b []Set Vector size : [inch] vahe : [ Flip the X-axis []Flip the Y-axis . .
Font - | default I No Caption picture size %
[ Submit ][ SliceTool ] [ Logout ]
First, select “dataset” - “SST” and its “element” - “Temperature”.

Sea surface temperature(SST)

I Submit ]l SliceTool ] Logo

ANOM_SD: anomaly data normalized by their standard deviations

datal
dataset element data type area level average period show period
85T Temperature (SST) [C.Deg.] HIST 23- v || 1000hPa » || 1000hPa v ||| Iean Period- w| ||RANGE +
Data_type- Ave[] 1900 v
WVector [ T 1900«
) NORM time filter []
sbO ANON
ANOM_SD
analysis method : | -Analysis_method- v A
[¥] Show Contour Labels Color Table - | Rainbow % [INo Scale Labels
Colorizing : | COLOR v [ Show Color Bar [OPolar Stereographic : | MNorth pole + [IDraw Credit Inside
Drawi SHADE v [1Set Contour J
awing | ST interval HIST: analyzed or observed data
Image Format :| png % OsetV . .
Font [ default #Vestr 4 NORM: climatic normal data
ANOM: anomaly data !

Note:

"HIST" minus "NORM" is "ANOM"
"ANOM" divided by o is "ANOM_SD"

Secondly, select “data type” - “HIST”(historical data).

Please note there are some data type.
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Sea surface temperature(SST)

datal
dataset element level average peri show period
ssT “ Temperaturs (SST) [C.Deg ] [1000nPa »\ [MonTHLY v | |RANGE v
- == y 1000hPa » Y 2010 '+ 06 v
Vector [] !
v time filter [] 2010 ([ 08 )
@0 Lwfo— |-fs0  ave
analysis method :|—.€«nalysis_methnd— v /

/

Color Table m [INo Scale Labels
[JPolar Sgpffographic : [Draw Credit Inside

[ Logdfithmic Coordinates [ Apply All Pies

Graphic Option Show Contour Labels
Colorizing ¥ Show Color Bar

Dr o o [ 8et Contour Parameters for datal
El'\ﬂIIE
Most datasets have temporal mean resolution of "Annual", "Monthly", "Pentad

day" and "Daily".

Image F
Font - |d

"Year average" means "Year average monthly" (For example, for showing values
for DJF1979, DJF1980, DJF1981...,)

e

Next, select “area”, “average period” and “show period”.

Sea surface temperature(SST)

Color Table :

Show Contour Labels

[INo Scale Labels

Graphic Option
Colorizing : | COLOR v
Drawing : | SHADE 1+
Image Format

Show Color Bar
[JSet Contour Parameters for datal

[ Polar Stereographic : m []Draw Credit Inside

interval : ‘ | min | ‘ ma};.‘

Dsmectnr sec| k] vae:

[INo Caption

&t click

O Logarithmic Coordinates [ Apply All Pics
| [JReverse the Axes
[IFlip the X-axis []Flp the Y-axs
it ? picture size -70 [

[ Submit ] Em [ SliceTool ]m[ Logout I
nggel

t o:

DATAT  BST lovel = 1:1

o8/ - 380
bt = 2010850100:20 10080105 aes = 14D

Finally, click “Submit” button. A map of Sea Surface Temperature(SST) will be made.
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Sea surface temperature(SST) anomaly

datal
dataset element data type area level average period show period
el | Temperamrz (SST) [C.Deg.] |ALL v [1000hPa v | "ONTHLY v | |RANGE v
t
et - time filter [] 2010 "'
sDO Chan €
analysis method : ‘ -Analysis_method- v
Graphic Option Show Contour Labels Color Table [ONo Scale Labels
Colorising - COLOR | A 3how Color Bar ; [ Polar Stereagraphic : | North pole v | [1Draw Credit Inside
) [ Set Contour Parameters for data] 1mazel [ Apply All Pics
e Y e e
s ot P8 v e [
et Vector size
Font pichire size %

[ SliceTool ]l Logout ] eon i 8

Let’s change “data type” — “ANOM” to make map of SST anomaly and click “Submit”.

Sea surface temperature(SST) anomaly

Graphic Option Show Contour Labels
S DATAT  EST  sat  ANOM 90:90 lon = 0:360 lewel = 1:1
time = 20 i

jat =
Z010080100:2010080100  avé = 1

Coluriﬂ'ng. 'hm\'Cnlurar t
T Rarameters al
Dr:ming- ] (in-[2) (max-2 ) |
Image Format - / E

L] o [inch] wvalue :
Fon

l Submit ] E l SliceTool ][ Logout I

“—Left click

Color bar ~ a &0F 120E - 130 - 170 B0 o

If you want to change the range of colors in the color bar, please use “Graphic Options”.
Check “Set Contour Parameters for datal” and input parameters for interval, min and
max of values.
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datal
dataset element data type area level average period show period
SST v| Temperature (S8T) [C.Deg.] |ANOM v‘ |ALL v‘ ‘1000hF’a v|
Eo— Lat ie Javem | [10000Pa | |4 H
ector .
o0 LDH'C'*AYED time filter [
analysis method : ‘ -Analysis_method- - Imagel




Average of SST anomaly

DATAT  SST  sst & lon = O350 _level = 1:1

MOM |t = —S0H0
Hme = 2011080600:2011100800 ave = 3007

7 [ S I - — — —
5-45-4-35-3-25-2-15-1-050 05 1 1.5 2 25 3 35 4 45 §

Average of SST anomaly between 6 September and 5 October

Let’s know how to figure out the average of daily data.

Average of SST anomaly

datal
. show
dataset element area level average period i

{ | ssT \ U Termperane (55T) [ Dez ] ((Anom ~] [ALL ) v [1000hPa | Mean Period- V| || RANGE
N 3 LN A Jaen | 000 ¥ e .

€ - 1900 «

_ |38 Av time filter (]

o Lo J-pw JAwD s

analysis method : | -Analysis_method- -

First, select “dataset” - “SST” and its “element” - “Temperature”.
And, select “data type” - “ANOM”(anomaly data) and “area” — “ALL".
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Average of SST anomaly

data type area level
ANOM hd ALL v 1000hPa
Deg.]

Tverage period show period

Lar |90 _[90 AveD] [10000Pa VT 2011 ~|09 +[ 06 »
Lon: |0 - 1360 Ave [ AT [ 2011 6] 10 9] 05 8

“Ave” gives average of data.

Note:

ITACS figures out the monthly data if you select “MONTHLY” in
the “average period”.

Next, please select “average period” —”DAILY” and check “Ave” — “ON(checked)”.
And, select “show period”(2011.09.06 — 2011.10.05).

Average of SST anomaly

Graphic Option Show Contour Labels Color Takle - |Blue - Red » [OMNo Scale Labels
rth pole |+

Coloizing :[COLOR v S ow Color Bar ‘ [ Polar Stercograph Szra\;' C:;;lt Inside
¥ Set | oot R ters fogdatad ithni i £ s
Drawing :| SHADE : et } oGl N grameters 10 [ Logarithmic rdinates pply ic
il [JReverse the Afes
Image Format : | png % R / . - . . .
[JSet Vector—Fize inch] value : [JFlip the X-axigl (] Flip the Y-axis ) )
Font : | default | » B . picture size %
[INo Caption
N\
[ Submit l Clear [ SliceTool ] I Logout ] I

Note:
“Color Table” option set the color of the

plotted contours. Rainbow is selected by
default.

N Lt

MN

Finally, please select “Set Contour Parameters” of Graphic Option. Let’s change “Color
Table” if you want to set the color of the plotted contours. And, click “Submit”.
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Stream function of historical data on 850hPa

-20 =18 =140 -5 o 5 10 15 20

W(Stream function) of historical data on 850hPa

Let’s know how to change vertical level of the data.

Stream function of historical data on 850hPa

datal

| area

e e C—
o [10°6m"2/s
b . N Lat @ |- |90 |Aved
Vector []
- Lon: [0 |- [360 | Ave D
analysis method : | -Analysis_method- v

First, please select “dataset” — “JRA-JCDAS”, “element” — “W(Stream function)” and
“data type” — “HIST".
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Stream function of historical data on 850hPa

area el average period

& ouTHLY [RAINGE ]
- AveD ([ 850nPa Y Al —— Kgmn v 01| )

:I'A\'e D/ time filter [ w

/
/

Two pull-down menus are prepared in this field and available
vertical levels are listed on them. If different levels are chosen
from each menu by users, the drawing will be a vertical cross
section chart.

Secondly, please select “level” — “850hPa”, “average period” - “MONTHLY” and “show
period”.

Stream function of historical data on 850hPa

F z Show Contour Labels Color Table -| Rainhow % [ONo Scale Labels
Graphic Option
Colorising - | COLOR % Show Color Bar [JPolar Stereagraphic - North pole v [JDraw Credit Inside
Draswing b e 3 [Set Cnr|1tm_tr Parameter‘s for da‘tal | ‘ | [ Logarithmic Coordinates O Apply All Pies

- interval min : max : Rev the Axi
st 0 v e | ) e Cripasies Ot

et Vector size inch] value e X-axis e Y-axis

Font - [No Caption picture size %
Submit SliceTool Logout
agel

— Left click

DATAT JRA-JCOAS pui2d HIET lat = —90:90 ler
\ime = 2010010100:2010010100 ove

n o= 0:380 lavel = 3:3
= Mg

Finally, click “Submit” button. A map on 850hPa will be made.
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Stream function of historical data and anomaly data on 850hPa

DATAT  JRA=JCDAS 123 HIST lat = =330 lon = 0:360 |avel = 33
time = Z000010100:2000010100 ave = 1MO

DATAZ  JRA—-JCDAS 5123 AHOM loi = —80:00 lon = (380 level = 3:3
time = f'.PDODOIDIDO.‘ZOCIDOIOIDO ave = 1WMO  analysis method = DATA1_DATAZ

30N

Stream function of historical data and anomaly data on 850hPa

Let’s know how to superimpose a map on other map.

Stream function of historical data and anomaly data on 850hPa

datal
|  dataser 1 element | datatpe _ area :  level  averagaperiod  chowperiod
URACDAS ¥ [y (Stream Fusction) (10 6m 2] HIST - ALL “ =z:xin ¥ | [mcnTrLy - z_on;;\lpr;rﬂr_
Lar |-90 a0 A L 8 B8 | Avel | V1 S
Veene 3 ; s | N e oo w01
ool Lo [0 -[360 Aved
analysis method : | -Analysis_method- ~
(] Show Comtour Labels Coloe Table | Rainbow 1+ CINo Scale Labels
[ 5how Color Bar [Pl Stereographic | Morth pale v [1Draw Credit luside
5 [1Set Contour Parameters for datal [ Logaritherse Coordmtes [ Apply All Pics
interval : s © max | OReverse the Axes
" O$et Vectar size mch] vadie Flip the X-axis [ Flip the Y-asis
Font ;| default » (mch] o hp ) Hrip pichme size |10
. [[1Neo Caption

ES)

Image1

Dataset: JRA-JCDAS

Element: W(Stream function)
Data type: HIST(historical data)
Area: ALL

Level: 850hPa

Average period: MONTHLY
Show period: 2010.01

First, please draw Stream function of historical data on 850hPa.
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Stream function of historical data and anomaly data on 850hPa

. [JSet Contour Parameters for datal
Drawing :| SHADE  ~| .
= interval : min

Image F at ng ¥ -
mage Format -| P9 [ Set Contour Parameters for data2
Font - | default » interval min

[JSet Vector size

max ©

max

[inch] value

[ Logarithmic Coordinates [T Apply All Pics
[JReverse the Axes
[ Flip the X-axis [ Flip the Y-axis

[ No Capti picture size | 70 %
No Caption

datal
dataset element data type area level average period show period
JRA-JCDAS v v (Stream Function) [10°6m2/s] HIST ALL v 850hPa v || MONTHLY RANGE
o - Lat |90 _[an Ave[] |[850hPa_w|| 4/ 2010 v [01 v
T . -
S;:Ulr Lo [0 -[3s0 Aveld time filter [] 2010 1) 1 18
analysis method :
datase CON nt data type area level average period show period
SIGMIFICAMNCE_TEST — —
JRAJCDAS REGRESSION_COEFFICIENT | [10°6m"2's] HIST ALL b B50hPa ™ |/ MONTHLY RANGE v
ESERSEIEEEEI‘LCOEFFICIEI\JT Lat [-90 _[90 Aved |[8800Pa ¥ |4 2010 v 01~
EQF_MULTI Lon |0 - 360 Avel time filter (] 2010 |01 >
SVD
I ——
WAVELET
Graphic Option Show Contour Labels Color Table - | Rainbow v [INo Scale Labels
Colorizing :| COLOR Show Color Bar [Polar Stereographic - | Morth pole v| [1Draw Credit Inside

[ Submit ]

SliceToal ] [ Logout I

Secondly, please select “analysis method” —

Box “data2” will appear.

“DATA1_DATA2".

Stream function of historical data and anomaly data on 850hPa

Show Color Bar

Colorizing - | COLOR &
[ Set Contour Parameters for datal
Drawing ;| SHADE v .
= interval min
E at 2| Png ¥ -
lmage Format [P [ Set Contour Parameters for data2

Font - | default &

interval min :

[JSet Vector size:

max

max

[inch] wvalue :

analysis method : | DATA1_DATAZ -
L data2 I
dataset element area level average period show period
JRA-JCDAS Y| w (Stream Function) [10°6m"2/5] ALL v 850hPa ¥ | || MONTHLY v RANGE v
<D a0 _lao Ave[] |[850hPa |+ Ave] 2010 v |01
Lon: |0 - 360 Ave[] time fitter [] 2010 |] 01 |8
Graphic Option Show Contour Labels Color Table - | Rainbow [No Scale Labels

Morth pole | [ Draw Credit Inside
] Apply All Pics

[JPolar Stereographic
[Logarithmic Coordinates
[JReverse the Axes

[ Flip the X-axis [JFlip the Y-axis

[No Capti picture size |70 o
No Caption

l Submit ] [ SliceTool ] l Logout ]

And, please change “data type” — “ANOM” of box “data2”.
Don’t change other options.
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Stream function of historical data and anomaly data on 850hPa

Show Contour Labels Color Table : [INo Scale Labels
Colorizing ' Show Color Bar [JPolar Stereographic : [Draw Credit Inside

[[1Set Contour Parameters for datal ithmi i [ Apply All Pics
Drawing :|SHADE v — | | | | | | [ Logarithmic Coordinates ppl
interval : i - mas - [JReverse the Axes
Image Format :
[1Set Contour Parameters for data2 [ Flip the X-axis [ Flip the Y-axis
picture size %

Fant: interval:l | m.m‘ ‘ max:‘ ‘ [ONo Caption
/\ [1Set Vector size : l:l[i.nch] value : I:I
Subm\t‘ SliceTool Logout

| oft click
L TU TOCIN

qp)

DATA1 JRA-JCDAS pel23 HIST lol = -30:80 lon = 0:360 lmvel = 3:3
time = 2010010100:2010010100 ave = 1O’

DATAZ JRA-JCDAS paiZ3 AN = -B0:00 len = D36
Hma = 43

o) I0M lat = -§0: 0 level = 3:3
i 10010100:2010010100 ove = 1D analysis methed = DATA1_DATAZ

Finally, click “Submit” button and draw a map.
In addition, the color of contour can be changed... => go next page

Stream function of historical data and anomaly data on 850hPa

Before: After:

DATA1  JRA-JCDAS pel23 HIST lgt = —80:90 lon = 0:360 level = 3:3 DATA1 JRA=JCDAS peiZ3 HIST ot = -80:00 lon = 0:360 level = 3:3
Hme = 2010010100:2010010100 ave = 1W0 tme = 2000010100:2000010100 ave = WO
DATAZ JRA-JCDAS pei23 ANOM lat = —B0:80 lon = 0:380 level = 3:3 DATAZ JRA-JCOAS pol23 ANOM lat = -G0:00 lon = O:360 lavel = 33
Hme = 3010010100:2010010100 ave = 14O anclysis method = DATA1_DATAZ me = 000010100:2000010100  ave = MO Gnolysis metiod = DATA1_DATAZ

S0N

Let’s change the color of contour of upper layer.
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Stream function of historical data and anomaly data on 850hPa

Left click a ma

Imagel

contour style ‘defau\t V‘ colot ‘ralnhnw V|

label format:l ‘ th.icl«:ness:h | size |U 0g ‘ skip interval l:l

£
cnntnm’]jneﬂﬂiclmess B —
leVels.| ‘ \:Dlur.‘ — T
thin contour: [] l:l

mottodrawe |-[

marker type ‘ closed circle v‘

line  style: color: | thickness:

grd  stvle: | nong V| color: ‘ white V‘

vector label [ vector head size: l:l
defne ranboss color. |

color bar portrait [] X.‘ | T | | sca.le.l‘ 0

Please click a map. New option box “Image” will appear.

Stream function of historical data and anomaly data on 850hPa

Imagel

lower layer % | graphics V| [EPPWI ’ cancel ] Emm| Image1:upper v| ’CDP}']

AeTiEr layer
upper laver A |defau|t V| color: |f3i”hUW "|

A label format: l:l thickness: |1 | size:[0.09 | skip interval I:I
contour line thickness:

levels: | | color: |

thin contour: [] I:I

not to draw:l | - | |

Select layer you want to edit:
Lower layer: Datal
Upper layer: Data2

Secondly, please select layer you want to edit. In this example, select “upper layer”.
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Stream function of historical data and anomaly data on 850hPa

Imagel
o) sl @

N —
contour sty default ¥| cold
abel format: I:l thiclm
contour line thickness:
levels:| - color:|
thin contour: [] l:l

marker type: ‘ closed circle

e sle[sid  ¥]eolor
Jra)
grid  style: | none + | color: | white

vector label [ vector head size l:l
define rambow color: l:l

T

color bar portrait [] X | scale: | 1.0

Next, please select “color” — “black” and click “apply” button.
Don’t forget to click “apply” button.

Stream function of historical data and anomaly data on 850hPa

Show Contour Labels Color Tabie [INo Scale Labels
Colorizing S_ho“- Coler Bar [Polar Stereographic : [ Draw CradiF Inside
Drasving D Set Curlltuur Para.mattrls furl da‘ta] ‘ ‘ ‘ [ Logaritumic Coordinates [ Apply All Pics
Image Format - interval mn max - [JReverse the Axes

OSet Contour Parameters for datu2 [ Flip the X-axis []Elp the Y -axis

default + . . H ize |70 )
Font iterval | | min:| | x| | FiNo Capton picture size 70 [ 9%
OSetVector sze:|  finch] vame:| |

agel/ o C1 [ |
LeTt CIICK
DATA JRA-JCOAS pei23 HIST jot = -80:30 lon = 0:380 lavel = 3:3
IS AR5 207 o s T

DATAZ JRA-JCDAS pel23 ANDM ot = _S0:90 lon = 0:360 lavel = 33
dime = 2010010100:2010070100 ave = MO anaiyais method = DATAI_DATAZ

Finally, click “Submit” button. The contour will be black.
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Subtraction of monthly SST

CATAT 55T  sst ANOM lgt = —&0:80 lon = —30:330 level = 1:1
Hme = 2011090100:2011090100  ave = THO

DATAZ S5T sst ANOM lat = —&0:60 lon = —=30:330 |evel = 1:1
tHme = 2011080100:2011080100 ove = WO analysia method = SUBTRACT

| [ I I I =
=11 =09 =-0.7 =05 =-0.3 =01 0.4 02 05 07 08 1.1

Subtraction of monthly SST between September and August

Let’s know how to subtract data from data of other period.

Subtraction of monthly SST

datal
dataset element data type area level average period show period
58T v Temperanire (SST) [C Dez ] | ANom v [ALL v [1000hPa ~|  [oNTHLY V|| [RANGE »
ector
_ ) time fiter [ 2011 w03 [¥]
DOl Lowo |- |aweD e flter
analysis method :‘-Analysws_melhud- v

Show Contour Labels Color Table 1o Scale Labels
Colorizing - Shorw Color Bar [JPolar Stereographic : ODraw Credit Inside

C Qaf Coantene Parsmatars far datal [ Logarithmic Coordinates [ Apply All Pics

Dra\\'ing' oaa :l .
Tmage Format: png ¥ _ = | Dataset: SST

o o o | Element: Temperature(SST)

m

year] [SieeToal (™ Data type: ANOM(anomaly data)
‘ Area: ALL

" Level: 1000hPa

Average period: MONTHLY
Show period: 2011.09

First, please make a map of monthly SST in September 2011 as mentioned above.
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Subtraction of monthly SST

datal

‘ dataset ‘ element | data type ‘ area ‘ level ‘ average period | show period
[ssT v ANOM % Ll } 1000kPa | | [MONTHLY || [RANGE |

the oo |0 |den 000~ a.g 2011 v[09 v

2011 v | 09 |+

Temperature (SST) [C Deg. ]

Vector []

y Lén: |30 -1330 Ak ]
sot b area

analysis method :‘-Analysws_method- R / Lat: ”'60” - ”60”

Input latitude and longitude. | Lon: “30” —“330”
[¥] Show Contour Labels IZI T Lluum.

Colorising | COLOR (v [ Show Calor Bar [ Draw Credit Inside
s M Rat Cantew Paramatars far data [ Appls Al Pics
[ Logarithmic Coordinates Pply

Draswing -| SHAD K 4090 s = 5300 s = 11

g s L5 e R Thse e ™ 20 ol r
Image Format : [ e :
Font defaull Y e

DATAY BST st ANOW 30330 lavel = 151
o oo B Th " e o 1l

Now, let’s try to change area. Please input latitude and longitude and click submit.

Subtraction of monthly SST

T —
Ao - Blue

Rainbow
Red - Blus fth

[INo Scale Labels
[ Draw Credit Inside
[J Apply All Pics

Show Contour Labels Color Table

Colorizing - Show Color Bar [ Polar St
i [ISet Contour Parameters for datal oL .

i . o ) Dloss

mterv;\]:| | rnm‘ ‘ m:u.l R i
s Pt P08 vt e [ ) b | Dripte ko O e
et Vector size: inch] wvalue : e X-axis 2 Y -anis
Font : | default CINo Capti picture size l:l %
o Caption

’A
(Suhmit ] :.E l SliceTool ] l Logout ]

DATAY SET sst ANOW lgt = —E0:ED len = 30:330 level = 111
DATAY GET mst AMOM it = 8060 = 33330 el = 101 tme = 2011090100201 1090100 ave = 1MD
108 ibaaT 1060 80 ave a1

60N
50N
40N
20N
20N
10N

EQ 1
105
05
308
405
505

: 1
R T T TR T T T mu! Blue Red i

Next, let’s change color table.
Please change “Color Table” — “Blue - Red” and click “Submit” button.
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Subtraction of monthly SST

datal
dataset element data type area level average period show period
SST Temperature (SST) [C.Dez.] ANOM % ALL v 1000hPa | [MONTHLY V|| [RANGE »
- - Lat |-60 - |s0 Ave [ 1000hPa Ave] 2011 |09 v
Vector [] ime filter [ 2011 |»|| 09 |~
sDO Lon: |30 -[330 Aved time ther
analysis method : | SUBTRACT v
_Analysiceaiked
data2 L
B e SUBTRACT
datase THMRL ent data type area level average period show period
SIGNIFICANCE_TEST =
SST REGRESSION_COEFFICIENT  |[C Dez ] ANOM |4 ALL v 1000hPa ¥ | MONTHLY ¥ | |RANGE &
CORRELATION_COEFFICIENT Lat |-50 s A 1000hPa A 2011 %[ 09 |+
EQF_SINGLE =E g Aveld avel] 2011 v 09 |v
EOF_MULTI Lon: |30 -[3z0 Aved time filter []
sSvD
FFT
u« H ” « ”
Please select “analysis method” — “SUBTRACT".
“« ” H
Box “data2” will appear.
Subtraction of montl I|V SST
datal
dataset element data type area level average period show period
SST Temperature (SST) [C.Dez] ANOM % ALL v 1000hPa | [MONTHLY V|| [RANGE »
- - Lat |-60 ~|s0 Ave [ 1000hPa Ave] 2011 |09 v
Vector [] ime flter [ 2011 |« | 08 |~
sDO Lon:|30 -|330 Aved time filter
analysis methed : | SUBTRACT v 09' September
data2
dataset element data type area level average period show period
SST MU Termneranirs (S5TH IC Des 1 ANOM 4 ALL 4 1000hPa % | ONTHLY v|| |RALS
= 24730, v = 121 Lat |-60 -[s0 Avel[] | [1000hPa ¥| 4] 291
Lo |30 -[330 Aved time flter [] 20N
— e
- .'{ E f
- it -~ o, .
‘%A 08: August
Nt
NP -
Lo 2
e Ll o
<

Next, please change month, in “data2”

box and click “Submit” button.

Almost area of sea will be painted red. Let’s change contour parameter in next step...
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Subtraction of monthly SST

lShc“ Contour Labels Calor Table [INo Scale Labels

. " Do Coodit Tocid
Cnlnnzma COLOR 2 how Color Bar i

Drawing : SHADE ;5 S@%"Sfb’d - = Graphlc Opt|on
Pt
Image Format : F”D 3

Font Dserveews szec|Toach] vae Set Contour Parameters : checked

interval: 0.2
7[ Subljm I[ SliceTool ] [ Logout ] mln . _1.1

DATA1 SST ast ANOM lob = —BO0  lon = 30.330 level = 1:1
e ='2011080100:4011080100  dve = 1WG
DATAZ SST sst ANOW lot = —B060. lon = 30:330 level = 1:1
time = 20110801009011080700  ave = snalysis methsd = SUBTRACT

oM < i o Y e
e G b e M -

o fl g, - \

208 “’j’j‘ e A -

10H p \m‘&' A\% o3

% g b

105, & W}‘%x

205 g)._,’ “ - -

s \"”\4)

S - T

60E. S0 120E 150E 180 150w 120w

| I I I I I
-1 -08 -07 -05 -03 —031 03 03 05 47 08 1.1

Finally, let’s change the range of color bar to see change of SST in detail.

500-hPa height and anomaly

DATA}  JRA=JCOAS:

23 ANOM lgt = 20:90 lon = —45:315 level = 6:6
2011080100:2011080100 ove = 1D
0

DATAZ \F‘L—JLDL‘* 23 20080 lon = —45:315  level = 6:8
?UHDSU\OD 017080100 ave = 1M aralysls method = DATA1_DATAZ

=120 =100 -80 -80 -40 =20 o 20 40 BO 8r  10C 120

500-hPa height and anomaly

Let’s know how to make a map as polar stereographic plot.
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500-hPa height and anomaly

datal
dataset element data type area level average period show period
JRA-JCDAS v  (Geopotential Height) [zpra] | Anom v [ALL v [s00nPa v [MonTHLY RAMNGE v
. L [0 ][ Jaem  [500Pa ¥ a.m 2011 o0 @
Vector[J L time fiter (] 2011 [+
o0 om[4s |15 |aweD
analysis method :  DATA1_DATAZ v
data2
dataset element data type area level average period show period
JRA-ICDAS ¥| 4 (Geopatential Height) [zpm] |HIST ~| [ALL | [800hPa v| | [MONTHLY v |RANGE v
5 T e zor o &
toolds 15 |aeD s e e
A S datal data2
time = 0“0 ‘0020‘ 00‘0’) a 1O
DATAE SR KORS 25 LT ok DS Dataset: JRA-JCDAS Dataset: JRA-JCDAS

Element: y (Geopotential Height)
Data type: ANOM

Element: y (Geopotential Height)
Data type: HIST

: Area: Area:
) B0E 1208 180 1208 504 Lat: “20” - "90” Lat: “20” - "90”
Lon: “-45” - “315” Lon: “-45” - “315”
150 -120  -30 0 -0 0 30 8 90 120 Level: 500hPa Level: 500hPa

Average period: MONTHLY
Show period: 2011.09

Average period: MONTHLY
Show period: 2011.09

First, please make a map of 500-hPa height and anomaly in September 2011 as

mentioned above.

500-hPa height and anomaly

Check ~
Show Contour Labels
Show Color Bar
[ Set Contour Parameters for datal

Colorizing -

able [ONo Scale Labels

[ Polgt Stereographic - | Morth pole % [ Draw Credit Inside

Drawing :| SHADE |+

M Logarithmic Coordinates [ Apply All Pics

interval - | ‘ min - | ‘ ma | | everse the Axes

Image Format . )
- [ Set Contour Parameters for datal lip the X-axis [Flip the Y-axis

Font: interval | | min| - | oo caption picture size %

[ Set Vector size I:l[inch] value l:l

[ Submit ][ SliceToal ] [ Logout | | DATAT JRA-JCDAS 523 ANOM et = 2080 lon = ~4sI15 level = 56
DATAZ JRA-JODAS 223 HIST ot = 2090 lon = —43:315lavel =
2 ADosbihoETodi0 e e T nafilt Tretios = oaTar_oaTaz

Polar Stereographic

Show polar stereographic plot, Check here and choose
north polar stereographic or south polar stereographic.

-180 -120 -30 -840 -30 [ 30 (] a0 120

Secondly, let’s make a polar stereographic plot. Check “Polar stereographic” option as
mentioned above and click “Submit” button.
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500-hPa height and anomalv

Graphic Option Show Contour Labels Color Tab [INo Scale Labels

Colorizing : | COLOR ¥ A gow Color Bar FPolar Stereog:raphlc North pole | [IDraw Credit Inside
[5g C Parameters for [ Logarithmic Coordinates [ Apply All Pics

Drawmg SHADE |20 ) ‘120) | ma_xﬂuﬂ ) | [Reverse the Axes

Image Format : —r

Hg V
arameters f°f dg [ Flip the X-axis [Flip the Y-axis
Font - default [+ Em]( ElD) min (4800 ) mn? 5060 ? N Capion pictwre size [T0 |0

[ Set V ectnr size lj[m/ch] value

l Submit ][ SliceTool ] l Logout ]

(Graphic Options)
Set contour Parameters for datal
Intervel: “20” Min: “-120” Max: “120”

Set contour Parameters for data2
Intervel: “60” Min: “4800” Max: “6060”

Color Table: “Blue-Red”

Finally, let’s change graphic options as mentioned above.

Time-longitude cross section of 200-hPa velocity potential

AHOM =10:10 den = 9:380 level = 10:10

DATAT  JRA-JCD. 123
time 2011060100 20“073“}0 ave = 107

1]
o
E

]

1UN2O 1
BUNZ01T 1
1UNZOT1
18JUN20T1
21JUN2011
2600N2011
L2011
BJUL20M1
1duL2011
16IUL2011
210012011

26JUL2011

Time-longitude cross section of 200-hPa velocity potential

Let’s know how to draw time-longitude cross section of data.
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Time-longitude cross section of 200-hPa velocity potential

datal
dataset element data type area level average period show period

ANOM v [ALL | |200hPa v |[Daiy v RANGE v
—— S RN P T 201t o o[o1 o
Vector .

LDH'D'-‘\VED time filter [] 2011 [v] 06 01 v

sD

JRA-JCDAS v X (Velocity Potential) [10°6m"2/s]

analysis method : | -Analysis_method- ~

O RS R e ool B 2 5% 710 (data1)
Dataset: JRA-JCDAS
Element: X (Velocity Potential)
Data type: ANOM
Area: ALL
Level:
200hPa
200hPa
Average period: DAILY
Show period: 2011.06.01

First, please make a map of 200-hPa velocity potential anomaly on 1st June 2011 as
mentioned above.

Time-longitude cross section of 200-hPa velocity potential

datal
dataset element data type area level average period show period
JRA-JCDAS I oo || ANOM | LL v [200nPa ~||[paiy v
X (Velocity Potential) [10"6m"2/s =\
. (Feboetey Porental [ el Latd 10 ' 10 Ave[#) |200hFa > Aved 2011 [»| 06 v | 01 »
Vector . ) G e e g5
spO on: |0 - 1360 ve ]  ——
YAl
analysis method : | -Analysis_method- - Check v
B
1UN2011 0 . . . .
- : ] In the case of drawing a time-longitude cross section
~ : diagram, check "Ave" box of latitude(Lat) off.

16JUN2011

214UN2011

o | Py : {data1)
' Lat: “-10” - “10”

Show period: 2011.06.01 — 2011.07.31

BJUL2011

12011

16JUL2011
21JUL2011

26JUL2011

Secondly, input latitude and check “Ave” box off. And select “show period”.
Could you draw a map like sample?
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Time-longitude cross section of 200-hPa velocity potential

e —
Graphic Option Show Contour Labels Color Tagle - [INo Scale Labels
Colorizing - Show Color Bar [JPolar Stereographic - [ODraw Credit Inside
[0Set Contour Parameters for datal [ Logarithmic Coordinates [ Apply All Pics

Dranwing :[SHADE ¥ :
mten'al:| ‘ mm:‘ | max:| ‘ [JReverse the Axes

tmage Format [on @] o7 [ e vame:l | CIFlp the Moavis CIFlp the Vo
el Vector size !l piale Wi (= & A-axis e -axis
Font - defeutt ¥/ S picture size 70 |%
o Caption

[ Submit I [ SliceTool I [ Logout I

Tinmmnt

DATAl  JRA—JCDAS  chi23 5
tinie = 2011060100:2011073100  av

s
2
&

i

1
s
23
[
El
“g
g
H
H

"

uNzo

BJUNZOTT

T1dUN2011

16JUNZOTT

21JUN2011

26JUN20 11
TyuL2om
BJUL2011

11JUL2011 1

time

TBJUL2011

21uL201 §

26JUL2011

1)

longitude™

Finally, let’s select “Color Table” — “Blue - Red” and click “submit” button.

Water vapor flux(vector) anomaly and specific humidity anomaly

CATAT  JRA=JCDAS wnfuZ3unfy23  AMOM ot = —10:60 lon = 700190 level = 2:2
time = 2011050100:2011050100  ave = THO

DATAZ  JRA-JCDAS 23 AWOM lof = —10:60 lon = F0:190 level = 2:2
time = 2011050100:2011050100 ave = 1WMO  anolysis method = DATAT_DATAZ

R R Bamaadat

.......

150E 1B60E 170E 180 oW

=0.001+0.00080.0004 0.00060.00030.000 0.0001 0.00030.00050.00070.00090.0011

Water vapor flux(vector) anomaly and specific humidity anomaly in May 2011

Let’s try to draw vector.
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Water vapor flux(vector) anomaly and specific humidity anomaly

datal
dataset element data type area level average period show period
-Dataset- hd clement -Data_type- v ||| -Area- ~ || 1000hPa || 1000hPa % | || -Mean Period- + | || RAMNGE |+
Ave[] 1900 »
Vecto L 1900 ~
time filter []
spd

analysis method : | -Analysis_method-

N 2

datal hd
dataset element data type area level average period show period
-Dataset- hd slement -Data_type- ||| -Area- || 1000hPa * || 1000hPa ¥ ||| .\Mean Period- + | || RANGE
Ave[ 1900 3
;|| Stement H time filter [ 1900 [+
%
Vecto
D[] Q Check
analysis method : | -Analysis_method- v

First, check “Vector” box off to add new element box.

Water vapor flux(vector) anomaly and specific humidity anomaly

datal
dataset element data type area level average period show period
JRA-JCDAS 3| [ Wotx Zonal Water Vapor Frm) ANOM v ASIA v 925hPa v | [MONTHLY v | [ranGE «
KgKetms] ' Lat [0 _[&0 Avell | [32Ps v |4 2011 v 05 v
Wy (Meridional Water Vapor Lon:|70 -[180 Ave[] tine fiter L1 AL
Flux) [Rg/Kg m's]
-\'ector
s
analysis method : | -Analysis_method- ~
(datal)
Dataset: JRA-JCDAS Area: ASIA
Element: Lat: “-10” - ”60”
Wvf-x (Zonal Water Vapor Flux) Lon: “70” - 190"
Wvf-y (Meridional Water Vapor Flux) Level: 925hPa / 925hPa
Data type: ANOM Average period: MONTHLY
Show period: 2011.05 / 2011.05

Secondly, let’s try to make a map of water vapor flux anomaly.
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Water vapor flux(vector) anomaly and specific humidity anomaly

datal
dataset element data type area level average period show period
JRAJCDAS | Wetx (zonat Waer vapor Frx) AHOM v [Asia v [928hPa v [MONTHLY v | [RANGE ¥]
[Kg/Kg*ms] Lat -Aer:I 926hPa ¥ | e 2011 v |06 v
ﬁmaﬁltarD 2011 ] 05 v
Wwi-y (Meridional Water Vapor Lon N Aveld
Flux) [KgKg*m/'s]
]
Vector [
s
— e
analysis methu\( DATAT_DATAZ )
data2
‘ dataset | data type ‘ area ‘ level ‘ average period | show period
N "
JRA-JCDAS G| o (specific Fumidiy) KeXe] ANOM v [Asia ~ [926hPa | | TONTHLY < | [RanGE ¥
W ac [0 |-l aver | fo280Pa [ [20m vIHSvﬂ
DATA1  JRA=JCOAS w23 wufl ANOM 1o 710 sa lon = 70:190 level = 2:2 v
Lon: |70 . dme = Z0TIRRIN0 0 1080 ot™ e
DATAY SR, J(I'ltS el n T3 wnhy J AMOM bt = =10:60 lon = FOC1R0 level = 1T DATAZ  JRA-, J{‘EILS AHOM 190
= TiETeh 011090100  ave = T EE 2 028 80281530150 vt = IS Snaya method = DATAY_DATAZ -

BON

=

- S O P Tk -
G0E 1DOE 110E 1206 130E 140E 150E 1G0E 170E 1 70E  B0E 9DE 10DE 110E 120E 130F 140FE 150E 160E 170E 180 170W

-0,0015-0,00+0.0005 00,0005 0,001 0.0015 0,002 00025 0,003 0.0035 0.004

Next, please select “analysis method” — “DATA1_DATA2” and add “data2” - “

Humidity) anomaly”.

g (Specific

Water vapor flux(vector) anomaly and specific humidity anomaly

o
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| [JReverse the Axes
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(Graphic Options)
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Finally, let’s change graphic options as mentioned above and click “Submit” button.
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Interannual variation of monthly mean 850-hPa air temperature

1 JRA—JCDAS
time =

123 ANOM ot = 3045 lon = 130014
1851080100:2010080100 ave = 17R{11M

0 lgpeel = 303
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. ~
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® datal
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19

85

1800

1995 000

Interannual variation of monthly mean 850-hPa air temperature around Japan

Let’s try to draw line graph.

Interannual variation of monthly mean 850-hPa air temperature

datal
dataset data tvpe area level average period ::r::d
@ M -Mean Period- v | |RANGE v
Lat: -9 =190 Ave[ B60nPa | Ave]
time filter ["] 1979
1979 »

Lon: |0

- [360

Aved

analysis method : | -Analysis_method-

Dataset: JRA-JCDAS
Element: T(Temperature)

Data ty

pe: ANOM(anomaly data)

Area: ALL
Level: 850hPa / 850hPa

First, please set parameters as mentioned above.
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Interannual variation of monthly mean 850-hPa air temperature

datal

dataset element data type area level average period iy

y ge p e
JRA-JCDAS T (Temperatuee) [C.Des] ANOM v 850hPa Mean Period- v [RANGE v

8a0hPa
Ave[]
v
ector (] time filter [T 1979 |»
spd 1979 »

analysis method : | -Analysis_method-

Ave: checked
Ave: checked

Lat: “30”-"45"
Lon: “130”-"140"

Checking both “AVE” box off gives average
data of area.

Secondly, input latitude and longitude. And check both “Ave” box off.

Interannual variation of monthly mean 850-hPa air temperature

= dataset element data type area level averase period show period
JRA-JCDAS T (Temperatuce) [C.Deg] ANOM v . ALL — VA‘_E :zg:;: : 3
;‘;:ETD Lom[130 _[140 Ave @ e fter 01 AN -0
analysis method : | -Analysis_method- v
B e "Year average" means "Year average monthly“
! 1 , This example gives us temperature in September
‘ ) between 1981 and 2010.
s . | ‘I"x -"f \[ \ |
VAN ‘|’ \ /O \/ Average period: “Year average”
‘.“" \ j.f . \ j“ \ A ,w' \*/ ) Show period:
- ,.’; ! v "\‘f‘ “1981” — “2010”
’ “09” - “09”

Finally, select “average period”

— “Year average” and “show period” as mentioned

above. And let’s click “Submit” button.
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SST composite of La Nina years

DATA1  BET  git lof = c 36‘ le | = 11
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SST composite of La Nina years

Let’s know how to draw composite map.

SST composite of La Nina years

datal
set area level Tveraze-period show period
ssT Temperamre (SST) [C.Deg.] 1000hPa ~ w ~| | |RANGE v
Ave[] | [1000hFa v Q=== 1900 ~[01
| . 1900 |01 +
sl Ave[] '
~1 1
analysis method : | -Analysis_method- - CIICCRK
(datal)

Dataset: SST
Element: Temperature(SST)
Data type: ANOM
Area:
Lat: “-60” - "60”
Lon: “0” - “360”
Level: 1000hPa / 1000hPa
Average period:
MONTHLY
Ave: checked

First, please select parameters as mentioned above.
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SST composite of La Nina years

average period show period
MONTHLY v /f TEARS S&
Ave ( RANGE
time filter (]

EX

| | X‘
input vears directly |

(comma-separated or space-separated)

average period show

[ ngerRgLY | YEARS ~

>
. 1984 1985 1985 1995 1998\

tim Hilter [] 1999 2007 2010 /

L

|

La Nina years: TIDUT Vears drecly
(comma-separated or space-separated)
1984, 1985, 1988, 1995, 1998, 1999, 2007, 2010
Month:

06(June) — 08(August)

\ I —
‘M( na«»)(k

month

Secondly, select “show period” — “YEARS” and input La Nina years. And select month,

June and August. These settings means average of data(SST) of La Nina years in
summer.

SST composite of La Nina years
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Finally, let’s use graphic options as mentioned above and draw a map.
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Regression Analysis : NINO.3 SST and 850hPa Stream Function

DATA1  JRA=JCDAS FEiZJ ANOM  lot = =30:80 lon = 0:360 level = 3:3
time = 1979090100:2010090100 ave = 1YR{1+1MD)

lan = 0380  lewel = 1:1

ave = 1TR{1¢1M0) anoksie method = REGRESSION_COEFFICI

DATAZ INDEX mina.3  ANOM lat = —@0:90
time = 1878080100:2010080100

Regression Analysis : NINO.3 SST and 850hPa Stream Function

Let’s know regression analysis. In shaded area of a map, stream function has a close

connection with SST of NINO.3.
*NINO.3: 55-5N, 150-90W

Regression Analysis : NINO.3 SST and 850hPa Stream Function

datal
dataset element data tvpe area level average period show period
JRAJCDAS [ (stream Function (10gmasy | |ANOM v ALL v 8500Pa | [vear average v RANGE v
- Lat [90 _[90 Ave] |[880hPa_¥| 4o/ 1979 v/ _[2010 v
SITDDT Lorz[0 -[380 Ave[ time fiter [] vE-eE
analysis method : REGRESSION_COEFFICIENT |+
data2
dataset element data type average period lag significance
INDEX v o AHOM v |[Vearaverage v [0 *|YEAR ~ || 95%two side) v
sb Ave[
time filter []
(datal) (analysis method)
Dataset: JRA-JCDAS REGRESSION_COEFFICIENT
Element: W(Stream function)
Data type: ANOM(anomaly data) (data2)
Area: ALL Dataset: INDEX
Level: 850hPa / 850hPa Element: NINO.3
average period: Year average Data type: ANOM(anomaly data)
show period: 1979-2010 / 09-09 Significance: 95%

Let’s try to set parameters as mentioned above and click submit button. A map like
sample will be made.

Hint: (Graphic option) Drawing: CONTOUR
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Correlation Analysis

datal
dataset element data tvpe area level average period show period
JRA-JCDAS || ———— L ALL v 850hPa_|¥| |[Year average - RAMGE ¥
Lat |90 _[a0 Ave[] |[8500Pa_ v |44 1979 ~|_[2010 ~
Vector [ L 09 v _| 09w
_[2g A time fitter [ -
D[ Lon: |0 360 Ave[]
analysis method™: | CORRELATION_COEFFICIENT
(Gis_method-
data? DATA1_DATAZ
SUBTRACT
datase COMPQOSITE ‘ment data type average period lag significance
SIGNIFICAMNCE_IESI]
- ANOM | [vear average v |0 ¥|YEAR || 95%two side) v
Avell
it 0:360 jever = 3:3

INDEX REGRESSION COEFFICIENT ]
CORRELATION COEFFICIENT snOd
et = 33 m OATAY AR FlERed TR0 DoBo it e 'Y Rt IN0)
=80:80 lon = 0:380 lowel = 1:1
ave = 1YR{141WD) onolsis mathod = CORRELATION_COEFFIC

DATAT JRA-JCDAS DSiZ3  AMOM ol = —80:80 lon = 0:360
time = 1575090100:2010080100 ave = 1YR{1+1MO)

DATAZ HBEX nino.3 AHOM lat =
time = 1873080100:2010080100

fmethed = REGRESSION_COEFFICT

DATAZ HDEY nino.3 AHOM lat = —90:80 lon = 0:380 lewel = 1:1
time = 1973080100:2010080100 ave = 1TR{141MO) ana!

—> ‘54

Correlation Analysis

Regression Analysis

Next, let’s try correlation analysis.
Please change “analysis method” — “CORRELATION...” and click “submit” button.

Appendix

" I
Correlation and Regression

m The strength of the linear relationship between two variables

m Correlation coefficient must be between -1 and 1
r <0 : Negative correlation

r =0 : No correlation

Regression
r > 0 : Positive correlation
pe of the linear relationship between two variables

(Regression Coef. -
L — + b + y: Fields to be regressed e.g. Stream function
y=aXx x: Explanatory variable  e.g. Nino3-SST

Relationship between Nino-3 SST and Stream function (850hPa)
Regression
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