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* Introduction
* Qutline of the JMA seasonal prediction
system
— Specifications
— Hindcast and Verification
— History (effect of introduction of CGCM)
— Future subjects

* Introduction of the TCC website
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Describing weather parameter  describing averaged weather
variation itself. parameters, expressed as a
departure from climate
values (anomaly) for that
period.

(not deviation, not averaged)
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The meaning of describing "anomalies
seasonal forecast

annually.
« Seasonal cycle of the region
depends on solar angle and land-
sea distribution.
» Weather conditions averaged over
a period is “normal”.

« Meanwhile, Weather conditions
has some features every year.
\;Anomalous climate may affects the

lives of the people. :
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« Anomaly from normal is

the target of seasonal
forecasting. |
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What is the “normal” used in seasonal forecast?
HEE BN e

» Target of the seasonal forecast
Is departure from the “normal’.

* In JMA, period for “normal” is
30-year (1981 to 2010) as
WMO recommends.

« Arranging historical data each
year in ascending order,

—<=10th largest ; Below normal

—21th largest <= ; Above normal
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EEEEN
Tercile probabillistic forecast

In the seasonal forecast
probability for each
category is predicted.

Occurrence rate for
each category is BN NN N

In certain forecasting,
deviation from the Certain forecast

climatological
. BN BN N
occurrence is important.
30%
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Seasonal forecasts In Japan
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HEEEN
Overview of forecasts at CPD/JMA

1 month 3 months 7 month operated
ﬁ models

Early warning

Information on 2 week i b
Extreme events l—month
week ;! Week ' Week
1- 1 2 3&4 EPS
month (AGCM)
forecast 1 month (4 weeks) L )
______________________________________________________________________ ;__________;.
3—-month month-1 month-2 | month-3
forecast
3 months 4/7 month
warm/cold EPS
season 3 months
forecast (JJA/DJF)
(CGCM)
ENSO ENSO, Indian Ocean SST
outlook | )

In order to support seasonal forecast, two ensemble prediction
systems (EPSs) are operated; 1-month EPS and the 4/7-month EPS
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One-month forecast
Seasonal Forecast Announcement (JMA Homepage)

Precipitation

20 September - 28 October

Probability of below-narmal precipitation {dry, near-narmal
precipitation (average), above-normal precipitation twet) for
each area. Colored areas hawe a 40% probability or more of
below-normal or above-narmal precipitation.
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Average Temperature

29 September - 28 October

Prabahility of below-normal temperature (cald), near-normal
temperature (awerage), above-normal temperature dwarm) for
each area. Colored areas have a 40% probability or more of
below-normal or abowe-normal temperature,
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National monthly forecast
(weather outlook for Sept 29 through Oct 28)

Sept 28 2012 Meteorological Agency Global Environment and Marine Department Announcement

< Items requiring special care >

Outlook for very high temperatures in Northern and Eastern Japan for the beginning of the period.

<Weather forecast for the coming one month period >

Most probably weather, special temperatures, precipitation, etc for the coming month are as follows.

Across the whole country, weather is expected to change in the period of a few days. The Northern area on the Pacific side, in Western Japan, and
Okinawa-Amami should see seasonal average large number of clear days Average temps for the coming month: 50% probability of high temps for
North Japan; East Japan 40% chance of both seasonal average and high temps; Okinawa-Amami equal 40% chance of normal and low temps.
Precipitation 40% chance for normal and high amounts in North and in East and West on the Sea of Japan side, with a 50% chance of high rain for
East and West Japan on the Pacific side as well as Okinawa-Amami.

Weekly temperature outlook: in the first week, 80% chance of high temps in North Japan and 60% in Eastern Japan, 50% chance of seasonally
average temps in Western Japan, with 60% chance of low temps in Okinawa-Amami. In the 2" week 40% chance for both normal and high temps in

Narrh 1anan anAd aniial AN04 ~rhancoa AfF nAarmal and 1w, tamnaratiivae 1im Ol inawnwa ArmAarmi

* below-normal
temperature
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Commentary of one-month forecast
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Early Warning Information on Extreme Weather

~1-2 weeks advanced
information is provided for marked high or low temperatures~

7-day Averaged Temperature (Issued: 28 August 2012) Early Warning Information on
Forecast period: 2 - 11 September Extreme Weather is issued at
This chart shows areas where the predicted probability of wery high 14:30 JST every Monday and
aor wery low seven—day averaged temperature is 308 or more, Thursday when a hlgh
The predicted period is given below the name of the area. probability (30% or more) of a
gt B very high or very low seven-day
: for thglEaea ~ average temperature is
" rom EQ Onwar " . . .
¢ i < predicted in the week starting

from five to eight days ahead of
the date of announcement.

If information was issued on the
preceding announcement date,

Okinawa - )
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. Hokuriku

For about aweek
fram 2 Sep amward

Tohaku

. . . ..
ad from s Sap Brwald eresasiityor | | fONlOW-UP information is issued
Chugak KantodKosin very high on the next announcement date.
W7A b I.l'l,gl temperature .
| l““ The terms very high and very
ki low refer to high or low seven-
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Climate information

When extreme climate condition, such as hot (cold) spell,
drought, poor sunshine, with social impact is anticipated, JMA
Issues the climate information.
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Estimate of uncertainty
(Ensemble prediction)

TCC Training Seminar on one-month forecast, 16-20 November 2015, JMA, Tokyo, JAPAN @ SRIT
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How to predict for longer time-scale

* Due to chaotic behavior
of atmosphere, errors
rapidly grow during
period of prediction.

Forecast

— . )
Forecast time

* To address this issue,
ensemble prediction is
essential for long-range
forecasting.

TCC Training Seminar on one-month forecast, 16-20 November 2015, JMA, Tokyo, JAPAN @ SRIT
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Estimating uncertainty with ensemble prediction

EEEEN
Ensemble prediction:

Probabilistically predicting with aggregation of the multiple
prediction results.

= = Standard dev.,
spread

suggesting degree of
uncertainty

Ensemble = Average of ensemble
members outputs,
suggesting degree of
signal

mean

_BIIIIIIIIIIIiIIIIIIIIIIIlliIIIII

10 17 24 31
Forecast time >
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EEEEN
Deterministic and probabillistic forecast

EEEEN
Deterministic forecast Probabilistic forecast
‘\ O ---------------------------------
— e | /| -
Oneinitial |, | = ——
state PDFfor | ™
One initial state ] ™
forecast PDFE for
forecast
Calculate one forecast « EPS derives PDF for forecast.
using one initial state »Possible to predict probability of the

targeted phenomena, which add
degree of reliability to deterministic
forecasting.

TCC Training Seminar on one-month forecast, 16-20 November 2015, JMA, Tokyo, JAPAN @) z’ztgzﬁ

pppppppppppp Jogical Agency


http://www.jma.go.jp/jma/

Probabilistic Forecast

« EPS enable to derive PDF, which denotes
reliability for target phenomena.
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WMO Classification of meteorological forecasting

(GDPFS Manual)

Forecasting target period

Nowcasting

Up to 2 hours

Very short-range weather
forecasting

Up to 12 hours

Short-range forecasting

Beyond 12 hours and up to 72
hours

Medium-range weather
forecasting

Beyond 72 hours and up to 240
hours

Long-range forecasting

Beyond 30 days up to two years

Climate forecasting

Beyond two years

TCC Training Seminar on one-month forecast, 16-20 November 2015, JMA, Tokyo, JAPAN

Extended-range weather |Beyond 10 days and up to 30 [Target of thisJ
forecasting days seminar

Manual on the Global Data-processing and Forecasting System, Appendix I-4
(https:/ivww.wmo.int/pages/progivww/DPFS/documents/485_Vol_|_en_colour.pdf)

@ SRT
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e o B B N .
Multiple structure in the atmospheric phenomena

* Variations in atmosphere consist various space- and time-scale phenomena.

 Targets for seasonal prediction are phenomena with large time- and space-
scale (over about one week).

| Decadal

| |
A : : L ElNino Val'latIOIrTS
104 IrIHtra seasonal: Monsbon
B variance | Va”a{I'O”
Tgle-connectiof |
I Blocking | |
% Synoptic scale | | |
B High/low pressurel | |
g 10 | | |
! |
8 Meso scale low |
4y] pressure |
o 10°[ I I
w | | |
101+ cloud ! . L I
Gravity wave : Main target of:
1001 Convective cloud | one-month |
Turbulence I forecast I
101 ] ] ! | | I ] ] >
Minute Hour Day V}/eek M?nth Seaihon Year Decade Century
o o u d= I I
g3 © 3 q 3 Seasonal fprecasts
» = 8 = =
o Qo i = l l
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Importance of initial and boundary condition
EEEEN

* Due to the chaotic nature of the atmosphere, the
limit for deterministic forecasting is about two
weeks.

"+ The influence of )
boundary conditions is
important for longer-

Wecasting

Strength of signal

Hour day Week month season year

TCC Training Seminar on one-month forecast, 16-20 November 2015, JMA, Tokyo, JAPAN @ SERT
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Variation of predicted values consist of

€ Predictable variation (signal)

€ Unpredictable variation (noise)

Forecasters are required to estimate

| ] degree of uncertainty (i.e. both signal

1o 17 24 21 and noise).

il

€ EPS is essential to estimate signal/noise.
€ Numerical guidance, which is the application tool of EPS,
enable to support the estimation.

TCC Training Seminar on one-month forecast, 16-20 November 2015, JMA, Tokyo, JAPAN @) z’ztgzﬁ
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How to make one—month Prediction

TCC Training Seminar on one-month forecast, 16-20 November 2015, JMA, Tokyo, JAPAN
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HEEEN
Typical flow of making one month forecast

HEEEEB
Numerical model - Model output _
Observed data ] g, % : K
Atmospheric and — 7~ :
Oceanic conditions Ensemble =
| _forecast

AnahL\ls:> = % _ VAG
§| l; Evaluate pteolicted [f// Statistical

characteristic of

DIET sl atmospheric field @W
of current

status Basic data of < Guidance

probabilistic forecast

Below normal| Near normal |Above normal

13% 33% 94%

Forecaster

Comprehensive evaluation of the mode prediction

r 2015, JMA, Tokyo, JAPAN
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Procedure of the one-month forecast (1)
s s Fr QgL

(1) Understanding current status
— SST (ENSO, anomalies over the tropics)

— Atmosphere in the tropics
* |ISO (MJO, BSISO) active/inactive, phase
« Convective activity over the tropics
* Influence of the anomalous convection on the sub-tropical
(mid-latitude) atmosphere
— Atmosphere in the mid-high latitudes
« Position and meanderings of the sub-tropical jet or polar front
jet
» Rossby wave propagation along the jet streams
» Subtropical High? Siberian High? Aleutian Low

‘ Refer to the "Climate System Monitoring”

TCC Training Seminar on one-month forecast, 16-20 November 2015, JMA, Tokyo, JAPAN @ SRIT
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Procedure of the one-month forecast (2)
s s Fr QgL

(2) Estimate predicted results

— NWP model results are basic

* Forecast map
— Convective activity in the tropics

— Influence of atmospheric field by tropical convection in
the tropics

— Variations in the mid/high latitudes

— Estimate degree of uncertainty
 Prediction skill of model (hindcast verification)
 Prediction skill of created guidance

= Refer to the EPS products

(3) Build one-month forecast

TCC Training Seminar on one-month forecast, 16-20 November 2015, JMA, Tokyo, JAPAN @ SRIT
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Madden-Julian Oscillation

® Most dominant mode over the tropics in
extended range timescale

® propagates eastward along the equator with
periods of 30 — 60 days

® a large-scale coupled pattern between deep
convection and atmospheric circulation

® clearer signal in convection over the Indian
Ocean and the western Pacific than other
regions

® Make an impact on mid-high latitude through
variations of sub-tropical high or meanderings of
the jet stream

® Often monitor using OLR and velocity potential
(divergence field)

® Possible to predict about 2 to 3 weeks =>
important signal for one-month forecast
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BSISO (Boreal Summer IntraSeasonal Oscillation)

In boreal summer, northward propagation is seen over the Indian Ocean
and the western Pacific, in addition to eastward propagation component.

JJA
Regression & Cerrelatien of OLR anomaly {surmmer) .
{sqrt{RMM1°2+RMM2*2) >= 1 -
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Example of influence of MJO on mid-latitude

(Dec. 2014)
NN N 1 1 S

Upper Velocity potential (CHI 200) http://ds.data.jma.go.jp/gmd/tcc/tcc/products/clis
anomaly along EQ. ys/ASIA_TCC/mjo_cross.html

CHI200 ANOM 5S-5N
[T | éD:'E .12E]°E. 18ID° .1 EQW éO:W

e Eastward propagation of
convection activity anomaly
pattern relating with MJO was
generally clear.

e Around mid Dec 2014, active

N phase of amplified MJO

S =~ : =S propagated from the Indian
Ocean to the Maritime

continent.

TER——

-
________

—————

e,

----

0°  60°E 120°FE 180° 120°W 60°W |
e 10°m?/s

e
—1512-9-6-3 0 3 6 9 1215

a TCC Training Seminar on one-mohth forecast, 16-20 November 2015, JMA, Tokyo, JAPAN @) z’ztgzﬁ

pppppppppppp Jogical Agency



http://www.jma.go.jp/jma/

. — U
meanderings of the sub—tropical jet due to anomalous

convection in the tropics (Dec. 2014)
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Monthly mean outgoing longwave radiation (OLR) anomaly (Dec.2014) CPDUMA
Anomalies are deviations from the 1981-2010 average.
Original data provided by NOAA.

e 1a0E Stream functlon at 200 hPa (PSIZOO) (Dec 2014)
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== Active convection around
\ Southeast Asia
£ ~= ->Northwardly shifted jet stream

— . -—n—f S°E around China (Positive anomaly)
s e———— ' —>Southwardly shifted jet stream
Monthly mealn 200 hPa sltream functi.l:m and anan'llaly (Dec.201I4} ' I I I .
The contours show the stream function at intervals of 10x10® m3s, and the shading shows stream function anomalies. a rou nd Ja pa n (Negatlve a noma Iy)
Ancmalies are deviations from the 1981-2010 average.

—Cold spell around Japan
~ http://ds.data.jma.go.jp/gmd/tcc/tcc/products/clisys/figures/db_hist_mon_tcc.html
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Meanderings of jet stream by anomalous convections in the tropics

Shifted northwardly (north side of enhanced convections)
Shifted southwardly (north side of suppressed convections)
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meanderings of the sub-tropical jet due to anomalous
convection in the tropics (Dec. 2014)
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« The upper ridge in west
of Lake Balikal, relating
to EU pattern, brought
development of the
Siberian high.

* In association with
development of the
Siberian high, cold air
outflowed over the East
Asia.
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Meanderings the upper westerlies,

relating with Rossby wave propagation

500hPa height anomaly

JRA=55 (ANL) JRA=55 (ANL) JRA=55 (ANL)
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® Depending on propagation of Rossby wave packet, meanderings of the
upper westerlies amplifies.

® In the above case, a blocking high developed in eastern Siberia, in
association with propagation of wave packet along the polar jet stream. In the
end of August 2015, the blocking high weakened emitting wave packet
southeastward, which enhanced trough in west of Japan.
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Arctic Oscillation (AO)

® Meridionally asymmetric anomalies pattern of pressure (temperature) -
between arctic and mid-latitudes
® most dominant variations in the boreal winter
» Once the AO happens, it may persist and its influence may become
large.
SLP anomalies (1988/89 DJF) SLP anomalies (2009/10 DJF)
24 20 6 12 8 4 0 4 8 12 16 20 24 anrhng’zlhies m2 & 4 0 4 8 12 1man?h";2|;es
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Three month mean sea level pressure and anomaly in the Northern ) Novembe Three month mean sea level pressure and anomaly in the Northern S8T

Hemisphere (Dec.1988-Feb.1989) Hemisphere {Dec.2009-Feb.2010) ey
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“Signal” and "Noise” depending on forecast

® Those are targets for short-range forecast.
® It is the difference between short-range and
seasonal forecast!

Kind of forecast

Signal

Noise

Reduction of noise

Medium-range
(One-week
forecast)

Shortwave disturbance
dominating over daily

variations of weather

Extended —range
(One-month
forecast)

Low-frequency variation of

the jet, blocking, AO, MJO
and so on)

Long-range
(Three-month,
Warm/Cold
season forecast)

Low-frequency variatio
tropical ocean and its
influence, such as ENSO |
and Indian Ocean variation

Transient

* Forecast time averaged
atmosphere (meanderings of § eddies (moving | field, such as weekly or

one-month average

Low-frequency =
variation of =
atmosphere

* Forecast time averaged
field, such as one or three-

month average
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<Summary>

Viewpoint of the one month forecast
s 0 R L _

® NWP model results are basic.
—  Forecast map (ensemble mean) -> Signal
® Predict convective activities in the tropics
— ISO(MJO, BSISO), influence by SST (ENSO)

® Predict influence of atmospheric field by convections in the
tropics
® Predict variations in the mid/high latitudes

—  Meanderings of the westerlies (large-scale troughs and
ridges)

® Estimate degree of uncertainty -> Noise
—  Numerical guidance
—  Prediction skill (verification using hindcast)

» Both “signal” and “noise” for building probabilistic
prediction.
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<Supplemental>

HEE RN
® General

« Strongly anomalous probabilities are likely only up to 2 weeks.
® Tropics

« MJO has some degree of predictability even in 3-4 weeks ahead. But,
prediction of amplitude tends to be small.

* The model tends to overconfidence (too small spread) especially in
second half, partly because same boundary condition of SSTs (destiny
of the AGCM)

« Sometimes, boundary conditions of SST anomalies mislead prediction of
convection anomalies, especially in 3-4 weeks ahead.

® Mid-high latitudes

« Up to 2-week, large scale variations are generally predictable. But,
occurrence/disappearance of a blocking phenomena is generally difficult.

« Maintain of the AO or the large-scale anomaly pattern can be one
reason of the forecast. However, phase change of those phenomena is
generally difficult.
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Backup slides
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eandering of the Jet stream

iInduced by divergence wind relating with tropical

HEEEEB
Mid latitudes

(Large)

Inflow air mass
from lower
latitudes with
small vorticity
!
Westerlies has
anticyclonic
curvature
!
Westerlies
meanders

\ northward /

Upper level

Absolute vorticity

'~ (Small) , _
| Upper level divergence wind

around enhanced convections

Low latitudes
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Shifted northward Jet stream

Divergence wind

“| Convection active
(Heating source)
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E Response to heating source on EQ
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Ref.

CHI (velocity potential),PSI (stream function)

s S A Lk
 CHI and PSI are more helpful for monitoring large-scale atmospheric fields,
comparing with [U,V].
v' CHI and PSI represent larger spatial distribution than divergence and vorticity,
according to those definitions (refer to the note for details).

Decomposition of the wind fields into divergence and rotation
® Divergence component
» Velocity potential (negative; more divergent)
® Rotation component
» Stream function (negative; anticlockwise)

— Actual wind vector

H

—— Divergent component (in Northern Hemi.)

— Rotation field

_—
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-. divergent (active convection)
+. convergent (inactive

Velocity potential
(Normal for January)
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Precipitation
(GPCP)  SNims

70N Divergence in the
gg: upper level in the
40N western Pacific,

reflecting active
convections.
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Stream function +: clockwise (anti-cyclonic)

(Normal for January) -: anticlockwise (cyclonic)
(in Northern Hemisphere)
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Velocity potential -: divergent (active convection)
+. convergent (inactive
convection)
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Divergence in the
upper level over
the Asian monsoon
region, reflecting
active convections.
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Stream function +: clockwise (anti-cyclonic)

(Normal for August) - anticlockwise (cyclonic)
(in Northern Hemisphere)
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