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Numerical Weather Prediction

HEEEEN
Bl A Simplified Conceptual Chart of “Numerical Prediction”

In this case, boundary conditions mean many kinds of seasonal variable
natural factors except atmosphere such as sea surface temperatures
(SSTs), sea ices and snow covers. In general, variations of boundary
conditions are slower than a variation of atmosphere.

Boundary
Condition
l Init.iall I‘ Numerical ‘:>| Forecast l
Condition Model

A numerical model is made from many If you input an initial atmospheric condition and
kinds of physical laws and a large boundary conditions into a numerical model,
number of grids. you can get to know a future atmospheric

condition as an output.
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Predictability

s S A Lk
B A Simplified Conceptual Chart of “Predictability”

There are mainly 2 types of predictabilities.

B “Predictability of 15t kind” B “Predictability of 2" kind”

depends on an initial atmospheric condition. depends on boundary conditions such as sea

Because a variation of atmosphere is fast, surface temperatures (SSTs), sea ices and

information which an initial atmospheric snow covers. Because variations of boundary

condition has are lost rapidly. conditions are slow, they make a long-range
forecast possible.

Initial Atmospheric Condition ,

Y| (Predictability of 1%t kind) ;

Information

/ Boundary Condition
(Predictability of 274 kind)

W

Hour Day Week Month Season Year

Time Scale
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Predictability

B Temporal and Spatial Scale of Atmospheric Phenomena

/

B Short-life and Small-scale Phenomena

(e.g. Tornadoes, Cyclones)

Long-range forecast is impossible,

because they are sensitive to an initial atmospheric

N\

J

B Long-life and Large-scale Phenomena

( e.g. Seasonal Oscillations, Monsoons )
Long-range forecast is possible,

because they are sensitive to boundary conditions

\rather than an initial atmospheric condition.
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Predictability

s S A Lk
B Potential Predictability derived by SSTs

An experiment of giving same SSTs to all ensemble members (9 members, 1979-1993)
Signal: Anomaly of Ensemble Mean
Noise: Ensemble Spread

Signal

Potential Predictability = X 100 (%)

Signal + Noise

Potential Predictability for Seasonal Precipitation derived by SSTs
T42L30 Total Prec JJA T42L30 Total Prec DJF
Summer | oA

Winter

60N

60N -

30N 30N

EQ £R R

30s 30 1%

60S A

Sugi, M., R. Kawamura and N. Sato, 1997, J.Meteor.Soc.Japan, 75, 717-736.
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Uncertainty and Ensemble Prediction

B A Simplified Conceptual Chart of Ensemble Prediction

Because atmosphere has chaotic nature, a small error in an initial condition grows rapidly.
However, it is impossible to know a perfect initial condition even with the use of high
accurate observations. Therefore, it is essential to consider uncertainty when forecasting.
Ensemble prediction makes it possible to estimate uncertainty caused by initial
condition errors with similar calculations from a little bit different multiple initial conditions.

Ensemble mean
(average among members)

Ensemble
spread

Predicted PDF

The individual calculation is called “Ensemble member” and the standard deviation among
all members is called “Ensemble spread”.
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Initial Perturbation
R R RER

In order to efficiently represent the initial observational error with initial perturbations
(multiple initial conditions), the following methods are used.

HMBreeding of Growing Mode (BGM) B Singular vector (SV)
The BGM method finds out the perturbation grew The SV method finds out the fastest growing

before the initial time with a forecast and perturbation after the initial time with the use of a
assimilation cycle. tangent linear model which is obtained by locally
This method is simple but necessary to keep a linearizing the original nonlinear NWP model and its
forecast and assimilation cycle even for the time adjoint model.

except the initial time. This method can find better perturbations, but

requires heavier resources for calculation and
development.

v
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Ensemble Techniques
s S A Lk

HLAF

Lagged Average Forecasting (LAF) is one of the
ensemble prediction techniques.

Ensemble prediction is calculated with the
combination of predictions from not only latest
initial condition but also older initial conditions.
LAF is easy method for ensemble prediction and
make it possible to share computer resources
among several days.

However, the accuracy of prediction from older initial
conditions is generally worse than that from latest
initial conditions.

Ensemble Prediction

Prediction from
older initial condition

Prediction from
latest initial condition

>

time

Initial time

M Stochastic Physics Scheme
Uncertainty is caused by imperfection of not
only initial conditions but also numerical
prediction models. In order to consider
uncertainty caused by imperfection of numerical
prediction models, multi-model ensemble
(MME) system and stochastic physics
scheme are often used.

MME is an EPS using some different numerical
ensemble prediction models.

Stochastic physics scheme is a calculation
method which controls some physical
calculations with random numbers.

2
ol

Time variation by + Time variation by
dynamical process I parameterization

Random
number
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Hindcast
R ER®ER

& Hindcast (= behind + forecast) ; coined term

Systematic forecast experiments for past cases
performed with the use of the operational EPS.

e Purpose of the hindcast
— to understand prediction skill

— to calculate the model statistics (bias, model climate) for
creating various products (e.g., forecast maps, numerical guidance)

« Hindcast period is required to be more than 20 years.
« Difficulty

— In order to calculate a large number of past events, huge computer
resources are required.

(Because of limited computer resources, ensemble size and calculation frequency are less than
those for operational forecasts in JMA.. )
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Definition of Bias and Anomaly

H Bias
- Bias is systematic errors of the model, calculated as
the difference between model climate and analysis climate.
Bl Anomaly
- Anomaly is calculated as the difference between model climate and
forecast to reduce the influence from bias.

M Difficulty
- Itis impossible to adjust the Positive P
systematic positon errors of Anomaly P
jet stream etc.
Therefore, it is essential to
reduce model prediction bias.

Analysis Climate

Model Climate

= Forecast
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WMO Forecast Classification
R ER®ER

In line with “WMO’s Manual on the Global Data-Processing and Forecasting
System”, forecasts are classified by their ranges. Seasonal forecasting,
which is the main topic of TCC seminar, corresponds to extended- and
long- range forecasting. Especially, this TCC seminar focuses on
extended-range forecasting.

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
Extended-range weather forecasting Beyond 10 days and up to 30 days
Long-range forecasting Beyond 30 days up to two years
Climate forecasting Beyond two years
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JMA'’s Operational Global NWP Models

AGCM —

CGCM

||

e =
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Main target

Horizontal
resolution

Global Spectral
Model (GSM)

*Short-range
forecast

20km (TL959)

Global EPS

*Typhoon forecast

*One-week forecast

Early warnings for
extreme events
(Two-week forecast)

40km (TL479)

*One-month forecast

55km (TL319)

Seasonal EPS

«3month forecast
«Warm/Cold season
forecast

*El Nifio outlook

110km (TL159)
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History of EPSs

2003.3

¢
1 1

current
>

One-month/Global and Seasonal
EPS don’t have a long history.

One-month/Global EPS

I Seasonal EPS

P>
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Mar Mar Mar Mar Sep Mar Feb Mar Jun Mar
1996 2001 2003 | 2006 2007 | 2008 2010 2014 2015 2017
One-month/ | T63 T106 TL159 TL159 TL319 TL479/319
Global EPS L30 L40 L40 L60 L60 L100
M10 M26 M50 M50 M50 M50
Seasonal T63 TL95 TL9S TL95 TL159
EPS L40 L40 L40 L40 L60
M31 | M3l M51 M51 M51
Red: AGCM Blue: CGCM
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Difference between AGCM and CGCM

HEEEEBE
AGCM CGCM
Atmospheric General Circulation Model Coupled Ocean-Atmospheric
General Circulation Model

N L
T RS >
Cl d 0
0 0
Oceanic conditions are given as Ocean-atmosphere interaction is
a forcing. Prescribed anomalies considered.
are used for SST forcing.
Two-tiered method One-tiered method
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Difference between AGCM and CGCM

Correlation coefficient between SST and precipitation
in July (Initial date: 30 June, 1979-2010)

Analysis

CGCM improves an excess positive
correlation between SST and precipitation in
tropics, especially over Asian monsoon.
CGCM leads to improve prediction skills
especially over the tropics, which are
affected by tropical oceanic variations.

605 ] T : . ‘ : : - : —=
0 30E B0E  90F  120E  150F 180  150W 1200 90W  60W  3OW 0
[ [ | o=
-0.31 0 031 06 08

BON 1

30N

EQ14

-

305

605 . ; : . . : . : : : . 60S . . : . ‘ : . ; - ; .
0 306 60E  90F  120E 150E 180  150W  120W  90W  6OW  3OW 0 0 30E  60E  90F  120E 150 180  150W  120W  9OW  60W  3O0W 0
I [ | [—= | I [ |
-031 0 031 06 08 -031 0 031 06 08

@) =57 TCC Training Seminar in November 2018 21


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

Specification of Global EPS

H H H B N D s of Nov.2018

[ Global EPS

Atmospheric initial
perturbation

AGCM

Uoarade Last: March 2017

Pg Frequently: Every few years
Model AGCM
Horizontal 40km (TL479) up to 18 days
Resolution 55km (TL319) after 18 days

Vertical

Resolution

100 levels up to 0.01hPa

Forecast range

Up to 34 days

Atmospheri
condition

lower boundary
condition

SST Prescribed SST perturbation
- Prescribed Sea Ice distribution
Seaice (Sugimoto and Takaya, 2014)
Ensemble ) LA
LETKF (based on Hunt et al., 2007)
method

Stochastic physics scheme

Ensemble size

*Prescribed SST perturbation
Prescribed Sea lce distribution

50 (13-11 SVs x 4 initial LAFs at
12hour interval)

] Freqg. of operation

Every Tuesday and Wednesday

Freq. of model
product creation

Once a week
(Thursday)

TCC Training Seminar in November 2018
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Specification of Global EPS Hindcast
s s Fr QgL

Hindcast Operational system
Initial JRA-55 Reanalysis Global Analysis
Condition (Newer System than JRA-55)
Ensemble Size |5 (5 SVs, no using LAF) 50 (13-11 SVs x 4 initial LAFs
with 12hour interval)
Forecast range | Initial date +40days 2,3,4,...,31,32days from the
latest initial date (Wednesday)
Initial date 3 times per month 4 times per week
(10th, 20th, end of month) (00 & 12 UTC on Tuesday and
Wednesday)
Target period |Available: 1981.1 - 2017.3
for hindcast Verification: 1981.1 - 2010.12

Because of the limited computer resources, ensemble size and frequency of
calculation for hindcasts are less than those for operational forecasts.

For the initial date on which no hindcast was performed, virtual hindcast data is
created with a linear interpolation method using before and after initial dates on which
hindcasts were performed.
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Scores of Operational One-month Prediction

Anomaly correlation of Z500 in the N.H.

—— previous 52—point moving averages for ACC of 28—-day forecast ——

0.8

0.7 1

0.6 1

0.5

0.4+

Anomaly Correlation Coefficient

Temporary increases of
predictability in association
with major ENSO events.

A temporary decrease of
] 1 1T | | | predictability in association
Alclear upward trend is seen with a unsettled ENSO event.

reflecting model improvements.

03
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2000 2005 2010 2015
Initial date
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0.6 is the limit for
deterministic
forecast.

0.3 is the limit for
probabilistic
forecast.
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Anomaly Correlation Coefficient

Scores of Operational One-month Prediction

1.0

Anomaly correlation of CHI200 tropics
—— previous 52—point moving averages ——

0.1+

00

Temporary increase

2005

2015

2010

Initial date

—  week 1-4 —  week 1 —  week?2 —  week 3-4

Scores for Tropics.

Clear upward trends are seen but scores
longer than fortnight forecast are largely
influenced by variations of predictabilities in
association with ENSO events.

Anomaly Correlation Coefficient

Anomaly Correlation Coefficient

1.0

0.1+

00

1.0

0.4

0.3

0.2

0.1+

00

Anomaly correlation of PSI200 tropics
—— previous 52—point moving averages ——

Tt

‘Temporary increase

2005 2010 2015
Initial date

—  week?2

—  week 1-4 —  week 1 —  week 3-4

Anomaly correlation of PSI850 tropics
—— previous 52—point moving averages ——

1A

Temporary increase

2010 2015
Initial date

—  week?2

—  week 1 —  week 3-4

TCC Training Seminar in November 2018
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Prediction Skill of One-month EPS

s S A Lk
Hindcast experiments for 30 years (1981 — 2010)

CHI2 ACC Global(90S—90N)
period: 1981—=2010 init: JJA

Z500 ACC Global(90S—90N)
period: 1981—2010 init: JJA

K1v1403 K1v1403
GEPS1701 o5 GEPS1701 HOW many days are
0.8 1 " N G .
statistical statistical predictable for weekly
°61 significant 1 significant| | | mean forecast by 5-
041 R member ensemble?
0.2 ! % 0.2 : ) o
! ! = CHI200 in the tropics is
o1 CHI200 | 01 £500 averagely predictable
o2 Surlnmerl | . o2 Summer | ' | . up to 21-25days with
° F1oorecc:st 'I'1i?ne (day%n 2 ° F1oorecc:st 'I'1i?ne (day%n 2 Sma" Seasonal dependency
PR T AT LN
period: - init: eriod: - init: . H
1 — 1 T3 Z500 in the Northern
GEPS1701 . GEPS/1701 Hemisphere is averagely
0.8 1 T -81 .- :
statistical statistical predictable up to 14-18 days
06 significant 056 significant with large seasonal
dependency.
0.4 1 0.4
02 ______________________ 1 E- 02- __________________ PR || - -
| ; The larger ensemble size is,
o CHI200 n o Z500 the higher scores is.
Winter ! Winter :
-0.2 T T T T — -B.2 T T T T T
5 10 15 20 25 3 10 15 20 25
Forecast Time (day) Forecast Time (day)
) = TCC Training Seminar in November 2018
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Prediction Skill of One-month EPS

0.8
0.6 1
0.4 1

0.2 1

1 CHI200 |

0.8
0.6
0.4

0.2

| CHI200 |

CHI2 ACC Global(90S—90N)
period: 1981—=2010 init: JJA

K1V1403

GEPS|1701
statistical
significant

Summer

1
5 10 15 20 25
Forecast Time (day)

CHI2 ACC Global(90S—90N
period: 1981-=2010 init: DJF

K1V1403

GEPS1701
statistical
significant

=E

Winter

5 10 15 20 25
Forecast Time (day)

0.8

0.6 1

0.4

0.2 1

0.8

0.6 1

0.4

0.2 1

-0.2

Hindcast experiments for 30 years (1981 — 2010)

Z500 ACC Global(90S—90N)
period: 1981-2010 init: JJA

K1v1403
GEPS|1701
statistical
significant
1-Z500 !
Summer |
5 10 15 20 25
Forecast Time (day)
Z500 ACC G|oba|(90_f;_—90~?:
period: 1981-2010 init: DJ
K1v1403
GEPS[1701
statistical
significant
I
} 2500 i
Winter :
5 10 15 20 25

How many days are
predictable for daily
forecast by 5-member
ensemble?

= CHI200 in the tropics is
averagely predictable
up to 16-20days with
small seasonal dependency.

= Z500 in the Northern
Hemisphere is averagely
predictable up to 12-15 days
with large seasonal
dependency.

Forecast Time (day)

TCC Training Seminar in November 2018

Predictable days for daily
forecasts are a few days less
than that for weekly mean
forecasts.
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Prediction Skill of One-month EPS for Monsoon Rainfall

40N =5

Hindcast experiments for 30 years (1981 — 2010)

40N = 40N 7=
30°N 1, 30°N 1 30°N ¢
20°N 20°N - 20°N
10°N "",3" 10°N "",3* 10°N "",3"
0" {3 0" & - 0"
10°84" . 10°8 4" . 10°8 {7 .
20°S Y . ‘ ‘ : . 20°S Y ‘ . . . ‘ 20°S Y . ‘ ‘ ; .
40°E B60°'E 80°E 100°E 120°E 140°E 40°E 60°E 80°E 100°E 120°E 140°E 40°E B60°'E 80°E 100°E 120°E 140°E
Daily Rainfall Daily Rainfall Daily Rainfall
Initial month Correlation Initial month Correlation Initial month Correlation
(28day mean) (28day mean) (28day mean)
May May May 0.33
June 0.09 June 0.05 June
July 0.38 July 0.31 July 0.28
August 0.30 August 0.14 August

Skill for onset season is good
but those for offset season and
for mature season are not good.

Skill for onset season is good
but those for offset season and
for mature season are not good.

Skills are largely good through
the whole season.

In case of weekly or monthly average rainfall, correlations are higher than daily rainfall.
Seasonal oscillations such as MJO and BSISO make a monsoon rainfall forecast difficult.
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Verification of Global EPS for MJO

Hindcast experiments for 30 years (1981 — 2010)

COR

1 Correlation
i ifi 0.7
Significant °7
0.5
0.4
Sl Twe g __
0.2 | S
0.1 |
OU 5 10 15 20 25 30 35 40
10-PERR
Y — .
Faster ] Phase velocity
44
2.
0. — e y——— —— —
_2.
_‘_
Slower, -
V-8
1% 5 10 15 20 25 30 35 40
1 -AERR
AN o8 .
Larger 051 Amplitude
0.44
0.24
Y]
oA ettt st es s st eeas
Smaller], -os T
V  -081
_10 5 10 15 20 25 30 35 40
V1403 —— GEPS

Red: Global EPS, Blue: Previous EPS

MJO is predictable up to 25 days. However,
faster phase velocity bias up to 8days,
slower phase velocity bias after 8days and
smaller amplitude bias can be seen.

CHIZ00 (JRASS5 November to April
7 e
\\
P

MJO propagation

JRA-55 Reanalysis

MJO Log composite storted from phase 3

CHIZ00 (GEPS Movember to April
T - Qs
Y
101
151
20 MJO propagation
25
30
35 Global EPS Hindcast
40 - . : - r
0 60E 120€ 180 120w 60N 0
[day] unit : [10°

w::1rrl—m
=7 =8 =5 =4 =3 I =T 1T 3 3 >

CHI200 Hovemoller diagram from MJO phase 3
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Sub-seasonal to Seasonal

s I & B B
Forecast skill beyond 2 weeks:

S2S) time-scale

Meteoral. Appl. 24 315-325
Published online 6 April 2017 in Wiley Online Library
(wileyonlinglibrary.com) DOI: 10.1002/met.1654

Royal Meteorological Society

METEOROLOGICAL APPLICATIONS
(2

Review

Potential applications of subseasonal-to-seasonal (S2S)
predictions

P Rives

Royal Meteorological Society

The forecast skill horizon

Roberto Buizza* and Martin Leutbecher
European Centre for Medium-Range Weather Forecasts, Reading, UK

. . b . X . . . *Correspondence to: R. Buizza, ECMWF, Shinfield Park, Reading, RG2 9AX, UK. E-mail: buizza@ecmwf.int
Christopher J. White," ™ Henrik Carlsen.* Andrew W. Robertson,? Richard J.T. Klein.*(¥ Jeffrey K. Lazo,” Arun Kumar *
Frederic Vitart,” Erin Coughlan de Perez,*' Andrea J. Ray,J Virginia Murray.* Sukaina Bharwani,' Dave MacLeod,™ Rachel

James,"> Lora Fleming,” Andrew P. Morse,” Bernd Eggen.? Richard Graham," Erik Kjellstrém,* Emily Becker,®

Kathleen V. Pegion. ") Neil J. Holbrook * Darryn McEvay,” Michael Depledge.® Sarah Perkins-Kirkpatrick,* Timothy J. Brown,*

n Liodeo 1 Tocacc 3 D by i Lok D ocian LDt d acp b

Numerical weather prediction has seen, in the past 25 years, a shift from a ‘deterministic’

(a) WEATHER FORECASTS ENS grid spacing
predictability comes from initial ¢
atmospheric conditions 1000 days 7 :
Unresolved © No skill : Monthly average sea-surface
Tyear > : temperature (e.g. El Nifio)

predictability comes from initial
atmospheric conditions, monitoring the : : 2 hi

excellent land/sealice conditions, the stratosphere ; ; // Mont y average
: : : /: - 2-metre temperature,

mean sea level pressure

and other sources
—_— SEASONAL OUTLOOKS r
1 season 100 dayg

- predictability comes primarily from : : ;
= good sea-surface temperature conditions; & : -
% accuracy is dependent on ENSO state € 1 month : : : Teleconnection indices
I
= = : :
Q  fair ® = i : Upper-level fields
o & :
w —-.-'-* 10 days (EESSEESESEE. . /. Siers R R
o S
O poor Surface fields
[T 3
: = Rainfall
zero /: | Extremes
Daily values
1-10 days - 1 day R

spatial L 10 100 1000 10000
30-90+ days scale
FORECAST RANGE (km) From finer to larger scales

https://www.ecmwf.int/sites/default/files/elibrary/2017/17631-forecast-skill-horizon. pdf

v

White et al. (2017)

« “Errors propagate from poorly initialized smaller/faster scales.”
« “Predictive signals propagate from better initialized larger/slowly-evolving scales.”
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~~c The Sub-seasonal to Seasonal (S2S)
QSES Prediction Project

WWRP 2018 - 4 — -
WCRP Report No. 11/2018 SSECMWF =

Public Datasets ~ Selectdataset-  Current activity~

525 sets

© Real time
® Reforecasts

Select a month

 Instantaneous and
accumulated
® Daily averaged

http://www.s2sprediction.net/file/document
s_reportsWWRP_2018_4_525_Phase_il [

http://apps.ecmwf.int/datasets/data/s2s/levty

_Proposal.pdf
pe=sfc/type=cf/

« S2S Phase 1 started in Nov. 2013 as 5-year project

Nov 2018 (to Dec 2023).

[r
10081032 [1032-1056

ECMWF Data Server

S2S, ECMWF, Realtime, Daily averaged

This dataset is produced Mondays and Thursdays. read more

Contact

WMO-Country japan~

Help~

S2S Museum

Jan Feb Mar Apr May jun Jul Aug Sep Oct Nov
0506 ©6 ©6 ©6 6 ©®© © ® © ©

Statistical process 2017© © © 6 6 © 0 O © © O |me
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
e

7296

[264-288
[ 456-280
[eag-672
[I840-864

[12 metre tempera
[OSea surface temy]
[C1Snow density

[C1Soil moisture top)
[ Total Cloud Cove|

Select step
Origins Fo24 [2448 [24872
WWRP/WCRP Sub-seasonal to o Proaate - fzeno 2o
e CMA 384408 [Da08432  [J432456
i = & ECMWF
Seasonal Prediction Project (S25) oo e awas e
* ISAC-CNR )
Phase Il Proposal s Dssoces  Dose100s
® Météo France
« NCEP Select All or Clear
& (November 2018-December 2023) « UKMO
E ® ECCC Select parameter
" * KMA
3 [ 2 metre dewpoint temperature
g Type 1] Sea e area fraction
g O snow albedo
5 * Control forecast
3 [ Soil moisture top 20 cm
2 e Perturbed forecast
ﬁ [71 Soil temperature top 100 cm
" Wikp. W @
U P—:.-:. ,.C,REW::,_ Select All or Clear
WORLD
METEOROLOGICAL
RGANIZATION

S2S CHI&PSI forecasts

Week8 (+50-56 days)

Intial days of forecasts:

Velocity potential at 200 hPa ensemble mean forecasts
Inifial: 2018.10.03(Wed), Valid: Week4 (2018.10.25-2018.10.31)

Shading: anomaly from model climate [x1.0e6 m?/s]

( EEEEER]

(EEEEER]

ANL (JRA-55)

6E  120E 180 1208 60N

] 6E 1206 10 120 6w 0 O W& 120t 180 120w 6oW [] E3

http://gpvjma.ccs.hpcc.jp/S2S/S2S_CHIPSI.html

. The Phase 2 has just started from

« The data provided from 11 operational centers is freely available with 3-week delay for

research and education purposes.
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Contents

« Basic Knowledge
- NWP Model and Predictability
- Ensemble Prediction and Uncertainty
- Hindcast

« JMA'’s Global Ensemble Prediction System

« TCC’s Products to support 1-month Forecast
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TCC’s NWP Model Products

@) = lelgye Cllimere Cemnter G
“)ms“ﬁ WIMIO Reglona) Climate Center in RA I (Asia) @WMO
/_\ © TCC home © About TCC @ Site Map @ Contact us

NWP Model Global Warming Climate in Japan Training Module Press release Links
Prediction

World Climate

Climate System El Nino Monitori
Monitoring

HOME

| what are wmo rRecs | Main products | what's New I RSS

WMO RCCs are centres of excellence... 26 October 2017 NEW

» Announcement: A website for Information Sharing on Climate

iTacs Services in WMO RA II has been updated.

I RCC Functions

iTacs, Interactive Tool for Analysk of the Climate System, is a
web-based application to assist NINHSs to analyses extreme
climate events and to monitor climalg status.

Operational Activities for Long-range Forecasting 16 October 2017 NEW

Operational Activities for Climate Monitoring » Announcement: The 2016 edition of Climate Change Monitoring

Operational Data Services, to support operational LRF and Report is now available.

climate monitoring

ar— = 30 August 2017 NEW
Training in the use of operational RCC products and

i G Tokyo
SSSNIceS Produgts of long-range forecast from Global
(GPGJ Tokyo are available. These products a

JMpFs ensemble prediction system.

. # TCC News Mo. 49 (Summer 2017: PDF)
roducing Center

based on - Sea Ice in the Sea of Okhotsk in the 2016/2017 Winter Season
I Latest Updates

- Kosa (Aeclian dust) Events over Japan in January-June 2017
- TCC Experts Visit Malaysia

World Climate Updated: 16 November 2017

Month iscussion on Seasonal Climat
Outlook

This is intended to asgist NMHSs in the Asia-Pacific re
; interpreting GPC Tokyds{hree-month prediction and wa
’ season prediction productS)

B . » Previous news
Climate System Monitoring  Updated: 15 November 2017

] » Press release
El Nifio Monitoring Updated: 10 November 2017 nin

El Nifio Outlook is updated on 10 November 2017.

I Links

40 - 80
E ] -~ IRegionaI Climate Centers
s 43 i - y El Nifio Monitoring
2af 120 L=~ - "El Nifio Outlook” consists of a diagnosis ofsyrent condition » RATI Regional Climate Center (RCC) Network Homepage
E ] \J and prediction of El Nifio/Southern Oscillation. s is issued » Beijing Climate Center
= -
S 1 E 8> | every month around 10th. » Mational Climate Centre, PuneNEW

Click “NWP Model Prediction” Tab or “GPC
Tokyo” Icon on the top page of TCC website.

TCC website

@) =[RIT TCC Training Seminar in November 2018
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TCC’s NWP Model Products
R ER®ER

NWP products are available smoothly through the NWP Model Products page.

I Main Products

IOne—month Prediction I Monthly Discussion on Seasonal Climate Outlooks last updated : 24 Nov 2017

B3

One-month Prediction 30N 2017)
Z500, T850 & SLP (Morthern Hemisphere) (30 Nov 2017

w

On e_m 0 n t h This preduct is intended to assist NMHSs in the Asia-Pacific region in
Stream Function, Velocity Potential & Surface Air Temperature (60N-605) | interpreting GPC Tokyo's three-month prediction and warm/cold season

Prediction b e o
(Free accessible)|| © vefion eoan

ES

-

w

Hindcast Verification MEW

.

One-month Probabilistic Forecasts at station points

IThree—month Prediction Forecast Products in Support of Early Warnings for Extreme

Weather EVents lastupdated: 29 Nov 2047 EXt rem e Weat h er
Three-month Prediction (12 Nov 2017

7500, TB50 & SLP (Northern Hemisphere) (12 nov2017) Early warning products for extreme weather events covering the period up to Pred I Ctl 0 n

. i . X two weeks ahead. (Only registered NMHSs can access this page.)
Stream Function, Velocity Potential & Surface Air Temperature (60N-60S) . . .
{12 Now 2017) » Application (Autheﬂtlcatlon IS
Verification (o5 pec 2017 + If you have any questions about ID and/or password, please e-mail to:

Hindcast Verification (JMA/MRI-CPS2) tec@met.kishou.go.jp I’eq ulr ed )

Probabilistic Forecast and Verification (12 Nev 2017

B3

-

.

B3

-

Seasonal
Prediction
(Free aCC eSS I b I e)l IWarm/CnId Season Prediction I Download GPC Long-range Forecast (LRF) Products

w

ES

SST Index Time-series Forecast (12 Novz017)

» Warm/Cold Season Prediction (12 oc:2m17) » Download Gridded data File (Only registered NMHSs can access this . d d d d
» Z500, T850 & SLP {Morthern Hemisphere) (18 0et2017) page.) G rl e ata

Stream Function, Velocity Potential & Surface Air Temperature (60N-605) * Application

{18 Oct 2017} + If you have any questions about ID and/or password, please e-mail to: (AUth entl Catl O n I S
tec@met.kishou.go.jp .
required)

-

.

Verification (05 sep2017)
Hindcast Verification (JMA/MRI-CPS2}
Probabilistic Forecast and Verification (15 cet201m)

ww

Model Descriptions

» Model Qutlines NEW
+ Operations for Extended-range Forecast Mode| NEW
+ Operations for Long-range Forecast Model (JMA/MRI-CPS2)
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NWP Charts for One-month Prediction
HEEEEB

Some NWP charts for tropics are available on | one-month prediction
the One—month predlctlon menus. » One-month Prediction (30 Mev 2017)

» Z500, T850 & SLP (Morthern Hemisphere) (30 nov 2017)
» Stream Function, Velocity Potential & Surface Air Temperature (60N-605)

{30 Nov 2017)

g

Select forecast period, initial date and area
type on these menu.

/

on (Tropics and Asia)

Verification (03 Dec 2017)
Hindcast Verification NEW

e

One-month Probabilistic Forecasts at station points

One-month Predi

This product is displayed for use by National Meteorological and Hydrological Services (NMHSs). It does not constitute an official forecast for any nation.

Forecast Ma son SH1200 (FORECAST) day 3-9 init:ﬁlﬂ-/w/:*n. ;1,056[mu2/

forecast period N--
[the first week v|
initial date ay
2018103112 Z v
S‘
area
® 60N-60S 5 ‘
O Asia S0E 120E 1e-rn 1200 S0W
—~e

corresponding verification
60N 1

RAIN (FORECAST) day 3—9 init:2018/10/31 [mm/day]

[Contour interval]
CHI200 : 2x1.0E6m%/s

RAIN : 4mm/day 30N+

Z500 : 120m

TS @ 4C EQ [

PSIZ00 : 20x1.0E6m%/s

PSI8BS50 : 5x1.0E6m?/s 05

PSEA : 4hPa e N
(Shaded patterns show 605 T80 200 oon

anomalies.)

2 4
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NWP Charts for One-month Prediction

Some NWP charts for the Northern | one-month prediction
Hemisphere are available on the One-month > One-month Prediction (30Now2017)
predICtIOI’] menus » Z500, T850 & SLP (Morthern Hemisphere) (30 tov 2017) |

» Stream Function, Velocity Potential & Surface Air Temperature (60N-605)

{30 Nov 2017)

g

Select forecast period and initial date on
these menu.

Verification (03 Dec 2017)
Hindcast Verification NEW

One-month Probabilistic Forecasts at station points

e

One-month Prediction (Northern Hemisphere)

This product is displayed for use by National Meteorological and Hydrological Services (NMHSs). It does not constitute an official forecast for any nation.

Forecast Maps Ensemble Mean forecast ( 07 day mean )
Z500 (FORECAST) day 3-3 init:2018/10/31 [m]

h
Hy

forecast period
[the first week v|

initial date

20181031127 v

corresponding verification

(from top to bottom)

top : Contours show 500hPa height in an interval of 60m.

middle : Contours show 850hPa temperature in an interval of 3C.
bottom : Contours show sea level pressure in an interval of 4hPa.
(Shaded patterns show anomalies.)

TB50 (FORECAST) day 3-9 init:2018/10/31 [C]
DNy ;'
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TCC’s NWP Model Products

NWP products are available smoothly through the NWP Model Products page.

I Main Products

IOne—month Prediction I Monthly Discussion on Seasonal Climate Outlooks last updated : 24 Nov 2017

B3

One-month Prediction 30N 2017)
Z500, T850 & SLP (Morthern Hemisphere) (30 Nov 2017

w

On e-m 0 nth This preduct is intended to assist NMHSs in the Asia-Pacific region in
Stream Function, Velocity Potential & Surface Air Temperature (60N-605) J interpreting GPC Tokyo's three-month prediction and warm/cold season

Prediction b e o
(Free accessible)|| & veieton e

ES

-

w

Hindcast Verification MEW

.

One-month Probabilistic Forecasts at station points

IThree—month Prediction Forecast Products in Support of Early Warnings for Extreme

Weather EVents lastupdated: 29 Nov 2047 EXt rem e Weat h er
Three-month Prediction (12 Nov 2017

7500, TB50 & SLP (Northern Hemisphere) (12 nov2017) Early warning products for extreme weather events covering the period up to Pred I Ctl 0 n

. i . X two weeks ahead. (Only registered NMHSs can access this page.)
Stream Function, Velocity Potential & Surface Air Temperature (60N-60S) . . .
{12 Now 2017) » Application (Autheﬂtlcatlon IS
Verification (o5 pec 2017 + If you have any questions about ID and/or password, please e-mail to:

Hindcast Verification (JMA/MRI-CPS2) tec@met.kishou.go.jp I’eq ulr ed )

Probabilistic Forecast and Verification (12 Nev 2017

B3

-

.

B3

-

Seasonal
Prediction
(Free aCC eSS I b I e)l IWarm/CnId Season Prediction I Download GPC Long-range Forecast (LRF) Products

w

ES

SST Index Time-series Forecast (12 Novz017)

» Warm/Cold Season Prediction (12 oc:2m17) » Download Gridded data File (Only registered NMHSs can access this . d d d d
» Z500, T850 & SLP {Morthern Hemisphere) (18 0et2017) page.) G rl e ata

Stream Function, Velocity Potential & Surface Air Temperature (60N-605) * Application

{18 Oct 2017} + If you have any questions about ID and/or password, please e-mail to: (AUth entl C atl 0 n I S
tec@met.kishou.go.jp .
required)

-

.

Verification (05 sep2017)
Hindcast Verification (JMA/MRI-CPS2}
Probabilistic Forecast and Verification (15 cet201m)

ww

Model Descriptions

» Model Qutlines NEW
+ Operations for Extended-range Forecast Mode| NEW
+ Operations for Long-range Forecast Model (JMA/MRI-CPS2)
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s B B
GPC Long-range Forecast (LRF) Products
s s Fr QgL

Select “Download Gridded data File” on GPC
LRF PrOdUCtS menu \ IDownload GPC Long-range Forecast (LRF) Products

» Download Gridded data File (Only registered NMHSs can access this
page.)
» Application

Some add Itlonal ChartS Of One—month + If you have any questions about ID and/or password, please e-mail to:
P ; tcc@met kishou.go.jp
Prediction are available here.

Download Gridded Data File

I Notice I Main Products

* 14 March 2017

Announcement: Laundh of I NWP Model Prediction I Hindcast Gridded Data
the JMA's Global Ensemble
prediction System for ohe- Global EPS for one-month prediction g1 ocaos Global EPS for one-month prediction NEW
month prediction # Daily Statistics # Daily data
¢ All Members Seasonal EPS
» Systematic Errors + Monthly mean data
¢ 17 June 2015 Seasonal EPS 130z
IMA's new Seasonal + Statistics

Ensemble Prediction System
(IMA/MRI-CPS2) is
implemented. The
operational gridded data &I # Systematic Errors
and indices are available.

# All Members
+ Indices

IAnimation of One-month Prediction

* 29 May 2015 ¢ Seven-days running mean (3t oo 2013
JMA's Seasonal Ensemble
Prediction System will be
upgraded next menth. The ITiP5
hindcast gridded data for
IMA/MRI-CPS2 is available.

¥ QBA
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Additional Charts of One-month Prediction
HEEEEB

Click “Seven-days running mean”.

IAnimation of One-month Prediction

Seven-days running mean (31 o 2013 I

Select initial date, forecast lead time and

parameter on these menu.
\

Animation for one-month prediction (7-days running mean)

This prod\gt is displayed for use by National Meteorological and Hydrological Services (NMHSs). 1t does not constitute an official forecast for any nation.

Initial date: Forecast lead time:
Setting for Animation

| Oldest (lead Day 11) |[ -1 day | [ initial || +1 day | [ Termination (lead Day +28) | ~ Animation:
[ week1 ][ week2 || week3 |[ week4 |

Parameter: [PSI200 (Tropics) v

nia Doy Y
INITIAL DATE: 2018.10.31

2018.11.05—-2018.11.09
80N 5 E

60N
40N

2001

EQ

I \ \ \ 80
-16 -12 -8 -4 0 4 8 12 16 [x1e6 m2/s]
Black Contour: Forecast (or Analysis) of stream function at 200 hPa (unit is
[¥10*6m™~2/s]. Contour interval is 10X10"ém"“2/s.). ~
White Contour: Forecast (or Analysis) of stream function anomaly at 200 hPa (unit
is [X10%6m"2/3]. Contour interval is 4X10"ém"2/s.). v
Shading: Forecast (or Analysis) of stream function anomaly at 200 hPa (unit is

Data sources
Forecast: Ensemble mean of the Global EPS (One-month EPS before 2017.03.22)
Analysis: JRA-55 (JRA-25/JCDAS before 2014.03.05) (except for OLR), CPC/NOAA Analysis for OLR

This product is identical with the formal products after 13/05/2015.
But it is not identical with the formal products during the experimental period before 06/05/2015 (see the table below).
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How to use NWP charts

[Step 1] Let’s check predicted SST conditions and tropical convection fields.
CHIZOO (FORECAST) day 10-16 init2017/12/13  #1.0E6[m==2 /5]
L/ S\t CHI200

oo SST ANOMALY date : 2017 12 12 00 [c] 6N o
‘ L
- ‘o o N CmaElssT =
AN T il n-f'- {( 30N g =
EQ 'ffebbqi;hxﬁ:? EG () |I =
- -— -,/' S/ 305- - k
605 : f)iMal  gos - fadima
0 60E 120E 180 120W BOW 0 0 BOW 0
——— i
=15 =1 =05 0 1 1. [] a
RAIN (FORECAST) day 10-16 init:2017/12/13 [mm/day] ,"
' - . -
-4 RAIN ! In this case, a response associated with
——————— i LaNifa like SST conditions is clear.
,’
1

30N -

EQ =

05 1

In this case, a response associated with
positive IOD like SST conditions can be seen.

CHI200 (Velocity potential at 200hPa)
- Positive values indicate convergence, and

605
0

TCC Training

@) SHRIT
ical Agi

aaaaaaaaaaaa logical Agency

Contours indicate predicted values. Shading indicates anomaly.

negative values indicate divergence.
40
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How to use NWP charts

[Step 2] Let’s check fields responding to the tropical convection.

JMA One—month Prediction (ESBL)
INITIAL DATE: 2016.05.17

JMA One—=month Prediction (ESBL)

2016.06.11-2016.06.17 INITIAL DATE: 2016.05.17

BON ‘,L‘.((;{("PP!-AAAAHA!Q‘UT';r\yyt))).\;quq
bk 4 a4 4 TH XA T Py 1-a1v>)3llfdl-l CHIZOO
6ON] © i et e A 4 g ergas > PR
c\v ;‘I ’j' 7[;" 'rv > > aa -n » < -4
> ! " r’/lll'v"\rlll"* lbllv
a)b-p,t-\—-\a b)‘ b
4 3 v

[ e
l-1 T a4

40N _aLE Q\‘ ‘E'}; R

20N

‘d-b

N 20160611—201606 17

6O
40N 1

20N 1

PSI200

o - v 4t.¢.va. L
EQ _l,__i_‘:u{? S, & ) ! 4 P "‘1‘;:,_21“/"-“‘_')\/ /(4 EQ-
/i"?"“.,__.;\\ '.f#‘*!\ﬁ!a»-aq A %
>V A ety M SR S e B i\'d KXe—F T A '{/" -
m%"&:}q—( x gw))»#l(‘?td“‘l ‘.,a v b b 44 AV 205 ==
4-..11:.’ .)d-.. ‘;vAﬂbry-b eV € el .
BTk e 5 ¥y b Wy gy A i Ny
T RIRK PN £ YO . S R A . b o A N
mﬁﬁ_ﬂ?—:_;/‘q /q£+ .t:Aﬂ‘lvv’",ﬂo:vﬂ 14::;-\}" ‘l‘\a\rq v‘\«\"s‘-‘ 40S= =
= i Vol BA A "\ v
RS T BV N R VAR I A I ))/71-1.'7 - ‘\lqﬂhrrvq \I<‘7\
60S . ' . ; - g0s DLy : ;
U 60E \120E 120W 60w 0
I [ [ " | [ [ [ 50
—8 -6 -4\ —2 U 2 4 6 8 [x1e6 m2/s] ' -15 -10 -5 -2 0 2 5 10 15 [mm/day]

\ Active Convection

CHI200 (Velocity potential at 200hPa)
- Positive values indicate convergence, and negative
values indicate divergence.

PSI200 (Stream function at 200hPa)
- Positive values indicate anticyclone, and negative
values indicate cyclone in Northern Hemisphere.

Anticyclonic Rossby response

Anticyclonic
Rossby

— Upper Troposphere (200hPa)

Active Convection

Anticyclonic
Rossby

{ » Equator

Kelvin

Typical Response Pattern
The Matsuno-Gill Response

TCC Training Seminar in November 2018
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How to use NWP charts
R ER®ER

[Step 2] Let’s check fields responding to the tropical convection.

JMA One—=month Prediction (ESBL) JMA One—month Prediction (ESBL)
- 2016.06.11-2016.06.17 INITIAL DATE: 2016.05.17 80N 2016.06.11-2016.06.17 INITIAL DATE: 2016.05.17
PR R A I N A el T ___’_______"_____:::t:_‘_. ““““““ ) = .}
- 1413((th>"&~11171?>7%1~1 --.s1"r>>hi-l’:1d CHIZOO i o P . 'fu_____.___- PSIBSO
BONq & & <-4 . : e O£ - ST 3 ke > a 4 Z 44 60N TS iy -“'_____.“ N . Ty ]
R : X T L) 2 A | = G
[ % s v 3 i o . ' i 4
LULE R B "N R," LA Ay e ,r .« 40N

20N * * #\ T A 4 a.{,“n.”v 20N {"
L3 3 = S B E 4l ~\ '\\ . 2 L I ] j ",
B < 2.1, A P ' v 4:.(»1. v
U i it SF ety g T ’

EQ e Sy wox AN T g 4 ) 1““""24\ 2 -—.v(— EQ

A “ 5 B T 4 i’q Py ‘--
fo-i-:‘it p‘u-);»ollﬂvtd“: ‘xa \ocosnav \\ 208
¥ A AL ¢ 5 -Q x_v c
) \ 1 .._._-\q\* T "\
e ) B ,,:: LEimsaTy] w
‘T:-__._,j ; 4 4w 442 > > 1‘;7r\"" 444}1-::4
3% 60E \120E 180 1200 60W =0
| [ I [ —
-8 -6 -4\ -2 0 2 4 6 8 [x1e6 m2/s] Y 4 -15  -10 -5 -2 0 2 5 10 15 [mm/day]
\ Active Convection Cyclonic Rossby response

— Lower Troposphere (850hPa)
CHI200 (Velocity potential at 200hPa) Active C .
ctive Convecton

- Positive values indicate convergence, and negative
values indicate divergence. /

. Equator

PSI850 (Stream function at 850hPa)

- Positive values indicate anticyclone, and negative Kelvin

values indicate cyclone in Northern Hemisphere.

- Tropical cyclones are sometimes generated in

strong cyclonic circulations. Typical Response Pattern

The Matsuno-Gill Response
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How to use NWP charts

s g ALk
[Step 3] Let’'s check wave energy propagations along the sub-tropical jet.

JMA One—=month Prediction (ESBL) JMA One—=month Prediction (ESBL)
N 2016.05.28-2016.06.03 INITIAL DATE: 2016.05.25 80N 2016.05.28-2016.06.03 INITIAL DATE: 2016.05.25
= ,__‘00__‘_____-\‘ e . '"1_,,_7-"' -\?. 2
sonfi” :
40N :
20N §
EQ
-
605 B
D
L/ -16 -12 -8 -1 0 1 8 12 16 [x1e6 m2/s]
JMA One—month Prediction (ESBL)
2016.05.28—-2016.06.03  INMAL DATE: 2016.05.24
Subtropical Jet L/
, 120
, %0
Vs
- - - _60
The subtropical jet plays a role of wave guide “
to propagate the wave energy downward.
—o
SS ~o ——-30
T~< ~. -60
= -0
=120
[m]
80
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How to use NWP charts
HEEEEB

[Step 4] Let's check teleconnection patterns.

2018.02.24-2018.03.02 Wiw bat wiodae Z500 (i.e. Geopotential Height at 500hPa)

4 : : ‘120 * In general, predictabilities over mid- and high- latitude are

% small, but teleconnection patterns associated with tropical

6o convection patterns are relatively reliable.
30 - Positive/Negative Pacific-North America (PNA) pattern and
o Negative/Positive Tropical-Northern Hemisphere pattern are
—=-*  often seen with El nifio/La niia.
'-BO + Eurasia(EU) pattern has strong correlation with PNA.

* Western Pacific (WP) pattern has strong correlation with
tropical convection over NINO.WEST.

\L"‘]
- ® 7 Inthis case, negative PNA and positive TNH are dominant.
PNA ; TNH e EU
% : o
o o o N\ o
. ) : X
‘ E S = /
SRR/ SRR/ @f/// 6P /A RR/

Contours indicate predicted values. Shading indicates anomaly.
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How to use NWP charts

[Step 5] Let’s check the other figures.

JMA One—month Prediction (ESBL)
2018.07.14—2018.07.20  INITAL DATE: 2018.07.04

PSEA (i.e. Sea Surface Pressure)
. Sea Surface Pressure is useful to
+ understand Arctic Oscillation (AO),
> North Atlantic Oscillation (NAO) and the
B strength of North Pacific High, Siberian
-+ High, Aleutian Low and so on.
Both tropical and northern hemisphere
=1 maps are available.

Temperature
o 2218.07.14-2016.07.20 _ e o [ o T Model output temperature is necessary
' 9L ' to check statistical guidance reliability.
. If temperature in guidance is different
" from that in model, you should
" investigate the reason.
- Atropical map of surface temperature
and a northern hemisphere map of
«  850hPa temperature are available.

JMA One—month Prediction (ESBL) JMA One—month Prediction (ESBL)
1 2018.07.04

-6 -4 -2 -1 0 1 2 4 6 [c]

Contours indicate predicted values. Shading indicates anomaly.
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Hindcast Verification Charts for One-month forecast
R ER®ER

I One-month Prediction

Hindcast verification charts are available on . One-month Prediction cose i
the One'month pred|ct|0n menus. ¢ Z500, T850 & SLP {Northern Hemisphere) 30 now 2017)

¢ Stream Function, Velocity Potential & Surface Air Temperature (60N-605)

(30 Nov 2017}

E

Verification (03 Dec 2017
Hindcast Verification MEW |

One-month Probabilistic Forecasts at station points

Verifications of Global EPS for one-month prediction using its Hindcast \|

E

w

I Hindcast Verification

» Bias map (Mean error map)
» Morthern hemisphere map
» Global map
» Zonal mean map

» Hindcast maps for every initial date
» Morthern hemisphere map
» Global map

» Verification score
» Time-series Circulation Index
» Werification Score Maps
¥ Variables to be Assessed: RAIN, Z500, T850, SLP, CHI200, PSI200, PSIS50
» Diagonostic Measures:
» Anomaly Correlation{ACOR)
» Root Mean Squared Error(RMSE)

I Specifications of the hindcast

Model: IMA-GSM

Resolution: TL479L100 (up to 18 days) , TL319L100 (after 18 days)

Target period for verification: 1981-2010

Ensemble size: 5

Initial condition (Atmosphere): JRA-55

Initial condition (Land): Land surface values estimated with the land-surface model in the Global EPS using atmospheric forcing from JRA-55

wowow oW oW w

I Verification data

» Precipitation (RAIN) : GPCP (Global Precipitation Climatology Project) precipitation dataset (version 2.2)
» Atmospheric Analysis (such as Z500 and T850): JRA-55

page top http://ds.data.jma.go.jp/tcc/tcc/products/model/hindcast/ImE/index.html
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Verification scores for One-month forecast
HEENEB

<GEPS1701(05mem) : GPCP_v2.2>
RAIN anomaly (with bias—correction)

Anomaly Correlation for 30 years (1981-2010) Verlflcatlon Score Maps

Initial : 08.31 , 28day mean : day 03—-30

Hindcast score maps are useful to understand the spatial
prediction skills. In the low prediction skill region, it is not
recommended to use model output directly. Statistical
relationships to the high skill region and calibration using
past observation should be considered.

Time-series circulation Index
Time-series circulation indexes are useful to understand

T T T T TR T T R TR T model predictabilities of various kinds of focal phenomena
g iR in i i
etttz tToT 0z 05 ot o . such as El Nifio/La Nifia, Indian Ocean Dipole (I0OD),
NH TRP SH EU PAC JPN N34 GLB . - - . .
$33% oM o g 9% o ST 9% monsoon rainfalls and circulations. Higher skill phenomena

<GEPS1701(05mem) : GPCP_v2.2> should be used for explanation of forecast reasons.

RAIN MC for 30 years (1981-2010)
Initial : 08.31 , 28day mean : day 03-30
COR=0.82

9 9
6 6
3 A Boo Qb8 3 o
A 8 &° 2 o - i
. - 5] = e o] j 8 ]
0 oo . | AW Sl ( i Kb 20
\ } \J \ / v \’. v o v v E e
=371V ¥ - © © 9 -3 z .
’ ¢
—6- —6-
- 1 T 1 L T L] _g T L] T T T
1985 1990 1995 2000 2005 2010 -9 -6 -3 0 3 B 9
ANAL
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One-month probabillistic forecast at station points
s s Fr QgL

Top page

I One-month Prediction

‘-"/One month probabilistic for... xr\"-‘ +

= ¢ One-month Prediction (30 Hov 2017)

/products/quidancetst/ c

€ | % | (0 ds.dsta.jma.go.jp/tcc

|8 L<{RBI~—= @ Firefox ZENTA... [ Web AS54AR Fv... [IBIITHY~ @ IMAKL EOF

lelye Climeie Genter
WIMIO Reglonal Climate Center in RA I (Asia)

®) 58T

Japan Meiearological Agency

) WMO

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

# 2500, T850 & SLP {Morthern Hemisphere) 30 nev 2017)

¢ Stream Function, Velocity Potential & Surface Air Temperature (60N-60S)
= (30 Nov 2017)
I » Werification (03 Dec 2017)

» Hindcast Verification MEW

¢ One-month Probabilistic Forecasts at station points

Climate
System
Menitoring

El Nifio
Monitoring

Glabal
Warming

climate in
Japan

Training
Module

Hoeme World Climate Press release

HOME > NWP Model Prediction > Probabilitic forecasts

Links

One-month probabilistic forecasts at station points

Announcement

28 April 2014
* New forecast maps from 5 March to 9 April 2014 (initial forecast time) are currently available.

21 April 2014
* Forecast maps from 5 March to 9 April 2014 (initial forecast time) are currently not available.
New maps will be made available soon.

6 March 2014
* JMA updated its one-month forecast system on 6 March 2014.

o Provision of probabilistic cne-moenth forecast for Japan was discontinued. Please refer to official op€-month forecast.

21 December 2012
* Ensemble mean and standard deviation values have been newly added in the histogram for,
* Forecast station (Heng Kong Observatory) has been newly added.

ch forecast station point.

Introduction

JMA started probabilistic one-month forecast for 7-day averaged surface te
Output Statistics (MOS) technique with the 30-year (1981-2010) hindcasts j
categories (below normal, normal and above normal) are determined s
is 33.3% for the period from 1981 to 2010.
Model Outline is here.

erature and 14-day/averaged precipitation. The Model
used to generate forecasts. The thresholds of three
hat the climatologjéal chance of occurrence for each category

Surface temperature

» Probabilistic forecasts of surface temperature in Southeast Asia

click

» Probabilistic forecasts G precipianion T SoUeast Asia

Precipitation

Download

» Dewnlead of sample source cods @

<probabilistic forecast map in Southeast Asia>
temperature

b

<Probabilistic forecast map in Southeast Asia>
precipitation

D) SRERT

Japan Metecrolo gical Agency

TCC Training Seminar in November 2018

48


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

One-month probabilistic forecast at station points

s 2 g O k..
Probabil ity map page http://ds.data.jma.go.jp/tcc/tcc/products/guidancetst/

Probabilistic forecasts map

This product is displayed for use by National Meteorological and Hydrological Services (NMHSs). It does not constitute an official forecast for any nation.

If you move your mouse over the ocbservation points on the map, the station's name and histogram which you chose are appeared.
Please click the point to see the chart of verification data.

Initial forecast time forecast period: 2017/01/27(Fri) - 2017/02/02( Thu) [7 days average]
25 Jan 2017 -

Lead time

forecast element
Surface Temperature -

20N A

10N+

EQ

\
‘:::sb@cﬁ.%;
108 r : - - - 5 2
90E 95k 100E 105E 110E 115E 120E 125E 130E

Below Mormal Mormal Above MNormal

40 60 80 40 60 80

« download text
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One-month probabilistic forecast at station points

Probability map page

<initial time>

Probabilistic forecasts map

This product is displayed for use by National Metg

If you move your mouse over the ob<e

rvation i ion's
Please click the point to see the gliart of vepification data.

Select initial forecast date

Ological and Hydrological Services (NMHSs). It does not constitute an official forecast for any nation.

<lead time>

Initial forecast time
25 Jan 2017

ecast period: 2017

Select lead time from forecast date.
Precipitation is 14 days averaged data, temperature is 7days averaged

forecast element

Surface Temperatura .\

20N

10N -

EQ

108

%wﬁ'}'ﬁg

Y%

WMOCode:45005
Station Name:HONG KOHG OBSERVATORY
Countrylame:HONG KONG

Below  Normal  Above

Anomaly of ensemble mean:3.031
Stondard deviation:0.204

<Mean & Standard Deviation>

—

<element>
Select temperature or precipitation.
If you change this, lead time is also changed

%
o =

<

90E 95E 100E 105 110E

Below Mormal

40 60 80

« download text

1156 120E 125 130E

N1

Normal Abrorve—tterrrat

40 60 80

< stations>

Colors indicate probability.

When mouse point is on a station, bar graph is appear.
If you click a station, new window is open,

you can see verification graph on clicked station.

<download>
Download text file written every stations probability.

http://ds.data.jma.go.jp/tcc/tcc/products/guidancetst/
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One-month probabillistic forecast at station points
s s Fr QgL

Verification at station point

<station information >
ﬁﬂi::iizo @ COUNTtryHONG KONG |nf0|'mati0n Of CIiCked Statlon

Station Name:[HONG KONG OBSERVATORY | Season:[Winter dry season

Reliability diagram ROC curve

BSS=54.25 Brel=38.4 Brea=55.4

Winter dry season V|

nU 0.10.20.30.4050.60.70.80.9 1
Forecast Probability

0 10 20 30 40 50 60 70 80 90100
Folse Alarm Rate (%)

X-axis is forecast probability(%/100), y-axis is > v =
b ion freq y(%0/100). Red-line is reliability < Season >
diagram, _— e
line is foreca st frag y at each

Bkt of orsant - sbove v st bl Seasons that statistics equation made in.

Bre e relion il cre _— «  winter dry season (Jan-Mar)
* pre-monsoon season (Apr-May)
o [T «  summer monsoon season (Jun-Sep)
* post-monsoon season (Oct-Dec).

0.35
034

0.254

0.24

0157
0.14
0.05
]

<download >
Download text written verification data.

S -4 -3-2-10 1 2 3 4 5 &

X-axis is the anomaly of te fature or precipitation, y-axis is standardized frequency. Yellow bar is Observation
frequency, blue bar is foge€ast frequency (5 members). Precipitaion anomaly is 1/4 power of data.

« download text
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Extreme Forecast Index (EFI) products

o) SRIT

Japan Meteorological Agency

lelye Climere Center

WMIO Reglional Climerte Center in RA 0 (Asia)

© TCC home © About TCC © Site Map © Contact u:

S

Home World Climate

HOME > Ensemble Model Prediction

JMA's Ensemble Prediction System (Products of GPC Tokyo)

JMA operates the ensemble prediction system of an atmospheric global circulation model (AGCM) for one-month

Climate System Monitoring

El Nifio Monitoring

Global Warming

rediction and atmosphere-

Climate in Japan

Training Module Press release

Links

for three-month and warm/cold season prediction. Ensemble prediction products, verification charts and descripfion of the ensemble predictidn

Notice

NWP:Model-Prediction

I Main Products

28 August 2014
The provision of"Fcre:a_st Products in Support

one-month Prediction

of Early Warnings for Extreme Weather Events"

Produci

25 March 2014

Latest.

# One-montN\Prediction
¥ Z500, T850

Nov 2014

SLP (Northern Hemisphere) (27 Mov 2014
¥ Stream Func

0S) {37 No:
Seriﬁcat\un (&

¥ Hindcast
* One-month Py

on, Velocity Potential & Surface Air Temperature (60N-

Now 2014

obabilistic Forecasts at station points

Monthly Discussion

prediction products.

sonal ClimateM)

- Trial provision -

onthly

This product is intended to ajsist NI
interpreting GPC Tokyo's thref-

(Monitorin

~seasonal C

Discussion on
limate Outlooks
g & Prediction)

basis.
--(@ne-month
JIMA's Qne-month forecast model Ras been b}
upg

Please refer to the "TCC News Mo.
“Three-month

+ 8 May 2013

Warm/Cold seas

were updated on 18 April 2013. The period for
the model statistics are changed to 1981-2010.

Three-month

¥ Three-month

. Z500, T850 & SLP (Bfrthern Hemisphere) (14 Mov 2014)

# StreamyFunction, Jelocity Potential & Surface Air Temperature (60N-
9 j) ) TR
) .
erificghion gy 2014y
¥ Hindcast
# Probabilistyf Forecast and Verification (14 Nov 2014)

# Application

tcc@met.kishou.go.jp

to two weeks ahead. (O

s If you have any questions

weather events cc

registered NMHSs can access this pag

bout ID and/or passwo \E-a:r:wal ty

—

+ 7 March 2013
Hindcast gridded data were available for the
period up to 2009 for one-month forecast and
up to 2008 for three-month and warm/cold
season forecasts. Recently, hindcast gridded
data up to 2010 for one-month, three-month
and warm/cold season forecasts have been
made available at
http://ds.data.jma.go.jp/tcc/tcc/gpv/index.html

Warm/Cold Season Prediction

» Warm/Cold Season Prediction (15 oct 2014)

¥ Z500, TS50 & SLP (Northern Hemisphere) (15 oct 2014)

# Stream Function, Velocity Potential & Surface Air Temperature (60N-
60S) (15 Oct 2014)

# Verification (24 S=p 2014)

» Hindcast

# Probabilistic Forecast and Verification (15 oct 2014

(available only for registered NMHSs).

page.)
+ Application

tec@met.kishou.go.jp

Model Description

riptions

d-range Forecast Model

for Long-range Forecast Model

« If you have any guestions

L
IDuwnIuad GPC Long-rang@Forecast (LRF) Products u S I I I g I I I

» Download Gridded data File

Products for

Warning

e-mail to:

out ID and/or password, pﬁ

load GPV

(Recent

redictions and

hindcast)

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

D S5RT
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Extreme weather warning map
HEEEEBE

Initial date valid term

JMA One—month Prediction y4 (forecast lead time
30N EFIR—based warning map |in'|t: 20170104' valid: 1:11—1:13 up to Day+9,

averaged over 7 or
3 days)

60N o

30N -

EQ

305440

60S

908 ; — : i

120E 180 120W :

B very warm Warm B very cold M cold
® Heavy precip. Precip. A Strong wind A Wind

Occurrence probabilities for various extreme events are plotted on one map
based on the following EFI thresholds.

Very warm, Very cold, Heavy precip. and Strong wind }|EFI |2 0.8
, Cold, and \Wind A\|EFI|20.5
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s B B
The Extreme Forecast Index (EFI)

 The EFI value (from -1 to 1) is computed from the difference between cumulative
distribution function (CDF) curves of the real-time forecast distribution and model
climate distribution (Lalaurette 2002, 2003).

* Underlying assumption: if a forecast is extreme with respect to model climate,
the real world is also likely to be extreme compared to the real climate

—

1.0

1.0 ‘ ' e — gl — e 1.0 — o ——‘cr , ‘CDF s
0o | / [ T Cimaecor | 05 | = Simate coF 0o | Gmate coF [ /
0| | ToRENE o |—Rumsr forpcast 08 |~ Fomanror
| forpcast ] model [
=, 0.7 ’ = 0.7 3 . ’
% 0.6 m0d6| % 0.6 C|| ate E 0.6 mOdeI ’ foreclhst =
_g 0.5 ’ g 0.5 m _8 051 Cl|mate i
O 04 climate O o4 O 04 !
O o3 O o3 O g3 L
0.2 0.2 0.2 L
0.1 0.1 0.1 -
Threshold Threshold Threshold
EFI=-1.0 (minimum) EFI=0 EFI=+1.0 (maximum)

All forecast values are below the
minimum of model climate

Forecast distribution agrees with
model climate distribution

All forecast values are above the
maximum of model climate

@) —t%c
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How to obtain probabillistic distributions
HEEEEBE

T850(130.0E,30.0N), init: 20111027, day5

100

@)
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9 | s:n';;s;l‘gtﬂag;fsiw | i Forecast CDFs (cumulative
a0 - I distributionfunctions) are produced
2 70 Forecast _—from JMA’s operational One-month
> 60- CDF "::':-...__ EPS (25 members for each initial day).
'S 50 _
_fg 40 - - Forecast data
© - i 25 members
a ¥ Climate
10 - -
0 . . . L 2010 =
275 a0 285 280 295
Threshold[K] 2003 =
Climate CDF estimationis based on 1981 @ @
five-member hindcasts starting with Hindcast data
the nearest two initial calendar dates 300 members (5 members x 2 initials x 30 years)
;:S:r;:fmigigigglEiiilﬂﬂi}l g::zﬂ Compare [Forecast FT=OJ]and [model climate FT=OD.
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The revised EFIl on the JMA’s TCC website

« To add more weights in the tails of the probability distributions, the EFI
calculation is revised with new weighting function (Zsotér 2006).

 The EFI products on the JMA’s TCC website are based on the revised EFI.

Cumulative (dashed line) and probabilistic density

(solid line) distribution of forecast and climate

1.0
0.9

0.8
0.7

Probability

0.1 -

0.0

@ S5T

Japan Meteorolo gical Agency

0.6
0.5
0.4
0.3
0.2

e
Climate PDF /
— — — Forecast,COF /
Forecast, PDF /
[
Iy
/
Climate /
Forecast ||
e X() NN -

T 1 T L]
-8-7-6-5-4-3-2-101 2 3 4 5 6 7 8

Threshold

p— F(p)
_p EFIrevised f [\/p(l p)] p
:F(p) 100 T T
80 1
60 vp(1 — p)
40 New weighting
function

0 02 04 06 0.8 1
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EFIl time-series and Meteogram

EEEEN *
® Comparing EFI value with PDF is Chosen location (2.5° x 2.5° grid)

Averaged
important before issuing warnings or Initial date \ days
1 1 JMA One—month Prediction Meteostam | (lon,lat)=(115.0,22.5
undertaking any action, because the %\rut—zm——ﬂw(d—%l
EFI Values do not |nd|Cate : Extreme Forecast Index (revised)
probabilities. Element | os
(U850, 05
JMA One—manth Prediction Tsurf, E;
EFIR—based warning map init: 20170104  valid: 1:11-1:13 o £
80N e éﬂr‘i : Tt ‘ : L C s :“,:.:\{ Raln) 01
; F: . Lol v A: =0.21
40N 1e0 o
30N 1 —0.6 1
I 9 > _0_8-
20Ny ® 28 YTy _
10N lJ 3 gA S 1; Forecast and Hindcast [m/s]
B ; [ | AA:::: DOO0Q)
h: 1 Y " Forecast Climate 121
1999 N LA MAX MAX
Z(: Very w‘:::'Ern o Warr'r?OE wIOEVery c:ng 14OEI Cold150E é ggEE -ggﬁg 81
® Heavy precip. Precip. A Strong wind A Wind 2[\(/|)::N %‘IBIEN .
EPS probability distributions of the 3
forecast (25 members) and the
model climate (300 members) ’ | 5-7 6-8 7-9 8-10 9-11 10-12 11-13 12-14 13-15]
N

Valid date
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EFl map and probability map

init: 20170104 ||valid: 1:11—-1:13

EEEEN
- JMA One—month Prediction |elem: UA_850
Horizontal {GICRUeie TUrecust ITaeAL evIseU)
map of the = sl o 70 <
revised RSN ONS
EFI 30N T
20N Py
1ON P i % ‘
EQ - : -
10S {nf - 5_ Tk
20E 40E BOE B8OE 100E 120E 140E 160E

—NR-NDBE_NA_DN2 O

no na, 0K _OR

~ N

Initial date

valid term

Element
(U850,
Tsurf,
Rain)

(b)Probcblllty exceedlng P30 (c)Probc:blllty below P10
soNDs e BN L X Y
: 3 ';" : : ' [ : : "
ON 5% : : : : MON : : ; ;
I; y : L oy ; ""f Ll
ON' : y N : 30N' : : :
DON - , - ; 20N 1
g ) I . L~ -
flON /8 10N, (&7
EQ- - - .@&‘;i || B S
105 Lo 10S - va——— %
}T"" A : P oo B N 1?"5“ 1A '. Y o 31,8
20E 40E 60E 8OE 100E 120E 140 160E 20E 40E 60E 80E 100E 120E 140E 16CE
| I I
1 7*[%1 10 30 i 70 90 [%]

The fraction of ensemble members that
predict a value above the 90"

percentile of the model climatology to
25 members

The fraction of ensemble members that
predict a value below the 10t
percentile of the model climatology to

25 members
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Summaries

M Predictability
- There are 2 kinds of predictability.
Predictability of 1t kind depends on an initial condition.
Predictability of 2" kind depends on boundary conditions.
- Temporal and spatial scales of forecast targets should be considered.

B Uncertainty
- Because of chaotic nature, it is essential to consider uncertainty.
- Ensemble prediction system (EPS) make it possible to estimate uncertainty.

M Hindcast
- Hindcast is essential to understand prediction skill and to make model climate.

B Global EPS
- A high-resolution AGCM is used for extended range forecast (Predictability of 15 kind).
- Seasonal oscillations such as MJO and BSISO make a monsoon rainfall forecast difficult.

- MJO is predictable up to 25 days, but velocity and amplitude bias should be cared.
- Sub-seasonal to seasonal (S2S) prediction project

B TCC products to support 1-month forecast
- NWP charts
- Verification charts
- Probabilistic products
- Extreme Forecast Index (EFI) products
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