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Numerical Weather Prediction

HEEEEBE
B 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 much slower than a variation of atmosphere.

Boundary

Condition

Init.ia.l 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 to a numerical model, you
number of grids. can get to know a future atmospheric condition

as an output.
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Predictability

-2 5 8L
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 k

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

HEEEEBE
B Temporal and Spatial Scale of Atmospheric Phenomena

. ) .
B Short-life and Small-scale Phenomena /I Long-life and Large-scale Phenomena A
(e.g. Tornadoes, Cyclones) ( e.g. Seasonal Oscillations, Monsoons )
Long-range forecast is impossible, Long-range forecast is possible,
because they are sensitive to an initial atmospheric because they are sensitive to boundary conditions

\condltlon. ) \rather than an initial atmospheric condition. )
v
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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 T421L.30 Total Prec DJF
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Sugi, M., R. Kawamura and N. Sato, 1997, J.Meteor.Soc.Japan, 75, 717-736.
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Uncertainty and Ensemble Prediction

M 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 ER®ER

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

BMBreeding of Growing Mode (BGM)  HMSingular vector (SV)
The BGM method find out the perturbation grew The SV can find out the fastest growing

before the initial time with the forecast and perturbation after the initial time based on a
assimilation cycle. tangent linear model, which is obtained by locally
This method is simple but necessary to keep linearizing the original nonlinear NWP model and its
forecast and assimilation cycle even when itis not adjoint model.
initial time. This method needs heavy development costs.
EEEEEEEEEEEER InltlalTlme lllllllllllll’ CEmEEEEEEEEE InltlaITlme ..............>
Time Time
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Ensemble Techniques
s 2 g O k..

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

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.

make it possible to share computer resources
between some days.

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

Ensemble Prediction

Prediction from ox __ | Time variation by Time variation by

older initial condition — q + S
ot dynamical process parameterization

Prediction from

latest initial condition

Random
> number

time

Older initial condition

Initial time
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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

M 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 _Analysis Climate
- Itis impossible to adjust the Positive Pl
systematic positon errors of Anomaly -~

jet stream etc. /I Model Climate
Therefore, it is essential to // >
o , o/ I,’ — Forecast
reduce model prediction bias. / /
// /
i
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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 the TCC seminar, corresponds to extended-
and long-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

|

@ EET
Japan Meicorological Agency

Main target

Horizontal
resolution

Global
Spectral
Model (GSM)

*Short-range
forecasting

20km (TL959)

Typhoon EPS
(TEPS)

*Typhoon forecast

40km (TL479)

*One-month
forecast

One-week EPS | *One-week 40km (TL479)
(WEPS) forecast

One-month *Early warning for | 55km (TL319)
EPS extreme events

Seasonal EPS
(4/7-month
EPS)

«3month forecast
Warm/Cold
season forecast
*El Nifio outlook

110km (TL159)
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History of One-month and Seasonal EPS

EEEER
1959.6 h) 2003.3 current
T >
- . L T T
\ Short-range model | /4
--------------------------- \\ | ‘
One-month and Seasonal EPS One-month EPS
don’t have a long history. |
I Seasonal EPS D
Mar Mar Mar Mar Sep Mar Feb Mar Jun
1996 2001 2003 2006 2007 2008 2010 2014 2015
One-month T63 T106 TL159 TL159 TL319
EPS L30 L40 L40 L60 L60
M10 M26 M50 M50 M50
Seasonal T63 TL95 TL95 TL95 TL159
EPS L40 L40 L40 L40 L60
M31 M31 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

NS
T b/ p S
el d 0
0 0
Oceanic conditions are given as Ocean-atmosphere interaction is
a forcing. Persisted 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
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CGCM improves excess positive correlation
between SST and precipitation in the tropics,
especially over Asian monsoon.

CGCM leads to improve prediction skill
especially in the tropics, which is affected by
tropical oceanic variation
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Specification of One-month EPS
H H H H I I, as of Nov.2015

[

One-month EPS }

EPS with AGCM

Atmospheric initial

Atmospheri
condition

AGCM

(JMA-GSM)

lower boundary
condition

Last: March 2014

Upgrade Frequently: Every few years
Model AGCM
Resolution Horizontal: 55km (TL319)

Vertical: 60 levels up to 0.1hPa

Forecast range

Up to 34 days

Persisted anomaly

SST with climatological variation

- Prescribed seaice distribution
Seaice (Sugimoto and Takaya, 2014)
Ensemble BGM, LAF,
method Stochastic physics scheme

Ensemble size

50 (25 BGMs & 2 days LAF with
1-day interval)

*SST (persisted anomaly)
*Seaice (prescribed seaice
distribution)

Freq. of
operation

Every Tuesday and Wednesday

Freq. of model
product creation

Once a week
(Thursday)

@ EET
Japan Meicorological Agency
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Specification of One-month EPS Hindcast

Hindcast

Operational system

Initial Condition

JRA-55 Reanalysis

Global Analysis
(Newer System than JRA-55)

Ensemble Size

5 (5 BGMs, no using LAF)

50 (25 BGMs & 2 days LAF
with 1-day interval)

Forecast range

Initial date +40days

2,3,4,...,.31,32days from the
latest initial date (Wednesday)

Initial date

3 times a month
(10th, 20th, end of month)

Every Tuesday and
Wednesday

Target period
for hindcast

Available: 1981-2012
Verification: 1981-2010

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

@ EET
Japan Meicorological Agency
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Example of One-month Forecast
HEEEEBE

28500 (FORECAST) from 2018/ 4/ 8 122 LT=3 days [m)

Ensemble Mean

50 Ensemble Members

QO -+ Good Forecast
X === Bad Forecast

Contours indicate predicted values. Shading indicates anomaly.

TCC Training Seminar 2015 23


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

s I I = B =
Prediction Skill of Operational One-month EPS
HEEEEBE

Anomaly correlation of Z500 in the N.H.

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

0.8

Temporary increases of

074+ | predictability were caused
by large amplitudes of
historical ENSO events.

0.6

0.5

Anomaly Correlation Coefficient

041 70 1 Upward trend of prediction skill
reflecting upgrade of the EPS

[LS | | | I I I I I I | L) I I I I I I I
199719981888 2000200120022003200420052006200720082009201020112012201320142015

Initial date
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Prediction Skill of Operational One-month EPS
s S A Lk

Anomaly correlation of CHI200 tropics

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

—— previous 52-point moving averages ——

0.9

0.94
0.8
. 0.8/\’[/\,_//\‘/\_’/—'
0.7 :
0.6

0.6

0.5
0.5+

0.4

0.3
0.2

0.4+

0.3

Anomaly Correlation Coefficient

0.2

Anomaly Correlation Coefficient

o1 Temporary increase 01 Temporary increase
0.0 T T T T T T T T T
2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 0.0 T T T T w T T T T
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Initial date .
Initial date
— week1-4 —— week1 —  week2 —  week 3-4 . wotkid  — weok1 — weak2 ——————

Anomaly correlation of PSI850 tropics

10 —— previous 52-point moving averages ——

Scores for Tropics.

Upward trend can be seen but scores longer
than 2-week forecast is well influenced by

climatological events such as ENSO.

Anomaly Correlation Coefficient

0.4 T

0.3 T

0.2 T

o1 Temporary increase

0.0 T T T T T T T T T

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Initial date
—  week 1-4 —  week1 — week?2 —  week 3-4
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Prediction Skill of One-month EPS

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

1 CHI200 ACC Tropics(20S—20N) Dec—Feb 1 Z500 ACC NH(20N—90N) Jun—Aug
How many days are
0.8 A 0.8 1 — .
statistical statistical predictable?
061 significant 0.6 significant
0] 04 ¥ = CHI200 In tropl_cs IS
_______________________________ Rgy-------------L_4.| averagely predictable
0.2 : 0.2 = up to 20-25days with
1
.1 CHI200 E ] 7500 | small seasonal dependency.
Summer : Summer | _ _
0.2 : - - % 2, 02 T - - = P % | * Z500 in northern hemisphere
Forecast Time (day) Forecast Time (day) iS average|y predictab|e
1 CHI200 ACC Tropics(20S—20N) Jun—Aug 1 Z500 ACC NH(20N—90N) Dec—Feb UD to 14-18 davs Wlth Iarge
seasonal dependency.
0.81 T 0.81 T
statistical statistical according to anomaly
0.6 sighificant 0.6 significant correlation scores.
0.4+ 0.4+
0.2 1 . L1 0.2 1
1 1
o1 CHI200 ! o Z500 !
Winter : Winter |
02 5 10 15 % 25 50 02 5 10 15 20 25 30
Forecast Time (day) Forecast Time (day)
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Spatial Prediction Skill of One-month EPS

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

TLI18r60V1403L RAIN ACC

TL319r.80V1403L RAIN ACC (day 3—30) Inlt. O1 /3&‘ va JRASS {day 3—30) Init. 07/33“ va JRASS
. - . =

- T T Pl N A RS 7
D > X -
‘33 Al son §{
4=>
g .
o
; 308 2
N . 3
il = sos &
1 205 é
0.6 -1 ~05 0 056
ve JRASS
i
J's
» ]
< g
0.4 -1 05 © 05

Boreal winter Boreal summer

http://ds.data.jma.go.jp/tcc/tcc/products/model/hindcast/ImE/tro_acor.html
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Verification of One-month EPS for Precipitation

Hindcast experiments for 30 years (1981 — 2010)

One Month Mean Precipitation Mep {1—30 Days) Init=07/31

One Month Mean Precipitation Mep {1—30 Days) Init=01/31
GPCP Precipitation { 1881—2010 ) ZONAL —MEAN

——

9OoN

60F 180
TL319rL60V1403L -2

60E 120F 180
TL319rL60V1403L —~ GPCP

90N

Boreal
winter

1200 6OW 0

90N

The distribution of predicted zonal mean precipitation is similar to that of
observation, but overestimated in tropics regardless of season.

S8IT
rological Agency

n Metearolog
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Verification of One-month EPS for Monsoon

40°N
30°N 1
20°N

1N

10°S .
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140°E
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Hindcast experiments for 30 years (1981 — 2010)
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Verification of One-month EPS for MJO

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

COR
gé '=—.._““‘ Correlation 0 -CHI200 (JRASS November to Apiil 423 soye
Significant| 97 I S 5‘_ ‘
: T ol
s = e i - TR EEE L LR - e
0.2 { m‘-m—g...m 151 ‘~\\\
0.1 1 ‘~~\
3 5 0 15 0 7 30 38 0 201 -
o : 2] MJO propagation
Faster 6 H Phase velocity 304
: P el T _
T L i SO NN S R L S 351 JRA-55 Reanalysis
:2 ..-.- - - 40 : : . . .
Slower 5 i 60E 120E 180 120W CL TN
9 4 0 1% 0 5 30 34 40 !
g e : 0-CHI200 (v1403) November to_April
Larger 03 Amplitude —— . 221 doys
o TN e
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Smaller o '-‘.;,1““““““““:H'n:“*m MJO propagation
-0.8 ~ - 20
Q 5 10 15 k] 15 30 35 40
251
Red: Current Model, Blue: Previous Model 30+
: ) 351 One-Month EPS Hindcast
MJO is predictable up to 25 days. 40 : : : : :
: . 0 60E 120€ 180 120W BOW o
However, faster bias of phase velocity and -‘“lwz_,!_,!__‘_k_s_mw” *]
. . = - = = = = = =1 »
smaller bias of amplitude can be seen.

CHI200 Hovemoller diagram from MJO phase 3
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Verification of One-month EPS for Blocking-High

Analysis

Bias of one-month EPS

Averaged frequency of Bloking High

o
=
w

o
.

0.05

0.05

0.02

0.0

-0.01

-0.02

-0.05

Frequency

Hindcast experiments for 30 years (1981 — 2010)

0.4 TM9O0 DJF(81/82-09/10)
0.2 1
0.1
0 T T T T T T T
90w 45W 0 45E 90E 135E 180 135W 90w
0.4
0.3 ] (6)6ON
0.2 4
0.1 'M
0 T T T T T T T
90w 45W 0 45k 90E 135E 180 135W 0w
0.4
0.2 1
0.1 N
0 . ; : ° N
90w 45W 0 45E 90E 135E 180 135W a0w
Longitude

Frequency of Blocking High for DJF
Red: Current Model, Blue: Previous Model

Based on the detection method of Tibaldi and Molteni (1990)
and Scherrer et al. (2006), the frequency of blocking high
predicted by one-month EPS tends to be a little underestimated.
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Specification of Seasonal EPS
H H H H I I, as of Nov.2015

[ Seasonal EPS

]

Last: June 2015

Upgrade Frequently: Every Half Decade
EPS with CGCM Model ceeM
Atmosphere Horizontal: 110km (TL159)
Resolution Vertical: 60 levels up to 0.1hPa
CGCM . _
Atmospheric (JMA/MRI-CGCM2) Ocean Horl_zon.tal. 1.0 Lon x 0.3-0.5 Lat
initial condition Resolution Vertical: 52 Levels + BBL

Zt (JMA-GSM)

Atmospheric initial
perturbation

coupling

OGCM
Oceanic initial (MRI.COM)
condition added

perturbation

With Tri-polar Grid

Forecast range

Up to 4 or 7 months

Initial Condition

Atmosphere: JRA-55
Land: JRA-55
Ocean: MOVE/MRI.COM-G2

Ensemble
method

BGM, LAF,
Stochastic Physics Scheme

Ensemble size

51 (13 BGMs & 4 days LAF with
5-day interval)

Freqg. of model
product creation

Once a monhth
(Around 20" of every month)

TCC Training Seminar 2015
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Ensemble techniques for Seasonal EPS

Sdays | " : ,
| Initial pertL_eratlons are created with the
1 S Tmen et e S llmembsre combination of BGM and LAF method
: Lead time - to disperse computing resources
—— | tmonh | Z9month | e - to get ensemble spread
! ays - y

ini?;c:iisa:te inilt_igtle;;le Forecast months
-15 -10 -5 0 [day] 1st month
@) SRIT
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Hindcast for Seasonal EPS
R ER®ER

B Operational Forecast B Hindcast
'5 ??ys"“: i 13 members > days
S —
l L 13 members A total of M > members 10 members —
13 members 51 members 5 members
| 12 members Y I
; ; : Lead time
: Lead time ! i
[} 1 1 |
' o 7 N 15t month 2"d month
— 1stmonth | 2" month “15 days 2 )
- 15 days . v J Oldest Latest A
Oldest Latest Forecast months

initial date initial date
initial date initial date Forecast months

Initial Month Initial dates of the LAF ensemble : : :
» Hindcast model is essentially same as
January 27 Dec., 12 Dec. . . ..
operational forecast model in terms of initial
February 31 Jan., 16 Jan. - )
March 25 Feb.. 10 Feb. conditions and sampling strategy except for
April 27 Mar., 12 Mar. ensemble size and initial date.
May 26 Apr., 11 Apr.  The number of ensemble size is smaller
June 31 May, 16 May than operational forecast and the initial date
AJ”'V : BP?OJJunI” 1‘2 ‘J]UI” is only twice a month.
ugus ul., ul. . . ) .
September 29 Aug.. 14 Aug. The period for hindcast is 36 years from
October 28 Sep., 13 Sep. 1979 to 2014.
November 28 Oct., 13 Oct.
December 27 Nov., 12 Nov.
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New Sources of Predictability

New Predictability Sources since Last Update (June 2015)
1. Dynamical sea ice simulation

2. Land initialization with JRA-55

3. Global ocean domain

4. More sophisticated description of GHGs

(6 gases prescribed with RCP4.5 scenari

Strato-
O)
5. Fully covered stratosphere (Top: 0.1hPa) / \

200
\o”’
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The new system since June 2015
IS capable of incorporating

a full range of potential sources
kOf the predictability.
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Dynamical Sea Ice Simulation

EEEEB
B Interactive sea-ice model Hindcast experiments for 30 years (1981 — 2010)

— Thermodynamic model (sea-ice production / melting)
— Dynamic model (momentum equation)

20 T iem ‘
15| Arctic Sea Ice — e 151 Arctic Sea lce
1 4
0.51
€t o]
=
© _p54
5 2 -05
6 ~11
4] -1.51
9] _»] Observation (COBE-ICE)
0 Lead time of 2 months ACC=0.73
MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR ~251 Lead time of 5 months ACC=0.68
. /i _3 T T T T T T
Color: Individual forecast 1980 1985 1990 1995 2000 2005 2010
Black and Grey: Observed climatology (COBE-ICE)
(Grey) minimum and maximum
‘ Annual variation is good but smaller bias can be seen. ‘ ‘ Sea ice melting trend is smaller than observation.

This sea ice model can represent
- Seasonal variation of sea ice extent
- Inter-annual variability and reduction trend of sea-ice extent
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e o B B N .
Dynamical Sea Ice Simulation
s S A Lk

Hindcast experiments for 30 years (1981 — 2010)
Anomaly Correlation of 2-m Temperature
over the Arctic region (60N-90N)

® JMA/MRI-CPS2

0.45
®m JMA/MRI-CPS1

o
©C w ©
w o

1

0.25 +

o
N
|

0.15 -+

Anomaly Correlation
o

'_\

1

0.05 -~

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Initial Month

Prediction skill of 2-m temperature is much improved over
the Arctic region for most of initial month, suggesting sea-
ice model contribution to this improvement.
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Land Initialization

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

c
e}
=
o
]
| -
| -
o
Q
=
©
£
o}
c
<

Global

Feb

Comparison of Anomaly Correlation of 2-m Temperature
(Lead Time: 0 month)

90S-90N,0E-360E

0.8

B Land C
HlLand A 0.6
0.4
0.2
0

May Aug Nov
Initial Month

Land C === Land Initialization is Climatology

Northern Hemisphere

20N-90N,0E-360E

0.8

W Land C
M lLand A 0.6
0.4
0.2
0

Feb May Aug Nov
Initial Month

Eurasia

20N-90N,0E-180E

B Land C
M Land A

Feb May Aug Nov
Initial Month

Land A --- Land Initialization is Analysis with JRA-55

Land Initialization slightly improved prediction skill.

(except for May)

TCC Training Seminar 2015
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Global Ocean Domain
R ER®ER

» Horizontal resolution
— Longitude direction: 1° (approximately 100km)
— Latitude direction: 0.3-0.5° (approximately 30-50km)
with finer resolution near the equator
« Vertical level: 52 and BBL(bottom boundary layer) E

» Global ocean with tri-polar grid

Singular grid is located
on land for tri-polar grid

BOE 120E 180 120w 6OW 0
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Green House Gases Forcing

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

2-m temperature Trend over Land (JJA) (Initial: May)

289.0 r

= VarCO,
s * - IMA/MRI-CPS1
L 2886 | VarCO, . .:_7____‘,“,9_‘;—;1‘ - CO, Trend
E 288.4 .___._7_0___7___‘___.co—";*;“ o ® .. .:_'__‘__t—;_"_’:'__' VarGHG
5 882 "0 . o33, 3. ",;f;;stGHg 8 - JIMA/MRI-CPS2:
5 2880 reg . ®88 e - CO,, CH,, N,O, CHC-11,
E es | CHF-12, HCFC-22 (GHGs)
= Trend (Based on RCP 4.5
E 676 lo scenario)
g 84T ConstGHG
E 2872 170 o, * (Additional experiment)
_'.6“ 287.0 i - IMA/MRI-CPS2
O 2868 - Constant GHGs
1980 1985 1990 1995 2000 2005 2010

Year

linear trend of 2-m temperature over land
ConstGHG = VarCO, < VarGHG < JRA-55(Analysis)
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Global Warming Trend

s S A Lk
Hindcast experiments for 30 years (1981 — 2010)
2-m temperature linear trend
Analysis (JRA-55) in JJA JMA/MRI-CPS2 in JJA (Initial: May)

o .,

e

——

Cooling trend is invisible in winter.

TCC Training Seminar 2015 42


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

Prediction Skill for El Niho forecast

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

ACCs of NINO3 SST (all months, 10 members) ACC  Cgem5 1981-2010
SST NINO3 En10
VYV v 140.95 3.94 0.92 0.91 0.88 0.82 0.84 0.80 0.76 0.68 0.58 0.46
- N ; = = - . .
00 2-0.;94 o.§1 3.26'( 0.52 0.281 o.§1 0.71 0.75 0.73 0.69 0.59 0.44
g 0i8— 3—0.::93 0.1;37 o.:isa \mﬁr 0.273 o.%n 0.;78 0.69 0.175 o.?1 0.270 o.gso
— R R L
':-E 0.7 1 4 40.94 0.88 0.81 0.77 0‘.17\4 0.72 0.73 0.73 0.63 0.70 0.72 0.65
— - . . N . . . .
?_J 0.61 . 5—054 oéa oés 0.80 0.71 6&1 0.58 0.61 0.59 0.44 0.49 0.53
A~  0.51 - ‘ g : ;
8 o4 % 6—094 oss 082 077 073 0.64 051 0.53 0.57 0.48 0.38 0.38
> 0'3_ | = 7-093086 081 0.74 0710700560\5 0.54 0.54 0.40 0.41
— - o
g 0.2 1 TEEEEE JMA/MRl‘CPSZ 8-0@4 091 oas 0.80 073 069 066 0.52 oau 050 0.51 0.39
o 01| = JMA/MRl-CPSl g-oss\o\s\o caa oaz 0.76 0.70 0.67 0.57 0.46 oso 04204-6
c 0 1 \ \
< 01 W above 95% confidence level 10—095 oss dqa\oaa ono 075 oes 0.66 osa 040 o)q:us
-0.2 : : : : : : : : : . 11-096094092 Dea 039 051077 0.70 0.66 0.58 0.45 \J»g
0 1 2 3 4 5 6 7 8 9 10 11 :
12—096095 093 O‘ﬁ 057082 0.77 0.70 0.62 0.t 4 0.43
Lead Time (Month) ]
NINO.3 150W-90W, 5S-5N Leod Tlme [mon]
30N
! Forecasts through autumn Spring Barrier
ca oov— | Wt and winter are high skill. Forecasts through spring
DARWIN » e season are low skill.
mME GOE 80E 120E 150E 180 150W 120W S0W BOW
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Prediction Skill for El Nifo forecast
HEEEEB

Hindcast experiments for 30 years (1981 — 2010)
El Nifio / La Ninha SST Composite

El Nino (DJF, COBE~SST analysis) La Nina (DJF, COBE~SST analysis)
90N 90N
- s =T
60N 1 60N 1
5
30N 1 30N 4
EQ EQ 1
O
308 1 305
O
60S 1 60S 1
90S v v - - - 90s T v v - -
0 60E 120E 180 120W 60w 0 0 60E 120€ 180 120W  60W 0
El Nino (DJF, JMA/MRI-CPS2, Init: Nov.) Lo Nina (DJF, JMA/MRI-CPS2, Init: Nov.)
90N 90N
60N - 60N -
30N - 30N -
EQ EQ 1

3081

o
2
ol
Q
4
2
<
=
-

60S 1

90s

0 05 1 2 3 4 5 B8 7 [mm/day]
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Prediction Skill for El Nifo forecast

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

SST Standard Deviation for DJF

JMA/MRI-CPS2 ; LT=1 month (initial: Nov)

- e
.

- S
.

20S e
120E 150E 120W 90w 60W
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e I I B I
Prediction Skill for Nino.WEST and IOBW

Forecasts through

spring is high skill. IOBW Nifio.WEST

11 0-?4 0.82 0-?2 0-§3 0.80 0.76 0.69 0.73 0.72 0.68 14 0.@:4 0.91 0.%36 0.78 0.71 0.86 0.66 0.70 0.75 0.65 0.59 o.%u-
2 {03 0.82 0.80 0.81 0.80 0.75 0.72 0.69 0.68 0.70 2-0.293 o,iss 0.67 o.ét 0.575 o.%sa 0.66 0.%59 0.69 o.;u 0.?64 0.55
30.89 0.75 0.76 0.78 0.78 0.77 0.75 0.73 0.72 3 o.én o.éao o.§5 0.131 o.é?s 0.‘;?3 0.17'1 0.68 o.§4 0.54 0.270 0.67
4 0.!;33 o.;s o.:és 0.§4 0.;32 0.1;3:5 0.{55 0.55 0.§4 0.?‘5 0.?8 0.76 4 1 o.zéas o.éem o.é1 0.75 0.57'4 0.59 0.67 o.ésg 0.61 0.562 0.549 0.49
L 5 o.§2 0.78 o.?a 0.79 o.;ao 0.‘;76 0.82 0.83 o.%so o.?rs o.%u 0.79 L 5 0,233 0.77 0.64 0.65 0.56 0.61 0.51 0.51 0.53 o.;s 0.50 0.37
% 6 0-;87 0-%"5 0.85 0-170 0-;7’9 0-;79 0-?‘7 0-§0 O-iSO 0-;81 0-;77 0-§0 % 6 0.;77 o.;sz 0.61 0.;5 0.244 o.;ls 0.54 0.552 0.54 o.iaz o.i53 0.:42
= 7-0-87 0.78 0.59 0.57 0.58 0.72 0.67 0.67 0.70 0.68 0.73 0.68 = 7- 0_377 o.éo 0.70 0,53 0,52 0.50 0,35 o,éw 0,37 0.:41 o.;s 0,39
8{0.87 0.81 0.75 0.54 052 0.52 0.63 0.55 0.60 0.69 0.67 0.72 8085 0.72 0.70 0.63 0.57 0.47 0.25 017 0.26 o.ﬁa o.é:a o.§15
9 1 0.239 0.79 0.570 0.68 0.250 0.%13 0.42 0.53 o.€45 0.550 0,559 0.56 9 0.5:5 0.275 0.69 0.71 0.84 0.62 0.49 c.?zs o.ﬁ : 0.524 0.;18
10 4 o.iaa 0.51 0.278 o.j74 0.67 o.$3 0.?47 2 0-552 0-239 0-;‘1 0-53 10 4 0.52 0.?‘."2 0.65 o.és 0.67 0.51 0.52 0.37 o.é4 0.53 0.36
114 0.59 0%8 0.56 043 0.34 114 0.275 0.270 0.64 0.57 0.51 0.55 0.57 o.;:m- 0.52 0.239 0.50
121 J _ _ 0.71 0.72 0.67 0.68 0.57 12—0.555 o.f'.v's 0.74 0.63 0.551 0.55 0.65 o.§7 0.54 %tz o.}s

3 4 5 6 7 8 9 10 11 0 1 2 3 4 5 6 7 8 |9 184 11

Lead Time [mon] Lead Time [mon] \

Forecasts through
autumn is low skill.

Forecasts through

_ _ | tropical cyclone

EQ 10BW NINO.3 . .
season is low skill.
DARWIN. »
TAHITI »
305
30E GOE S0E 120E 150E 180 150W 120W oW BOW
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Prediction Skill for Seasonal forecast

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

2m Temperature Precipitation

(Northern Hemisphere) (Tropics)
ACCs of surface temperature averaged in NH ACCs of precipitation averaged in TRP
(3-month prediction at 1-month lead) (3-month prediction at 1-month lead)
05 05
oss | BJMA/MRI-CPS1  mJMA/MRI-CPS2 045 | BIMA/MRI-CPST B JMA/MRI-CPS2
c 04 c 04
2 Rel
ko 035 | B 035 |
g 03 £ 03
S o2 | S 025 |
Z 02 | Tg 02 |
g 0.15 | o 015 |
C c
< 01 | < 01 |}
0.05 F 0.05
0 0
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Initial Month Initial Month
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Spatial Prediction Skill for Seasonal forecast

Hindcast experiments for 30 years (1981 — 2010)

Precipitation

90N 90N
60N | 60N — =, ~
- - - - -
] " & P ®
30N KR - ) &
e - o
EQ B @ e
b
e 0 N %. y !
30S 305 - - nf Q By
-~ % ) % -
- L -
605 605 = <
GLB:0.167 TRP:0.342
90S . . , . . r ; . , v . 90S . v v v . r ; , " , . 1
30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W O 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W O
90N
60N - g k="
30N -
EQ -
¥ P ' 3051 W s i ) L B
- . 605 - . D~
GLB:0.405 NH:0.323 GLB:0.216 TRP:0.362 E’“"“"’—Ji—/”J
90S , v v . . r - . . v , 908 v v v r r r = ; - : -
0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30w O 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30w O
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El Nino / La Niha Composite
HEEEEN

Hindcast experiments for 30 years (1981 — 2010)
El Nino / La Nina Precipitation Composite

El Nino (DJF, GPCP v2.2) Lae Nina (DJF, GPCP v2.2)

90N 90N

60N 1 60N 1

30N 4 30N 4

EQ EQ-

30S 1 308 1

60S 1 60S 1

90s T v - - - 90s - - - - -
0 60E 120E 180 120W 60w 0 0 60E 120€ 180 1200  60W 0
El Nino (DJF, JMA/MRI-CPS2, Init: Nov.) Lo Nina (DJF, JMA/MRI-CPS2, Init: Nov.)

90N 90N

60N 4 G0N -

30N - 30N -

EQ EQ

30S 1 30S 1

60S 1 60S 1

90s 90s
0 0

-7 =6 -5 —4 -3 -2 -1 -050 05 1 2 3 4 5 6 7 [mm/day
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e I I B I
Verification of Seasonal EPS for MJO

-o— JMA/MRI CPS2 Initial: Nov-Apr
-— JMA/MRI CPS1 Ensemble Member: 10
-— JMA 1-month EPS (AGCM) | Period: 30 years (1981-2010)
' : Wheeler-Hendon Index: RMM1, RMM2

Correlation
o
o

0.4 : : : : : A larger amplitude

—o.1 : W —w
-0.21 . . . . .

~0.41 | ' ' | ' V' smaller amplitude
0 5 10 15 20 25 30 35 40

[day]

Amplitude Error

The MJO forecast skill of Seasonal EPS is better than that of one-month EPS.
Especially, the MJO amplitude error of Seasonal EPS is much smaller than that of one-month EPS.

TCC Training Seminar 2015 50


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

Contents

« Basic Knowledge
- NWP Model and Predictability
- Ensemble Prediction and Uncertainty
- Hindcast
« JMA’'s NWP Models
- JMA’s One-month Ensemble Prediction System
- JMA’s Seasonal Ensemble Prediction System
« TCC's NWP Model Products
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Introduction of TCC’s NWP Model Products

@) = lelgye Climerte Ceneer .
“)mg‘ﬁ WIMIO Regllonal Climate Centerin RA Il (Aslg) < YYMO

/_\ © TCC home © About TCC © Site Map © Contact us

World Climate System El Nino NWP Model Global Climate in Training Press Links
Climate Monitoring Monitoring Prediction Warming Japan Module release
HOME
I What are WMO RCCs? I What's New 2l RSS I Links
WMO Regional Climate Cente_rs (RCCs) are centres 15 September 2015 NEW IJapan Meteorological Agency
of excellence that create regional products . .
including long-range forecasts that support » Updated Information: Climate\System » General Information on Climate of Japan
regional and national climate activities, and Maonitoring

¥ Japanese 55-year Reanalysis (JRA-53)
¢ Climate Risk Management NEW

thereby strengthen the capacity of WMO Members

- - - . - _ - Monthly Highlights on Climate System (August
in a given region to deliver better climate services 2015. PDE. 0.97MB
to national users. i U )

I RCCF ti - Monthly Report (August 2015)
S - Seasonal Report (June 2015 - Auguit 2015)

14 September 2015 NEW

w

Maonthly Climate Statistics for Japan

w

Tokyo Global Information System Centre
(GISC Tokyo)

World Data Center for Greenhouse Gases
(WDCGEG)

Satellite Imagery of HIMAWARI-S

WMO RCCs perform the following set of mandatory
functions covering the domains of long-range
forecasting (LRF), climate monitoring, data » Updated Information: World Climate

services and training. - Monthlv Report (August 20157

£

£

Click “NWP Model Prediction” Tab on
the top page of TCC website.

TCC website
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Introduction of TCC’s NWP Model Products
R ER®ER

A lot of NWP products are available smoothly through the NWP Model Products page.

One-month
Prediction

Seasonal
Prediction

@ ST

Japan Metecralogical Agency

I Main Products

I One-month Prediction

k3

One-month Prediction (17 s=c 2015)
2500, T850 & SLP (Northern Hemisphere) (17 s=0 2015
Stream Function, Velocity Potential & Surface Air Temperature (60MN-605)

(17 Sep 2015)

E3

w

E3

Verification (13 sep2015)
Hindcast

One-month Probabilistic Forecasts at station points

W

I Three-month Prediction

w

Three-month Prediction (10s=p 2015
2500, T850 & SLP (Morthern Hemisphere) (10 S=p 2015
Stream Function, Welocity Potential & Surface Air Temperature (60N-605)

{10 Sep 2015)

w

E3

w

Verification (g8 sep 2015
Hindcast Verification (JMA/MRI-CPS2) MEW
Probabilistic Forecast and Verification (15 2= 2015

o

E3

SST Index Time-series Forecast MEW 10 s=r2015)

IMantth Discussion on Seasonal Climate Outlooks iast updated : 28 Aug 2015

This product is intended to assist NMHSs in the Asia-Pacific region in
interpreting GPC Tokyo's three-month prediction and warm/cold season
prediction products.

Forecast Products in Support of Early Warnings for Extreme
Weather Events MEW  jastupdated - 17 Sep 2015

Early warning products for extreme weather events covering the period up to
two weeks ahead. (Only registered NMHSs can access this page.)

» Application
e If you have any questions about ID and/or password, please e-mail to:
tcc@met kishou.go.jp

IWarmeoId Season Prediction

k3

Warm,/Cold Season Prediction (10 Sep 2015
2500, T850 & SLP (Morthern Hemisphere) (10 S=p 2015)
Stream Function, Velocity Potential & Surface Air Temperature (60M-605)

{10 Sep 2015)

E3

3

k3

Verification 30 Mar 2015)
Hindcast Verification (JMA/MRI-CPS2) NEW
Probabilistic Forecast and Verification

W

IDownIuad GPC Long-range Forecast (LRF) Products

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

+ Application

* If you have any questions about ID and/or password, please e-mail to:

tcc@met . kishou.go.jp

Model Descriptions

» Model Qutlines NEW
» Operations for Extended-range Forecast Model
» Operations for Long-range Forecast Model (JMA/MRI-CPS2) NEW

TCC Training Seminar 2015
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NWP Charts for One-month Prediction
HEEEEB

You can find some NWP charts for tropics on | one-month prediction
the one-month prEdiCtion menu. » One-month Prediction (17 S 2015
# Z500, T850 & SLP (MNorthern Hemisphere) (17 520 2015)

+ Stream Function, Velocity Potential & Surface Air Temperature (60N-605)
{17 Sep 2015)

¥ Verification (13 s=p 2015

Select the initial date and the region with these menu. » Hindcast
/ » One-month Probabilistic Forecasts at station points

One-month Bfediction (Tropics and Asia)

This product is di§played for use by National Meteorological and Hydrological Services (MMHSs). It does not constitute an official forecast for any nation.

Forecast Maps

oN PSI200 (FORECAST) day 3-8 init2015/08/16 #1.0E6[m«s2/s]
e e A

oy CH1200 (FORECAST) doy 3-9 init:2015/09/16 +1.0£6[mar2/s]
S —

- Z80—" 4 =

forecast period ? (> ]
[the first week w || 30M1
initial date EQ
2015.09.16.12 Z v

305
area
® 60N-605 s
O Asia ) BOE 20F %0 70N <5y 1

-8 -6 —+ -Z 0 2 4 8 @
corresponding verification

RAIN (FORECAST) day 3-9 init:2015/08/16 [mm/day]
= T v o

[Contour interval] 60N L E ——= -5 . =
CHI200 : 2x1.0E6m2/s @ﬁ'ﬁ“ ' T =
RAIN : 4mm/day 30N 7 W o e i
Z500 : 120m

TS : 4C Ea.w A

PSI200 : 20x1.0E6mZ/s = e T T o
: = :
PSI8S0 @ 5x1.0E6m’/s R _
3054 . -
PSEA : 4hPa éj% = i "“gls—rﬁ ﬁ é _:;\Q
(Shaded patterns show Bﬂsu

anomalies.) _|_|_?
-8 - -2 T4
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NWP Charts for One-month Prediction

You can also find some NWP charts for Northern |0"e-m°"th Prediction

Hemisphere on the one-month prediction menu. > _One-month Prediction (175e02015)
# Z500, T850 & SLP (MNorthern Hemisphere) (17 520 2015)

+ Stream Function, Velocity Potential & Surface Air Temperature (60N-605)
{17 Sep 2015)

¥ Verification (13 s=p 2015

Select the initial date with these menu. » Hindcast

\ » One-month Probabilistic Forecasts at station points

One-mopnth Prediction (Northern Hemisphere)

This product is§jsplayed for use by Mational Meteorological and Hydrological Services (NIMHSs). It does not constitute an official forecast for any nation.

Forecast Maps Ensemble Mean forecast ( 07 day mean )RTN

forecast period
[the first week M

initial date

2015.09.16.12Z 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:2015/08/16 [C]
= ) s ]
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How to use NWP charts for One-month forecast
HEEEEB

[Step 1] Check out convections in the tropics.

60N -

RAIN

- Positive anomalies indicate active convection.

- Negative anomalies indicate inactive convection.

* Tropical convection anomalies are associated with
SST anomalies and MJO.

30N -
EQ 1

505 1

605

Active Convection.

an _CHIECID (FORECAST) day 3-9 init:2015/09/16 +1.0EB[m++2/5]
N }Il (; WA W 2|  CHI200 (i.e. Velocity Potential at 200hPa)
7 ! o

o ) .\\"\ g - - Negative anomalies indicate divergence winds
,‘\ — o= at upper troposphere in association with active

” ¥ 7 44)4% convection.

~
Q (' - - Positive anomalies indicate convergence
N

EG -

305 1 = —| winds at upper troposphere in association with
: inactive convection.
! 2= 1) IMA . . .
5053 SOE T20F %0 1200 Y o = CHI200 anomalies are consistent with RAIN
- T [ [ T T T T = anomalies.
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How to use NWP charts for One-month forecast

HEEEEN
[Step 2] Check out the cause of tropical convection

son ZAN (FORECAST) day 10-16 init:2015/09/16 [mm/day]

son 11200 (FORECAST) doy 3-9 init:2014/12/17 !1.?E5[m-*2f
30N - sond 1Y 1st week
£ {< -
305 1 3¢ |
%053 60E 1206 180 120W 60W 0 5053

=6 =4 =3 [:] 2 []

60N S5T ANOMALY date : 2015 09 15 00 [c]

2
SON CHIZOO (FORECAST) day 1&16 init:2014/12/17  #1.0E6[m##+2/s]

30K 30N

2nd week

EQ Eo

305 305 |

0 6 120€ - 180 120W 5o 0 B0S 3
s s s

Indian Ocean Dipole (IOD) : :

like anomaly pattern When the amplitude of Madden Julian

Oscillation (MJO) is large, you can find its

eastward propagation from CHI200 figures.

GOS

SST (i.e. Sea Surface Temperature)
In many cases, tropical convection anomalies
corresponds to SST anomalies. Contours indicate predicted values. Shading indicates anomaly.

w) J[IRIT TCC Training Seminar 2015
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How to use NWP charts for One-month forecast
HEEEEB

[Step 3] Check out tropical convection response.

80N PSI200 (FORECAST) daoy 10-16 init:2015,/09/16 +1.0E6[ms=2/3]

@ PSI200 (i.e. Stream function at 200hPa)

; - Positive values indicate anticyclone in Northern
Hemisphere and cyclone in Southern Hemisphere
- Negative values indicate cyclone in Northern
Hemisphere and anticyclone in Southern Hemisphere

J0M -
EQ A

M5

120W 60N :
. F I N \ - :
-8 1z 8 -4 0 4 8 12 18 Anticyclonic Rossby Response

RAIN (FORECAST) day 10-16 init:2015/08/16 [mm/day]

60N | — Upper Troposphere (200hPa)

Anticyclonic
Rossby
Anticyclonic
Rossby

Typical Response Pattern

30N - Active Convection

EQ 1

Equator
305 4
Kelvin

{ﬁ]JMI
60E 120E 180 120W GOW 1]

605
]
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e I I B I
How to use NWP charts for One-month forecast

s S A Lk
[Step 3] Check out tropical convection response.

son P SI850 (FORECAST) doy 10—16 init:2015/09/16 1,0E6[ms=2/s]
) - -

PSI850 (i.e. Stream function at 850hPa)

- Positive values indicate anticyclone in Northern
Hemisphere and cyclone in Southern Hemisphere

- Negative values indicate cyclone in Northern
Hemisphere and anticyclone in Southern Hemisphere
- Tropical cyclones sometimes genesis in strong
cyclonic circulations.

30N -
EG

H05 1

BOS

Cyclonic Rossby Response

G0N -

— Lower Troposphere (850hPa)
30M 4 Active Convection

EQ 1

Equator
305 4

Kelvin

BOE 120€ 180 120W BOW 0

605
]

Typical Response Pattern
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How to use NWP charts for One-month forecast
HEEEEB

A Rossby Wave train is seen

along polar jet stream [Step 4] Check out Rossby wave activities

so 51200 Fpﬂ/ECAST} doy 3-9 init:2015/09/16 +1.0E6[ms2/s]

T w ——  F Uﬂ——— A

A Rossby Wave train is seen
along subtropical jet stream

JOM 1

It is guessed that the strong positive anomaly
___ over the North Pacific is caused by not only
tropical convection but also Rossby wave
train along the subtropical jet stream.

EQ -

3051

A Rossby Wave train is seen
along subtropical jet stream
A Rossby Wave train is seen but unclear in Z500 figures.

along polar jet stream
ORECAST) day 3-9 init:2015/08/16 [m]

GON 7=z

Z500 (FORECAST) day 3-9 init:2015/09/16 [m]

30M |

Z500 maps are well used for

. | mid-and high- latitude forecast.

- { Northern hemisphere maps are
also available for Z500.

EQ

305 1

s)JMh

T % w % bW

Contours indicate predicted values. Shading indicates anomaly.
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How to use NWP charts for One-month forecast
HEEEEB

[Step 5] Check out the other figures

PSEA (FORECAST) daoy 3—9 init:2015/09/30 [hPa]

PSEA (i.e. Sea Surface Pressure)
Sea Surface Pressure is often used to
know the strength of Pacific High,
Siberian High, Aleutian Low and so on.
These are important for mid- and high-
latitude forecast.

Both tropical and northern hemisphere
view are available.

Weak North Pacific High

ﬁu"_TFGRFCf;) doy ;f;n;zgmfﬂ L] . | 1130 omec) 39 ens/ouss [ Temperature o

U NGV e e S ) Model output temperature is important
to check statistical guidance reliability.
If temperature of guidance is different
from that of model, you should
investigate the cause.
Surface temperature with tropical view
and 850hPa temperature with northern
hemisphere view are available.
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Animation for One-month Prediction
HEEEEB

Initial date: [20150818 v]  Forecast lead time:

Setting for Animation

| Oldest (lead Day =11) || -1 day || hitial || +1day || Termiration (kad Day +28) | Animation: | start || Stop | | <<(Sow) || 5 (Fast) |

| wesk—1 || wegh—2 || week—3 || week—4 |

Parameter: [GHIZ200 (Tropics) ~]

JMA One=month Prediction (ANL/ESBL)

N 2015.09.13-2015.09.19 INITIAL DATE: 2015.00.16

Forecast charts for one-month forecast
: S R e are also available as a daily animation.
g T A S g % 2| But authentication is required to

on LR el G~ N iy access the animation product.

In addition, high speed internet access

2o ] Vi WL Is necessary for smooth animation.
0
EQ M - - 1-" - J 2015.09.26-2015.10.02 \Ju o 2| Ll “"2°‘5°""5
X ’ 7 3 " ~ < T .u
205- \ =3 ) 4 ; / > -p\\ . - P » \ H
b N 3 7> \ s
405 - 0 ) o / \ b
505 180 120W 6OW 0 I
[ [ [ | ——
0 2 4 6 8 [x1e6 m2/s]
Black Contour: Forecast (or Analysis) of welocity potential at 200 hPa (unit is -
ioew2/s]. contour interval 1o 2IgE2e), G a0 A You can see additional contents such as
(nit Is DI0Gn 2751, Contour Interval is SX10°GN"Dfs.). = e probability and spread maps for Z500 in
Shading: Forecast for Analysis) of velocity potential anomaly at 200 hPa (unit is

the animation product.

Contours indicate predicted values. Shading indicates anomaly.
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Extreme Weather Forecast
R ER®ER

* The EFl is measure of the difference between the probability distribution of a
real-time forecast and a climatological distribution (Lalaurette 2002, 2003).

* JMA uses a revised version of the EFI called the Extreme Forecast Index (revised)
in which weight is added to the tails of probability distributions (zZsotér 2006).

Definition of the revised EFI
Cumulative (dashed line) and probabilistic density

(solid line) distribution of forecast and climate (Zsoter 2006)

1.0

09 { T2 Sima e 7 P lgpr . _2(P—F®

08 |~y 1| : revised = 0 /p(1— p)
S, 0.7 / !
= 05 I F(p)
g 0.5 - / i All forecast members exceed
S 04 ; / / . the 100" percentile of the climatology
= Climate
O g5

0.2 - Forecast

0.1 4

0 0 e I T 0 (p} 0

8-7-6-5-4-3-2-10123 45678 All forecast members are bellow
Threshold the 0t percentile of the climatology 0

http://ds.data.jma.qgo.p/tcc/tcc/gpVv/EFIl/index.php
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Extreme Weather Forecast

JMA One—manth Prediction JMA One—month Prediction Meteogram (lon,lat)=(67.5,25.0)
EFIR—baosed warning map init: 20150617 valid: 6:20—6:22 elm: T SURF init: 20150617 average(day): 3
: : : o Extrem_e Forecast Index (revised)
""" : F o Forecast '
L C S 08
0.6
0.4
........ o
0-
—0.21
gttt zes i s R I
e ( ~°1 Meteogram at Karachi Climate
—0.8 g MAX
-1
L Forecast and Hindcast [°C] E
’ S M t
AAA”AAAT -_: IYYYY) AAAAAAAA'?;\ 5 ’ - ~ 38%

40E 60E 80E 100E 120E 140E 160E 37 MIN
M Very warm Warm M Very cold M cold
@ Heavy precip. Precip. A Strong wind A Wind 344 Forecast
MAX
T2m, RAIN, WINDBS0 Percentile (20un.2015-220un.2015) 3 ! 80th
. : 50t
e AnaIyS|s 21 - 20t
— MIN
ﬁ%‘i 78120 19521 20222 21-23 22-24 2325 24-26 25-27 26-28
. : . gl ey This is an example succeeded to forecast
| g P &Q}A B | extreme weather. A heat wave hit Karachi city in
el R i I Pakistan on 19-23 June 2015. Then the 3-day
O# .g?‘:: . % \,.(, mean EFI warned “very warm” condition and the
104 | . 000000+ TN . )
20°E 40°E 60°E 80°E 0UE 120°F 140°E 3-day mean EPS meteogram also indicated
06 510 909 95100 (B extreme hot temperature at Karachi.
7850 m = m
RAN @ [ ]
WINDBS0 A A
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HEEEN
Probabilistic Forecast for Seasonal Prediction

JMA Seasonal Forecast (Forecast initial month is 09 2015)

Most likely category of Precipitation for OND 2015 Probability distribution from the

60N T—=—

direct model output

50N 4

m.';,  Ygm | ] ) - ! Numerical guidance
SNTY, o e L (Statistical technique
2on el o A w - Ty F based on hindcast)

Calibrated probabilistic forecast
(one of the statistical guidance)

208 :
30E 40E S0E G0OE 70E BOE 90E 100E110E120E130E140E150E160E170E 180 170W

Probability (%) of Most Likely Category

Below Normal Normal (>35%) Above Normal 8)JMA
35 40 50 60 80 35 40 50 60 80 MOdIflca_t'l_on_ Of I/‘\‘
JMA Seasonal Forecast (Forecast Inftial month is 09 2015) pro babilistic N A
Probabllity Forecast for the grid (65E , 2.5N) . . g ! \
Surface Temperature Pracipitation Sea Surfoce Temperature d IStrI b Utl O n " \
100 100 100 1
90 { 90 (1) \‘
B0 80 80
%?0 1 %?0 1 E 70
LR B B0 2 &0
£ 50 £ 504 Es0
= 404 2= 40 = 40
Esu_ E 304 E gg 4 ——
201 201 20 =
10 104 10 . .
Ealuw_Normul Normal Above_Normal Elluw_Normul Normal Above_MNormal Ellnw_ﬂamu:l Mormal Above_Nermal Exam ple Of Cal I bratlon
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El Niino Monitoring & Outlook

) = lolgye Clirmerte Center i)
@)mgﬁ WME Reglonal Climate Center in RA Il (Asia) @WMO

/_\ © TCC home © About TCC © Site Map © Contact us

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

World Climate System

Climate Monitoring

HOME

I What are WMO RCCs? 2 RSS I Links

WMO Regional Climate Centers (RCCs) are centres 15 sentember 2015 NEW
of excellence that create regional products
including long-range forecasts that support » Update
regional and national climate activities, and
thereby strengthen the capacity of WMO Members
in a given region to deliver better climate services
to n;ltional u?_;ers. 2015, PDF) 0.97MB)

I - Menthly Report (August 2015)

RCC F ti
unctions - Seasonal Report (June 2015 - August 2015)
14 Septembey 2015 NEW

IJapan Meteorological Agency

Information: Climate System » General Information on Climate of Japan

¥ Japanese 55-year Reanalysis (JRA-53)
¢ Climate Risk Management NEW

w

Maonthly Climate Statistics for Japan

w

Tokyo Global Information System Centre
(GISC Tokyo)

World Data Center for Greenhouse Gases
tion: World Climate (WDCGEG)

fAugust 20151 Satellite Imagery of HIMAWARI-S

WMO RCCs perform the following set of mandatory
functions covering the domains of long-range

forecasting (LRF), climate monitoring, data » Updated Infor
services and training.

£

£

- Monthlv Repo

Click “El Nifio Monitoring ” Tab
on the top page of TCC website.

TCC website
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El Niino Monitoring & Outlook

El Nifio Monitoring and Outlook

JMA operates the Ocean Data Assimilation System and the El Nifio Prediction System (an ocean-atmosphere
coupled model) for monitoring and prediction of El Nifio-Southern Oscillation (ENSO). Monthly diagnosis
reports, ENSO monitoring products, ENSO indices and El Nifio outlooks are available on this page.

I Main Products

I Latest Products last updated : 20 Oct 2015 I ENSO Impacts
» El Nifio Outlook # Global Climate
+ Figures and Tables # Atmosphere Circulation (Explanatory Motes)

YOU can COanrm » Historical El Nifio and La Nifia Events
Current OCeaHIC _ » Download El Nifio Monitoring Indices

» Model forecast of SST anemalies for Mifio regions

condition and future . —
outlook here. » SST and Anomaly

# Longitude-Depth Cross Section along the Equator
Gridded Data
» Download SST (COBE-SST from 1891 to the latest month)

I Model Descriptions & Analysis Procedures

» Explanation of El Nific Monitoring Indices

» Description of JMA's Seasonal Ensemble Prediction System (JMA/MRI-CPS2) since June 2015 MEW
» Description of Ocean Data Assimilation System (MOVE/MRL.COM-5E2) since June 2015 NEW

» Description of Daily Sea Surface Temperature Analysis for Climate Monitoring (COBE-SST)

# The Characteristics of the Global Sea Surface Temperature Data (COBE-S5T)
- Monthly Report on Climate System Separated Volume Mo.12 -

IDecadaI Oscillation

+ Pacific Decadal Oscillation (27 aprzo15

» Explanation

noan Faon
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El Ninho Monitoring & Outlook
s s Fr QgL

Current Oceanic Condition Indices
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Summaries

M Predictability
- There are 2 kinds of predictability.
Predictability of 15t 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 One-month EPS
- High-resolution AGCM is used for one-month forecast (Predictability of 15t kind).
* Predicted precipitation tends to be larger than analysis in tropics.
- MJO is predictable up to 25 days.
However, the biases of smaller amplitude and faster propagation is seen.
* Frequency of blocking-high is a little less than that of analysis.
M Seasonal EPS
- CGCM is used for seasonal forecast (Predictability of 2"d kind).
- Not only ocean model but also sea ice model were coupled.
* Tri-polar grid made it possible to cover full ocean.
* Representation of historical warming trend has been improved by consideration of 6 GHGs.
* Prediction skill for NINO3, NINO.WEST and IOBW depends on season.

TCC Training Seminar 2015 69


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

References

R ER®ER
B NWP Model Prediction

» One-month EPS
NWP charts

Animation
(authentication required)
Forecast Products in Support of Early Warnings for Extreme Weather Events (Extreme Forecast Index)
(authentication required)
Verification

» Seasonal EPS
NWP charts

Probabilistic Forecast

Verification

* Gridded Data
(authentication required)

B EIl Nino Monitoring & Outlook

TCC Training Seminar 2015 70



http://www.jma.go.jp/jma/
http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/1mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/1mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/1mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/1mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/1mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/1mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/gpv/model/Anime.1mE.experiment/anime.e.php
http://ds.data.jma.go.jp/tcc/tcc/gpv/model/Anime.1mE.experiment/anime.e.php
http://ds.data.jma.go.jp/tcc/tcc/gpv/EFI/index.php
http://ds.data.jma.go.jp/tcc/tcc/gpv/EFI/index.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/verif/1mE/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/verif/1mE/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/verif/1mE/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/zpcmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/zpcmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/zpcmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/7mE/map1/zpcmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/7mE/map1/zpcmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/7mE/map1/zpcmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/pztmap.php
http://ds.data.jma.go.jp/tcc/tcc/products/model/probfcst/3-mon/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/probfcst/3-mon/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/probfcst/3-mon/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/probfcst/3-mon/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/probfcst/warm_cold_season/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/probfcst/warm_cold_season/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/verif/4mE/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/verif/4mE/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/hindcast/CPS2/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/hindcast/CPS2/index.html
http://ds.data.jma.go.jp/tcc/tcc/gpv/index.html
http://ds.data.jma.go.jp/tcc/tcc/gpv/index.html
http://ds.data.jma.go.jp/tcc/tcc/gpv/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/elnino/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/elnino/index.html

