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B THR > FRALHE T REEEIRENVEHE T - SUEH A S2S B -

TIGGE #1 S2S ERMEFEF BN FFHAK A FHER 0 (European Centre for
Medium-Range Weather Forecasts * EQMWF)f1H &5 /5 (China Meteorological
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HERB % OMHEISHE Dr. Nils Wedi B ZETEHLHME Dr. Martin
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SRS TR,

Andrew Robertson (ZKH EEEHmIbin REZEIE R EE L EHTEHE) /148
BUPE R Bt S iH9EfE (International Research Institute for Climate and
Society » IRT)ERHEHEAYAME LUK (L A ERFEZ/ 1 (Application Programming
Interface » APT) HYJTEUEBAIAKAYEEfE

Martin Leutbecher (ZKH ECMWF) 71487 HET BECMWF S EE7EER{H Y 28
05k Btk @& Bt E BB % B ) %) B #8 #5 (Stochastically Perturbed
Parameterization Tendencies » SPPT) K ENJIAZ O ZCHET T > So ML RE A
FZ% 15 285 (Mul ti-Model Ensemble)fJiEE -

Michael Denhard (ZREEEIRS/E) Jr4EfEEIRS /R (DWD)Framery =
(ICON-EPS) » PAReLE#sz ECMWE ~ NCEP #8251 » 5 i AR5 8 (Ex t reme Weather
Index » EWI) FHERIVFIZ4ER -

Yuejian Zhu (ZKE FEEIERERSETHAEE TEHE L) 7/ r4H H AT NCEP 23K &
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LRSI TR RS A B AVAE R -
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Helen Titley (ZRKEZEEIREm) M@ EFHAE TIGE o 2 R lE
(Tropical Cyclone » TC)ERMEFIZ R BIEAIE - B EESISTHER (Track) ~ a3
TR THHE (Strike Probability) » MHEASRWHIR » TIGGE AR E ZHEFHEREL
B — 2T AR R R -

Paul Dirmeyer (ZKHFEEIEGHEANRE) /raga2E s H 25 H iV
CEPRTEIRIIRCES - \AES AT 2 [EEBIAEHE HFEHiI1] equation) » FEiEEEM
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Ay faE AR -
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Amulya Chevuturi (ZREILEIEIZRERERSLL > NCAS) 2 T PEE]
BGH RIS K DL ZENERSE » (1 S2S BRHEENTEET ~ £ - ECMWE HYZRTH
e - BRG] IR TR REK RS » 6 211 8 A A RZENTHIAS R » 55 1 F/Y
THIRGS AT » REFEE 2 & /9B THERRES]

Alexey Karpechko (ZREZFEIRZWIZRAT) 547 2018 FHIFiJE
BE o 1€ S2S BRHERURE AR 12-13 RAVATFHHRSE -

Samson Hagos (RESEEPHILAFFEARERZE) faH MO HomlEmRk
AIRRAYFZENE - T MO #Y A FHER A /K R VR S FRATE B2 -
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Tames Goerss (PREEEUVSHEMFTERE) /M4EERIET 2017 FReE S
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Daniel Collins (ZKHEFZEBFERESHHBRMBERM L)) rEEERIRIETH
#H0a (CPC) P FH Y S0 S R E i (SubX) R R 2B IE 574 » iMisdsmBE s
HRZ B SR AY 21507 A T UE R B A4S R - MBS aIE TR iR 2 B
1% &S AN PRI -

Johanna Ziegel (KEIGILARIAE) /M4aEEH%E2 7 #filElER (Isotonic
Distributional Regression > IDR)AEITERMRAEIL - (HREHREREGERIE
HEAE R 55 (Bayesian Model Averaging > BMA) B/E Z SR AL HH 45T
(Ensemble Model Output Statistics > EMOS) 4RSS HYESS » gt 7 AT
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Clair Barnes (CREMRBUNEREERE » 4iatFIEEZ) AL I A H A
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FEBRATELIR » 4 % Bt 2 g PRI - T3 HB DA FEE T AR T MJO
£ 3~ 4 BATTEECERER: -
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Andrea Manrique-Suiién (ZREPEPEA T ZEEGBEAGTRERFL) /M40
A BRI RIEIRFETES (S254E) » SRt EESE | IR EREFIREY
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Yuhei Takaya (2KRE HARREERSEWIFAT) N A EHITEERIEES
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Thea Turkington (ZKEFIINESRE) PRETIER MAETTHY S2S ZRENTHHI
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Workshop on Predictability,

dynamics and applications
research using the TIGGE
and S2S ensembles

#TIGGEandS2S

2 - 5 April 2019

WATCH THE TALKS LIVE: https://ecmwf.adobeconnect.com/ecmwfevents/

All times are BST

Programme

13:15-13:45
13:45-14:15

Session 1

14:15-14:45
14:45-15:15

15:15-15:30

15:30-16:00

Session 1
continued

16:00-16:15

16:15-16:30

Registration

Introduction
Predictability and dynamics

Flow-dependent predictability of
wintertime Euro-Atlantic weather regimes
in medium-range forecasts

The role of stratosphere-troposphere
coupling in sub-seasonal to seasonal
prediction using the S2S database
Stratospheric influences on subseasonal
predictability of European energy-industry-
relevant parameters

Coffee break
Predictability and dynamics

Understanding predictability of the MJO in
S2S enesemble

MJO Impact on Temperature Extremes
over Australia during Austral Spring

ECMWF, Shinfield Park, Reading, Berkshire, RG2 9AX, UK

15

Weather Room
Florian Pappenberger (ECMWF)

Chair - John Methven
{University of Reading)

Mio Matsueda (Center for
Computational Sciences,
University of Tsukuba)

Andrew Charlton-Perez
(University of Reading)

Dominik Bleler (Karlsruhe
Institute of Technology)

Weather Room
Chair - Frederic Vitart (ECMWF})

Shuyi Chen (University of
Washington)

Harry Hendon (Bureau of
Meteorology)



Workshop programme - continued

16:30-16:45

16:45-17:00

17:00-17:15

17:15-19:15

Session 2

09:00-09:25

09:25-09:45

09:45-10:15

10:15-10:30

10:30-10:45

10:45-11:45
Session 2
continued

11:45-12:00

12:00-12:15

Session 3

12:15-12:45

12:45-13:00

13:00-14:00

Extratropical predictability from the Quasi-

Biennial Oscillation and the MJO in S2S
models

Intra-seasonal and Seasonal Variability of
the Northern Hemisphere Extra-tropics

Subseasonal Forecast Skill over the
Northern Polar Region in Three
Operational $2S Systems

Posters and drinks reception

Database Technical Development

The technical development of the TIGGE
and S2S databases

TIGGE and S2S status and developments at

CMA

The S2S Data Base in IRl Data Library:
Maprooms and online analysis tools

Ensemble forecasting at ECMWF

The global ICON-EPS: a contribution to
TIGGE?

Coffee break
Database Technical Development

An Assessment of Predictability and
Prediction of NCEP GEFS for Subseasonal
Forecast

Using the S2S Database to Evaluate the
Performance of the Navy Earth System
Prediction Capability (ESPC) Ensemble

Prediction and verification
Receiver Operating Characteristic (ROC)

curves

A verification framework for South
American sub-seasonal precipitation
predictions

Lunch break

ECMWF, Shinfield Park, Reading, Berkshire, RG2 9AX, UK
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Chaim Garfinkel (Hebrew
University)

Cristiana Stan (GMU)

Hai Lin (Environment and
Climate Change Canada)

Lobby/Weather Room

Chair - Richard Mladek
(ECMWF)

Manuel Fuentes (ECMWF)

Xing Hu and FeiFei Yang (China
Meteorological Administration)

Andrew Robertson
{International Research Institute
for Climate and Society)

Martin Leutbecher (ECMWF)

Michael Denhard (Deutscher
Wetterdienst)

Weather Room

Chair - Manuel Fuentes
(ECMWF)

Yuejian Zhu
(EMC/NCEP/NWS/NOAA)

Matthew Janiga (Naval Research
Laboratory)

Chair - Manuel Fuentes
(ECMWF)

Tilmann Gneiting (Heidelberg
Institute for Theoretical Studies)

Caio Coelho (CPTEC/INPE)



Workshop programme - continued

Session 3
continued

14:00-14:15

14:15-14:30

14:30-14:45

14:45-15:00

15:00-15:15

15:15-15:45

Session 3
continued

15:45-16:00

16:00-16:15

16:15-16:30

16:30-16:45

16:45-17:00

17:00-19:00
19:00-21:00

Prediction and verification

Spread of global 2-meter temperature
analyses: disentangling forecast systematic
errors from mis-estimation of ensemble
spread

Use of TIGGE/Global Ensembles in Tropical
Cyclone Research and Operational
Forecasts

Achieving seamless verification across sub-
seasonal time scales from weather to
climate

Uncertainties in Extended-Range
Precipitation Forecasts: Model Biases or
Predictability Limits

Ensemble Prediction and Predictability of
Extreme Weather via Circulation Regimes

Coffee break
Prediction and verification

Ensemble forecasts for the midlatitudes on
sub-seasonal time scales (10-60 days):
exploring new products for predicting
Atlantic-European weather regimes

Prospects for subseasonal sea ice
prediction at both poles

Assessment of prediction skill for sub-
seasonal rainfall variability over Brazil in
ensemble-based prediction systems

Predicting Sudden Stratospheric Warming
2018 and its Climate Impacts with a Multi-
Model Ensemble

A zonal component of monsoons and the
variability in the strength of the Madden-
Julian Oscillation events

Poster session

Workshop dinner

ECMWF, Shinfield Park, Reading, Berkshire, RG2 9AX, UK
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Chair - Laura Ferranti (ECMWF)

Tom Hamill (NOAA ESRL PSD)

Helen Titley (Met Office)

Paul Dirmeyer (George Mason
University)

Mingyue Chen (Climate
Prediction
Center/NCEP/NWS/NOAA)

Kathleen Pegion (George Mason
University)

Weather Room
Chair - David Richardson
(ECMWF)

Christian M. Grams (IMK-TRO,
Karlsruhe Institute of
Technology (KIT))

Lorenzo Zampieri (Alfred
Wegener Institute)

Amulya Chevuturi (NCAS)

Alexey Karpechko (Finnish
Meteorological Institute)

Samson Hagos {Pacific
Northwest National Laboratory)

ECMWF Restaurant



Workshop pregramme - continued

Session 4

09:00-09:30

09:30-10:00

10:00-10:15

10:15-10:30

10:30-10:45
10:45-11:15
Session 4

continued

11:15-11:30

11:30-11:45

Session 5

12:00-12:30

12:30-12:45

12:45-13:00

13:00-14:00
14:00-14:15
14:15-15:30

Prediction and Verification Multi-model
approaches to prediction

Ensemble Tropical Cyclone Forecast
Performance and Prediction of Ensemble
Forecast Error

Multi-model Prediction on Subseasonal
Timescales at the US NOAA Climate
Prediction Center: Approaches to
Calibration and the Identification of
Forecasts of Opportunity

Isotonic Distributional Regression (IDR): A
powerful nonparametric calibration
technique

A Bayesian framework for postprocessing
multi-ensemble weather forecasts

Benefits of a multimodel approach for
forecasting precipitation over New
Caledonia (SW Pacific) at $2S timescales

Coffee break

Prediction and Verification Multi-model
approaches to prediction

Subseasonal Prediction of European
Summer Heat Waves in the S2S Hindcast
Ensembles

Experimental subseasonal forecasting of

atmospheric river variations for western N.

America during Winters 2017-2018 and
2018-2019

Application studies

Quantifying and attributing predictable
signals on sub-seasonal timescales

Digiscape: A one-platform solution for
seasonal climate integration into
Agriculture.

A flood alert system for Switzerland based
on integrated water vapor fluxes

Lunch break
Description of working groups

Working groups

ECMWF, Shinfield Park, Reading, Berkshire, RG2 8AX, UK
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Chair - Craig Bishop (NRL)

James Goerss (SAIC, NRL
Monterey)

Daniel Collins (NOAA Climate
Prediction Center)

Johanna Ziegel (University of
Bern})

Clair Barnes (Department of

Statistical Science, University
College London)

Damien Specq (Météo-France)

Weather Room

Chair - Mark Rodwell (ECMWF)

Ole Wulff (ETH Zurich)

Michael DeFlorio (Center for
Western Weather and Water
Extremes)

Chair - Mark Rodwell (ECMWF)

Dan Rowlands (Citadel)

Jaclyn Brown (CSIRO Agriculture
and Food)

Jonas Bhend (MeteoSwiss)

Lecture Theatre
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15:30-16:30
16:30-18:00

Session 5
continued

09:00-09:30

09:30-09:45

09:45-10:00

10:00-10:15

10:15-10:30

10:30-11:00
11:00-12:00
12:00-13:00

Posters and coffee break

Working groups

Application studies

Transmuting S2S forecasts into
applications

The S2S4E project, sub-seasonal to
seasonal climate predictions for energy

Drought Monitoring and Prediction Using
Sub-Seasonal Predictions

Developing capacity of Southeast Asian
countries to apply subseasonal-to-seasonal
forecasts in impact forecasting tools

Subseasonal forecasting for the
telecommunication network

Coffee break
Working groups

Plenary session

ECMWF, Shinfield Park, Reading, Berkshire, RG2 SAX, UK
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Lobby/Weather Room

Chair - Andrew Robertson (IRI)
Angel G. Mufioz (IRI - Columbia
University)

Andrea Manrigue-Sufién
(Barcelona Supercomputing
Center)

Yuhei Takaya (MRI/JMA)

Thea Turkington (Meteorological
Service Singapore)

David Brayshaw (University of
Reading)

Weather Room

Lecture Theatre
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Workshop on predictability,
dynamics and applications research
using the TIGGE and S2S
ensembles

2 - 5 April 2019

Poster presentation schedule

17:15-19:15: Session 1

The ECMWF land surface scheme and its initialisation in $2S Gianpaolo Balsamo

reforecast applications ECMWF

Comparison of mean data assimilation increments from different Craig Bishop

centers using TIGGE Naval Research Laboratory

GMAO Seasonal Forecast Ensemble Exploration Anna Borovikov
NASA/GMAOQ/SSAI

Understanding skKill in probabilistic predictions of system-wide David Brayshaw

wind power generation in Great Britain University of Reading

Influences of teleconnection patterns on South America in Iracema Cavalcanti

subseasonal to seasonal models hindcasts National Institute for Space Research

An Evaluation of Forecast Performance for North Atlantic Guokun Dai

Oscillation Onsets Fudan University

Predicting summer rainfall in coastal northeast Australia for Kavina Dayal

improved farming practices in sugar cane CSIRO

Laura Ferranti
ECMWF

Bruno Guimaraes
Centre for Weather Forecasting and Climate
Studies and University of Reading

Predictions of high impact weather events

Performance of the Brazilian Atmospheric Model for Sub-
Seasonal Predictions

Alexander Henzi
University of Bern, Institute of Mathematical
Statistics and Actuarial Science

Calibrating ensemble forecasts of quantitative precipitation: An
emprical comparison

Extratropical prediction skills of the subseasonal-to-seasonal Sangwook Kim
(S28) prediction models Seoul National University
Naomi Kumi

Performance evaluation of an $2S model in predicting rainfall

onsetover West Africa Dept. Environmental and Geographical

Science, University of Cape Town

ECMWF, Shinfield Park, Reading, Berkshire, RG2 9AX, UK
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Performance of the Sub-seasonal Forecasting of the Asian

Summer Monsoon by BCC-CSM1.2

Global precipitation hindcast quality assessment of the
Subseasonal to Seasonal (S2S) prediction project models

Early warning products for severe weather events derived from
operational medium-range ensemble forecasts

Performance of Global Ensemble Prediction System for
extremely warm days over Asia in spring 2018

Understanding the influence of global climate drivers on
monsoon onset variability in Nigeria using S2S models

The TIGGE Tropical Cyclone Track Dataset Archive at NCAR

Optimising the use of ensemble information in forecasts of wind

power generation

An assessment of the skill, sources of predictability and the
climatological biases within sub-seasonal precipitation

hindcasts over Africa

The 45 Days CWBGFS Ensemble Prediction System Based on

Singular Vectors

$28 prediction at ECMWF

Operational forecast products for studying large-scale flow

variability in the Atlantic-European region

17:00-19:00: Session 2

On the predictive skill of climate indices in seasonal forecasts

Accounting for multi-model ensemble dependence and the
Ensemble Dependence Transformation: an application to climate

projection

S28 forecasting for the European energy system

AgScore - a skill test of climate models for agriculture
Intraseasonal variability over South America using reforecasting
models at sub-seasonal to seasonal timescale

On the Dynamical Downscaling of Multi-model Ensemble
Forecasts for Sub-seasonal Predictions of Extreme Weather

Events

Weakening of the teleconnection of El Ni'no-Southern
Oscillation to the Arctic stratosphere over the past few decades:
What can be learned from subseasonal forecast models

Sensitivity evaluation based on initial condition and search for

optimal ensemble technique

Optimal ensemble size for subseasonal-to-seasonal (S2S)

prediction system

ECMWF, Shinfield Park, Reading, Berkshire, RG2 9AX, UK
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Qiaoping Li
Beijing Climate Center, China
Meteorological Administration (CMA)

Felipe Marques de Andrade
University of Reading

Mio Matsueda
Center for Computational Sciences, University
of Tsukuba

Kenta Ochi
Japan Meteorological Agency

Eniola Olaniyan
Nigerian Meteorological Agency

Douglas Schuster
National Center for Atmospheric Research

Jeremy Stanger
University of Oxford - Atmospheric, Oceanic
and Planetary Physics

Elisabeth Thompson
University of Reading

John Chien-Han Tseng
Central Weather Bureau, Taiwan

Frederic Vitart
ECMWF

Jan Wandal

IMK-TRO, Karlsruhe Institute of Technology
(KIT)

Jonas Bhend
Federal Office of Meteorology and Climatology
MeteoSwiss

Craig Bishop
Naval Research Laboratory

David Brayshaw
University of Reading

Jaclyn Brown
CSIRO Agriculture and Food

Iracema Cavalcanti
National Institute for Space Research

Manpreet Kaur
Indian Institute of Tropical Meteorology
Pune

Chaim Garfinkel
Hebrew University of Jerusalem

Hyunjun Ham
NIMS

Sangwook Kim
Seoul National University



Improving predictability of monthly mean temperature forecasts
in Northern Europe during boreal winter by the QBO

The Use of Multi-Model Ensemble Clustering in The Weather
Prediction Center’s Extended Range Forecast Experiment

Predictability of Wet and Dry spells in West Africa

Predicting 2-m temperature with the CNR-ISAC subseasonal
forecasting system

The TIGGE and S2S Museums - websites of ensemble forecast
products -

Model climatology of the intraseasonal oscillations in S2S
models

Predicting heat stress: using $2S models for a heat warning
system

Short to medium range forecasting skills of the GFS model

Evaluation of Sub-Seasonal Forecasts of Weekly Number of Dry
Days with ECMWF Extended Range Forecast

Preliminary Evaluations of the Extended-Range Tropical Cyclone

(TC) Forecasts in the Western North Pacific and Taiwan Area by
using the ECMWF S2S Forecasts

Sub-seasonal predictability of extreme European weather
events.

Representation of synoptic-scale Rossby wave packets and
blocking in the S2S prediction project database

The utility of sub-seasonal to seasonal forecast information for
agricultural risk assessments

15:30-16:30: Session 3

This session is unallocated

ECMWF, Shinfield Park, Reading, Berkshire, RG2 9AX, UK
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Mio Matsueda
Center for Computational Sciences,
University of Tsukuba

Masuo Nakano
Japan Agency for Marine-Earth Science
and Technology (JAMSTEC)

Jan Rajczak
MeteoSwiss

Priyanshi Singhai
Indian Institute of Science, Bangalore,
India

Wee Leng Tan
Meteorological Service Singapore

Hsiao-Chung Tsai
Central Weather Bureau, Taiwan

Chiem van Straaten
KNMI

Frederic Vitart
ECMWF

Matthew Young
National Centre for Atmospheric Science
and University of Reading
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1. The ensemble prediction system

The Taiwan Central Weather Bureau global forecast system
(CWBGFS) has been providing 45 days 20 ensemble member
prediction once per day on resolution T319L60 model since 1
July 2017. The ensemble perturbations are given by singular
vectors (Buizza ef al, 1993) which are calculated from
northern/southern hemisphere (0°-360° , 209N/S-80°N/S) and
three tropical areas (around 459E-1659E, 20°S-20°N) dry total
energy norm separately. Then, the 20 ensemble perturbations
are composed by these five domains singular vector linear
combination. The CWBGFS ensemble prediction system
(CWBGEPS) setup is shown in Table 1. Moreover, the
Stochastically Perturbed Parameterization Tendency (SPPT)
process (Palmer et al., 2009) is added in CWBGEPS since 19
July 2018. The SPPT uses three different horizontal scales 500
km, 1000 km, and 2000 km random patterns which effectively
increase the original ensemble spread (Fig. 1).

Basically, the smaller differences between the root mean
square error (RMSE) and the ensemble spread, the better
ensemble prediction system is. But, in Fig. 1, there are still
about 15% differences between RMSE (solid line) and
ensemble member spread (dash line). If we compare recently

Figure 1. CWBGEPS with the SPPT
(red) and w/o (black). The RMSE is
shown by solid line and the ensemble the firs three days and have the enough spread.
spread is dash line

means the performance of CWBGEPS is not so
good. The preliminary view is that we should
composite the initial perturbations subtly (enlarge the
amplitude?) or fine tune our SPPT relative
parameters. However, we probably should improve
the CWBGFS itself. Because we find in the first three
days the singular vector perturbations growing well
» and even the initial magnitude just half of NCEP

GEFS (Fig. 2). We are not sure why after three days

those perturbation cannot keep the growth rate like

Table 1. CWBGEPS Structure

cﬂﬁé‘

CWBGFS Ensemble Prediction System

dotorministic model
control run

TS1LED
TIHILEO

resolution ensemble for 45 days TasLe0

TLI and adioint model T42L60

north hemisphere

south hemisphers

initial perturbation
singular vector

Indian ocean

Tropleal area | South China

CWBGEPS results with NCEP GEFS (Fig. 2), we can find the
RMSE of CWBGEPS (black solid line) is larger than NCEP
GEFS (red solid line) and the spread of CWBGEPS (black
dash line) is far smaller than NCEP GEFS (red dash line). That

T W East
Foraceat dayz Philippines

Figure 2. The RMSE and ensemble
spread between CWBGEPS (black)
and NCEP GEFS (dash).

optimization time aghes

ensemble size

Torecast length

In Taiwan, for the fine agriculture, agricultural research institute
needs to estimate which kind of crops should be cultivated in next
season based on monthly, subseasonal or seasonally forecast.
Furthermore, the long term temperature forecast is used for
estimating the insect control or disease prevention in cultivation.
For the agriculture needs, CWBGEPS is in charged of affording
the two meter temperature 45 days forecast at some specific
locations, the greenhouses or the fields. In the future, CWBGEPS
is also going to provide rainfall, solar radiation, relative humidity,
and wind speed/direction for farmers. The Fig. 3 is the example to
show the T2m forecast in Taipei. The green line and red line stand
for CWBGEPS control run and ensemble mean. The gray lines
are from ensemble members. The blue line is high resolution
CWBGFS for 16 days weather forecast. The gray bar marks one
standard deviation of ensemble members, and it somehow
estimates the highly probability range. The green, red and blue
line are always stick together around 5-7 days and then they will
separate and evolve to different curves pattern. The 5-7 days is
the limitation of weather forecast (the period of time more accurate)
and after that 10 days or longer forecast we need to use different
view to explain the forecast. The pentad average forecast or same
target time different initial time forecast average or some kind of
tendency probability could be more appropriate than single
specific value forecast for long term forecast.

2. Downscaling

CWB GFS-GEPS TP T2M

—TTRT

Flgure 3 The 30 days T2m forecasl at
Taipei based on CWBGEPS initial time
20190131 00 UTC 45 days forecast.

Flgure 4. The 45mdays T2m hourly
forecast in Taiwan Sunmoon lake (green)
and Ali mountain (red).

At the same time, it is not so economic to output high time resolution, e.g.,
hourly forecast in 45 days forecast. On the other hand, the hourly forecast variation
is probably not accurate at downscaling location. We can train, the machine
learning method, the specific location real hourly observation and get the hourly
variation regression equation then fit in the daily downscaling 45 days NWP forecast
(Fig. 4). The regression we used is support vector regression. Moreover, the
support vector regression not only gives the hourly variation but also gives higher
spatial resolution possible variation based on ensemble members. Next, we are
going to build neural network learning for fine downscaling Taiwan area forecast
by combining CWBGEPS and observation (Alpaydin, 2014; Hsieh, 2009).

T 2UpE gmipe
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The singular vector perturbations of CWBGEPS reflect the dynamic instability around midlatitude jet stream. However, CWBGEPS cannot have well
spread especially around tropical area. The SPPT can cooperate well with singular vector perturbations and some parameters like vertical profile and the
amplitude factor are still necessary fine tuning. Some interesting energy cascades in midlatitude or tropical areas are worth studying.

There are many jobs in the next stage. They include: for example, how to define the amplitude of singular vector in different time and area, how to
select different singular vector calculation areas, how to compose singular vectors, how to extend the predictability of CWBGEPS, e.g. nudging SST,
coupling ocean, etc.; should we try to use EnKF or others to form ensemble perturbations; what if we do not have TLM and ADJ in next new dynamic core
model and what should we do; is it possible to interpolate current singular vectors into new model grid; what kind of probabilistic products can we
contribute to forecast; what kind of downscaling method can we use in Taiwan; Machine learning or Al can help to raise the downscaling forecast quality
or not.

We can image that the boundary between weather forecast and climate forecast will be getting blurred. The predictive products of NWP model will be
extended to be prescriptive products which are the goal of CWBGEPS.

Alpaydin, E., 2014: Introduction to Machine Learning. MIT press, 640pp.

Buizza R., J. Tribbia, F. Molteni and T. Palmer, 1993: Computational of optimal unstable structures for a numerical weather prediction model. Telfus, 45A,
388-407.

Hsieh, W. W., 2009: Machine learning methods in the environmental sciences: Neural networks and kernels. Cambridge Univ. press, 349pp.

Palmer, T. N., R. Buizza, F. Doblas-Reyes, T. Jung, M. Leutbecher, G. J. Shutts, M. Steinheimer, A. Weisheimer, 2009: Stochastic parameterization and
model uncertainty. ECMWF Technical Memorandum, 598, 42pp.
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