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1. Traveler(s) &3k
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2. Travel Period &%7)%}F
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3. Occasion and destination A} ¥ Z%x

o

- 2t3|H: 2018 HEPEX (Hydrological Ensemble Prediction Experiment) Workshop
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II. Major Activities 2.5 3P| &

1. Main Contents and Activities FaouU4 2 %
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- 'APCC AE=™E MHIAQ CHgt A7) =H 2E (2018 HEPEXEEEH 0 QH)
2018 23 89 Session 7 ‘Operational hydrometerological forecasting services' =& 2fH

HA|SZ: Current status of the operational multi-model ensemble prediction system and
climate service at APCC
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3. Suggestions and Remarks 719]A}&

III. References (Presented and Collected Materials) 2 A=

(with attachment of any information or report in case of attendance of conferences,
workshops and meetings) st&=ds], 1A%, 39 5 F4 A I 4R F A HP
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Day 1 - 6 February 2018 (Tue)

8.15 - 9.00: Registration and coffee; put up posters

9.00 — 9.30: ‘Workshop open — Welcome from local organizers and HEPEX co-chairs

9.30 — 9.45: Welcome to country

9.45 — 10.25: Keynote - Hannah Cloke (University of Reading)
10.25 — 10.55: Coffee break

Session 1 — Regional to Global Scale Forecasting
10551115 QiuhongTang (Chinese Academy of Sciences) - A Hydrological itoring And 1 Forecast System Using
Satellite And Climate Model Data Over China (Invited)

G = TG I‘XIriec:; ‘Werner (IHE-Delft/Deltares) - Are Global Models Skillful In Forecasting Floods, Drought, and Their Impacts In Data Scarce
11.30 — 11.45: Louise Arnal (University of Reading/ECMWTF) - Skilful Forecasts Of Seasonal Streamflow Over Europe?

11.45 — 12.00:

Calumn Baugh (ECMWF) - Using Global Ensemble Forecasts To Issue Flash Flood Warnings

12.00 — 12.15: Andy Wood (NCAR) - Exploring the Application of Ensemble Prediction Methods Across Regional Forecasting Domains
Florian Pappenberger (ECMWF) - Earth System Modelling @ ECMWF - Implications For Hydrology And HEPEX
12.15 — 12.35: (invited)
12.35 — 13.40: Lunch break
Session 2 - Data assimilation for ensemble prediction
Hamid Moradkhani (Portland State University) - Data imilation and post-pr ing in hydrological for ing
13.40 — 14.00: (Invited)

14.00 - 14.15:

Tomoki Ushiyama (ICHARM-PWRI/Kyoto University) - Comparison of Ensemble Flood Forecasts from Two Regional Ensemble
Prediction Systems (EPS): Simple Downscaling of Global EPS and Regional Data Assimilation

Dirk Schwanenberg (Kisters) - Inter-comparison experiment of data assimilation by neural networks and variational state estimation for

14-15 ~ 14.30: different hydrological model structures
14.30 — 14.50: Coffee break
Session 3 — Hydrological modelling for improved forecasts
14.50 — 15.10: Francois Anctil (Université Laval) - Impact of data assimilation on the usage of multiple models (Invited)
0= 655 Albrecht Weerts (Deltares/Hydrology and Quantitative Water Management group) - Improving hydrological modelling/predictions for

15.25 — 15.40:

15.40 —16.00:

the Rhine River in the framework of the IMPREX project

David Zamora-Avila (Universidad Nacional de Colombia) - Functionality And Relevance Of Hydrological Models In Multi-Model And
Multi-Forcing Ensembles From A Bayesian Perspective — A Study On The Magdalena-Cauca Macro-Basin, Colombia

Discussion

16.00 — 17.30:

Poster Session 1 - 21 posters (with drinks)

8.30 —9.00:
9.00 — 9.20:
9.20 - 9.35:
9-35 —9.50:
9.50 —10.30:
10.30 — 11.15:
1115 — 11.35:

11.35 — 11.50:

11.50 — 12.05:

12.05 — 12.20:

12.20 — 13.30:

13.30 — 13.50:
13.50 — 14.05:
14.05 — 14.20:
14.20 — 14.35:
14.35 - 14.55:
14.55 — 15.10:

15.10 — 15.25:
15.25 — 16.00:

16.00 — 17.30:

T




Day 2 - 7 February 2018 (Wed)

Coffee; put up posters

Day 3 - 8 February 2018 (Thu)

Session 4 - Ensemble Weather Prediction

Céline Cattoén-Gilbert (NIWA) - Post-P itation asts From A High Resolution Convective-
Permitting Weather Model For National Scale Shorl Term Flow Forecasting In New Zealand (Invited)

Tom Pagano (Bureau of Meteorology) - Operational Weather Verification At The Australian Bureau Of Meteorology

Xing Yuan (Chinese Academy of Sciences) - Seasonal Predictability Of Atmospheric Moisture Transport Versus Precipitation: Exploring
Precursor For Flood Early Warning Over Yangtze River By An Ensemble Approach

Keynote - Dasarath Jayasuriya (Jaya) (Bureau of Meteorology)

Group Photo and Coffee break

Session 5 - Seasonal streamflow forecasting

Louise Crochemore (SMHI) - Skill Sensitivity In Europe And Site-Specific Di ics Based On Catck

Characteristics (Invited)

Shaun Harrigan (CEH) - Improving Seasonal Prediction Of Uk Winter Streamflow

Bastian Klein (German Federal Institute of Hydrology) - Impact Of Hydrological Model Uncertainty On Predictability Of Seasonal
Streamflow Forecasting In The River Rhine Basin

Daehyok Shin (DH) (Bureau of Meteorology) - The operational seasonal streamflow forecasting service for Australia: assessment and
communication of forecast quality at the national scale

Lunch break

Session 6 - Floods: risk, forecasting and warning

Rebecca Emerton (University of Reading/ECMWF) - Complex Picture for Likelihood of ENSO-Driven Flood Hazard
(Invited)

Maria-Helena Ramos (IRSTEA) - Contribution Of Ensemble Forecasting Approaches To Flash Flood Nowcasting At Gauged And
Ungauged Catchments

Agathe Boronkay (Bureau of Meteorology) - The Use Of Radar-Based Rainfall Observations And Forecasts To Provide Enhanced Flood
Forecasts And Warnings In Australia

Li Liu (Zhejiang University) - The Role Of Hydrological Ensemble Forecasts Of Flood And Its Components Over The Yarlung Zangbo
River

8.30 —9.00: Coffee
Session 7 - Operational hydrometeorological forecasting s
00 - 0.20: Young-Mi (APCC) - Current Status Of The Operational Multi-Mode
9- 9-20: Service Activities At the APEC Climate Center (Invited)
= ) Narendra Tuteja (Bureau of Meteorology) - Opportunities and challenges in delive
9- 9:35: Australian experience
9.35 —9.50: Ilias Pechlivanidis (SMHI) - An Operational Pan-European Seasonal Hydro-Clima
DaSES Charlie Pilling (UK Met Office) - Improving Operational Decision Making And Ser
9:5 050 Communication
10.05 — 10.45: Keynote - Matthew Bethune (Murray-Darling Basin Authority)
10.45 — 11.15: Coffee break
Session 8 — Subseasonal forecasting: bridging medium-term and se
P Luis Samaniego (UFZ-Helmholtz Centre for Environmental Research)
15 350 hindcast experiment (Invited)
11.35 — 11.50: Andrew Schepen (CSIRO) - Is it better to post-process seasonal rainfall and tempe
Rachel Bazile (Université de Sherbrooke) - Comparison Of Several Ensemble Mete
11.50 — 12.05:

12.05 — 12.20:

Seasonal Hydrological Forecasts In A Northern Climate

Fredrik Wetterhall (ECMWF) - Merging Of Extended- And Seasonal Range Foreca
Forecasts

Coffee break

Session 6 (continued) - Floods: risk, forecasting and warning

Schalk Jan van Andel (IHE-Delft) - Does Event-Based Verification Lead To Different Results From Equal-Interval Verification?

Vincent Boucher (Université Laval) - Confidence In Flood Warning System And The Value Of Ensemble Forecasts

Discussion

12.20 — 13.30: Lunch break
Session 9 - Applications of ensemble prediction: hydropower and res
bevam = e Samuel Monhart (ETH/WSL) - Hydr ical Predict
33 3-50: Forecasts To Improve Hydropower Reservoir Operations (Invited)
hesm—nams Richard Arsenault (Ecole de technologie supérieure/Rio Tinto Aluminium) - Sensi
3:50 ~14.05: To Different Hydrological Forecasting Parameters
14.05 — 14.20: Hae Na Yoon (Seoul National University) - Adjustment of reservoir operating rule
e Thomas Chubb (Snowy Hydro) - Use Of Artificial Neural Networks In Short-Term
14.20 - 14.35: Scheme
14.35 — 14.45: Coffee break

Poster Session 2 - 21 posters (with drinks)

14.45 — 15.00:

Session 9 (continued) - Applications of ensemble prediction: hydropower a

Olivier Vannier (Compagnie Nationale du Rhone) - A First Use Case Of Operation:
Production On The Rhone River: Evaluation Of Several Post-Processing Methods

Nathalie Voisin (PNNL) - Sensitivity of power system operations to water availabil

Dinner

150071515 1eteorological forecasts
15.15 — 16.45: Plenary Discussion: What's next in hydrological ensemble prediction?
16.50 — 17.00: ‘Workshop close




Day 4 - 9 February 2018 (Fri)

8.00 —18.00:

Field trip to BoM National Forecast Centre and Melbourne Water Infrastructure (TBC)




Presenting Author ID Co-authors
Anctil, Francois 3 HWO01 Mabrouk AbazaF
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Arnal, Louise 1 HW37 Jess NeumannLo!
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Title

On The Incidence Of Meteorological And Hydrological Processors: Effect Of Resolution And Reliak
A Data Assimilation Scheme To Foster Model Cooperation Within A Hydrological Multimodel Enst
The 2013/14 Thames Basin Floods: Do Improved Meteorological Forecasts Lead To More Skilful H
Long-range Streamflow Forecasts in Drylands

Assimilating P-Band Microwave Soil Moisture Observations To Improve Root Zone Soil Moisture
How Much Can Continental Hydrological Forecasting Services Be Benefited From High-Resolution
Diagnostic Assessment Of Localized Flood Flow Behaviour

Glofas-Seasonal: An Operational Seasonal Global Hydro-Meteorological Forecasting System
Medium Range Ensemble Flood Forecasting In Waikato River Basin, New Zealand

Evaluation Of Fine-Scale Ensemble Seasonal Soil Moisture And Evapotranspiration Forecasts For T
Developing ensemble 7-day streamflow forecasting service for Australia

Can Improved Meteorological Forecasts Improve The Flood Forecasts? A Case Study Of Selected |
Potential For Enhanced Flow Forecasting Through Satellite-Based River Gauging

A Comparison Of Statistical Post-Processing Methods For Short- To Medium-Range Precipitation
Soil Moisture Assimilation For Ensemble Streamflow Prediction

Advancing Our Understanding Of Data Assimilation For Hydrologic Predictions In Changing Catch
Wind And Wave Climate: Design Sea State From Ensemble Forecasts

Hydrometeorological Ensemble Predictions In Switzerland: The Influence Of Pre- And Post-Proces:
Estimation Of The Observation Bias For Remotely Sensed Soil Moisture Using A Bias-Aware Kalme
Assessment of the 2016 flood event on the Seine and Loire river basins using ensemble forecasts
A Software Ecosystem For End-To-End Hydrological Ensemble Modelling Workflows

Does HEPEX Need A New Cutting Edge?

How can ensemble streamflow forecasts inform decisions on the management of environmental f
The HEPEX Seasonal Streamflow Forecast Intercomparison Project

Data Assimilation In Application To Data Validation Of Meteorological And Hydrological Data
HEPEX Data Assimilation Inter-Comparison Experiment

Improvement Of Drought Outlook Using A Bayesian Inference Approach

Schaake Shuffle: Does It Work For All Forecasts?

Development Of A Pilot Forecast Service For Extended Lead Time Flood Forecasts For The Hawke:
A Gibbs Sampler Bayesian Joint Probability Model

Assimilation Of Grace Water Storage And Smos/Smap Soil Moisture Retreivals Into Cable Using P
Assessment Of The Probabilistic Forecasting Of The European Flood Awareness System

GENRE: A Method To Extend Gridded Precipitation Climatology Datasets In Near Real-Time For H
Seamless Rainfall: A Multi-Scale Ensemble Rainfall Forecast Generator

Global Ensemble Data Assimilation For Hydrological Forecasts

Stochastic Updating For Ensemble Hydrological Forecasting

RWsOS: clustered multi-hazard early warning in the Netherlands

Improving ensemble forecasts in Watersheds with seasonal snowpack through data assimilation ¢
Watershed-Oriented Climate Forecast Products For Hydrologic Forecasters And Water Managers
The Contribution Of Ensemble Streamflow Forecast To Water Resources Optimization Scheduling
Operational Drought Forecasting And Skill Assessment Over China

The Impact Of Land Data Assimilation On Global River Discharge Simulations
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JAPCC

#  APEC CLIMATE CENTER

Current Status of the Operational Multi-Model
Ensemble Prediction System and Climate Service
Activities at APEC Climate Center

(Feb. 8, 2018)

Young-Mi Min, Sangmyong Oh, Hyun-Ju Lee, Woo-Seop Lee
APEC Climate Center

2018 HEPEX Workshop, 6-8 Feb. 2018, Melbourne, Australia

Overview of the APEC Climate Center

Asia-Pacific Economic Cooperation (APC) Climate Center (APCC)

!

APEC C‘)mete Center
12 Centum 7-ro, Haeundae-gu, Busan, Rep. Korea




History of the APEC Climate Center

APEC Climate Network AR CIEE

APEC Climate Center Public
endorsed by ISTWG and
endorsed by ISTWG Y

i Organization
SOM establishment ‘ganiz

APEC Climate Center

APEC Climate Center
noted by STMM

10th anniversary

€ 13" APEC Economic
I Leaders’ Meeting

(Rep. Korea, 2005)

2005 15t Senior Official Meeting (SOM) for the 17t “
APEC Ministerial Meeting Summary Report r— - A

41. SOM concluded that this was an important
decision made by the ISTWG and endorsed the
establishment of the APCC.

Mission of the APEC Climate Center

To enhance the socio-economic well-being of member economies by utilizing
up-to-date scientific knowledge and applying innovative climate prediction

techniques.
¢
&5 ¢ O

) ‘.‘
¢

Climate Prediction
APCC produces value-added, reliable,
and real-time climate prediction information
and provides the APEC region with it.

Interdisciplinary Research

APCC leads in the development of interdisciplinary
research and application techniques at the
climate-environment-society nexus.

Climate Information Services International Cooperation

APCC strives to be a key climate database center to distribute

APCC guides developing countries from the APEC
climate data, information products, and related tools.

region toward building their own capacity to produce
reliable climate prediction information.




APCC Activities

Climate Prediction & Information Service

v’ http://www.apcc21.org

& [ |G | @ |

Seasonal BSISO Climate Data
Forecast Forecast Licioned Service

Climate Information Information Service System

Multi-Model Ensemble

* Producing skillful real-time climate predictions and developing a value-
added reliable climate prediction system based on a Multi-Model Ensemble
(MME) technique.

Anomaly Pattern Correlation Operational Institute/Organization
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Why MME is better?

Average skill of all models ‘

®1—
[

(r)r--——[ Inter-dependency among models ‘

* Error cancellation
*  Wider Prob. distribution

0.9 — Precipitation Global [0-360E, 90S-90N] |-
Not always but
0.6 _;?-‘ mostly similar to
g 03— e best performing
< 00 : i model (changing)
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APCC MME Prediction System

* The world’s largest MME system based on international cooperation to
generate monthly rolling 3-month and 6-month MME climate outlooks.

Multi-institutional Cooperation

pustatan Gorment
Beasol Hotwooonr

Metorological Senvice of
Canada.
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Australia

Canada

China

Chinese
Taipei

Italy

Japan

Korea

Peru

Russia

UK

USA

m Organization/Institute

Bureau of Meteorology (BoM)

Meteorological Service of Canada (MSC)
Beijing Climate Center (BCC)

Institute of Atmospheric Physics of China (IAP)

Central Weather Bureau of Chinese Taipei (CWB)

Euro-Mediterranean Center on Climate Change (CMCC)
Japan Meteorological Agency (JMA)

Korea Meteorological Administration (KMA)
Pusan National University (PNU)

Servicio Nacional de Meteorologia e Hidrologia (SENAMHI)

Hydrometeorological Centre of Russia (HMC)
Main Geophysical Observatory of Russia (MGO)

Met Office

Center for Ocean-Land-Atmosphere Studies (COLA)
International Research Institute for Climate and Society (IRI)
National Aeronautics and Space Administration (NASA)
National Center for Environmental Prediction (NCEP) /
National Ocean and Atmospheric Administration (NOAA)




Performance of APCC MME

Number of Models and Countries

L i i . T 7 4 " ’ —— Number of participating
15 : ‘ : ‘ ‘ ‘ ; : models in MME
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Hindcast Skill of APCC MME
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The skill of forecasts has
continuously increased.

Deterministic MME Method

Viulti-iViodel
FNsemble

VIME)

SCM

)

Simple Composite Method: Step-wise pattern
Average of individual
forecast with equal

weighting

Projection Method:

Multiple Regression
Method:

Synthetic Superensemble
Method:




Probabilistic MME Method

Multi-Model
Ensemble

(MME)

Black solid: target year PDF . AN=50%
Red dash: climatological PDF /f
Vil NN=34%
/
/
/ BN=16%

lower tercile

upper tercile

[ )

A parametric Gaussian fitting
method for the estimation of
tercile-based categorical
probabilities; forecast
probability is estimated as a
portion of the forecast PDF
with respect to the historical
one (Min et al. 2009).
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Operation Schedule

icipati APEC Member
Part.lmp_atmg > APEC Climate Center p
Institutions Economies
b | T ossondl Outlook
Collection ' Check o
G B
- Model data Communication ve_"ﬁcat'on Interpretation
(Hind/forecast) with model (prewf)us forecast, & description
- Observation holders e hindcast) e) of prediction
Graphic
‘ (Individual model,
e MME) o)
Pre Declsionion . Application Dissemination
processing model set (Index forecast, CLIK,
etc)

\

0

Date: 10th 15th

zsth
(every month)

20t




Seasonal Forecast Products

* Monthly & Seasonal mean forecast of Tsfc, Prec, T850, Z500,
SLP, SST, UV (deterministic & probabilistic)

* Verification results (hindcast, realtime forecast)

* ENSO Outlook

‘Anomaly Correlation Cosfl. : T2M, JFM (19832006}

‘Temperature at 2m for February-April 2018

'© APEC Climate Conter

RETTLITEETE

SST Anomaly for AMJ 2018
© APEC s e sk
2 (7R

e 1, 5, e,

y PREC, JFM (1983-2006)

@ AVEE i Conter

SST Anomaly for IFM 2018

@ AR e Gt

Climate Monitoring Products

¢ Current Conditions

- Climate Highlight: Weekly/monthly/seasonal T/OLR/P/SST/UV/Z
- Climate Indices: Pacific, Indian & Atlantic SST, Atmos. and Monsoon indices
- Global droughts: SPI for the last 1-, 3-, 6-, and 9-month periods

‘Surtace Alr Temperature Anomaly

200 - 102018 Ut Global Extreme Drought/Flood Monitoring

(a) 1 month SP1 DEC 2017 (b) 3 month SPI DEC 2017
n r - . v d = e
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APCC Activities

Climate Prediction & Information Service

v’ http://www.apcc21.org

Gp | B

Seasonal BSISO Climate et

Monitoring

Forecast Forecast Service

DSS APCC Data Service System

v’ Disseminate up-to-date climate data and forecast information

APCC-MME(6-MON) Global 2.5x2.5(degree) Monthly APCC
APCC-MME(3-MON) Global 2.5x2.5(degree) Monthly APCC
INDIVIDUAL-MODEL(6-MON) Global 2.5x2.5(degree) Monthly APCC
INDIVIDUAL-MODEL(3-MON) Global 2.5x2.5(degree) Monthly APCC
CORDEX-SEA25 Regional 25km Daily APCC
CORDEX-SEA50 Regional 50km Daily APCC
Clipped CMIPS (':;“c"o":r:t':‘;i') Depending on GCMs Daily ESGF
IRI_DATA_LIBRARY Global 2.5x2.5(degree) Various IRI

NCEP Global 2.5x2.5(degree) Daily NOAA
NCEP-SFC Global 2.5x2.5(degree) Daily NOAA
NOAA-OLR Global 2.5x2.5(degree) Daily NOAA
™I Global 2.5x2.5(degree) Daily REMSS
QUICKSCAT Global 0.25%0.25(degree) Daily REMSS
GPCP Global 1.0x1.0(degree) Daily NASA
GHCN Global 5.0x5.0(degree) Monthly NOAA

ub Global 0.5x0.5(degree) Monthly Uity GifD

elaware

Login
Login
Login
Login




C LI CLimate Information toolKit
http://clik.apcc21.org

v On-line tool to generate customized & localized seasonal forecast

For those who wants to play with model data,

» To allow user manipulation

of multi-model ensemble .
prediction in producing
his/her own forecast

Simulated large scale

pattern to station

CLI K matching
MMIE Prediction
vith different model » To provide statistical
" combinatior ' downscaling capability using
multi model prediction
C LI CLimate Information toolKit
http://clik.apcc21.org
(Customized MME prediction) (Downscaled prediction)
O!!:/,____ o ——————
i T 2%
o &l 9 5
o
L o . k =




C LI PS CLimate Information Process System

v' Utilize big climate data that has been processed into one standard
user-friendly file format, reducing the time spent on data processing
and eliminating the need for costly high-end hardware and software

- target area, parameter, time period, data format, etc.

APCC Activities

Interdisciplinary Research




APCC Activities

Interdisciplinary Research

Summary

* APEC Climate Center (APCC) is a leading operational
center providing seasonal forecast based on the Multi-
Model Ensemble (MME) prediction system.

* MME seasonal prediction is one of the most reliable
seasonal forecast information at present.

* APCC focuses on producing and sharing valuable and
reliable high quality climate prediction information
applying that information to sectors through
interdisciplinary research and building capacity in both
climate prediction and application.
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