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Summary and purpose of document

This document describes the activities of APCN, focusing on the constraints and difficulties to build a Multi-Model Ensemble System. 

ACTION PROPOSED

The Meeting is invited to study this document and consider this information when making any necessary appropriate recommendations for the development of multi-model ensemble system. 

APEC Climate Network (APCN) Multi-Model Ensemble System

(Submitted by Dr. Chung-Kyu Park, Korea Meteorological Administration)

1. 
Introduction

There is growing recognition that the international exchange of climate information is essential for minimizing natural disasters and their negative economic impacts.  Among scientists and policy makers a consensus was reached that actions need to be taken to develop climate early warning systems and climate information networks at the regional scale to improve monitoring and prediction of climate variations. 
The Korea Meteorological Administration (KMA) has implemented the Asia-Pacific Economic Cooperation (APEC) Climate Network (APCN) project to establish a communication channel for the exchange of climate prediction information among APEC member economies.

Climate prediction data are collected from several dynamic climate model-holders in the Asia-Pacific region including NMHSs and non-WMO climate institutions, and optimized to produce multi-model ensemble (MME) prediction information for real-time dissemination to members and participating institutions in the Region.

The work of APCN was recognized as an example of international S&T networks in the Asia-Pacific region.  At the Fourth APEC Science and Technology Ministers Meeting (Christchurch, New Zealand, 10-12 March 2004), the Ministers noted the work of APCN and recognized the proposed initiative of APEC Climate Center (APCC) for furthering advancement.

At the Twenty-seventh APEC Industrial Science and Technology Working Group (ISTWG) Meeting, the APEC member economies supported the establishment of APCC to systematically implement the mandated role and effectively meet the challenges ahead.

2. APCN Infrastructure

The APCN Working Group has been formed, consisting of representatives from the individual APEC member economies, to facilitate the exchange of regional climate information and discuss various issues relevant to the implementation of APCN.  The APCN Science Steering Committee has been organized, consisting of leading scientists in the fields of climate modeling and prediction to guide on research and development activities involved in dynamic climate forecast and orchestrate the individual efforts in operational centers and research institutes within the framework of APEC.  The APCN Secretariat located in KMA is responsible for the processing of dynamic ensemble prediction data and making it available to the participating members.  The multi-model ensemble products are distributed through the APCN web site (http://www.apcn21.net).  The APCN Secretariat is operating a Visiting Scientist Program starting from 2004 to employ eminent experts from all over the world in the areas of climate monitoring, prediction and application.
3.
APCN Multi-Model Ensemble System

The objective of APCN is to establish a well-validated multi-model ensemble system (MMES) for short-term climate prediction.  The APCN MMES is based on the global models developed at different institutes of several APEC member economies, which have been partially validated in operational climate seasonal forecasts.  At present, fifteen GCM models based on a 1- or 2-tier approach are participating in the real-time multi-model ensemble experiments to build up the infrastructure for the joint operational seasonal forecast.  The hindcast data with the observed SST and sea ice for 21 years from 1979 to 1999 are used in training the models and cross-validation.

The APCN developed various MME techniques for deterministic and probabilistic seasonal predictions.  For deterministic forecast, three kinds of linear MME techniques are used, namely biased and unbiased simple composite, weighted combination of multi models based on SVD, and MME with statistical corrections.  For probabilistic forecast, three tercile ranges are determined by ranking method based on the percentage of ensemble members from all the participating models in those three categories.

Participating models

	Member

Economies
	Acronym
	Organization
	Model

Resolution

	Australia
	POAMA
	Bureau of Meteorology Research Centre
	T47L17

	Canada
	MSC
	Meteorological Service of Canada
	1.875(( 1.875( L50

	China
	NCC
	National Climate Center/CMA
	T63L16

	
	IAP
	Institute of Atmospheric Physics
	4((5(L2

	Chinese

Taipei
	CWB
	Central Weather Bureau
	T42L18

	Japan
	JMA
	Japan Meteorological Agency
	T63L40

	Korea
	GDAPS

/KMA
	Korea Meteorological Administration
	T106L21

	
	GCPS

/KMA
	Korea Meteorological Administration
	T63L21

	
	METRI

/KMA
	Meteorological Research Institute
	4((5(L17

	Russia
	MGO
	Main Geophysical Observatory
	T42L14

	
	HMC
	Hydrometeorological Centre of Russia
	1.125((1.406( L28

	USA
	COLA
	Center for Ocean-Land-Atmosphere

Studies
	T63L18

	
	IRI
	International Research Institute for

Climate Prediction
	T42L18

	
	NCEP
	Climate Prediction Center/NCEP
	T62L64

	
	NSIPP

/NASA
	National Aeronautics and Space

Administration
	2((2.5(L34


4. 
APCN Symposium on Multi-Model Ensemble for Climate Prediction

In order to derive suggestions for the future direction of research and development for better SI forecasts, underscoring the limitations of the current state-of-the-art of climate dynamic prediction systems, the APCN Symposium on the MME for Climate Prediction was held in Jeju Island, Republic of Korea, 7 to 10 October 2003.  The Symposium, co-sponsored by KMA and WMO, was jointly held with the Second APCN Steering Committee Meeting and the Third APCN Working Group Meeting. 
There were 60 participants from 36 NMHSs and institutions in 14 Members in the Asia-Pacific (Australia; Canada; China; Hong Kong, China; Indonesia; Japan; Korea; Malaysia; New Zealand; Peru; Russia; Chinese Taipei; Thailand; and United States), two from non-APEC Members (United Kingdom and France), and representatives of World Meteorological Organization and European Centre for Medium-Range Weather Forecasts.  Key topics discussed were multi-model ensemble lessons learned; climate prediction and modelling; SST prediction and modelling; and applications. 
The panel discussion was held at the end of the Symposium (see Appendix).  The main recommendations were:

· Seeking tier-1 forecasts from APCN members in addition to tier-2 forecasts and producing MME using both systems;

· Developing MME for SST and arranging for a few atmospheric models to use the MME SST product to produce seasonal forecasts;

· Encouraging members to provide historical forecasts that do not involve the use of information that would not have been available at the time of the forecast (e.g., not forecasts using observed SSTs);

· Verification of MME forecasts is essential for APCN and should follow the WMO CBS recommendations; and

· Strategic approaches to developing forecast applications and downscaling should be defined. 
5. 
APCN Science Plan for Climate Prediction and Its Application to Society

The objective is to develop a well-validated multi-model ensemble prediction system, not only for the climate prediction and its application, but also for the atmospheric environment such as regional air quality monitoring and prediction including Asian dust, aerosol, and land condition.  The three items will constitute the core:

(a) Development of a well-validated multi-model ensemble climate prediction system;

(b) Development of an integrated climate-atmospheric environmental monitoring and prediction system; and

(c) Development of user application methods, particularly decision making models with climate prediction.
The APCN MME prediction system to be developed includes procedures for model output collection, bias correction, statistical downscaling, super-ensemble methods, and verification.  The project will also assess the economic value of the MMES and develop methods for applying the MMES predictions in various industrial sectors.  Basic research related to climate predictability including the model sensitivity to initial and boundary conditions and the applicability of various downscaling methods, would also be undertaken.  The items to be worked are listed below:
(a) Multi-model ensemble seasonal prediction system 
· Development of various multi-model ensemble methods
· Development of operational super-ensemble SST and climate prediction systems

· Statistical bias correlation and regional downscaling
· Value added probabilistic forecast system
· Development of a dynamical-statistical SST prediction system (monthly means)

(b) APCN climate-environmental monitoring and prediction system 

· Integrated climate-environmental observation and prediction: Aerosol, dust, and land conditions 

· AGCM with existing physical parameterizations: Unified physics 

(c) Economic value and user application 

· Assessment of economic value of APCN seasonal prediction
· Decision models in conjunction with probabilistic climate forecast **

(d) Sensitivity and predictability studies 

· Sensitivity studies of various individual models and the APCN-MMES to B.Cs
· Examinations of predictability of specific phenomena, such as ENSO, PNA, tropical cyclone activity, intra-seasonal variations of monsoon precipitation, Asian dust, and extreme climate events (drought, flooding, cold surge, and heat waves)

(e) Data collection and dissemination systems

· Development of fast computer network among member institutions
· Web-based information system
APCN Research and Development
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Participating institutes are requested to provide global 20-year hind-casts and real-time forecasts.  The hind-casts, which will be used to develop the MMES, should be made, as far as practical, the same way that the real-time forecasts will be made.  That is, they should not use any data that would be unavailable if the forecast was being made in real-time.  The data format and other specifications will be, as far as practical, identical to the protocols established for SMIP2/HFP. 

The core facilities for undertaking the research and development will be located in the APCN Secretariat situated in KMA.  A lead scientist for each component will be identified by the APCN Steering Committee.  These lead scientists will recruit scientists from the NMHSs and participating institutes from APEC member economies, to assist in defining, guiding, and carrying out the research in each component.  Overall scientific guidance will be provided by the APCN Steering Committee.

6. 

Lessons Learned

(a) 
Training of the models and bias correction
The results of the multi-model ensemble prediction is better than any single model performance, but yet to be further improved by developing more systematic approaches in the areas related to the training of the models and bias correction. 

The design of an optimal weighting function for a long-term forecast is a key for the development of multi-model ensemble system.  A preliminary experiment indicates that the weighted multi-model ensemble forecast based on pattern correlation coefficient between forecast and observation derived from previous years exceeds the predictability of the simple average of all the members available.  It is recommended that for better predictability the weighting coefficient be derived using much larger samples, and the models participating in the multi-model ensemble be kept unchanged.  Otherwise, the time-consuming and high-cost processes of computing model statistics must be repeated.  An organized research team should carry out the research project to develop science and technologies involved in optimal method of blending various model outputs.
The training of models for statistical downscaling should also be performed using well-designed hindcast data with sufficient sample size.  Preliminary studies also indicate the skill score can be improved by statistical bias correction prior to applying multi-model ensemble techniques.

(b) 
Boundary forcing

The preliminary results of the multi-model ensemble predictions provide a hope for the improvement of seasonal dynamic ensemble prediction.  However, the results are far from satisfactory for the operational purpose yet due to a number of drawbacks in the current experimental APCN-MMES.  

In the current prediction system, the persistence of SST anomalies is used because the single model prediction has not been able to provide us with reliable SST prediction information with confidence, whereas the impact of SST boundary forcing specified by persistent anomalies is critical particularly when the SST anomaly pattern changes rapidly.  

The SST prediction information must be incorporated in the multi-model ensemble seasonal prediction and the training of the models.  More stable and possibly more reliable SST prediction information can be produced from the multi-model ensemble of predictions provided by individual dynamical and statistical SST prediction models.

(c) 
Climatology

Currently, in the experimental multi-model ensemble prediction the anomalies are computed based on the model climatology obtained from the AMIP type multi-year simulation instead of using historical prediction data.  The inconsistency between two climatologies may contaminate the forecast anomaly fields by introducing spurious errors.  

(d) 
Daily forecast data

The calculation of the probability of heavy precipitation episodes using daily forecast data provides useful information for various regions.  Particularly, the high resolution model is superior in the realization of storm development and monsoon rainband.  It is desirable to archive daily time-series data of key forecast variables from individual ensemble members for further research. 

(e) 
Data exchange

The optimum number of ensemble members from individual models needs to be decided based on the results of research on predictability and the infrastructure of participating institutes, taking into account the time constraints on data acquisition and processes. 
It is necessary to build-up a systematic channel for producing and exchanging long-range prediction information in a standardized format among the participating institutes, parallel to research efforts to improve the predictability.  A standardized data format can help to reduce data processing.
The provision of adequate computer resources and development of a well-organized network, and availability of adequate human resources are essential element for the successful development of MMES.

7. 
Summary

The practical importance of climate forecasts for the protection of life and property, together with concerns about environmental change, have led to the initiation of the APCN project.  The project’s most important challenge is to provide accurate and reliable climate information for member economies in the Asian-Pacific region.  The major aspect of APCN-MMES is the development of new techniques for providing forecast information to the user community.  
The new techniques include the downscaling method to make a seasonal forecast at a target region.  The range of seasonal forecasts and detailed climate information required and provided must be developed through dialogue between the scientists involved in research projects and the forecasters in NMHSs.

The results of the project will benefit both public and private meteorological and hydrological institutions in the Asia-Pacific region in several ways.  Those institutions without the capacity to produce climate predictions will be able to access optimized, high-cost global climate predictions.  The predictions should enable national and international disaster prevention offices to respond more effectively to natural disasters and mitigate economic losses in the case of extreme climate events. 

8. 
Recommendations for Future Consideration 
Special attention is needed to develop the long-range forecast and verification techniques on global hydrological cycle monitoring and prediction, aimed at integrated preventive strategy development.  Considering the current level of understanding and the size of the tasks involved in producing reliable seasonal prediction information, these tasks should be properly distributed until credibility is established, whereas extensive and organized research efforts should be supported for establishing the scientific basis and the enhancement of necessary infrastructure. 
To encourage and assemble the regional activities related to long-range forecasting, WMO is requested to set up a strategic plan to orchestrate individual research efforts in operational centers and research institutes.  It is recommended to designate a lead global producing center which can process the global climate prediction information based on the products obtained from global producers and disseminate the optimized forecast information to RCCs for further downscaling on behalf of WMO.

APPENDIX

Summary of the APCN Symposium on the Multi-Model Ensemble LRF

The objective of the Symposium was to derive suggestions for the future direction of research and development for better Seasonal to Interannual (SI) forecasts, underscoring the limitations of the current state-of-the-art of climate dynamic prediction systems. 

The first generation MME system concentrates on the collection of existing tier-1 and tier-2 forecasts and associated skill measures, and the use of these forecasts to produce MME forecasts.  The second generation will evolve from research over the next several years. 

It is natural for APCN to proceed on parallel tracks by developing the first generation of the APCN MME forecast system while also promoting the research and development for the next generation. 
The challenges that are faced include: the collection of historical forecasts that do not involve the use of information that would not have been available at the time of the forecast (e.g. not forcing with observed SST); the choice of the best MME approach based on comprehensive skill measures; the determination of approaches to ensure integrity of products while allowing for the evolution of participating models; the development of downscaling and application forecast products; and the building of needed human and resource capacity.  Meeting these challenges in the first generation APCN forecast system should provide the basis for the second generation system as well as the organizational support for an enhanced APCN climate research and forecasting enterprise.

A number of research directions were identified as being critical to extending and/or improving upon the MME prediction approach.  It was further recognized that improving the utility of the forecasts requires that APCN engage the applications community.   To those ends, several high-priority research directions were identified, including dynamical and statistical downscaling, applications modeling, tier-1 versus tier-2 methodologies, boundary forcing including soil moisture interactions and the impact of SSTs for regions outside the eastern tropical Pacific, and sub-seasonal prediction with a special focus on the MJO/ISO.
Although tier-2 forecast systems need good SST forecasts, SSTs are forecast reasonably well over the tropical eastern Pacific, while ocean temperatures in the rest of the world are not adequately predicted. 
Tier-1 systems are used in Europe, USA and Australia, and there is some emerging evidence that the tier-1 systems now outperform the tier-2 systems, but more rigorous comparisons are required, including the use of the coupled model SST forecasts in the tier-2 systems rather than simple persisted SSTAs.  APCN should start collecting tier-1 forecast data.

Most downscaling activities within the APCN members are based on statistical techniques.  Output from regional modeling approaches should be compared with those from statistical methods.
Sub-seasonal variability – is the MJO a predictable part of climate? Some models have minimal intra-seasonal variability.  While individual events may not be predictable, some aspects of the statistics may be e.g. the level of MJO activity, tropical cyclones, extreme events, etc.

MME issues:

· diminishing returns in fine-tuning the system;
· reliance on other centers with other research priorities;
· targeted research - temporal and spatial downscaling; and
· application models.
More focus is required on applications, but:

· data availability is very limited; and
· there is a lack of expertise – need to develop manpower.

A first step could be to allow the Meteorological Services access to the APCN forecasts to provide some initial feedback.

Downscaling will be a key component for developing usable forecast products.

Is it necessary to choose between tier-1 and tier-2 system? The ultimate interest is in the rainfall and other surface parameters, so both tiers could go into a MME.  But tier-2 systems have longer verification histories, and it is important to have realistic forecast skill estimates with the operational forecasts.

Will very-high-resolution global forecasts that may be available fairly soon mean that we can by-pass downscaling? Probably not.  More is required than just the computing time – GCMs will require substantial work on retuning convective schemes, for example.  Also, demands for increased temporal and spatial resolution will undoubtedly exceed capabilities for the foreseeable future.  It is likely that some kind of local downscaling will add value to the dynamical global forecasts.  Furthermore, the limits of predictability need to be communicated.
Complete information on forecast lead times and forecast periods required by APCN should be provided.

Soil moisture and snow data are important for forecast initial conditions.  The availability and use of these data needs to be investigated further.

Given that most seasonal to inter-annual predictability in the APCN region is from ENSO, for robust skill estimates a reasonably large number of ENSO events needs to be included in the verification sample, thus requiring fairly long sets of hindcasts.  Although most subsurface data is available only for the last few years, forecast schemes should not focus only on the last few years of rich data availability. 
Verification should be a major component of APCN activities.  Some users may require forecasts in digital form.  APCN should explore the feasibility of doing this.  It is desirable that APCN should develop into an international institution.  This will require contributions from APEC members.
Recommendations for the APCN Multi-Model Ensemble Data Exchange

1.
 Experiment frequency and time period of data exchange
· Four times a year: DJF, MAM, JJA, and SON.
· Submission dates: first ten days of the preceding month prior to the beginning of target season

2.  Variables
· Surface (2m) air temperature and SST [K] 

· Total Precipitation Rate [kg/m2sec]
· Mean Sea Level Pressure [hPa]
· Outgoing Longwave Radiation [W/m2]
· 850hPa Temperature [K]
· 500hPa geopotential height [m]
· 850hPa zonal and meridional velocity [m/sec]
· 200hPa zonal and meridional velocity [m/sec]
3.
Data type and format

· Data type
· Monthly mean and daily mean data for individual ensemble member
· Climatology for each variable
· Format: GRIB1/2

· Resolution: 2.5 x 2.5 degrees
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4.
 Hindcast data request 
· Experimental design: SMIP-2/HFP type simulation with more than five-member ensemble
· Period from at least 1979 to 2002 (24 years).

· Data type: historical monthly mean data for each member

· Variables, format and resolution should be consistent with forecasts. 
5.
 The APCN Working Group noted the need for the data production procedure, including model updates, to be reported to the APCN Secretariat.
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