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PREFACE
THORPEX: A World Weather Research Programme is an international research programme for
the 21st Century to accelerate improvements in the accuracy of 1-day to 2-week high-impact
weather1 forecasts. These improvements will lead to substantial benefits for humanity, as we
respond to the weather related challenges of the 21st century. The THORPEX International
Research Implementation Plan follows the THORPEX International Science Plan2.
THORPEX establishes an international framework where virtually every nation of the world can
participate in developing of a global interactive weather forecasting system. Some will provide
technical, human and financial resources for research activities, observing and demonstration
campaigns, host experimental data and modelling centres; others will contribute in responding the
needs of operational forecast community and the users of the weather forecasts.
The THORPEX International Research Implementation Plan (Version I, 2005) given in this Volume
establishes a roadmap for all THORPEX activities. The plan defines the principle tasks responding
to the science opportunities of the THORPEX International Science Plan; it summarizes the
expected outcomes derived from completion of each of these tasks; it considers how these tasks
may be accomplished; it defines the roles and responsibilities for the participants, as well as the
required levels of international cooperation, time and the resources.
The THORPEX International Research Implementation Plan demonstrates an outstanding degree
of international co-operation between academic institutions, operational forecast centres, and
users of forecasts, required for solution of global weather research and forecast problems. This cooperative spirit achieved in the planning of the programme will lead THORPEX execution during
the next decade.
A series of publication, which will be issued during the lifetime of THORPEX in a progress manner,
will give an understanding of respective roles and responsibilities of all participants in the
development and execution of the programme at all levels.

1

High impact weather is defined by its impact on society and the economy; it includes both severe weather
events, such as tropical cyclones, and “ordinary” day-to-day weather, which may have adverse effects on
vulnerable societies.
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M.A.SHAPIRO, A.J.THORPE, 2004: THORPEX International Science Plan. Version 3. 2 November 2004.
WMO/TD-No.1246, WWRP/THORPEX No.2.
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EXECUTIVE SUMMARY
THORPEX: a Global Atmospheric Research Programme was established in 2003 by the
Fourteenth World Meteorological Congress (2003) under the auspices of WMO Commission for
Atmospheric Sciences (CAS). THORPEX is a ten-year international research and development
programme to accelerate improvements in the accuracy and the social, economic, and
environmental benefits of 1-day to 2-week high-impact weather forecasts. Research topics include:
global-to-regional influences on the evolution and predictability of weather systems; global
observing system design and demonstration; multi-model ensemble predictions, targeting and
assimilation of observations; and social and economic benefits of improved weather forecasts.
THORPEX is a part of the WMO World Weather Research Programme (WWRP). Since 2005
programme name became THORPEX: a World Weather Research Programme, where THORPEX
means THe Observing system Research and Predictability EXperiment.
THORPEX creates a contemporary organisational framework to address global weather research
and forecast problems whose solutions require international collaboration between academic
institutions, operational forecast centres, and users of forecasts.

The societal goals of THORPEX research are the following:
to provide the research underpinning the WMO Multi-Hazard Prevention Strategy to
reduce by 50 per cent over the decade 2010-2019 the number of fatalities caused by
meteorological, hydrological and climate related natural disasters compared with the
ten-year average fatalities of 1995-2004;
to increase the effectiveness of advanced warnings of high impact weather globally;
to enable governments, societies and economic sectors to realise fully the benefit of
weather and climate related information in critical decision-making;
to demonstrate ways to increase cooperation and collaboration between National
Meteorological Services to deliver the benefits of new global earth observations,
advanced communications, and new global forecast systems to all societies.
The goals will be achieved by conducting research to:
extend the range of skilful weather forecasts to time scales of value in decisionmaking (up to 14 days) using probabilistic ensemble forecast techniques;
develop accurate and timely weather warnings in a form that can be readily used in
decision-making support tools;
assess the impact of weather forecasts and associated outcomes on the development
of mitigation strategies to minimise the impact of natural hazards.
THORPEX will conduct a series of regional and global research projects including experiments on:

advance the knowledge of global-to-regional influences on the initiation, evolution, and
predictability of weather system;
design the strategy for interactive forecasting and targeted observations, thus
contributing to the process of evolution of the WMO Global Observing System (GOS),
a core component of the Global Earth Observation System of Systems (GEOSS);
iii

create and evaluate systems for the assimilation of targeted observations from
satellites and in-situ measurements;
accelerate improvements in the accuracy of weather forecasts; test and demonstrate
effectiveness of a global multinational multi-model multi-analysis ensemble forecasting
system;
improve and demonstrate decision-support tools, which utilise advanced forecast
products to benefit directly social and economic sectors.
THORPEX desired outcomes are:

an increased fundamental understanding of the dynamics and predictability of the
atmosphere;
significant, quantifiable improvements in decision-making skills throughout the world
and a consequent measurable reduction in societal distress;
the development of a much improved global and regional forecast system, with the
active involvement of developed, developing and least developed nations by fully
exploiting advances in numerical prediction, observations, communications and dataassimilation techniques.
THORPEX research deliverables include:
A prototype of a global interactive forecasting systems involving national numerical
modelling centres, producing forecasts out to at least 14-days;
The production of 14-day weather forecasts with useful skill and quantifiable levels of
uncertainty;
In collaboration with WCRP/COPES and WGNE, a new global model resolving the
atmosphere at 1km and the ocean at 10km including land and ice processes capable
of predicting the weather and climate system from 1-day to 100-days;
An increase in the rate at which forecast skills improve from the current “1-day per
decade” to “2-days per decade”;
An observing strategy and assimilation capacity that will enable all national centres to
effectively use new global earth observations;
The ability to fully utilise probabilistic forecast information in socio-economic decisionmaking.
The THORPEX International Core Steering Committee (ICSC) of the WMO Commission for
Atmospheric Sciences (CAS) leads the development and implementation of the programme in
coordination with the CAS Science Steering Committee (SSC) for the World Weather Research
Programme (WWRP), the WMO Commission for Basic Systems (CBS), the WMO/ICSU/IOC Joint
Scientific Committee (JSC) for the World Climate Research Programme (WCRP), and the
CAS/JSC Working Group on Numerical Experimentation (WGNE). The THORPEX International
Science Steering Committee (ISSC) developed the THORPEX International Science Plan
establishing core research objectives and associated sub programmes.
THORPEX Regional Committees, aligned with WMO Regional Associations, coordinate activities
of regional groups of nations and contribute to the global aspirations and objectives of the
programme.
iv

The THORPEX International Programme Office (IPO) in the Atmospheric Research and
Environment Programme (AREP) Department of the WMO Secretariat directs, coordinates and
monitors activities between various elements of the programme.
The THORPEX programme activities and the IPO are supported through voluntary contributions of
the Governments of the WMO Members participating in THORPEX including donations to the
THORPEX Trust Fund established by WMO.
THORPEX activities are supported by the research and operational branches of National
Meteorological and Hydrological Services, basic science agencies and universities, space
agencies, organizations concerned with the application of science to societal and economic
development in all participating countries, as well as international organizations, such as ECMWF,
EUMETNET, CGMS; and initiatives, such as International Polar Year (IPY) 2007-2008, GEOSS.
The programme detailed plans and activities are defined in the following documents:
M.A. SHAPIRO, A.J. THORPE, 2004: THORPEX International Science Plan. Version 3.
2 November 2004. WMO/TD-No.1246, WWRP/THORPEX No.2.
D.P. ROGERS et al, 2005: THORPEX International Research Implementation Plan. Version 1.
14 February 2005. WMO/TD-No.1258, WWRP/THORPEX No.4.
THORPEX web site: www.wmo.int/thorpex.
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1. INTRODUCTION
1.1 The THORPEX International Research Implementation Plan (TIP) was developed on behalf
of the ICSC by the Group of Experts composed of members of the THORPEX community actively
participating in planning and development of the programme in accordance with the Terms of
Reference (Annex I). The group worked in close cooperation with THORPEX members, Regional
Committees, the International Programme Office, and other relevant bodies.
1.2 The THORPEX International Science Plan (Shapiro and Thorpe, 2004), hereafter the
Science Plan, is the basis for the TIP. The Science Plan establishes four interconnected research
sub-programmes: Predictability and Dynamical Processes; Observing Systems; Data Assimilation
and Observing Strategies; and Societal and Economic Applications.
1.3 Each of the Science Plan sub-programmes defines a series of research tasks. The TIP
summarizes the expected outcomes derived from completion of these tasks; it considers how
these tasks may be accomplished; the levels of international cooperation required; the time
required to completion; and an assessment of the resources required.
1.4 The TIP defines a THORPEX integrated grand global ensemble (TIGGE) to prototype a
multinational, multi-model ensemble prediction system. The TIP identifies a series of
demonstration projects to establish the potential benefits of prototype interactive forecasting and
observing systems.
1.5 The TIP defines the contribution of the THORPEX programme to the International Polar Year
(IPY).
1.6 The TIP connects the science opportunities of the International Science Plan with validated
future operational requirements.
1.7

The TIP responds to a key set of requirements from the operational forecast community.

1.8

The TIP identifies priorities developed by THORPEX Regional Committees.

1.9 The TIP identifies requirements for funding of key programme elements, including personnel,
equipment for field programmes and other research activities.
1.10 The TIP establishes a roadmap for THORPEX activities.
1.11 The TIP integrates THORPEX with other relevant programs, such as WMO World Weather
Watch (WWW), WMO Programme on Natural Disaster Prevention and Mitigation, WMO Marine
Meteorology and Oceanography Programme (MMOP), World Climate Research Programme
(WCRP), World Climate Programme (WCP), WMO Space Programme, and international initiatives,
such as International Polar Year (IPY) 2007-2008, the Global Earth Observing System of Systems
(GEOSS), Asian Pacific Climate Programme, African Monsoon Multidisciplinary Analysis (AMMA),
as well as with other organizations such as International Council of Science Union (ICSU),
Intergovernmental Oceanographic Commission (IOC) of UNESCO, and cooperative programmes
identified.
1.12 The TIP establishes clear roles and responsibilities for all of the participants in THORPEX.
1.13 The TIP summarises national commitments to key THORPEX activities.
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2.

GENERAL APPROACH TO PROGRAMME DESIGN

2.1 The desired outcomes of THORPEX include significant, quantifiable improvements in
decision making skill throughout the world and a consequent measurable reduction in societal
distress; an increase in the fundamental understanding of the dynamics and predictability of the
atmosphere; and the development of a much improved global and regional forecasting system,
which links developed, developing and least developing nations by fully exploiting advances in
numerical prediction, observations, communications, data assimilation techniques, and socioeconomic tools.
2.2 THORPEX recognises that improvements in the resolution and formulation of Numerical
Weather Prediction models will be an important component of improvements in the accuracy of 1
to 14 day weather forecasts. Through its social and economic impacts component THORPEX will
assist operational agencies in making their cases for computer power to run high-resolution
models; through its global interactive forecasting system THORPEX will ensure that available
computer resources are efficiently applied for the benefit of all. Improvements to the formulation of
atmospheric models for weather and climate prediction are coordinated by the JSC/CAS Working
Group on Numerical Experimentation and the GEWEX Modeling and Prediction Panel. THORPEX
will provide test beds for intercomparing models and testing model improvements. Many
improvements come from atmospheric process studies using special observational campaigns.
THORPEX will coordinate its observational campaigns with these.
2.3 THORPEX addresses fundamental research issues; it develops new forecasting techniques;
explores new data assimilation and observational techniques, and tests, evaluates and
demonstrates new forecast, observing, data assimilation, and decision support systems. The
combination of basic and applied research conducted within the framework of, and in collaboration
with, operational services ensures that THORPEX research findings can be readily transferred and
translated to operations enabling timely improvements in the operational systems.
2.4 THORPEX is a key research meteorological component of several external multidisciplinary
programmes; e.g., the International Polar Year and proposed joint weather and climate
programmes.
2.5 THORPEX is planned internationally, within the regional framework of WMO, where each
region contributes to the global aspirations and objectives of the programme. The implementation
plan responds to the requirements and priorities of the regions. Collaborations between regions
contribute to the advances in basic knowledge, of atmospheric processes and predictability, and to
the development of demonstration projects, trials and benchmarks of new forecasting techniques.
2.6 THORPEX activities are supported by the research and operational branches of National
Meteorological and Hydrological Services in the participating regions; by the basic science
agencies; by space agencies; by universities; and by organisations concerned with the application
of science to societal and economic development.
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3.

CORE RESEARCH OBJECTIVES

From THORPEX International Science Plan Version 3 (Shapiro, Thorpe et al., 2004)
3.1 Increase knowledge of global-to-regional influences on the initiation, evolution and
predictability of high-impact weather. This objective includes research on: i) the excitation of
Rossby wave trains by extratropical cyclone development, large-scale topography, continent/ocean
interfaces, organised tropical and extratropical convective flare-ups, and the role of these
processes in the consequent development of high-impact weather; ii) the dependence of predictive
skill on inter-annual and sub-seasonal climate variability, e.g., El Niño Southern Oscillation
(ENSO); Pacific North-Atlantic oscillation (PNA); North-Atlantic Oscillation (NAO); Arctic Oscillation
(AO); monsoon circulations; Inter-tropical Convergence Zone (ITCZ); iii) the relative contribution to
the limits of predictive skill by uncertainty in observations, data assimilation, model formulation and
ensemble prediction system design.
3.2 Contribute to the design and demonstration of interactive forecasting systems that allow
information to flow interactively among forecast users, numerical forecast models, dataassimilation systems and observations to maximise forecast skill. As an example, targeted
observing strategies incorporate dynamical information from the numerical forecast model itself to
identify when, where, and what types of observations would provide the greatest improvement to
specific weather forecasts of societal, economic and environmental interest.
3.3 Contribute to the development of advanced data assimilation and ensemble prediction
systems. This effort will include: i) improving the assimilation of existing and experimental
observations, including observations of water in its three phases and atmospheric composition
(e.g., ozone; aerosols); ii) developing adaptive data-assimilation and targeted-observing strategies;
iii) incorporating model uncertainty into data-assimilation systems and in the design of ensemble
prediction systems; iv) evaluating the utility of multi-model ensemble prediction systems.
3.4 Develop and apply new methods that enhance the utility and value of weather forecasts to
society, economies ad environmental stewardship through: i) user-specific probabilistic forecast
products; ii) the introduction of interactive procedures that make the forecast system more
responsive to user needs; iii) the design of and training in the use of user-specific forecast
products. Research will identify and assess the societal/economic costs and benefits of THORPEX
recommendations for implementing interactive forecasting systems and improvements in the global
observing system.
3.5 Carry out THORPEX Observing-System Tests (TOSTs) and THORPEX Regional field
Campaigns (TReCs). TOSTs: i) test and evaluate experimental remote-sensing and in-situ
observing systems, and when feasible, demonstrate their impact on weather forecasts; ii) explore
innovative uses (e.g., targeting) of operational observing systems. They are organised and
coordinated by regional consortia of nations under THORPEX Regional Committees, e.g., Europe,
Asia, North and South America, Southern Hemisphere. TReCs address forecasts of regional
weather systems, e.g., arctic storms and cold air outbreaks; extratropical cyclones over Europe,
Asia and North America; warm-season heavy precipitation over Asia; organised equatorial
convection flare-ups; tropical-to-extratropical cyclone transformations. TReCs require collaboration
between Regional Committees. THORPEX will explore the opportunities to carry out TReCs in
conjunction with major international programmes such as the International Polar Year (IPY) and
the African Monsoon Multi-disciplinary Analysis (AMMA).
3.6 Demonstrate all aspects of THORPEX interactive forecasting systems, over the globe for a
season to one year, to assess the utility of improved weather forecasts and user products. This
includes the THORPEX Interactive Grand Global Ensemble, (TIGGE) that integrates developments
in observing systems, targeting, adaptive data assimilation, model improvements, forecast user
requirements, and a multi-model/multi-analysis ensemble prediction system.
3.7

Coordinate THORPEX research with the World Climate Research Programme Coordinated
5

Observation and Prediction of the Earth System (WCRP/COPES) and the mesoscale/microscale
community to address the observational and modelling requirements for the prediction of weather
and climate for two weeks and beyond.
3.8 Facilitate the transfer of the results of THORPEX weather prediction research and its
operational applications to developing countries through the WMO by means of appropriate Public
Weather Service education and training programmes.
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4.

PREDICTABILITY AND DYNAMICAL PROCESSES TASKS
Summary of Goals

Goals
Projects

Time Scale (Years)

2

6

10

Effect of dynamical
and physical
processes on
forecast skill

Determine required skill of forecast systems to predict Rossby Wave amplitudes

Influence of flow
regimes on the
climatology of
forecast skill

Identify geographical regions where improved observations will lead to improved forecasts

Predictive skill at all
forecast ranges

Determine what limits predictability

Role of model errors
in forecasting

Quantify and attribute sources of forecast error to initial conditions and model uncertainty

Effect of initial
condition uncertainty
on forecasts

Develop initial perturbation
scheme for Ensemble
Prediction System (EPS)

Continue development of perturbation schemes for EPS

Develop improved
ensemble prediction
systems

Study resolution versus
increased number of
ensemble members

Incorporate new initial
perturbation schemes

Determine relationship between macro-states of the atmosphere and predictability

Adaptive methods in
ensemble generation
Multi Centre
ensemble research

Quantify the limits of
predictability for all forecast
ranges

Incorporate NWP model
perturbation schemes

Develop optimum configuration of ensemble schemes

Create THORPEX data
archive, access and
verification tools for all
THORPEX participants

Inform development of
TIGGE research system

Inform Operational Global
Interactive Forecasting
System

Hosted at 2-4 centres
worldwide

4.1 Predictive Skill
Investigate the effect of dynamical and physical processes on forecast skill: This research
objective will address dynamical and physical processes operating on various scales that
contribute to errors in high-impact forecasts. Studies of Rossby wave excitation and subsequent
dispersion will consider: i) the skill of forecast systems to predict Rossby wave amplitudes, raypaths and group velocities; ii) the initiation of Rossby wave trains by organized tropical convection,
extratropical cyclones and large-scale topography; iii) the initiation of tropical convection by Rossby
wave-trains propagating from extratropics into the tropics; iv) the influence of physical processes
(parameterised and explicit). Coherent structures, such as discrete anomalies of potential vorticity,
and the extratropical transition of tropical cyclones, will be investigated. Assessments will be made
7

of the role of global teleconnections, e.g., tropical-extratropical interaction, including the factors
involved in their initiation and predictability.
Determine the influence of flow regimes on the climatology of forecast skill: THORPEX
research will assess sub-seasonal, seasonal and inter-annual variability of forecast error,
ensemble spread and the distribution of observationally sensitive regions. This will include
determining the dependence of this variability on flow regimes such as, i) zonal or blocked states;
ii) phases, and sub-seasonal variability of prominent phenomena and major teleconnections, e.g.,
MJO, PNA, ENSO, NAO, and QBO; iii) Rossby wave propagation and predictability. The skill of
EPS forecasts depends on the meteorological regime. For example, the skill in predicting
extratropical cyclones over the eastern Pacific Ocean differs depending on the phase of ENSO
(e.g., Shapiro et al. 2000). This is referred to as regime-dependent evaluation of forecast skill.
THORPEX will fully explore this regime dependence, as this will provide substantial input to an
improved EPS design.
Assess predictive skill at all forecast ranges, including potential predictability: Key research
questions include what are the limits of predictability and what determines these limits. THORPEX
aims to address these issues, including an assessment of the various limits of predictability
appropriate to defined forecast attributes, and through this assessment explore new forecasting
strategies to extend these limits. Improved methods of generating ensembles will be used to
investigate potential predictability, under the perfect model assumption, utilizing state-of-the-art
operational forecast models to assess the potential for further improvements in predictive skill.
4.1.1 Expected Outcomes
Advanced knowledge of the effects of the aforementioned dynamical and physical processes is
essential for (i) the assessment of predictive skill and potential predictability (ii) studying the
relative importance of dynamical processes (primarily related to sensitivity to the initial conditions)
and the physical processes (primarily related to model errors) in the degradation of predictive skill.
We expect that these efforts will lead to forecast improvements by:
Identifying potentially predictable forecast features;
Improving knowledge and techniques, required to exploit the potential predictability;
Identifying geographical regions, in which the deployment of in-situ and remote-sensing
sensors and/or the improved use of existing observations are likely to lead to
improvements in high-impact forecasts.
Atmospheric predictability is state dependent, and because of this dependence, the efficacy of
ensemble prediction can be enhanced by adaptively modifying the ensemble strategy to account
for the modified nature of the prediction problem associated with particular atmospheric states.
Ground breaking research has already given hints as to what may be accomplished. Of great
interest in THORPEX is the dependence of predictability upon large scale, long-lived flow
anomalies, which alter the strength, and positions of storm tracks and the characteristics of the
weather systems in these tracks. Teleconnection patterns like the PNA, NAO are examples of such
anomalies but there exist other higher frequency anomalies, which also have significant impact on
the tracks of cyclones and their intensity; e.g. the MJO in the tropics and blocking and zonal flow
anomalies in mid-latitudes. Because ENSO is a pre-conditioner for many of these long-lived
anomalies, understanding the role of ENSO in modifying predictability must also be included in this
task.
This research will give information on the climatology of predictability given a particular macro-state
of the atmosphere and ocean. The specification of macro-state will include the amplitude and
phase of teleconnection patterns (PNA, NAO, AO, etc), the intensity of blocked and zonal flow
indices in middle and high latitudes, the phase and amplitude of the MJO and ENSO and the
extent and coherence of tropical convection.
It will also determine the importance of rapid transitions in the macro-state in the predictability of
8

weather. This information will be used to tailor ensemble prediction systems to the macro-state in
order to optimize the probabilistic information obtainable for the expected range and severity of
weather events conditional on the macro-state and its stability.
Through the understanding of observationally sensitive regions in intra-seasonal and inter-annual
context, provide long lead-time planning information to CBS and WMO Members for use in
resource allocation with respect to GOS attributes
4.1.2 Timescale
This activity will take place throughout the programme. It will take approximately two years to
develop an understanding of the relationships between macro-states and predictability. One year
to design modifications of ensemble methods and an additional year to test in quasi-operational
setting.
4.1.3 Approach
The research efforts will support both the planning of the observational campaigns and the
scientific analysis of the observed information. Modelling is expected to play an important role in
both components. While most experiments will be carried out with operational (or similar quality)
models, experiments with simplified models are also expected to play some role in developing
conceptual models and testing new scientific ideas and practical techniques. The use of
sophisticated models is essential for minimizing the effect of model errors on the results.
The research strategy will examine several approaches to the question of macro-state dependency
of predictability. The examination of predictability can begin studying ensembles of perturbations of
climate integrations using AMIP-like prescribed SSTs. Predictability questions can be addressed
using the historical re-forecast methodology of Whitaker. Ensembles may be constructed using the
methods of the operational centres and additional methodologies (e.g., large Monte-Carlo
ensembles and ensembles from ensemble filters). Bred vector/singular vector studies and adjoint
sensitivities could also be used. Statistical synoptic analyses of the conditional distributions of
ensemble predictions will point out the need and requirements of new ensemble methodologies
and ways to deal with (conditional) systematic errors; e.g., MJOs poorly represented in models,
geographic phases of climate anomalies systematically off.
Tools will be available to the THORPEX research community to fully exploit the historical
reanalysis and reforecast data sets. These data sets will be supported at major centres. Access
will be facilitated by the THORPEX International Programme Office as required.
4.1.4 Level of International Cooperation
A loose federation of interested researchers with ties to the operational centres is needed.
4.1.5 Key Players
The task will be predominantly carried out by the academic community, though the support of the
operational centres in making the models available, and collecting and distributing the data is
essential. Support is needed to build the computational infrastructure necessary to experiment with
sophisticated models at academic institutions. The operational centres may also require help to
build the storage capacity necessary for the collection of data, and to provide at least a modest
level of model support to the academic community. Free and open exchange of data between the
participants is a key requirement.
4.1.6 Infrastructure Requirements
Computational resources. Access to models and infrastructure (adjoint tools, re-forecast
and AMIP databases, access to experimental database)
Open access to data
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4.1.7 Links to other programmes
This will link with WMO CBS as well as the various satellite operators (CEOS and CGMS)
and sensor developers (through CIMO). The key link is through the identification of what
needs to be measured and to what precision.
WWW, GCOS, WCP

4.2 Ensemble Predictions
Investigate the role of model errors in forecasting. This THORPEX research will involve the
quantification of the contributions of initial condition and model uncertainty to forecast errors: The
development of numerical modelling and ensemble perturbation techniques depends critically on
accurate estimates of the sources of forecast error attributable to initial condition uncertainty and
forecast-model uncertainty. Research will quantify the influence of all sources of forecast error and
their associated mechanisms for growth, on different space and time scales and for different
variables and different meteorological phenomena. This includes the uncertainty associated with
numerical schemes and physical parameterizations. Improved estimates of the relative contribution
of the various sources of forecast error growth will lead to improved probabilistic forecasts and
products. The focus of this research should be the identification of the different sources of model
related errors that can lead to model improvements in terms of (i) either correcting the problems, or
if that is not possible, (ii) modifying the models so when they are used in an ensemble mode, they
will properly represent model related uncertainty.
Investigate the effects of initial-condition uncertainty on forecasts: Forecast errors can grow
rapidly upscale from initial uncertainties in the small-scale motions. However, analysis and
forecast uncertainties are dominated by slower-growing, but more energetic, larger-scale motions.
THORPEX research will address the relative roles of these and other sources of initial uncertainty
in limiting forecast skill. Knowledge accumulated in these studies will be used in the further
development of initial perturbation schemes for ensemble forecast systems.
Develop improved ensemble-prediction systems: Improved ensemble perturbations are
required to accurately represent uncertainty in all aspects of the initial state, including land and
ocean surface conditions. Advanced methods must be developed to account for case dependent
variation in analysis uncertainty; the effect of un-parameterized, unresolved phenomena on the
resolved scales in ensemble forecast systems; and uncertainties in forecast model formulation,
including numerical and parameterization uncertainties. This research will include investigations of
multi-model and multi-parameter ensemble prediction methods, as well as stochastic
parameterizations. The optimal choice for ensemble size (membership) will also be investigated.
Explore the potential for using adaptive methods in ensemble generation: Research related
to the configuration of ensemble forecasting systems, with the possibility of changing the
configuration as a function of weather regime or user requirements will be investigated. Issues to
be addressed include the optimal choice between resolution and membership, and whether
choices regarding the number of ensemble members etc can be made on an adaptive basis.
Multi-centre ensemble research: Recent research shows that there is useful additional ensemble
spread contributed by multi-model or multi-parameterization ensembles. However, these
techniques are mostly ad-hoc, and it is not clear if their benefit is from the diversity of forecast
models, the differences in initial conditions provided by different forecast systems, the cancellation
from different biases in the model used, or a combination of all of the above. This research will
contribute to the development and evaluation of an ensemble system that is based on a
combination of ensemble generated by various NWP centres. Such an approach has a potential
benefit of using different techniques for data assimilation, ensemble generation, and NWP
modelling, thus providing additional ways of sampling forecast uncertainty. Multi-model, multianalysis and multi-national ensemble, referred to here as the THORPEX Interactive Grand Global
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Ensemble, TIGGE (See Section 8 for the technical details on the design and implementation of
TIGGE). It is anticipated that a prototype TIGGE Experimental Prediction Centre will be established
to produce ensemble predictions of high-impact weather, wherever it may occur, on all predictable
time-ranges, with easy access for the global user community.
4.2.1 Expected Outcomes
Provide guidance for the design of improved observation systems and observing strategies,
addressing questions such as whether observations should be targeted in localized regions of
rapid forecast error growth, or whether it is preferable to reduce initial uncertainty at the larger
scales by distributing observations over broader areas?
Improve operational ensemble forecast systems in terms of their statistical reliability (reduced bias)
and resolution (higher skill). This in turn will result in enhanced socioeconomic utility of forecasts to
be tested in various demonstration projects.
4.2.2 Timescale

Ensemble research on a continual basis.
TIGGE related research will take place on a continual basis, details are given in
Chapter 8.”
4.2.3 Approach
Use existing, and develop new ensemble-based and other techniques to separate initial and model
errors in NWP forecasts. Trace the source of model errors to different aspects/components of
NWP models. Work on reducing identified problems by model improvements.
Using OSSEs and other techniques, study the properties of analysis errors/uncertainty. Investigate
to what extent existing initial ensemble perturbation techniques represent analysis uncertainty.
Compare existing, and develop new techniques for representing initial and model uncertainties.
Carry out ensemble experiments to test the effect of different configurations on traditional
probabilistic forecast skill and socio-economic value. Study alternative approaches for adaptive use
of computational resources (e.g., running higher resolution models in areas/cases of high societal
impact).
Establish 2-4 centres worldwide where multi-centre ensemble data can be deposited, archived,
and made available to research and user community; Develop and use bias correction techniques
to be applied on the constituent ensembles prior to their combination into a grand ensemble;
Develop forecast products and advanced interactive interrogation tools to access and utilize
forecast information; Establish standard verification and evaluation tools that can facilitate
exchange of scientific information among different participants
4.2.4 Level of International Cooperation

High. Significant interaction and exchange of products between operational centres
and between research centres.
4.2.5 Key Players

Major research and operational centres;
Academic communities.
4.2.6 Infrastructure Requirements
Identify existing global analysis / reanalysis and forecast / reforecast data bases that can be used
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in this part of the THORPEX research. Create table with short description and specifics of available
data sets, along with contact information and access and cost information. Examples:
NCEP/NCAR global reanalysis; NCEP regional reanalysis; ECMWF global reanalysis (1-2); CDC
reforecast ensemble data set; etc
Requirements for the TIGGE database are covered in Chapter 8.
4.2.7 Links to other programmes
TIGGE - Strong link with most THORPEX field programs and demonstration projects; also with
HEPEX and other research projects, as well as NMHSs and other interested users.

12

5.

OBSERVING SYSTEM TASKS
Summary of Major Goals

Goals

Time Scale (Years)

Projects

New Delivery
Systems

2

6

Assess current observing
system strategy

Assess viability of observing
system with new global
NWP strategy

Deliver new operational
observing system

Complete Observing System
Tests (see Chapter 10)

Complete Observing System
Tests (see Chapter 10)

Complete Observing System
Tests (see Chapter 10)

Complete
studies

Complete
studies

Complete
studies

Examine, develop and test
new delivery platforms for
targeting
Field campaigns

10

forecast

impact

forecast

impact

Inform future satellite
sensing systems and
operational strategy

forecast

impact

Support observational needs
of other THORPEX research
components

Support observational needs
of other THORPEX research
components

Support observational needs
of other THORPEX research
components

Design
Observational
networks

Develop techniques for the
optimal design of observing
networks

Test and evaluate network
design

Redesign of the Global
Observing Network

Refine Targeting
and adaptive
observing
Strategies

Determine targeting and
adaptive observing
strategies using OSEs and
OSSEs

Evaluate impact of
strategies on forecast error

Determine role of targeting
and adaptive observing in
Redesign of the Global
Observing Network

Generalise
existing
strategies

Develop a generalised
observing strategy for flow
regimes dominated by
physical processes

Test and evaluate observing
strategies in TReCs (See
Chapter 11)

The summary of major THORPEX Observing System goals culminates with the Optimization of the
Global Observing Network in the 10-year time scale. Through its observing system tasks and
through working closely with other research areas within the program, THORPEX will be able to
make a major contribution to this optimization. These research and development activities will take
place as an integral part of the Global Earth Observing System of Systems, a major international
multidisciplinary program aimed at a better assessment and prediction of all processes of the Earth
that can be remotely observed from space.
With its focus on improving weather forecasts through a systematic approach, including research in
all major components of the forecast process (observations, data assimilation, numerical
forecasting, and socio-economic applications), THORPEX is ready to become a major contributor
to the success of the GEOSS, by effectively becoming the global weather forecast component of
the GEOSS program.
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5.1 THORPEX in the Context of the Global Observing System
Before delving into various THORPEX activities aimed at achieving the various goals stated above
it is necessary to: 1) understand the Global Observing System (GOS), its goals and how it
functions; and, 2) ensure a stable baseline GOS upon which the improvements envisioned by
THORPEX can be measured.
The GOS provides observations of the earth and its atmosphere from surface and space based
sub-systems, as illustrated in Figure 5.1. Those data are used for a variety of applications that
span scales ranging from nowcasting to climate. The GOS is not stagnant, and since the inception
of the World Weather Watch in 1963, the GOS and the requirements levied upon it have continued
to evolve.
“Since the establishment by WMO of the World Weather Watch (WWW) in 1963, the Global
Observing System (GOS) has been the major mechanism for providing continuous and
reliable observational data world-wide. The GOS started with a relatively narrow set of
observational requirements in support of mainly synoptic, mesoscale and short-term weather
forecasts. Over the past four decades, however, the WWW, and specifically its GOS, have
drastically developed their technological capabilities in response to requirements that have
evolved within WMO and beyond.”

Figure 5.1 Conceptual view of the GOS.
Details about the GOS, its purpose and scope, composition and long term plans can be accessed
from the WMO’s web site under World Weather Watch. The backbone of the GOS is a surface
based sub-system that is operated mainly by National Meteorological Services and a space based
sub-system that is operated by either national or international space agencies. For the timeframe
envisioned for THORPEX, the space based component is well defined with a stable operational
arm and a dynamic research component. “Well defined” should not be confused with stagnant;
there are major changes that are planned for both the operational polar and geostationary
constellations, and the research component will provide ample opportunities for evaluation and
testing of new measurement concepts. The surface based sub-system is more amenable to
change, however some components require growth, development and/or reinvigoration to meet
evolving requirements. They include: 1) a complete and stable RBCN3 embedded within a

3

The Member countries belonging to one of the six WMO
Climatological Network (RBCN), an agreed selection of
WWW/GOS. World-wide, about 2600 surface stations and
Climatological Network and generate monthly averages of
layers of the atmosphere up to 30km.

Regional Associations have committed to operate a Regional Basic
surface and upper-air meteorological observing stations of the
510 upper-air stations belong to the six RBCNs and Antarctic Basic
meteorological parameters measured at the surface and in vertical
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wholesome RBSN4 where some components may be operated in a flexible manner (such flexibility
allows for additional observations when required for improved forecasts of high impact weather and
reallocation of assets when measurements are not needed); 2) enhanced AMDAR and TAMDAR
especially over data sparse areas; 3) improved upper tropospheric and lower stratospheric
moisture measurements; 4) operational use of targeted observations; 5) inclusion of ground based
GPS, radars, and wind profilers; and, 6) increased oceanic coverage through expanded Automated
Ship balloon observations, soundings from new airborne delivery platforms, drifting buoys, and
ARGO. A stable baseline surface based sub-system for THORPEX must at a minimum include #1,
#2 and #6. While #2 and #6 are in progress, a stable and complete RBCN remains elusive: this
situation must be remedied for THORPEX to address the truly global nature of the problem for
forecasts out beyond a few days (obviously other activity outside THORPEX require such a stable
surface based sub-component of the GOS). THORPEX research is well suited to contributing to
the development of observing strategies, testing their impact on forecast skill and justifying the
operational implementation for #1 (flexible use of the RBSN), #2 (enhancements in AMDAR and
TAMDAR), #4 (operational use of targeting observations), #5 (ground-based GPS and groundbased remote sensing) and #6 improvement in the baseline system.
THORPEX is not entering into the “Redesign” or “Optimization” of the GOS in a vacuum. The GOS
has existed for years; it is complex by its very nature and requires international cooperation at the
highest levels. Through its Members, WMO’s Commission on Basic Systems was tasked to study
the redesign of the GOS and develop an implementation plan to affect that task. The CBS Expert
Team on Observational Data Requirements and Redesign of the Global Observing System has
developed an implementation plan for the redesign of the Global Observing System. The current
version of that plan was reviewed by the Implementation Coordination Team for the Integrated
Observing System in September, 2004, and will be presented to CBS for ratification in February
2005. Two things are pointed out as certain and required for a successful redesign of the GOS:

The impact of the changes to the GOS in the next decades will be so massive that
new revolutionary approaches for science, data handling, product development,
training, and utilization will be required.
The new GOS will facilitate the strengthening of cooperation at national, regional, and
global levels among countries and relevant non-Governmental organizations. Finally,
as new technologies are introduced, the new system will allow for adequate overlap
with the old to enable a smooth transition from the old to the new system, particularly
for developing countries.
THORPEX can contribute significantly to the optimization of the GOS through its various activities
outlined in this implementation plan.
5.1.1

Expected Outcomes

For THORPEX to achieve its long term goals with respect to observing system design it must have
complete and stable surface and space based components upon which it establishes a baseline
against which it measures success. Two main outcomes are expected: 1) a stable space based
sub-system with a stable operational polar and geostationary component; and, 2) a complete and
stable surface based sub-system composed of an RBCN embedded within a wholesome RBSN,
AMDAR and TAMDAR, and improved ocean observing system.
5.1.2

Timescale

4

Each of the Member countries of the six WMO Regional Associations (RA) have committed to operate a Regional Basic
Synoptic Network (RBSN), an agreed selection of surface and upper-air meteorological observing stations of the WWW/GOS.
World-wide, about 4000 surface stations reporting every six hours, are organised in the six RBSNs and in the Antarctic Basic
Synoptic Network. World-wide, about 900 upper-air stations on land, generating a vertical sounding twice per day, are
organised in the six RBSNs and in the Antarctic Basic Synoptic Network.
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The expected outcomes for the space based sub-system will be affected by satellite launch
schedules. Operators and implementers of the space based sub-system should stay on schedule
with planned launches and new programs. For the surface based sub-system, the stable RBCN
should be realized within the next five years, with the RBSN approaching realization by that
timeframe, however, some of its operational modes may be under investigation for the lifetime of
THORPEX. The AMDAR and TAMDAR programs should continue to grow during the entire
THORPEX program, but should focus on implementation in data sparse regions over the next 5
years. The oceanic observing programs should continue to develop at planned rates, with ARGO
being achieved and maintained before 5 years have elapsed.
5.1.3

Level of International Cooperation and Key Players

The implementation of a stable surface based sub-system of the GOS requires considerable
international cooperation. Key to success will be WMO activity in this area with strong cooperation
and support from Members. For the oceanic portion, strong cooperation will be required between
WMO and JCOMM. Important to this effort will be the expanding global observing activities that
are occurring with GEOSS. The space based sub-system will continue to receive strong
international cooperation through the various coordination activities it undertakes, with WMO in a
partner role, on a routine basis.
5.1.4

Infrastructure Requirements

Much of the infrastructure is in place to support the space based sub-component. One area where
activity is underway that will positively impact THORPEX is in the area of global data reception and
dissemination of real-time satellite data for use by Members and NWP Centres: this activity is
being coordinated through the WMO Space Program. There are considerable infrastructure
requirements needed to institute a stable RBSN and RBCN, as well as AMDAR and TAMDAR,
throughout developing countries and data sparse areas. Many of the requirements are
infrastructure related (equipment, expendables, telecommunications, staffing) while others regard
various types of training.

5.2 New Delivery Systems and Sensors
Develop and test new delivery systems for deploying in-situ sensors: These systems include:
i) stratospheric balloons; ii) piloted and unmanned aircraft; iii) rocketsondes; iv) bi-directional
radiosondes and v) humidity measurements from commercial aircraft. Systems (i-iv) have the
potential to provide additional soundings over oceans and remote regions, e.g., the Tibetan
Plateau; Polar regions. The evaluation will include an early assessment of deployment logistics,
the ability of systems to complement other observing strategies, and the cost of various
measurement approaches. To be successful, the development of these delivery systems will often
require concurrent sensor developments.
5.2.1 Expected Outcomes
A potential outcome from this research task is the delivery of additional/new or upgraded
operational observing systems for numerical weather prediction. Such operational observing
systems could be utilized on a routine basis as part of the global observing system or in a targeted
manner to improve the prediction of specific types of high impact weather events. Some systems
may not be viable operationally, but they could be critical for supporting THORPEX research tasks,
as such systems may provide a less costly alternative to undertaking large numbers of in-situ
soundings from research aircraft. For example, without becoming operational tools, innovative
delivery systems will allow determination of the impact of obtaining data over remote locations in
cloudy, forecast sensitive regions, while the bi-directional radiosonde and the airborne deployment
of low-cost, miniature sensors could be utilized to test the strategies to reduce representivity errors.
A possible outcome of this research is that observing systems are not viable for either research or
operations, but careful engineering and scientific evaluation of proposed efforts should minimize
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the likelihood of this outcome.

Assessment of an observing system’s viability (does it work and perform as required);
Assessment of potential for a system to contribute to the GOS/GEOSS.
5.2.2 Timescale
Up to 5 years
5.2.3 Approach
The implementation requires firm, multi-year funding commitments for key developments beginning
early in the lifetime of THORPEX as such efforts have a time-scale of 3-5 years from inception to
completion. Selection of developments should include both systems to be used early in the lifetime
of the programme and more visionary efforts meant to provide systems that complement satellite
systems deployed near the end of the lifetime of THORPEX. For example, if winds within and
below clouds is one of the most difficult variables to sense from space at the end of the ten-year
lifetime of THORPEX, relatively low-cost in-situ sensing systems could be designed to specifically
observe the wind field in clouds. All these funding commitments need to recognize the hardware
and software engineering development, the cost of expendables, and the considerable human
investment needed to overcome logistical hurdles, such as gaining access to launch sites or
aviation approvals.
The testing of such systems will likely begin with engineering experiments and proof of concept
tests, moving toward deployments in TOSTs and finally in TReCs. Funding requests for significant
field efforts and large numbers of expendables, such as might be utilized during a TReC, requires
different lead times depending upon the nation and/or agency funding the effort. During these
tests, efforts should be made to have the data reach the operational centres in real-time as early
as feasible in the testing schedule. Another point to consider is that implementation of this task
requires close relationships between observing system researchers and those working in the other
areas of THORPEX as the expected outcomes for this task (i.e., determining the operational or
research value of a systems) depend on determining the impact of these data sets in numerical
forecast systems and their value to society through improved prediction of high-impact weather.
If the research establishes the value of additional in-situ measurements, careful evaluation of the
operational path for such measurements needs to be considered. For example, it may prove costeffective to have these measurements taken operationally by existing technology, such as
expanding the number of ASAP vessels or aircraft taking flight level data, rather than resorting to
newly developed research technology. The research activities in this instance would justify, for
example, the substantial investment in launch systems for these ASAP vessels.
This is the EUCOS strategy, which is expanding upper air measurements over the oceans based
on the proven impact of research data on NWP. EUCOS will trial TAMDAR and WVSS sensors in
2004/5; evaluate directional sondes in 2004/5; test robotic aircraft (as the next generation of low
cost platforms emerge).
5.2.4 Level of International Cooperation
The implementation of this task requires considerable international cooperation. Consider the
example of deploying driftsondes systems for THORPEX for a Pacific experiment. Currently the
systems are being developed in the U.S., but a Pacific deployment would require cooperation with
Asian nations in order to obtain permission for launches, launch facilities and logistical assistance.
Assistance of local weather service of national administrations (including the military weather
institutions if necessary) would greatly reduce the costs of such deployment relative to solely
depending upon U.S. technical staff relocated to Asia. Following launch, permission to deploy
dropsondes from such a system and, in some cases, even flying the balloon-gondola system over
a region requires national and international air-traffic approvals Decision on when to deploy
dropsondes would require input from researchers and operational staff aiming to improve forecasts
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over North American, Europe and/or Asia. General strategies for deployment of the driftsonde from
Asia would require long-term direction from other THORPEX research areas, short-term guidance
would come from operational numerical guidance and the impacts of such new measurement
systems would be through forecast impact studies conducted in real-time and in post-experiment
simulations.
5.2.5 Key Players

Relative to large number of institutions conducting meteorological research, the
expertise to conduct these types of developments resides in relatively few research
laboratories, private industry and a few universities. If the developments are carried
out by a research laboratory or a university, the transition to large number of sensors
and delivery systems will almost certainly require the involvement of private industry.
WMO WWW Programme, WMO CBS, CIMO and JCOMM.
Other field efforts that may be interested in deploying these types of systems such as
AMMA, AMI, and IPY.
A critical aspect for success of observing system research is how well these activities
link with other THORPEX research components as the end results of these
developments will be measured in forecast impacts and increased knowledge of the
predictability of high impact weather events.
5.2.6 Infrastructure Requirements
In-situ data is relatively small in volume relative to satellite data sets and the output from
operational models. Hence the infrastructure requirements for this task will be more associated
with setting up agreements and infrastructure associated with launch sites, air traffic safety, and
international agreements to cover the costs of system developments, deployment logistics, and
expendables in THORPEX campaigns.

5.3 Field Demonstrations and Tests
Carry out field-demonstrations of prototype remote –sensing systems for future airborne
and satellite deployments: This effort will include observations from airborne radiometers,
scanning conventional and Doppler radars and lidars, as well as observations from new satellite’s
sensors, such as the COSMIC radio occultation constellation, the Global Precipitation Mission
constellation, EOS AIRS, NPP CrIS and ATMS, METOP IASI, CloudSat and CALIPSO, and the
Atmospheric Dynamics Mission. Data from the field campaigns and from satellite sensors will be
used to: I) obtain individual remote-sensor profiles for comparison with simultaneous in-situ
soundings; ii) obtain area-averaged profiles that simulate existing and future satellite’s field-ofview; and, 3) to evaluate overall satellite sensor system performance and calibration and validation
results. The initial demonstrations will be through TOSTs within diverse geographical regions and
meteorological conditions: a significant requirement for satellite remote sensing system calibration
and evaluation. Calibration and validation activities for the space based sensors generally are
done under the direction of the responsible space agency with activities that include comparison
with surface based networks, comprehensive test sites, evaluation at GDPFS centres, and field
campaigns.
5.3.1 Expected Outcomes

Evaluation of feasibility for a remote sensing system to be tested on a research
satellite platform.
Evaluation of a prototype remote sensing system’s performance and an assessment
of its potential contribution (generally from a research satellite platform) if added to the
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operational arm of the space-based GOS.
Guidance for optimisation of the satellite-observing portion of the GOS. For example,
COSMIC offers temperature measurements of high vertical resolution and accuracy in
the upper troposphere and lower stratosphere. Their presence raises questions such
as: if there is, from satellites, AMSU-like data, advanced IR sounder data and radio
occultation data, and there is a baseline radiosonde network, is there a need for any
other stratospheric data for NWP? Another example is the design of direct
measurements and indirect derivation of winds from space.
It is often found that the combination of information from two independent space based sensors
can provide a better product than that from either sensor alone.
5.3.2 Timescale
This activity will occur throughout the program, but will in any cases be linked to well-defined
satellite activities such as those mentioned above. On an immediate timescale is the evaluation
and utilization of new sensors on METOP and NPP that are expected to be in operation on the
same timeframe as the IPY.
5.3.3 Approach
Data sets from identified ground, aircraft and space-based remote sensing systems will be
collected, archived and evaluated. In some instances this will require experimental design for the
prototype system (aircraft) to be evaluated with respect to a TOST.
In other instances, as space based research satellites, the operation of a sensor over specific
regions and at selected times may to be coordinated with a TOST. Generally space agencies
develop Announcements of Opportunities for research with respect to a new satellite’s
instrumentation; science teams are formed and major amounts of background work are done prior
to the research instrument being launched.
Then extensive cal/val activity takes place, and in some instances, as with AIRS and MODIS, data
are made available to interested users on an operational basis.
It is incumbent on THORPEX, likely in conjunction with the WMO Space Programme, to make sure
appropriate coordination occurs with the various space agencies. Immediately apparent
opportunities exist with EUMETSAT for evaluation and calibration of METOPS’s IASI during the
IPY; similar opportunity exist for coordination with NASA, NOAA and DoD for the NPP that will
carry the future generation hyperspectral infrared sounder and CrlS. Since many of the GDPFS
centres that will be involved with THORPEX play a key role in new satellite sensor evaluation, it is
important that this activity be well coordinated within the THORPEX context.
5.3.4 Level of International Cooperation
Coordination will occur mainly through the appropriate THORPEX entity and the various satellite
agency or agencies.
5.3.5 Key Players
The key players include THORPEX experimental design entities, major GDPFS Centres and
space-based component of GOS through CGMS and CEOS.
5.3.6 Infrastructure Requirements
Depending on the activity this could range from aircraft logistics and support to data archive, data
delivery and capacity at GDPFS Centres.
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5.3.7 Links to other programmes
WMO Space Programme and WWW Programme, International science groups such as ITWG,
IPWG and IWWG. Links to other programs could also be conceived to mean programs underway
within GEWEX, etc or those coordinated through CEOS such as the Coordinated Enhanced
Observing Period. In any case, such activities are generally well defined, and WMO is active in the
relevant coordination groups (CEOS, IGOS, CGMS, and GEOSS). So, the active and strong
linking of THORPEX to the WMO Space Program is very important. For example support for
various activities could be sought through the “High Level Consultative Meetings on Satellite
Matters” held in the early part of each year in Geneva, as well as through (expected to be) a new
Expert Team on Satellites within the OPAG IOS that will be proposed to CBS, February 2005. The
ARGO programme is an important input to THORPEX through data assimilation into ocean models
that provide ocean boundary conditions for the longer range THORPEX forecasts.

5.4 Observing System Design
Develop and test systematic and objective techniques for the design of observing networks.
Quantify the required accuracy and resolution for the measurement of various quantities, and
evaluate trade-offs between accuracy and resolution, or between resolution and areal coverage.
These tasks will be carried out jointly with the Data Assimilation and Societal and Economic
Applications sub-programmes, and will include:
Refine targeting strategies: Perform observing system experiments (OSEs) and Observing
system simulation experiments (OSSEs), including demonstrations with data sets from field
experiments, to evaluate and refine targeting strategies. Attention should also be given to nontargeting aspects of adaptive observing systems, i.e., “negative targeting”, which can save
resources by not making observations where they are not needed. This is important because
resources could be redirected to targeted observations.
Generalise existing targeting techniques: Account for non-linearity and non-normality,
especially for medium-ranges and/or in flow regimes where physical processes such as moist
convection and clouds play a dominant role.
Test targeting algorithms for a wide range of weather systems: Candidate forecast problems
include: i) hurricane track and intensity forecasts; ii) mid-latitude summer heavy rainfall episodes;
iii) and extended range (week-two) predictions. This should include research on the dynamical
processes that propagate information spatially and temporally between the targeted regions and
the selected weather events.
Evaluate potential new data streams: A number of ocean networks (tropical moored arrays, Argo
profiling floats), generally designed for seasonal prediction and climate monitoring, may be of value
for certain weather forecasting regimes. These include tropical cyclone/hurricane prediction;
longer-range predictions of tropical convection including intraseasonal variability and of midlatitude
storm system interaction with oceanic western boundary current features like Gulf Stream rings;
forecasts of storm systems interacting with variable leads in sea ice; and sea-breeze and coastal
fog. Evaluate and quantify the improved forecast skill with the inclusion of oceanic data streams.
Evaluate societal costs and benefits of proposed observing system modifications: The
outcomes of the above observing system design experiments will be evaluated in terms of their
societal costs and benefits, as described in section 7.2. The results and techniques will be
provided to national and international agencies around the globe, to assist in the redesign of the
global observing network.
5.4.1 Expected Outcomes
The impact of targeting strategies on the reduction of forecast errors in the region of interest and
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downstream will be evaluated. This will require evidence utilising forecast re-runs that are plentiful
enough to achieve statistical significance. In this context the term targeting is being used in the
widest possible way. The evaluation of the impact of adaptive observations, including both the
additional targeted data and the redeployment of various observation systems, should take into
consideration both the targeted area and broader downstream effects occurring throughout the
forecast ranges of interest to THORPEX (1 to 14 days). This will give input to the general question
of how to go from regional experiments to the global impact of adaptive observations.
More accurate theoretical/numerical methods of targeting including relaxation of the assumption of
linearity and other restrictions inherent in current techniques will be developed.
This should test sensitive area predictions for a wide variety of weather types, systems and
geographical areas. It will provide outcomes that show targeting methods have a wide applicability
and validity. It will also give a dynamical understanding of how perturbations in sensitive regions
propagate and develop to affect the verification region forecast.
This topic will address how observations should be deployed or used within sensitive regions. The
outcomes will include recommendations to other groups concerned such as CBS and
JCOMM/GOOS on how to design the global observing system to include an adaptive component.
For the oceanic networks in particular, quantification of their value in weather forecasting will be an
important point of evaluation as they transition from research and pilot-project to operational status.
The relative merits of different deployment and utilisation strategies will be provided. For this
purpose the global observing system as a whole will be considered, included surface-based, insitu, satellite and airborne components. In particular, issues of major interest which should be
addressed are the following:

What are the geographic areas where AMDAR has most input/value?
What is the optimal vertical resolution of AMDAR profiles?
What is the contribution of the Siberian Rawinsonde network to NWP and what
alternative network configurations should be considered?
What are the key observation system configurations that would help to identify the
sources of cyclogenesis in tropics?
Is targeting a viable future component of the GOS, and if so, what weather events,
regimes and forecast lead times should be targeted and what are the optimal targeting
strategies?
How can we improve measurement approaches over the poles, mountainous terrain
and oceanic regions of the globe, particularly for areas that are poorly covered by
synoptic soundings, AMDAR and TAMDAR approaches?
What is the contribution of stratospheric data (in particular from in situ observation
systems) on tropospheric forecasting skill?
What is the contribution of ocean data (in particular subsurface ocean data) in
forecasting skill of sensitive weather regimes?
5.4.2 Timescale
The OSEs needed to evaluate targeting strategies will occur in association with, and following,
various TReCs. The first of these is the North Atlantic TReC from mid October to mid December
2003. Further TReCs are envisaged in all regions on about a yearly cycle. OSEs will be carried
out when TReC observations become available.
This is the theoretical research and the timescale is hard to quantify. It is hoped that new relevant
results will emerge all the way through THORPEX with an emphasis on achieving breakthroughs in
the first half of the programme.
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The timeline for this is the same as that for (a) as the outcomes will emerge as a range of
THORPEX field campaigns are completed.
This will occur in the second-half of THORPEX as the research on targeting strategies, their
development and evaluation will need to be done first before design of new deployment of the
observational network is possible.
5.4.3 Approach
OSEs and OSSEs will need to be carried out. This will often be in association with TReC
observing campaigns, with most research to be carried out after the fieldwork. A necessary
component of the success of these experiments will be strong links between the observing system
and data assimilation research efforts.
New targeting techniques involve theoretical research developments. We need to stimulate
research projects on this topic in universities, research institutes and in NWP centres.
The design of observational networks requires a wide set of OSEs to be performed with various
deployments of the global observing system. For oceanic networks, this may mean adaptation of
sampling strategies and the flow of data to better serve weather forecasting needs. This will follow
on from the research done in sub-task a) and it will rely on the existence of a wide range of
targeted observational datasets to incorporate. Any suggestions for revisions to the operational
network will need to be backed up with statistically sound evidence of high-impact weather forecast
improvements. This re-design of the global observing network will be a final outcome at the end of
THORPEX.
5.4.4 Level of International Cooperation
OSSEs and OSEs can be performed by individual countries but they rely on the international
cooperation necessary to carry out the TReC collection of targeted observational datasets and
prediction of the location of sensitive regions. In addition computation of sensitive area locations
will need to be done by those able to do this as a service to countries carrying out these field
campaigns.
International cooperation will be needed to acquire a sufficiently large number of examples of
weather forecast improvements with targeted observations. The observing system being a global
resource can only be re-designed with the full agreement of the global meteorological and
oceanographic community. To do this, after the demonstration made by THORPEX of the
introduction of observation targeting into operations and appropriate interaction with the CBS, there
will need to be a set of requirements from WWW CBS and GOOS/JCOMM that have to be agreed
by global discussion, (e.g. at a high-level conference) so that the suggested re-design will be
accepted by all. This final part will involve government level discussion.
5.4.5 Key Players

NWP centres and academic institutions, which are able to run operational forecast
systems with and without targeted observations and/or strategies. Currently only a
handful of NWP models are able to compute the location of sensitive regions in real
time. It will be necessary for these particular centres to provide NWP centres, which
cannot predict sensitive regions, with these predictions, particularly for the operation of
TReCs in their region. The following is a list of centres capable of sensitive area
predictions currently: Met Office, ECMWF, Météo-France, NCEP and NRL.
Predictability researchers in operational and academic institutions.
NWP centres and NMHSs, which are controlling the global observing system
deployment (e.g. EUCOS project in Europe). The oceanic observation community
organized through GOOS/JCOMM. Also satellite agencies such as ESA, EUMETSAT,
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NASA, and NASDA will need to be involved concerning any alternations to satellite
scanning patterns or proposals for new space-based instruments.
5.4.6 Infrastructure Requirements
Access to NWP forecast systems including observational databases, data assimilation and
forecast models will be essential. Computer time will need to be allocated to the OSSEs and
OSEs – these are substantial computing resources.
5.4.7 Links to other programmes
Assistance from WGNE will be advantageous. Links between the NWPs and GODAE will help
coupled modelling experiments move forward. Links needed with WWW CBS and GOOS/JCOMM
for re-design of the global observing system.
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6.

DATA ASSIMILATION TASKS

Summary of Major Goals

Goals
Projects

Time Scale (Years)

2

Quantify Observing
System Errors

Develop generic representation
of observation error

Utilise high volume
datasets

Develop techniques to
assimilate high resolution
observations

6

Develop techniques to
exploit hyper spectral
sounders

Use of Satellite
Observations

Develop techniques to use
satellite data over land and
in cloudy regions

Assimilation of
physical processes

Develop new methods for
assimilation of active
sensor data

Background error
covariance

Test and evaluate flow
dependent models of
background error in 3DVar and
4DVar

Methods for cycling
flow-dependent
background errors

Develop and test kalman-filter
and other ensemble-based data
assimilation schemes

Quality Control

Develop and test adaptive
quality control algorithms

Model Uncertainty

Develop method to incorporate
model uncertainty into
assimilation algorithms

Generalise existing
strategies

Develop a generalised
observing strategy for flow
regimes dominated by physical
processes

10

Complete Design of Data
Assimilation System

Test and evaluate
observing strategies in
TReCs (See Chapter 11)

6.1 Improved Use of Observations
Beyond the improvement of the use of the temperature and wind information, the challenge of the
current decade is to progress in the assimilation of the water cycle in its three phases. The tasks
below, which are relevant for the conventional and the currently assimilated observations are likely
to be more important for the water cycle. They will require enhanced international collaboration
between the academic and operational research communities.
Furthermore, satellite data have had a major impact on extending the accuracy of global NWP
forecasts. This is the case in spite of the fact that most infrared satellite sounding data are not
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used over land or in cloudy regions, most microwave sounding data are not used over land, and
satellite data are severely, and generally non-selectively, thinned due to their high data volume.
OSSEs at major GDPFs centres have shown that overcoming the above obstacles results in
improved NWP forecasts.
Quantify observing-system errors: Estimate observation errors, especially errors of
representativeness, which are likely to be flow-dependent and correlated between nearby
observation locations. Test the effects of improved observation-error statistics on forecast skill.
The representativeness error depends on the model resolution and on the physical
parameterization (e.g. representation in the NWP models). Generic representations are still to be
developed.
Develop methods for efficient utilization of high-volume datasets: Develop and test adaptive
methods for thinning large datasets so that the most useful observations are retained. Develop
techniques for assimilating high-resolution observations, including proper characterization of
horizontal correlations and averaging (or super-obing) of nearby measurements. Develop
techniques to extract the maximum information content from hyper-spectral sounders, and other
observing systems when, for example, it is computationally impractical to assimilate radiances from
all channels.
Improve the use of satellite observations: Improve the use of visible, infrared and water vapour
image-sequences, both from geostationary and polar orbiting satellites, to infer wind information.
This may require innovative approaches, such as interactive height assignment methods or the use
of imagery sequences directly in the assimilation. Improve the use of satellite infrared and
microwave sounding data in cloudy regions and over land.
Improve assimilation of physical processes: New methods to assimilate certain satellite
observations (e.g., those from active microwave sensors and cloud and precipitation imagery) are
required in order to infer physical processes such as diabatic heating.
6.1.1 Expected Outcomes
Information and guidance will be provided to satellite operators on how to best use the adaptive
observing capability of their geostationary satellites in synergy with polar and other low earth
orbiting satellite systems to produce improved atmospheric motion vectors. Hyperspectral infrared
observations from instruments such as CrIS, IASI and AIRS can be used to determine the number
of levels of atmospheric moisture that can be used to produce atmospheric motion vectors. Lower
horizontal resolution data from those sensors can be used to investigate the derivation of
atmospheric motion vectors where orbits overlap with sufficient timeliness and in polar-regions.
This information can be used to: 1) provide gap filler information over the Polar Regions since the
initial VIIRS do not carry water vapour sensing channels; and, 2) prepare the space operators
utilization of hyperspectral sounders on geostationary satellites for derivation of atmospheric
motion information.
Assimilation of satellite derived rainfall, atmospheric motion vectors, land surface properties,
surface temperature, vertical temperature and moisture as well as cloud information into NWP
models will become more sophisticated over time. This will require substantial improvements in
the areas of data assimilation, parameterization and model physics.
In synergy with other activities in THORPEX, improved use of satellite data in regional and global
scale NWP should lead to better forecasts on a 1 to 14 day time scale.
The improved use of observations that will result from quantifying observing system errors,
developing methods for efficient utilization of high volume data sets, improving the use of satellite
observations over land and in cloudy areas, and improving assimilation of physical processes will
help guide the optimisation of the GOS.
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6.1.2 Timescale
These major activities will continue throughout the experiment.
6.1.3 Approach

Most necessary will be improvements in the areas of data assimilation,
parameterisation and model physics, particularly of the water cycle.
OSEs will be carried out to assess observing system composition and thinning
strategies.
Real time data from both operational and research satellite sensors will need to reach
GDPFS centres in a timely fashion for evaluation and experimentation.
Coordination with GODAE will be beneficial.
6.1.4 Level of International Cooperation
The level of international cooperation to undertake this activity will be similar to that spelled out in
the previous chapter. Enhanced international collaboration between the academic and the
operational community will be a key component
6.1.5 Key Players

Satellite operators and GDPFS centres
Academic community
6.1.6 Infrastructure Requirements

Access of the NWP operational and research data assimilation systems to the
academic community
Substantial communication and computer resources
6.1.7 Links to other programmes
Improved data assimilation will contribute to the CLIVAR programme through improved reanalyses.
WMO Space Programme for feedback to research and operational satellite operators.

6.2 Adaptive Data Assimilation
6.2.1 Expected Outcomes
The following four tasks are described in the continuity of the current development programs of
most NWP centres focused on the specification of analysis error. Nevertheless it has to be pointed
out that fundamental research is likely to be required to achieve a breakthrough in the assimilation
of the water cycle. The difficulties are many-fold: the governing equations are stiff and nonlinear;
the attractor has a complex structure; the observations are of poor quality relative to the mass/wind
field; the representation of the deep convection is one of the weak points of the NWP models
Improve background-error covariances in existing assimilation schemes: Test improved flowdependent models of background-error covariances in techniques like 3DVar and 4DVar. As an
example, the lambda-shape of the mid-latitude depression is information, which is not used in the
Jb term.
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Develop methods for cycling flow-dependent background errors: Develop and test assimilation
methods that explicitly allow for changes in background-error covariances from one analysis to the
next, such as Kalman-filter/4DVar hybrid or ensemble -based schemes.
Develop adaptive quality control: Develop and test adaptive quality control algorithms that can
utilize information provided by flow -dependent background-error covariance estimates.
Incorporate model uncertainty into data assimilation procedures: Develop and test ways of
incorporating the effects of model uncertainties leading to systematic forecast errors and the
effects of unresolved scales into the specification of background-error covariances for data
assimilation schemes. Develop statistical algorithms to “tune” model uncertainty in assimilation
algorithms and to diagnose and correct model bias.
6.2.2 Timescale
These major activities will continue throughout the experiment.
6.2.3 Approach
Most necessary will be improvements in the areas of data assimilation, particularly of the water
cycle.
6.2.4 Level of International Cooperation
Enhanced international cooperation between academic and the operational community will be a
key component.
6.2.5 Key Players
NWP centres and academic labs
6.2.6 Infrastructure Requirements
This requires access to the NWP operational and research data assimilation systems to the
academic community.
6.2.7 Links to other programmes
Improved assimilation will contribute to the CLIVAR programme through improved analyses.

6.3 Observing System Design
Develop and test systematic and objective techniques for the design of observing networks.
Related tasks will be carried out jointly with the Observing System research and Societal and
Economic Applications sub-programmes. Details about the research tasks are described in section
5.
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7.

SOCIAL AND ECONOMIC APPLICATIONS TASKS

Summary of Major Goals
Goals
Projects

High Impact
Weather
Forecasts

Time Scale (Years)

2
Develop and maintain a
database of high impact
weather and critical
forecasts
Estimate the marginal
value of high-impact
forecasts.
Develop new user-relevant
verification methods

6
Maintain and update
database.
Synthesize information to
evaluate which forecast
improvements will have the
greatest value to societies
Continue development and
testing of new verification
methods

10
Maintain and update database
Quantitative measure of value
sufficient to inform
government policies and
business re-engineering
Implement selected new
verification methods
operationally

Cost and Benefits
of Improved
Forecast Systems

Initial application of
methods to estimate the
cost and benefit of
proposed THORPEX
forecast improvements

Quantify benefits and costs
of improved forecasting
system

Generalise application to
societies and economies
worldwide

User Specific
Weather
Products, for
Developed and
Developing
Nations

Expand use of current
forecast products in social
and economic sectors

Suite of new decision
support and consequence
assessment tools

Significant advance in use of
probabilistic information in
decision-making

Build partnerships with
developing countries and
WMO training programmes

Facilitate transfer of
techniques and skills to
forecast centres throughout
the world

Expand partnerships and
knowledge transfer to
additional countries and
sectors.

Internationally
Equitable Use of
GIFS

Assess international
concerns and needs for
equitable use of GIFS

Develop methods for
equitable use of GIFS

Test, refine, and implement
methods

Beta-test new products

7.1 Defining High-impact Weather Forecasts and Assessing their Values
The THORPEX research program aims at improving techniques for predicting high impact weather.
While there is information available on the value of high impact weather forecasts, this information
is not well organized or supported by extensive quantitative studies. To facilitate THORPEX
research in the early phase of the program, this part of the THORPEX SEA sub-program will first
organize existing information on high impact weather and the value of related forecasts. For a
more formal treatment of high impact weather forecasts, high impact forecasts will be defined as
those having high economic or other value. Therefore, studies will be undertaken to assess the
societal and economic value of weather forecasts and their improvement. Finally, building on this
knowledge of the value of forecasts, verification methods will be developed that can approximate
the value of weather forecasts for specific user groups or for the society as a whole.
Definition of High Impact Weather and Forecasts: High-impact weather and weather forecasts
are defined by their effect on society, the economy and the natural environment. High impact
weather events include both extreme weather and more benign events that have a high impact on
societies and their economies; similarly, high-impact weather forecasts may include forecasts of
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extreme weather and more benign events. An example is excess heating and its forecasts, which
may affect both human health and electrical energy generation.
This research will identify weather events with a strong large-scale forcing and related forecasts
that have major effects on selected sectors of society and economies within different geographical
regions. It will characterise the effects of recent high-impact weather, including the economic
consequences (e.g., property damage; loss of crops and/or livestock; interruption of transportation
services) and human consequences (e.g., personal injury, illness from heat/cold; contamination of
drinking water caused by floods; damage to electric power distribution). A brief, but comprehensive
list of high-impact weather forecasts of greatest interest to each participating THORPEX country
will be compiled, to be published in THORPEX documents and synthesized into a THORPEX
definition of “high-impact weather forecasts” for each region. An evaluation of the high-impact
weather forecasts of greatest interest prior to any THORPEX field campaign, including analysis of
the factors listed in the statement of task and the major users of those types of forecasts. The
needs are expected to vary significantly with the state of development of a particular society with a
greater emphasis on protecting public safety in the developing and least developed regions. This
point is illustrated by the high death tolls from weather events in these countries, which
unfortunately can reach into the thousands.
Assessing the Value of Weather Forecasts: This research will develop a quantitative
understanding of the social, economic and environmental value of weather forecasts for different
developed, developing and least developed economies. The results will be used to inform
governments’ policies; engage industry in business reengineering to increase efficiency, through
the use of weather (and climate) information; refine the definition of high-impact weather and
forecasts described above; inform the development of verification methods; and assist the
evaluation of costs and benefits of improved forecast systems.
Studies of the value of marginal improvements to forecasts will be made for:

Various types of weather forecasts and lead times;
Diverse user groups or public/ societal/economic sectors;
Different geographic regions.
The assessment of the value of weather forecasts is a complex and demanding task. It is
expected, however, that the results of individual studies can be generalized and simplified methods
can be devised that estimate the value of weather forecasts for particular user groups and the
society as a whole.
Societally and Economically Relevant Verification Methods The development of methods for
user-relevant verification of weather forecast information is a prerequisite to evaluating the societal
and economic impact of improved forecast systems. Many of the current verification measures
used by operational forecast centres to evaluate forecast skill, e.g., 500-mb anomaly correlations
between the model forecast and the model analysis, are of limited value to those who use weather
forecast information to make decisions for the benefit of society and economies.
This research will develop new verification methods aimed at assessing the societal value of
forecasts (in contrast with more specialized scientific verification methods). The appropriate
verification measures vary with the user’s requirements. User relevant forecast measures include:

Site - and time-specific measures (e.g., time of passage of a front; transition from rain
to frozen precipitation; timing of air pollutants above/below critical concentrations);
Integrals over space and time, e.g., transportation travel times; power-generation
efficiency; hours of air pollutants above critical concentrations; duration of hazardous
high or low temperatures. Such measures are often a nonlinear function of multiple
meteorological variables (e.g., wind speed; temperature; humidity; visibility; sea state)
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and non-meteorological variables e.g., type of equipment in place; topography; land
use;
Integrals over groups of users and socioeconomic sectors.
The advanced verification measures developed within this Sub-programme will be used by other
THORPEX Sub-programs and by operational forecast centres to evaluate forecast–system
improvements using methods that are relevant to the value that a range of users derives from
forecasts.
7.1.1 Expected Outcomes
Definition of high-impact weather and forecasts:

An international searchable database / electronic bibliography of studies of high
impact weather and the value of related forecasts (including past studies and those
specifically related to THORPEX) will be compiled, categorized by type of weather
event, geographic region, socio-economic sector, forecast lead time, etc.
Lists of the highest-impact weather and weather forecasts in different countries and
regions. Synthesis of which forecast improvements would be of the greatest marginal
value in different countries and regions.
Value of forecasts:

Estimates of the marginal value of THORPEX-relevant improved forecasts to specific
users, for a variety of types of weather forecasts and lead times, for specific user
groups and socio-economic sectors, in multiple geographic regions (using
hypothetical, archived, or OSSE data).
Verification methods:

Suite of user-relevant verification measures for specific forecast applications, user
groups, or socio-economic sectors, including the types listed in statement of task.
Small set of integrated global forecast verification measures, based on socioeconomic use/value of forecasts or risk, that have been thoroughly tested and are
ready to implement by NMHSs around the world to complement existing standard
measures.
7.1.2 Timescale
Definition of high-impact weather and forecasts:

Initial bibliography/database completed within 2 years, with new materials being added
on a continual basis thereafter;
Initial country/regional lists within 2 years, synthesis into THORPEX definition of highimpact weather forecast within 5 years; revisions as needed;
For field campaigns, starting as soon as each field campaign begins planning,
completed several months prior to the field campaign.
Value of forecasts:

Throughout THORPEX, with case studies increasing in sophistication and breadth as
the program progresses.
Verification methods:
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Throughout THORPEX, first developing new methods, then testing them extensively,
then implementing them operationally.
7.1.3 Approach
Definition of high-impact weather and forecasts:

Partial bibliographies already exist. The United States Weather Research Programme
(USWRP) Societal Impacts Programme (SIP), for example, is starting to build a digital
library of these studies, building off existing bibliographies and adding new material.
THORPEX may expand the SIP and other databases to develop a bibliography that
addresses high impact weather forecasts in all THORPEX regions, by having NMHSs,
researchers, etc. around the world submit references and materials.
Develop lists of high impact weather forecasts and synthesized definitions through
THORPEX regional committees.
Each field campaign will have a specific sub-element to coordinate accomplishing this
task, in order to assist real-time allocation of field campaign resources (e.g., for
targeted observations) and provide the necessary background information for socioeconomic researchers to study socio-economic impacts of field campaign.
Value of forecasts:

Assessing the benefit of improved forecast systems depends largely on understanding
how weather forecasts are used in decision-making. Case studies will use this
information for specific types of users, specific sectors, and economies as a whole,
along with methods from economics and other fields, to assess the value of current
forecasts and marginal value of improved forecasts. One example is to use the
method of threshold (current capability) and objective (perfect skill obtained from a
retrospective analysis) forecasts to assess the maximum value of a forecast applied to
specific sectors. Then use the actual expected improvement in the forecast to
determine the true value of the forecast product.
Verification methods:

Develop, test, and implement new verification measures for specific applications of
forecasts pertinent to the end user of the information.
7.1.4 Level of International Cooperation
Need international participation to ensure that results are representative of a range of countries
and regions.
7.1.5 Key Players

Public sector consumers - Ministries of finance, emergency managers, water and
sanitation, environment, energy, agriculture, transports, tourism, policy;
Private sector consumers – energy, water, agriculture, tourism, finance, insurance and
their sector representatives;
World Bank, Development Banks, aid organizations;
Major NWP Centres;
Basic and Applied Research Community – physical and social scientists, economists;
WMO WWRP/WGNE Joint Working Group on Verification;
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WMO Public Weather Services Programme;
WMO and other centers/groups that provide training in developing nations;
Insurance and re-insurance industry;
Basic and Applied research community – physical and social scientists, economists.
7.1.6 Infrastructure Requirements

Access to TIGGE and other EPS output;
Reanalysis and forecast databases;
Access to existing public and private sector decision support tools;
Access to country and region specific social and economic data bases.
7.1.7 Links to other programmes

NOAA RISAs, IRI;
National efforts, such as the USWRP SIP;
Various ongoing WMO and other regional/national applications programmes, including
Disaster Prevention and Mitigation programme, IPCC.

7.2 Evaluating the Costs and Benefits of Improved Forecast Systems
This research sub-programme will evaluate the costs and benefits of improved forecast systems
and implementing potential THORPEX advances in daily forecast operations. This will require:
Estimates of potential
implementations;

forecast

improvements

from

various

forecast

system

Estimates of the marginal costs and benefits of the improvements, i.e., the added value to
the users and society in mitigating losses, increasing gains, or otherwise improving the
management of resources (as discussed in section 7.1); and
Combining this information in a way that can be used in making decisions on the design of
forecast systems. The benefits will be estimated in direct economic measures and using
broader estimations of public benefit.
In order to provide these estimates, the Social and Economic Applications (SEA) Sub-programme
will build on existing methods for evaluating costs and benefits, using the information provided by
the SEA research described above. The Sub-programme will also identify the information from
other Sub-programmes required to develop such estimates, e.g., detailed estimates of costs of
implementing different observing systems; and a comprehensive evaluation of expected forecast
improvements, measured with user-relevant verification measures (as discussed in section 7.1).
7.2.1 Expected Outcomes
Estimates of the marginal value of the improved real-time forecasts produced in
THORPEX field campaigns, for multiple user groups and SE sectors.
Quantitative evaluation of the costs and benefits of improved forecast systems proposed
by THORPEX (including ensemble predictions). Where the benefits outweigh the costs,
this will determine the lower bound of the expected benefit.
Estimates of potential cost savings for certain aspects of the forecast system. An example
would be the utilisation of adaptive observing techniques to not acquire or utilise an
observation when there is no benefit to the quality of the forecast or justifiable social,
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economic or environmental benefit.
7.2.2 Timescale
Throughout THORPEX
7.2.3

Approach

Years 1-5: Estimates will be made of the marginal value of improved weather forecast systems
from databases, such as:
Archived forecasts for past weather events;
Observing System Simulation Experiments:
Forecasts from THORPEX field campaigns.
These studies will estimate the range of marginal gains to be derived from a variety of forecast
system improvements within different sectors of society.
Years 6-10: Refine these estimates, combine them with cost estimates, and apply to proposed
THORPEX forecasting system improvements.
7.2.4 Level of International Cooperation
Costs and benefits of forecast system modifications will be specific to individual economies.
Standard methods to quantify benefits need to be developed and tested in specific countries and
regions then shared with the international community.
7.2.5 Key Players
Basic and Applied research community – physical and social scientists, economists
Other THORPEX sub-programmes
Public sector consumers - Ministries of finance, emergency managers, water and
sanitation, environment, energy, agriculture, transports, tourism, policy
Private sector consumers – energy, water, agriculture, tourism, insurance and their sector
representatives
Major NWP Centres
WMO Public Weather Services Programme
7.2.6 Infrastructure Requirements
Access to country and region specific social and economic data bases
Reanalysis and forecast databases
7.2.7 Links to other programmes
National efforts, such as the USWRP SIP.
National and international agencies concerned with the design of the forecast system.
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7.3 New User-Specific Weather Products and User Procedures, for
Developed and Developing Countries
THORPEX SEA research will develop new methods to translate predicted meteorological
parameters into quantities of interest to specific user sectors, so that improvements to forecast
systems will address society’s diverse weather information needs. This will include developing
methods where the outcomes of interest to users are continuous functions of meteorological
conditions and where operational probabilistic forecast information can be utilized. Studies on
improvements in current probabilistic forecast systems will provide information on multivariate,
spatial and temporal information critical to many social and economic applications. In addition, SEA
research will develop methods to overcome current barriers to improved use and value of weather
forecast information, e.g., difficulties utilizing probabilistic forecasts in decision-making; warnings
integrated over space or time scales incommensurate with user requirements.
There is a critical need for developed countries to understand where the impediments lie to
improved utilization of weather products in developing nations, and to help transfer knowledge and
skills for the benefit of developing economies. Therefore, THORPEX will also partner with
developing countries and the WMO to help developing countries use new forecasting techniques
and decision tools to address their most pressing weather-related needs and to build developing
countries’ capacity to participate in and benefit from the enhanced global interactive forecasting
system.
7.3.1 Expected Outcomes
Suite of new decision support and consequent assessment tools
Significant increases in utilisation of probabilistic weather information in decision-making.
Mitigation and reduction of disasters and increase in economic efficiency using new tools.
Enhanced partnerships between developed and developing nations and increased capacity
to benefit from weather information in developing countries.
7.3.2 Timescale
Phase I 2004 – 2006, using current skill, expand the use of forecast products in social and
economic sectors; build partnerships with developing countries and identify developing
country needs
Phase II 2007 – 2012, using advanced forecast techniques developed through THORPEX,
further enhance the benefit of probabilistic forecasts to social and economic sectors;
develop specific tools and mechanisms to benefit developing countries; apply results to
new sectors and countries.
7.3.3 Approach
Beta-test new products derived from the forecast system in a series of industry trials.
Beta-test new products derived from the forecast system in a series of trials in the public
sector, engaging all of the necessary actors (see key players below).
THORPEX sponsored decision-support conferences and workshops will bring together
researchers, developers of ensemble weather prediction systems, developers of decisionsupport tools and decision-makers to further the understanding of how to fully realise the
potential of probabilistic forecasting to mitigate and reduce risk from the impact of weather
related disasters and to improve economic performance. The first workshop will focus on
the use of probabilistic weather forecasts in low probability high-risk decision-making (see
Annex II).
Develop partnerships with developing countries and international agencies to identify and
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address developing country needs.
7.3.4 Level of International Cooperation
Essential to test and apply advances in developed, developing and least developed economies.
Need best available forecast products from leading numerical weather prediction centres and the
skills of the developers of decision support systems applied to weather sensitive industries, public
safety and social systems in both developed and developing economies.
Need cooperation between developed nations, developing nations, and international agencies.
7.3.5 Key Players
Basic and Applied research community – physical and social scientists, economists
Public sector consumers in developed and developing countries - Ministries of finance,
emergency managers, water and sanitation, environment, energy, agriculture, transports,
tourism, policy
Private sector consumers – energy, water, agriculture, tourism
World Bank, Development Banks, international aid agencies
Major NWP Centres
WMO Public Weather Services Programme
National, regional and WMO training programs
WMO and other centers/groups that provide training in developing nations
7.3.6 Infrastructure Requirements
Access to TIGGE and EPS output from operational and research centres
Access to existing public and private sector decision support tools
Development of education and training programs in partnership with developing countries
and international agencies
7.3.7 Links to other programmes
NOAA RISAs, IRI
NCAR Research Applications Programme

7.4 Equitable Use of Global Interactive Forecasting System (GIFS)
This research will contribute to designing the infrastructure of GIF system in a way that promotes
internationally responsible and equitable use of GIF resources. This includes developing decision
making mechanisms that can be used operationally for allocating adaptively dispensable resources
for global observational, data assimilation, NWP forecasting (including ensemble), and centrally
directed user specific procedures. It also includes developing scientifically sound methods to
compare needs for and benefits of forecasts associated with simultaneously occurring threatening
weather events, and identifying conflict resolution mechanisms in case of conflicting demands on
disposable global GIF resources.
7.4.1 Timescale
Years 1-2: identify international needs and concerns for equitable use of GIFS; years 3-6: develop
methods to address these needs and concerns; years 7-10: test, refine, and implement methods.
35

7.4.2 Level of International Cooperation
International cooperation is essential to ensure that national and international needs are
represented in the design of GIFS.
7.4.3 Key Players
Basic and Applied research community – physical and social scientists, economists
Public sector consumers in developed and developing countries - Ministries of finance,
emergency managers, water and sanitation, environment, energy, agriculture, transports,
tourism, policy
World Bank, Development Banks, international aid agencies
Major NWP Centres
WMO Public Weather Services Programme
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8.

A GLOBAL INTERACTIVE FORECASTING SYSTEM

Summary of Major Goals

Goals

Projects

Time Scale (Years)

2

6

Global Interactive
Forecasting
System (GIFS)
THORPEX
Interactive Grand
Global Ensemble
(TIGGE)

10
Use research conducted in
TIGGE to inform the
development of operational
forecast systems

Complete a prototype global
multi-model ensemble
system consisting of at least
3 models
Provide access to TIGGE
database for general
THORPEX research
(including predictability and
societal and economic
impacts

Complete evaluation of
multi-model ensemble
system and use results to
optimise the GIFS
through a series of quasioperational
demonstration projects
Start to use system in
real-time to drive regional
ensembles in a series of
demonstration projects

8.1 Global Interactive Forecasting System
THORPEX research will inform and contribute to the design and development of a Global
Interactive Forecasting System (GIFS) by coordinating and bringing together research activities
carried out in the four major sub-programs. Interactivity is a key new feature of the GIFS. In
principle, as uncertainty varies from day to day, so should the observing-assimilation-forecast
system, to provide the response appropriate for the current situation. A future GIFS may include a
global observing system that can be adjusted to meet the observational needs of the day; data
assimilation systems that adapt to the varying data coverage and user requirements; Numerical
Weather Prediction methods, including ensemble forecast systems, that will be configured
interactively, i.e. by forecasters, to provide the most critical and highest quality information in
response to varying user needs; and a user interface, including applications procedures, that will
allow individual users to respond in the most efficient manner to expectations about future weather.
Such efforts require cooperation on a global scale, which the THORPEX GIFS research will
encourage and build on.
Technological developments including grid computing and high-speed data transfer networks (e.g.
GLORIAD) give the potential for the flexible response that would be needed to meet these
changing demands on computing resources, although real-time constraints and high-speed highvolume data transfers present a significant challenge.
The exact nature of any future GIFS is not known: a goal of THORPEX is to evaluate the potential
of the GIFS concept. The development, evaluation and testing of a future GIFS will depend on
results from all four components of THORPEX.
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8.2 The THORPEX Interactive Grand Global Ensemble
Much research is needed to evaluate the potential of the GIFS concept. The THORPEX Interactive
Grand Global Ensemble (TIGGE) will be developed as a resource to support this research. TIGGE
will provide a framework for international collaboration in the development of ensemble prediction
systems (EPSs) and is also planned to provide the main prediction tool in the THORPEX Forecast
Demonstration Projects. It is now feasible to consider the prospect of a multi-national ensemble
system, distributed through the global community, which could provide appropriate predictions of
high-impact weather, anywhere in the world, on all predictable time ranges. TIGGE will provide the
coordinated effort required to evaluate this potential. These activities will contribute to the
international development and testing of the Global Interactive Forecasting System.
The initial basic components of TIGGE will be global ensembles run to around 14 days, including
those run currently at a number of operational centres. These will be collected in near real time and
stored in a common format in a number of central data servers for access by researchers in
operational centres and the academic communities. This will facilitate research on combination and
intercomparison of different systems; it will become straightforward, for example, to compare the
value of multi-model ensembles with those based on perturbations of a single model. Easy access
to long series of data is necessary for applications such as bias correction and the optimal
combination of ensembles from different sources; these will be accumulated as the TIGGE archive
grows during the project.
The concept of interactivity will be tested in the TIGGE framework. As a response to the day to day
changes in uncertainty, extra observations could be called on in ‘sensitive areas’, ensemble size
and resolution adjusted, and regional ensembles run as and when needed; all these adapting in
real time to meet user needs. Research on the scientific aspects of interactivity that can be carried
out through TIGGE include:
Observation targeting - some methods of sensitive area prediction such as the ETKF will
benefit directly from the large ensemble size available in TIGGE; other methods will not rely
directly on TIGGE. Other aspects of targeting are covered elsewhere in the THORPEX
plans.
Are there different ‘optimal’ configurations for different situations (e.g. relative benefits of
resolution and ensemble size); how would the requirements vary from day to day.
Links between global and regional ensembles, including the provision of appropriate
boundary conditions, how global ensembles can be used for ‘on-demand’ requests for
regional ensembles, whether global ensembles can guide the real-time composition of
regional ensembles (‘representative members’).
We also plan that TIGGE will be used in real time during the THORPEX demonstration projects.
The timeframe for these FDPs will allow for 2-3 years of near-real-time TIGGE development before
real-time availability is required. By the time of THORPEX FDPs (in ~2008) enough data and
experience will have been gained to use TIGGE in real time as the main forecast tool, providing
both global and regional quantifications of weather uncertainties to use in decision-making.
TIGGE will coordinate with and benefit from the experience accumulated within the North American
Ensemble Forecast System developed jointly by the National Weather Services of Canada,
Mexico, and the United States.
8.2.1 Expected outcomes
Enhanced collaboration on development of ensemble prediction, internationally and
between operational centres and universities
New methods of combining ensembles from different sources and of correcting for
systematic errors (biases)
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Understanding of the feasibility of interactive ensemble system responding dynamically to
changing uncertainty (including use for adaptive observing, variable ensemble size, ondemand regional ensembles) and exploiting new technology for grid computing and highspeed data transfer.
Test (through FDPs) concept of TIGGE Prediction Centre to produce ensemble-based
predictions of high-impact weather, wherever it occurs, on all predictable time ranges.
A prototype future Global Interactive Forecasting System.
8.2.2 Timescale
This activity will run throughout the 10 years of THORPEX. Infrastructure development will depend
on scientific requirements and available funding/resources from data archiving centres. Initially
ensemble data collected in near-real time. Real-time running planned for FDPs. The first TIGGE
workshop will be held in March 2005 at ECMWF to initiate the TIGGE project and define the
requirements for the TIGGE database.
8.2.3 Approach
A Working Group (WG-TIGGE) will direct the development of TIGGE. A wide range of research
projects are expected to use the TIGGE database. These are likely to include the following areas:
Initial Conditions: Comparison of methods including singular vectors, breeding, ETKF.
Investigation of multi-analysis aspects.
Model uncertainty: Comparison of the relative merits of stochastic physics, perturbed
parameterisation and multi-model ensembles to account for model uncertainty.
Probability forecasts: Development of probabilistic predictions from TIGGE. Bias
correction, optimal combination of members from different sources.
Impacts/Applications: Uses of ensemble forecasts, including user requirements, training,
and applications to decision making
Infrastructure and data policy: Procedures and protocols for access to data.
Infrastructure required to achieve scientific aims.
HEPEX: This is a major potential application of TIGGE, coordinating the provision of
atmospheric ensemble data for the hydrological requirements of the HEPEX community.
Interactivity: Applications to observation targeting; limited area ensembles; flexible
ensemble composition.
With such wide potential application, careful design and oversight is needed to resolve conflicts
and maximise the value of TIGGE in addressing the various scientific research issues. The
organisational framework will benefit from considering the successful AMIP model. Also, while
TIGGE has a wider research aim, it is likely that some of the infrastructure considerations, such as
common data formats and data archiving policy, will be useful both for TIGGE and any operational
prototypes of the GIFS.
The immediate tasks are to establish WG-TIGGE, define scientific requirements for TIGGE
dataset, then plan and develop infrastructure accordingly. WG research plans will be developed
concurrently and work will begin with available data.
Duties of WG-TIGGE will include:
Design structure of TIGGE dataset considering potential scientific research subprojects and
possible real-time applications
Prioritise requirements of different subprojects
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Monitor work and results done with TIGGE data
Report on progress to THORPEX, funding bodies, data providers
Feed progress into development of GIFS
Take necessary action to ensure success of project
WG-TIGGE will work closely with other THORPEX working groups to meet the overall goals of the
THORPEX programme.
8.2.4 Level of International Cooperation
High – expected to include all major NWP centres, universities, and for impacts and
exploitation of ensemble data many NHMSs in all regions.
A workshop is proposed, hosted by the ECMWF, in the Spring of 2005.
8.2.5 Key Players
Initially depends on major NWP centres for supply of ensemble data, on 3-4 regional centres
willing to act as main archiving sites; then on groups developing limited-area ensembles and
applications.
8.2.6 Infrastructure requirements
Needs data archival centres (ideally 3-4 mirror sites; one each in N America, Europe, Asia,
Australia) and infrastructure needed to maintain these and allow continual addition of data and
easy access to archived fields. This will be costly for the host centres and no external funding has
been identified, so at present it relies on self-funding from the participants.
8.2.7 Links to other programs
CBS ET on EPS and other CBS groups as appropriate; WCRP (COPES)
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9.

INTERSECTION WITH CLIMATE PREDICTION

Summary of Major Goals

Goals
Projects

Time Scale (Years)

2

6

10

Coordinate
development of
observing systems for
weather and climate
prediction

Compare observing
needs of weather and
climate forecasting

Develop synergistic
observing practices for
weather and climate
forecasting

Optimize observing
networks for weather and
climate forecasting

Development of
unified weatherclimate data
assimilation and
prediction system

Study coupled oceanland-atmosphere model
initialization and model
drift problems

Demonstrated
improvement in forecast
skill in critical range
through use of
atmosphere, land and
oceanic initial conditions

Convergence of weather
and climate forecasts:
Coupled ocean-atmosphereland forecast model
application on scales of 1-70
days

Develop tools for
seamless socioeconomic applications
of weather and climate
forecast

Compare weather and
climate forecast
applications

Develop application tools
suitable with both
weather and climate
forecasting

Demonstrate value of
seamless weather-climate
forecast applications

It is anticipated that within a decade, the largely artificial distinction between climate and weather
prediction will give way in favour of a unified weather-climate forecast approach, leading to a socalled seamless suite of forecast products applicable on all relevant decision making time and space
scales. For this to happen, the weather and climate forecast communities will need to attain a level
of collaboration not seen before. The main goal of THORPEX is to improve 1-14 day weather
forecasts, while the focus of the climate forecast community is on the seasonal and interannual time
scales. THORPEX will play a major role in partnering with the climate forecast community to bridge
the gap between weather and climate forecasting, leading to better understanding, improved
forecast techniques, and more skillful forecasts for the often neglected, 10-60 day range between
the weather and climate time scales.

9.1 Synergistic Observing System
The observational needs of weather and climate forecasting clearly overlap. Both applications
require knowledge of the initial conditions of at least the upper layer of the ocean and land, as well
as the atmosphere. Yet traditionally, the observational needs of weather prediction and climate
monitoring/forecasting have been evaluated in separate contexts, not allowing for a direct
comparison, or the synergistic use of observing resources. Today, when the climate community
relies more than ever before on data assimilation (e. g., reanalysis) and modelling (e. g., General
Circulation Models, GCMs) tools initially developed for weather forecasting, the possibility and the
need for exploring the synergistic use of limited observational resources is compelling. THORPEX
is ready to partner with the developers of the climate observing system in the framework of the
GEOSS program to achieve these goals.
9.1.1 Approach
Identify objective performance measures for both weather forecasting and climate
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monitoring/forecasting applications. Researchers and users from both the weather and climate
sides will need to separately establish a set of objective criteria to be used in the optimization of
the observing network. These measures will relate to the quality of numerical analysis and forecast
products, and can be global measures of performance (such as target level of error in numerical
analysis/forecast products, or regional, phenomenologically based measures, such as
detection/forecast rate of certain, climatologically significant events.
Assess observational needs of weather and climate forecasting in common framework.
When evaluating the current or proposed configurations of observing systems, use both the
weather and climate oriented objective performance measures. When attempting to optimize
observing systems for either weather or climate applications, avoid sacrificing the quality of
applications for the other side. Such studies will make use of OSE and OSSE studies.
Actively pursue synergistic observing techniques. Since the global weather and climate
observing systems are rather complex, it is likely that an approach where the two applications are
considered and optimized simultaneously will bring additional benefits. An example of such a joint
development and application is adaptive observational approaches. Weather forecasting and
climate monitoring/forecasting may have different target goals and criteria (eg, minimizing overall
short-range forecast error for weather, and increasing detection of certain critical events for climate
applications), yet adaptive observational approaches can be designed to satisfy both sets of
needs.

9.2 Unified Data Assimilation and Forecast Suite
State of the art global weather forecasting out to 10-15 days is currently carried out with
Atmospheric General Circulation models (AGCM) that are forced with Sea Surface Temperature
Anomalies (SSTA) observed at initial time, and are projected and damped toward climatological
conditions as AGCM integrations proceed. In these integrations, the dynamical, two-way
interaction between the ocean and atmosphere is ignored. Therefore these integrations cannot be
used for longer term weather or climate predictions. Numerical seasonal and longer range climate
integrations, on the other hand, are carried out with coupled ocean-atmosphere models, often
using the same, or very similar atmospheric models as those used in weather forecasting. Though
these integrations start with the analysed state of the ocean, in some systems, the atmosphere is
initialised with arbitrary initial conditions, making the predictions useless for weather forecasting.
As a result, these integrations are useless in terms of weather forecasting. There are a number of
reasons for the current disjoint approach to numerical weather and climate forecasting, including
the different emphasis observed atmospheric and ocean initial conditions, and model errors
receive in the two fields.
9.2.1 Expected Outcome
It is argued here that the current dual approach is detrimental to developments in both weather and
climate forecasting. Examples where a coupled approach is thought to be critical to improvements
in weather forecasting include tropical storm prediction, especially for the intensity of the storms,
and prediction of precipitation events associated with the MJO. As the forecast methods are
refined, methods used in weather and climate forecasting must converge. Advantages of a joint
weather-climate modelling effort include:
Skill improvement: Forecasts in the short range are affected primarily by atmospheric initial
conditions, while those in the long range by ocean/land initial conditions. For the intermediate time
ranges (7-60 days), however, the evolution of the coupled system critically depends on initial
conditions for both the ocean/land and atmosphere. It follows that a joint approach considering
information from both initial conditions is necessary for improved skill in this important forecast
range. This in turn will lead to improved probabilistic information on high impact weather on the
intra-seasonal time scale.
42

Shared scientific knowledge and resources: The research proposed here offers a tangible
approach to bridging the gap between weather and climate forecasting activities in terms of
scientific understanding of the processes involved, fostering a closer collaboration among
scientists working on the oceanic, land, and atmospheric processes. Work on physical
parameterization schemes represents one of the areas with strong common interest for weather
and climate forecasting.
Shared infrastructure and technical capabilities: In the course of the collaborative work, the
weather and climate forecasting communities will share their mutually applicable data assimilation,
modelling, ensemble, forecast display, and product development methods, enhancing research
and operational activities in both areas.
Seamless suite of products:. The proposed research will result in the use of a joint forecast
system for both weather and climate applications, allowing the construction of a seamless suite of
probabilistically based forecast products.
Computational savings:. The joint approach also allows a more economical use of operational
computer resources. If the proposed research is successful, and forecast delivery times can meet
the more stringent weather forecast requirements, the same coupled ocean-land-atmosphere
modelling system can be used both for weather and climate forecasting-making costly ensemble
integrations with both systems for the same time period obsolete.
9.2.2 Timescale
10-year research programme, with first phase focusing on more fundamental research and the
second half on transitioning research results into operational practice.
9.2.3 Approach
Using a coupled ocean-land-atmosphere model for weather forecasting puts new constraints on
accessibility to oceanic observational data. Observed ocean data needs to reach operational
centres in a matter of hours, instead of days or weeks. Possible ways of greatly accelerating the
transfer and quality control of oceanic observations need to be found.
New initialisation and coupling techniques need to be explored that can equally serve the needs of
the weather and climate forecast applications.
The use of cascadingly lower resolution models in unified weather-climate forecast integrations can
be pursued. The integrations could start with higher resolution to satisfy weather forecast
requirements. After a few days or weeks, a lower resolution version of the model could be used
with consistent physical parameterization schemes.
As an alternative to the use of full ocean models that raise more challenges in terms of initialisation
and coupling methods, as an intermediate solution, the use of mixed-layer ocean models coupled
to AGCMs will be explored.
Ensemble initial and model perturbation techniques that can provide consistent perturbation fields
for both parts of the coupled system will be explored. The possible use of multiple models or model
versions will be pursued.
Study the performance of different proposed coupled forecast systems in terms of their ability to
simulate and forecast intra-seasonal variability both in the atmosphere and ocean, in the 7-60 day
time range.
In order to better understand the shortcomings of coupled numerical forecast systems, carry out
studies with simple linear, stochastically-forced inverse models. Compare the performance of
simple models with systems based on comprehensive models developed in the course of the
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research. Conduct well designed model inter-comparison studies.
Continuing studies with simple linear, stochastically-forced inverse models. Comparison of
performance of simple models with systems based on comprehensive models (coupled
atmosphere-ocean models including data assimilation) used for monthly and seasonal prediction
operationally and in research mode. Conduct well designed model inter-comparison studies.
9.2.4 Level of International Cooperation
There will need to be a high level of international cooperation in order to effectively exchange
data/results, and to conduct inter-comparison studies.
Data Assimilation, adjoint tools and operational modelling capabilities require operational centres
to cooperate (NCEP, ECMWF etc).
9.2.5 Key Players
Operational Centres,
Universities, Research Laboratories
CLIVAR Working Group on Seasonal to Inter-annual Prediction,
JSC/CAS Working Group on Numerical Experimentation.
9.2.6 Infrastructure Requirements
Ability to communicate easily.
Ability to readily exchange data.
High level of computing resources to conduct model runs and diagnostics.
Using a coupled ocean-land-atmosphere model for weather forecasting puts new
constraints on accessibility to oceanic observational data. Observed ocean data needs to
reach operational centres in a matter of hours, instead of days or weeks.
Possible ways of greatly accelerating the transfer and quality control of oceanic
observations need to be found.
9.2.7 Links to other programmes
Operational Centres, WCRP, Universities and academic research laboratories, WWW

9.3 Seamless Applications
From the perspective of users, the distinction between weather and climate forecasts is somewhat
abstract and arbitrary. Users are concerned about certain weather events, and depending on their
operations, they require forecasts with particular lead-time ranges. How these forecasts are
produced is mostly out of their concern. If the users need forecasts with multiple lead-time ranges,
for ease of use, these forecasts should preferably be framed in the same, probabilistic forecast
format.
9.3.1 Approach
Compare weather and climate forecast applications. Assess the similarities and differences in
user applications of forecasts with shorter (1-14 days), intermediate (10-60), and longer (60 days
and beyond) lead-time ranges. During the past decade, climate forecasts applications have been
extensively studies, for example, by the International Research Institute for Climate Prediction (IRI)
and other centers. As THORPEX will carry out similar studies for weather forecast applications,
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there will be an opportunity to compare forecast applications with different lead-times.
Develop user application methods viable at all lead-times. While the origin of weather and
climate forecasts may remain different for a number of years (ie, separate forecast systems), there
is no reason the format of the forecasts, and other application tools cannot be made common
along all lead-time ranges. There is an emerging need for facilitating “one-stop shopping” for
weather and climate information, as larger segments of the economy, and the society in general,
become sensitive to atmospheric, oceanic, and hydrologic conditions. The probabilistic forecast
format appears to be suited for all time ranges. Digital forecast data bases should be developed
that can cater to users with interest in all lead-time ranges. Forecasts will exhibit greater spatiotemporal variations at the shorter lead-times, while will become smoother as the level of
predictability naturally degrades with increasing lead-times.
Demonstrate joint weather-climate time scale forecast applications. Providers of weather and
climate forecasts from the THORPEX and climate communities respectively are expected to work
together in demonstration projects. By working with a variety of users from different sectors of
society and regions of the globe, these studies will demonstrate how forecast information available
on different time scales can be best used in everyday decision making situations. The main results
of these studies, as well as the most efficient application procedures, will be made available to the
interested user community for further applications, including those with the Global Interactive
Forecasting System (GIFS) that THORPEX is expected to develop.
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10. THORPEX OBSERVING SYSTEM TESTS (TOSTS)
Summary of Major Goals

Time Scale (Years)

Goals
Projects

2

Test and evaluation of
new in situ
Technologies

Evaluate performance of
NCAR Driftsonde through
participation in AMMA field
campaign

Test and evaluation of
new satellite remote
sensing technologies

Evaluate the contribution of
the COSMIC constellation to
NWP performance through
assimilation of space based
measurements into
operational and quasioperation NWP systems

6

Evaluate performance
of NPP

10

Evaluation performance
of NPOESS

Evaluate contributions of
AIRS data to NWP
performance

THORPEX Observing System Tests (TOSTs) are designed to
Test and evaluate experimental remote-sensing and in-situ observing systems, and when
feasible, demonstrate their impact on weather forecasts;
Explore innovative uses (e.g., targeting) of operational observing systems.

10.1 African Monsoon Multidisciplinary Analysis (AMMA)
It is expected that TOSTs will be developed throughout the THORPEX programme. Initially this
effort is focused on the test and evaluation of a drifting balloon system capable of dropping
radiosondes over remote oceanic areas. This TOST will be developed in conjunction with the
African Monsoon Multi-disciplinary Analysis (AMMA) to test the ability of a drifting balloon system
to acquire atmospheric profile data over the Atlantic offshore of West Africa.
AMMA: The motivation for the international African Monsoon Multidisciplinary Analysis5 (AMMA)
includes the need for improved prediction of the West African Monsoon and its impacts on West
African and American nations (through its impact on the tropical Atlantic). AMMA includes an
integrated weather and climate field program that includes a Special Observing Period in 2006, an
Enhanced Observing Period (2005-2007) and a Long-term Observing Period (LOP, 2001-2010+).
According to the AMMA science plans, the project has four overarching aims: i) To improve our
understanding of the WAM and its influence on the physical, chemical and biological environment
regionally and globally; ii) To provide the underpinning science that relates variability of the WAM
to issues of health, water resources, food security and demography for West African nations and
defining and implementing relevant monitoring and prediction strategies; iii) To provide the
underpinning science that relates variability of the WAM to Atlantic tropical cyclone variability and
5

Further information on AMMA can be found at http://www.ofps.ucar.edu/amma/

46

its impacts on the Americas and defining and implementing relevant monitoring and prediction
strategies; iv) To ensure that the multidisciplinary research carried out in AMMA is effectively
integrated with prediction and decision making activity.
THORPEX and AMMA: THORPEX interests evolve around the prediction of high impact weather
on the 1 to 14-day timescale for the benefit of society and the economy. Collaborations between
the AMMA and THORPEX programmes could investigate strategies for improving predictions of
high impact weather, especially those events taking place over Africa, the tropical/subtropical
Atlantic and over the Americas. The strategy for this collaboration should include:
THORPEX and AMMA investigators collaborate to determine which weather events have the most
significant societal impacts i) over Africa (e.g. dry spells) in this highly vulnerable region ii) Atlantic
adjacent regions (e.g. tropical cyclones).
AMMA work to ensure that observations taken by AMMA, which are relevant to the prediction of
high-impact weather in Africa on the 1 to 14-day time scale and can be assimilated by the
operational centres, be made available in real-time. In addition, AMMA and THORPEX establish
formal collaborations that include reciprocal access to data/model archives. Such steps are
necessary for THORPEX to evaluate the possible impact of additional measurements on forecast
skill and will contribute to the objectives of AMMA.
THORPEX seek funding for additional upper-air measurements from AMMA surface sites and
airborne platforms, particularly to determine if improvements in the medium range prediction of
tropical cyclone genesis, track and intensity can be obtained from additional observations taken
over Africa and/or the tropical Atlantic. The optimal timing for these observations is during later
portion of the AMMA’s 3rd Special Observing Period in August and September 2006. The AMMA
European community has proposed deployment of driftsondes for this purpose in addition to the
ones deployed in July 2006. To maximize the chance for success, additional collaborations need to
be established between THORPEX, AMMA and hurricane researchers, particularly in North
America.
THORPEX investigations should provide guidance on what types of long-term observational
infrastructure upgrades are most likely to provide improvements in the prediction of high impact
weather over Africa and the Americas.
THORPEX should investigate links to the recent planning efforts to conduct a Atlantic Marine ITCZ
(AMI). This program is essentially the AMMA climate component over the Atlantic Ocean. AMI has
been recently endorsed from US CLIVAR. AMI is likely to occur during the late summer-fall of 2007
(i.e., the second year of AMMA).
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11. THORPEX REGIONAL CAMPAIGNS (TRECS)
TReCs are operational forecast demonstrations contributing to the design, testing and evaluation
of all components of interactive forecasting systems.
TReCs definition will be inserted at a later stage of planning.
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12. THORPEX DEMONSTRATION PROJECTS
Summary of Major Goals

Goals
Projects

Time Scale (Years)

2

6

Beijing Olympics 2008

Demonstrate the usefulness
of a prototype multi-model
global ensemble forecast
during the summer of 2008 for
the Beijing Olympics using
TIGGE

Application of new
forecasting
techniques for Africa

Demonstration of the
usefulness of ensemble
forecasts for risk reduction
strategies in African countries
most vulnerable to weather
related disasters

Sand and Dust Storm

Use ensemble prediction
techniques to improve
forecasts of sand and dust
storms (in collaboration with
WMO/CAS Sand & Dust
Storm Experiment)

10

12.1 Purpose of Demonstration Projects
These projects will benchmark new forecasting tools and techniques and demonstrate an increase
in the number of positive social and economic outcomes that would result from the operational
implementation of these tools and techniques. These projects are intended to benefit all WMO
Members. In the least developed and developing countries we are focusing on new tools to
mitigate and reduce natural disasters. Here the emphasis is on the construction and application of
decision support tools to forecast social and economic risk associated with adverse weather on
timescales of 1 to 14-days. For developed countries, the emphasis is likely to be on economic
efficiency. For all National Meteorological and Hydrological Services (NMHSs), these projects offer
the opportunity to test and evaluate new ways of delivering information to their consumers.

12.2 Framework
The forecasting system framework consists of the observing system, which provides data directly
to applications and to a data assimilation system for ingest into an ensemble prediction system. In
turn this provides weather forecasts, which are an input to the decision support system. The
decision support tools are selected for various social and economic applications including disaster
preparedness, agricultural efficiency, forestry management, public health, water management, and
air quality, amongst others. The decision support system also includes an assessment function to
determine the validity of the products. All of the systems provide input to, and require output from,
a data management system, which provides both short-term data storage and a data archive of
Geographic Information Systems (GIS) products, spatial reference information, satellite and in situ
observations, metadata, and numerical weather prediction fields.
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Figure 12.1. End-to-end forecasting system
This approach is similar to that proposed by the Earth Science Enterprise Applications Programme
of NASA. NASA’s objective is to expand and accelerate the realisation of social and economic
benefits from Earth science, information and technology. A systems approach is used to facilitate
the assimilation of Earth observations and predictions into decision support tools, including
weather prediction and hazard mitigation. Benchmarking particular decision support tools with
specific forecast inputs enables them to become universally applicable and transferable throughout
the community.
The unique contribution of these THORPEX demonstrations projects is their adherence to using
ensemble predictions of meteorological phenomena. In developing and least developed countries,
the particular interest is the application to disaster reduction and mitigation. Decision support tools
may take the form of applications software packages or risk maps that combine forecasts of
precipitation or wind with geographical information to produce forecasts of risk applicable to
specific communities or economic sectors. For example, a forecast of high temperatures could
translate into a health risk forecast for people whose medical condition is sensitive to changes in
ambient temperature. The risks would likely be highest in poor urban housing areas.
Many decision support tools already exist in the public domain and these will be utilized wherever
possible and adapted to probabilistic weather forecasts. In the United States, examples of
decision support tools include HAZUS, which was developed by the US Federal Emergency
Management Agency’s (FEMA) Mitigation Division. HAZUS-MH is a powerful risk assessment
software program for analyzing potential losses from floods, hurricane winds and earthquakes. It is
available through the FEMA. In HAZUS-MH, current scientific and engineering knowledge is
coupled with the latest GIS technology to produce estimates of hazard related damage before, or
after, a disaster occurs. HAZUS-MH takes into account various impacts of a hazard event such as:
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Physical damage: damage to residential and commercial buildings, schools, critical facilities,
and infrastructure;
Economic loss: lost jobs, business interruptions, repair and reconstruction costs; and
Social impacts: impacts to people, including requirements for shelters and medical aid.
Similarly applications exist, or can be developed for:
Tourism
Public Health
Energy
Water resource management
Special Events (e.g., Olympics)
The availability of ensemble prediction system products will depend the major numerical weather
prediction centres coordinating their prototypical forecast products to provide probabilistic forecasts
to various users involved in applications of weather forecasts to decision making process. This
component of the programme will be developed under the THORPEX Interactive Grand Global
Ensemble (TIGGE) programme described elsewhere in this document. This component will also
include the observing system, the data assimilation system, and the data management system.
The decision support system will be developed collaboratively with the NMHSs that are participants
in assessing the quantitative impact of probabilistic forecasts on improved social and economic
decision-making. Thus partnerships are envisaged between the countries supporting the
development of the forecasting tools and those developing and applying the decision support tools.

12.3 Candidate Projects
International expert teams comprising researchers in numerical weather prediction, operational
forecasters, specialists in the mitigation and reduction of natural disasters, and specialists in the
application of forecasts to specific economic sectors will develop candidate projects, such as:
Date

Project

VIII-IX.2006

AMMA – Sahara dust impact on cyclogenesis (NOAA HRD, NCAR,
Universities)

2006 - 2008

WWRP Beijing Olympics 2008 Ensemble Forecasts Research and
Development Project

2005 - 2006

WWRP/GAW Sand and Dust Storm Research and Development Project
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13. MAJOR CAMPAIGNS
Summary of Major Goals

Goals
Projects

THORPEX/IPY

Time Scale (Years)

2

6

10

Planning Complete and
infrastructure ready

Field activities
completed during 20072008

Analysis complete and
results transferred to
operations

TIGGE

Planning complete

Research
demonstration during
IPY

Determination of utility of
such a system

Dynamic processes,
data assimilation,
observing
system/strategy
research

Ongoing and begin some
early links to operations

Ongoing with transfers
to operations

Recommendations on global
observing system and cont’d
transfers to operations

Field activities

13.1 THORPEX Activities and the International Polar Year (IPY)
Background:
Polar Weather Systems
The accurate prediction of weather systems in polar regions is critical to numerous societal,
environmental and economic applications. High impact weather events in polar regions include
spring thaws, sea ice movement, and severe winter cyclones resulting in strong winds, high seas,
and heavy precipitation as defined by their impact on public safety, fisheries and fishery
management, activities of the indigenous arctic populations, wildlife, energy production and
transportation. Climate change research provides additional motivation for improving the treatment
of polar processes in numerical models. For example, current predictions of climate change
indicate that some of largest atmospheric warming should occur in higher latitudes with a potential
to substantially reduce ice cover. Research questions include whether this increase in open water
will modify the frequency, location and intensity of cyclonic storms. Accurate modelling of the
characteristics of these storms and the associated precipitation amounts, surface winds and cloud
cover is necessary to predict the potential societal, economic and environmental impacts that may
accompany such changes. Increasing our knowledge of physical and dynamical processes in
these regions and our ability to predict weather systems in Polar Regions and the impact of polar
processes on high impact weather elsewhere on the globe presents significant research and
operational challenges. For example, the evaluation of analyses and simulations in Polar Regions
and the improvement of numerical models are both limited by difficulties in the accurate
measurement of surface and atmospheric properties at these latitudes. As discussed in the
following section, THORPEX’s effort to address polar weather will take advantage of the
opportunities presented by the International Polar Year (IPY). Such a strategy will serve both the
climate and weather communities.
The basis for THORPEX participation in the IPY (2007-2008) was established when an Expert
Group, tasked with developing the THORPEX Implementation Plan (EG-TIP), met with Dr Paul
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Egerton, Executive Secretary of the European Polar Board and Dr Eduard Sarukhanian, Special
Advisor to the WMO Secretary-General on the IPY. It was recognised that THORPEX could
contribute to the advancement of the knowledge and prediction of polar processes and their impact
on the global circulations. Initial THORPEX topics were proposed at this meeting and modified
through input from others involved in the THORPEX planning, the WMO OPAS IOS Expert Team,
and investigators involved in the IPY planning. This section provides a brief overview of the IPY
followed by a proposal for co-operation between these programmes.
International Polar Year (IPY: 2007-2008)6: Historically, scientists banded together in polar years
(1882-83; 1932-33; 1957-58) to investigate geophysical processes in the polar latitudes. IPY:
2007-2008 will include investigations of biological, chemical, and geophysical processes, and
societal/economic assessments and impacts. It will also encompass the two-way interaction
between polar and sub-polar latitude regions. The forthcoming IPY will include an intensive period
of observation from 1 March 2007 to 1 March 2009, leading to a legacy of multi-disciplinary
observational networks, and observatories in support of ongoing research and its applications.
The IPY has identified five core objectives:
• To determine the present environmental status of the polar regions by quantifying their
spatial and temporal variability.
• To quantify and understand, past and present environmental and human change in the
polar regions in order to improve predictions.
• To advance our understanding of polar-global teleconnections on all scales, and of the
processes controlling these interactions.
• To investigate the unknowns at the frontiers of science in the polar regions.
• To use the unique vantage point of the polar regions to develop and enhance observations
studying the Earth’s inner core, the Earth’s magnetic field, geospace, the Sun and beyond.
Proposed THORPEX participation in the IPY (THORPEX/IPY):
(a) THORPEX/IPY will address two-way interactions between polar and sub-polar weather
regimes. This research aligns with the THORPEX focus on “Global-to-regional influences on
the evolution and predictability of weather system” and the IPY objective of “understanding
polar-global teleconnections on all scales, and the processes controlling these interactions”.
THORPEX/IPY will address high-impact weather forecasts, the predictability, and increased
knowledge of related physical and dynamical processes associated with polar and sub-polar
interactions. Examples of research investigations include the role of Greenland’s orography
on European and African cyclonic storm systems, the generation of Rossby wave trains by
intense cyclogenesis off the coast of Asia and whether anomalous open water in the vicinity
of the Arctic and Antarctic lead to modifications in storm tracks, storm intensity, and the
Ferrel/Walker circulations.
(b) THORPEX/IPY will assess and seek to improve the quality of operational analyses and
research reanalyses products in the Polar Regions. Such analyses are useful for both
initialising numerical weather prediction and for obtaining an accurate climate record of
conditions in the vicinity of the poles. The assessment will be greatly enhanced through the
additional measurements taken during the IPY period. Numerical forecast and research
models run at sufficiently high resolution will allow examination of the impacts of effects of
topography and surface variations will also prove useful to assess the quality of analyses at
coarse resolution. One hypothesis is that in the Arctic, the quality of these analyses may
have decreased due to the reduction in rawinsonde measurements over higher latitudes
6

Further details on the planning for the International Polar Year can be found at http://www.ipy.org. The
materials in this section were summarized from materials on this web site.
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coupled with challenges in the assimilation of satellite data. The parameterization of physical
processes in the polar region also presents unique challenges. The efforts to improve data
assimilation in the Polar Regions, as discussed in the subsequent section, will directly
benefit the quality of these analyses.
(c) THORPEX/IPY will address improving data assimilation techniques for Polar Regions.
For example, significant challenges exist in the use of observations from polar orbiting
satellites in these regions due to difficulties in detecting low clouds, in determining surface
emissivities over an evolving snow/ice field and utilizing radiances in the presence of
significant orography. The assimilation of radiosonde data in this region can also present
significant challenges as the variations in the surface snow/ice field and presence of complex
orography all decrease the representivity of sounding data. The relatively slow response time
of in-situ sensors in these extremely cold temperature and the thin cloud layers in these
stable environments also presents challenges for in-situ sensing. The improvement in data
assimilation efforts will likely need to be coupled with advances in model physics, particularly
regarding the components of the water cycle in polar regions. The importance of improving
the data assimilation is emphasized in the THORPEX Science Plan. This research will also
address the IPY objective of “determining the present environmental status of the polar
regions by quantifying their spatial and temporal variability.”
(d) THORPEX/IPY will assess the skill in the prediction of polar to global high impact
weather events for different observing strategies in higher latitudes. Research topics in
these areas would include contribution to: i) evaluation of the impact of the supplementary
IPY measurements, ii) evaluation of various targeted observing strategies; iii) assessment of
the contribution of Siberian radiosonde networks to NWP and whether alternative network
configurations should be considered; iv) increased knowledge of the errors and challenges
associated with obtaining quality satellite, in-situ and surface-based remote sensing
observations in polar regions so that improved observing systems and strategies can be
developed in the future.
(e) THORPEX/IPY will demonstrate the utility of improved utilization of ensemble weather
forecast products for high impact weather events and for IPY operations, when
applicable. The high impact events in polar regions for the economy, environment, and
society include spring thaws, poor visibility, sea ice movement, and severe winter cyclones
resulting in strong winds, high seas, and heavy precipitation as defined by their impact on
public safety, fisheries and fishery management, activities of the indigenous arctic
populations, wildlife, energy production and transportation. Examples of polar influences in
middle latitudes include polar cold air outbreaks, extratropical cyclones, and lake effect
snows. THORPEX activities will include a research evaluation of the concept of the
THORPEX Interactive Grande Global Ensemble (TIGGE) prediction system, for providing
ensemble forecasts tailored for polar weather events and effects of polar processes on subpolar weather. This effort involves evaluation of the utility of a coordinated multi-national
ensemble forecast system and associated research opportunities in areas of predictability,
data assimilation, observing strategies and observing system studies.
(f) THORPEX/IPY efforts will result in recommendations on the design of the Global
Observing System in polar regions for weather prediction. THORPEX research will
evaluate the improvements in forecast skill associated with various polar observing
strategies as well as the societal benefits of any associated improvements in forecast skill.
Thus, THORPEX is well positioned to make recommendations on which IPY legacy
instrumentation would prove beneficial to society from a prospective of weather prediction.
(g) To assist in accomplishing these research goals, THORPEX/IPY will conduct field
campaigns during the IPY intensive observing period. A key aspect of these campaigns
will be to include radiosonde or appropriate remote sensing capability on polar research
vessels deployed for the IPY. These activities are:
54

Additional measurements are planned over the North Atlantic that supplements operational
targeting by the EUCOS. The measurement strategy in the northern Atlantic regions would
have a greater emphasis on how the Arctic impacts weather in Europe in the shorter range
and impacts other locations in the medium and extended range. Such weather systems
include dramatic polar lows, rapid cyclogenesis and cold air outbreaks. These systems
impact Europe because of its proximity to extreme cold air masses that develop in the Arctic
and strong surface-forcing features located upwind, such as the topography of Greenland
and the northern branch of the thermohaline ocean circulation. The proposed experiment
includes process interaction studies, e.g., coupled ocean atmosphere influences on the
thermohaline circulation; polar topographic influences on polar and sub-polar weather
systems and their predictability. The EU will likely take the lead in organizing this effort,
which will also include regional participation from North America.
Additional measurements over the North Pacific that supplements the operational U.S. Winter
Storm Reconnaissance Program in an effort to create a data set to test the relative impacts on
forecast skill of additional observations in polar and middle latitude regions. The forecast impact of
existing and new satellite observations and in-situ observations will also be evaluated. The data set
collected is also envisioned to support research into targeting techniques, data assimilation
studies, and dynamic processes studies such as Rossby wave generation and the representation
of diabatic processes. The general strategy proposed is to select a winter period during the IPY for
enhanced observations over Asia and the northwest Pacific. This campaign will both support
studies into the improved short-range forecasts for the western North-American arctic and
extended-range prediction of arctic influences on eastern North America. The North American
participants will likely lead this effort, but will also need strong Asian participation.
THORPEX/IPY would extend the planned experimental strategies in the Antarctic region to
address the impact of open-water/sea-ice anomalies on middle latitude weather/climate. Such
impacts have been proposed to reach southern Australia, New Zealand, southern South America
and perhaps even South Africa. Such an effort would be led by interested Australian investigators
through the Austalian Antarctic Division and likely include collaboration with RIME investigators in
the US.
13.1.1 Expected Outcomes
The unprecedented opportunity of THORPEX/IPY will allow us to increase our knowledge of the
role of polar processes in high impact weather both within Polar Regions and the middle latitudes.
The activities of THORPEX/IPY also result improved operational forecasts of these polar-related
high impact weather events through the results of investigations that will advance data assimilation
techniques, modelling physical and dynamic processes, and designing observing systems and
strategies.
Recommendations on the design of the Global Observing System in Polar Regions and adjacent
middle latitude regions from the prospective of improved prediction of high impact weather events.
Improvements in the ability of forecast services to meet user needs in Polar Regions and those
regions impacted by processes occurring in Polar Regions.
Increased knowledge of how to implement and the potential benefits of the TIGGE concept of a
multi-national modelling systems.
Improved linkage between weather and climate studies of Polar Regions.
13.1.2 Timescale
More detailed planning for these field efforts needs to begin immediately. Field work will take place
during the IPY 2007-2008 time-scale. However, research activities associated with polar
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processes, improved modelling of these processes and the impact of polar processes on global
weather will be ongoing during the ten-year lifetime of THORPEX.
13.1.3 Approach
The likelihood of reaching the desired outcomes for the THORPEX/IPY will require strong research
efforts in each of the components of THORPEX (data assimilation and observing strategies,
observing systems, predictability and dynamic processes and societal/economic impacts for winter
storms and polar processes.
The field studies proposed for Polar Regions should build on the operational activities of NOAA
and EUCOS, but with additional resources to address research questions likely to have eventual
impact on forecast skill. As mentioned earlier in this section, equipping the IPY field sites,
especially research vessels, with sounding or remote sensing capabilities, is a necessary condition
for success.
The activities proposed for the North Atlantic are likely to include the need for airborne in-situ and
remote sensing in the vicinity of Greenland during the cool season. The Pacific activities should
include both airborne systems and the approach of utilizing dropsondes from stratospheric
balloons. Such activities will require additional soundings in the cooperation with Asian countries in
formulating balloon launch sites and local aviation approvals. Activities attempted during the ATREC such as making use of operational ground-based and ASAP upper-air sites (e.g., Canada,
Russia, Greenland, Iceland and Northern Europe) in targeting mode are also necessary.
THORPEX will work with users and forecast areas responsible for Polar Regions to develop
demonstration projects. Products from national centres and TIGGE will be utilized in these
demonstrations.
13.1.4 Level of International Cooperation
There will need to be a high level of international cooperation to conduct these global research
experiments as described in the preceding text (e.g., Asian-North American efforts in the Pacific,
EU-North American in the Atlantic, Australia and other southern Hemisphere countries to identify
partners beyond the US for the Antarctic program).
Data Assimilation, adjoint tools and operational modelling capabilities will require direct
cooperation between the research communities and operational centres much during the recent ATREC.
Cooperation between operational centres to conduct a research test of the TIGGE.
13.1.5 Key Players
Operational Centres,
Research institutes and universities focused on weather and climate of polar regions and
global processes
IPY and groups involved in the IPY planning for Arctic and Antarctic (e.g., Antarctic Climate
and Ecosystem etc)
JSC/CAS Working Group on Numerical Experimentation (WGNE), WMO Observing system
groups
Users of forecast products.
EUMETNET
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13.1.6 Infrastructure Requirements
Ability to communicate easily.
Ability to readily exchange data.
High level of computing resources to conduct model runs and diagnostics.
Assimilation systems and data openly available to the research community.
Data archival systems, field catalogues, data support tools
All needs associated with a TIGGE
Planning groups focused on the field efforts including flight clearances
Funding “spikes” for field and analysis activities.
13.1.7 Links to other programmes
Operational Centres, WCRP, Universities, WWW, IPY

13.2 AMMA International Campaign
The international AMMA programme plans a Specific Operational Period (SOP) during 2006 (see
details Chapter 10.1) which includes objectives on dynamics-physics interaction, on multi-scale
data assimilation and on observing systems. They are very relevant to THORPEX and AMMA
campaign should be a major contribution to THORPEX.

13.3 THORPEX Global Prediction Campaign
THORPEX Global Prediction Campaign definition will be developed at a later stage. THORPEX will
consider the advantages of coordinated efforts of a number of environmental initiatives, such as
GEOSS, COPES, HEPEX, MERSEA, GEMS, EURORISK to develop a well-prepared multidisciplinary campaign, which would contribute to the next World Summit of Sustainable
Development. Such a global campaign would be of major interest to climate scientists and could be
the cornerstone for the initiation of common activities between climate and weather scientific
communities.
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14.

PROGRAMME MANAGEMENT

14.1 General Principles
The General Principles of the management of all THORPEX activities are the following:
a. The overall achievement of the programme goals should be the guiding principle for all
activities;
b. All necessary steps should be taken to ensure that established working bodies have
authority and sufficient support to enable them to discharge their approved responsibilities;
c. The organisational arrangements should be as simple as possible;
d. The organisational structure should be flexible to allow timely adaptation to the evolution of
the programme;
e. The organisation structure should ensure sustainable management of the programme, rely
on available resources and operate as economically as possible;
f.

The maximum possible use should be made of existing facilities and resources at national,
regional and international levels. Existing WMO global and regional structures, systems and
mechanisms should be used in the maximum possible extent when and where appropriate;

g. Management mechanisms should allow involvement of all nations from all regions, and
specifically developing countries, who are willing to participate in the execution of the
programme.

14.2 The THORPEX Management Structure

Figure 14.1

Overall programme organisation
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Figure 14.2

THORPEX organisation principal diagram.

14.3 THORPEX International Core Steering Committee (ICSC)
The International Core Steering Committee (ICSC) is responsible for the delivery of THORPEX to
the Commission for Atmospheric Sciences (CAS). The ICSC reports to the CAS. Specifically, the
ICSC:
(a) Sets THORPEX research priorities based upon recommendations of the Science Advisory
Board (SAB), the CAS Science Steering Committee for the World Weather Research
Programme (SSC/WWRP), and the CAS/JSC Working Group for Numerical
Experimentation (WGNE).
(b) Provides the global and regional priorities with respect to the THORPEX research sub
programmes, namely:
- Observing System Development and Evaluation Research,
- Data Assimilation and Observing Strategies Research,
- Predictability and Dynamical/Physical Processes Research,
- Social and Economic Applications and Impact Assessment Research.
(c) Approves the THORPEX International Science Plan and its periodic revisions organized,
coordinated and integrated by the Science Advisory Board (SAB);
(d) Approves the THORPEX International Research Implementation Plan (TIP) developed by
its Group of Experts (EG-TIP) and its periodic revisions by the EB, and on the
recommendation by the SAB and the TAB;
(e) Approves regional plans developed by Regional Committees on the recommendation by
the EB, the SAB and the TAB;
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(f) Coordinates THORPEX research activities to provide the maximum benefit to all WMO
members;
(g) Provides guidance to the NMHSs through appropriate WMO mechanisms on the timely
transition of THORPEX research and development to operations;
(h) Identifies and mobilises national and international resources, financial, technical and
human, to support THORPEX research activities;
(i) Approves the budget for the THORPEX Trust Fund.
Membership
ICSC membership is open to all WMO Members and under the authority of the CAS. The ICSC
members are either nominated by Permanent Representatives of countries with the WMO or
appointed as representatives of institutions and organisations. Plenary members are the following
major contributors to THORPEX (December 2004):
(a) Representatives of countries:
Australia
Canada
China
France
Germany
India
Japan
Morocco
Norway
Republic of Korea
Russian Federation
South Africa
United Kingdom
USA
(b) Representatives of organisations:
Representative of the Coordination Group for Meteorological Organisation (CGMS)
Representative of the European Centre for Medium Range Weather Forecasting (ECMWF)
Representative of the European Network of Meteorological Services (EUMETNET)
(c) Ex officio members – institutional representatives:
Executive Director of the ICSC Executive Board (EB)
Co-chairs of the ICSC Science Advisory Board (SAB)
Co-chairs of the ICSC Technical Advisory Board (TAB)
Chair of the ICSC Stakeholders Advisory Panel (ShAP)
Chair (Co-chairs) of THORPEX Regional Committees
Chair of the CAS SSC/WWRP
Chair of the CAS/JSC WGNE
Vice-president of the WMO Commission for Basic Systems (CBS)
Representative of WMO/ICSU/IOC Joint Scientific Committee for the World Weather
Research Programme (JSC/WCRP)
Director of the WMO Atmospheric Research and Environment Programme (AREP)
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The ICSC elects a chair, which serves for two (2) years and can be re-elected for another term.
The ICSC can elect a vice-chair. The ICSC meets at least once each year and is self-funding.
For the purpose of management and execution of all THORPEX activities ICSC establishes
hereunder defined an Executive Board, advisory bodies and main working groups, appoints their
directors or chairs, as appropriate, and members on the recommendation by the chairs. The
establishment of the working groups is subject to approval by CAS. The establishment of joint
working bodies is subject to approval by a respective constituent body.
The ICSC Terms of Reference (Final Report of the First Session of the ICSC, 15-16 October 2002,
Oslo, Norway, annexed to the WWRP/THORPEX No. 1, WMO-TD No. 1217) are subsequently
amended as given above.

14.4 Science Advisory Board (SAB)
The Science Advisory Board (SAB) replaces the International Science Steering Committee.
The SAB:
evaluates and provides recommendations to the ICSC on research and scientific aspects of
the programme execution, to ensure the overall scientific integrity of the program;
evaluates and reviews THORPEX plans in light of new scientific discoveries and
opportunities, and provides recommendations to the ICSC on modifications to the
International Science Plan and the International Research Implementation Plan;
provides guidance regarding the interaction of THORPEX with other scientific programs
within and outside of WMO.
The SAB consists of:
Two Co-chairs appointed by the ICSC, which have recognized standing in the research
community,
Members, which have recognized expertise to provide independent and unbiased guidance
to the programme.
Members are appointed by the ICSC on the recommendation by the Co-chairs. It is recommended
that, in addition to the Co-chairs, not more than 7 members be selected.
The SAB reports to the ICSC. The SAB Co-chairs serve as Ex-officio members of the ICSC. The
SAB Co-chairs coordinate further development and revision of the International Science Plan and
integrate contributions from the Working Groups, Regional Committees and other sources.
Co-chairs of SAB may invite chairs of Working Groups of the Sub-programmes and the Regional
committees and other experts to participate in SAB meetings, as appropriate.
The SAB meets once each year or when otherwise required.
Financial support of expert missions is envisaged from their organisations and from the Trust Fund,
subject to availability of funds and the annual budget.

14.5 Technical Advisory Board (TAB)
The Technical Advisory Board (TAB):
evaluates and provides recommendations to the ICSC on technical and operational aspects
of the programme execution, including data management and processing;
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reviews and assures conformity of THORPEX plans with operational capabilities and
practices and provides recommendations to the ICSC on modifications to the International
Science Plan and the International Research Implementation Plan;
provides guidance on the transition of research results to operations.
The TAB consists of:
Two Co-chairs appointed by CBS and CAS/ICSC,
Members, which are experts in operational and development activities of NWP centres.
Members are appointed by the ICSC on the recommendation by the Co-chairs. It is recommended
that, in addition to the two Co-chairs, not more than 5 members be selected.
Co-chairs of TAB may invite chairs of Working Groups of the Sub-programmes and the Regional
committees and other experts to participate in TAB meetings, as appropriate.
The TAB Co-chairs serve as Ex-officio members of the ICSC.
The TAB meets once each year or when otherwise required.
Financial support of expert missions is envisaged from their organisations, CBS and from the Trust
Fund, subject to availability of funds and the annual budget.

14.6 Stakeholders’ Advisory Panel (ShAP)
The Stakeholders’ Advisory Panel (ShAP) is established to provide a consultative platform for
THORPEX development and execution. It provides guidance to the ICSC on the needs of the
THORPEX external stakeholders such as academic users, national and international agencies and
private sector representatives.
The ShAP consists of:
Chair appointed by the ICSC in consultation with stakeholders representatives,
Members.
The ShAP membership is open.
The ShAP Chair serves as an Ex-officio member of the ICSC.
The ShAP meets once a year or when otherwise required.
The ShAP is self-funding.

14.7 Executive Board (EB)
The Executive Board (EB) is responsible for the day-to-day execution of THORPEX on behalf of
the ICSC. It coordinates and acts as the focal point for all programme activities. It ensures the
implementation of THORPEX in accordance to the TIP. The EB organises periodic reviews of the
TIP following ICSC guidelines.
The EB consists of:
Executive Director appointed by the ICSC,
Members of the ICSC at the discretion of the ICSC,
Co-chairs of the main working groups: PDP, OS, DAOS, SEA, DPM and GIFS WGs,
Chair (Co-chairs) of each THORPEX Regional Committee.
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The EB may invite managers of campaigns, projects and other appropriate experts to participate in
the work of the EB as required.
The International Programme Office (IPO) supports the EB. The Executive Director manages the
day-to-day operations of the IPO.
The EB reports to the ICSC. The Executive Director of the EB serves as an Ex-officio member of
the ICSC.
The EB meets as often as required.
Financial support of the EB sessions is envisaged from members’ organisations and from the Trust
Fund, subject to availability of funds and the annual budget.

14.8 Core Research Sub Programmes Working Groups
Four working groups constituted by the ICSC to develop and coordinate specific activities in the
main research areas corresponding to four THORPEX sub programmes:
Observing Systems Working Group (OS WG),
Data Assimilation and Observing Strategies Working Group (DAOS WG),
Predictability and Dynamical Processes Working Group (PDP WG),
Societal and Economic Applications Working Group (SEA WG).
Each WG consists of:
Co-chairs appointed by the ICSC,
Members, which are experts in the given research area.
Members are appointed by the ICSC on the recommendation by the WG Chairs. The chairs of the
WGs serve as Ex-officio members of the EB.
Each WG in consultation with the EB may establish its subsidiary working bodies (expert teams)
and/or rapporteurs, which may vary depending on the stage of the implementation. The activities of
subsidiary bodies should be organised and supported by the parent WG.
Links should be established and maintained with relevant external working structures of
collaborating programmes as defined in the TIP. Each WG will coordinate their plans and activities
with other ICSC WGs through the EB. In particular, to ensure effective transition of research results
to operations, relevant experts from CBS and NWP operational centres should be engaged and/or
joint working groups proposed. Transition functions will be taken by the CBS in a due time.
Establishment of joint working bodies is subject to approval by a respective constituent body.
WGs report to the EB. The co-chairs of the WGs are members of the EB.
WGs meet as often as required.
WGs are self-funding. Limited support of experts could be envisaged from the Trust Fund, subject
to availability of funds and the annual budget.
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14.9 Global Interactive Forecasting System (GIFS) – THORPEX
Interactive Grand Global Ensemble Working Group (TIGGE WG)
The ICSC will constitute WGs to develop and test components of the next generation global
forecast system, including the observing, data assimilation, numerical forecasting, and user
application sub-systems, based on the research results obtained within the four core research sub
programmes:
THORPEX Interactive Grand Global Ensemble (TIGGE) WG;
Prototype Global Interactive Forecasting System (PGIFS) WG.
The GIFS WG will coordinate its plans and activities with other ICSC WGs through the EB. In
particular, to ensure effective transition of research results to operations, the GIFS WG will
coordinate its forecast system development activities with the four core research WGs. Links
should also be established and maintained with relevant external working structures of
collaborating programmes as defined in the TIP. In addition, experts from CBS and NWP
operational centres should be engaged and/or joint working groups proposed. Transition functions
will be taken by the CBS in a due time. Establishment of joint working bodies is subject to approval
by a respective constituent body.
The THORPEX Interactive Grand Global Ensemble (TIGGE) WG is the first established group to
develop and test a global multi-model ensemble prediction system. The TIGGE WG consists of:
Co-chairs appointed by the ICSC,
Members, including experts from leading NWP centres.
Members are appointed by the ICSC on the recommendation by the WG Co-chairs. The Co-chairs
of the WG serve as Ex-officio members of the EB.
TIGGE WG reports to the EB and coordinate its plans and activities with other ICSC WGs through
the EB.
The TIGGE WG may establish subsidiary working bodies and supporting teams, whose activities
should be organised and supported by the parent WG.
The TIGGE WG meets as often as required.
The TIGGE WG is self-funding. Limited support of experts could be envisaged from the Trust
Fund, subject to availability of funds and the annual budget.

14.10 Data Policy and Management Working Group (DPM WG)
The Data Policy and Management Working Group is established by the ICSC to develop a
THORPEX Data Policy and THORPEX Data Management Plan and to accordingly support the
performance of THORPEX data management to ensure its conformity with the developed
principles, including regular and experimental observational data and NWP products collection,
exchange and archiving/retrieval using both routine and experimental channels and tools. DPM
WG provides assistance in planning and execution of THORPEX research activities and field
campaigns. In particular, it ensures that data sets derived from the experiments are readily and
freely available for scientific studies by any interested research centre. It assists researchers with
access to data and helps realise the databases and other tools required to complete the research
and development tasks. The DPM WG may be requested to delegate experts to TReCs Operation
Centres and other integrated experiments.
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The DPM WG consists of:
Two Co-chairs appointed by the CBS and CAS/ICSC,
Members, which are experts in operational and experimental observation data and NWP
products management on global and regional scales.
Members are appointed by the ICSC on the recommendation by the Co-chairs. The DPM WG
reports to the EB. The Co-chairs of the DPM WG serve as Ex-officio members of the EB.
Financial support of expert missions is to be provided by their organisations, CBS and from the
Trust Fund, subject to availability of funds and the annual budget.
The DPM meets once a year.

14.11 THORPEX Regional Campaigns and Experiments Management
Relevant committees and operations centres will be established and supervised by the EB and/or
respective Regional Committees for the design, development and execution of the regional field
programmes and demonstration projects, including mobilisation of resources and logistical support.
TReCs have a great measure of freedom in planning and implementation of the experiments (i.e.
through field campaigns planning and operation centres, demonstration projects committees). They
arrange their own method of operating and interact with all relevant THORPEX working bodies as
necessary directly and through the EB.
For already defined major campaigns during the International Polar Year (IPY) the respective
subcommittee on IPY is established.
It is premature to make any management arrangements for the Global THORPEX campaign.
Special consideration will be given to this matter at a later stage.

14.12 THORPEX Regional Committees (RCs)
THORPEX Regional Committees (RCs) develop regional activities within the framework of the
International Science Plan and the TIP. Their plans are approved by ICSC and activities, as those
of the THORPEX WGs, are fully coordinated under the EB. RCs serve as focal points within
respective WMO Regional Associations. They facilitate provision of funding, logistical and other
support, planning, coordination and implementation of THORPEX activities conducted by the
region with respect to the THORPEX International Research Implementation Plan. They encourage
and facilitate national contributions, ensure that national and regional priorities and resources are
identified (financial, technical and human) and accommodated in the programme in accordance
with the overall THORPEX objectives. RCs organise and manage regional experiments, research
activities, field campaigns, demonstration projects and other activities in close coordination with the
THORPEX WGs. The RCs assist the IPO and other management bodies in planning,
implementation and delivery of THORPEX.
The RCs membership is open. Countries participating in THORPEX designate focal points. The
RCs elect a chair or co-chairs.
The RCs are self-organised.
The RCs report to the ICSC. The chair or co-chairs of the RCs serve as Ex-officio members of the
ICSC.
The RCs are associated and liase with the WMO Regional Associations (RA) through rapporteurs
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appointed by each RA. It is recommended that the Chair or one of the Co-chairs be designated as
such a rapporteur.
The RCs organise regional sub-offices and designate a part-time liaison staff for day-to-day
communication with the IPO.
The RCs meet as often as required.
The RCs are self-funding. Limited support of experts from developing countries could be envisaged
from the Trust Fund, subject to availability of funds and the annual budget.
Current membership (December 2004) of the RCs is the following:
WMO Regional Associations

I

II

Africa

Asia

THORPEX RC

Represented countries
(Chairing country bold)

In development

Morocco
South Africa
ACMAD Countries (53)

Asian RC

China
India
Japan
Republic of Korea
Russian Federation

III

South America

In development

Argentina
Brazil
Chile
Uruguay

IV

North and Central America

North American RC

Canada
Mexico
USA

V

South-West Pacific

In development

Australia

European RC

Denmark
France
Germany
Iceland
Italy
Norway
Russian Federation
Sweden
Switzerland
United Kingdom

VI

Europe

14.13 THORPEX International Programme Office (IPO)
The THORPEX International Programme Office (IPO) at the WMO Secretariat (Geneva) is
responsible for planning and implementation of THORPEX. The IPO supports the activities of the
ICSC, its Executive Board, advisory boards and main working bodies. The IPO coordinates and
monitors activities between various management elements.
The IPO is under overall supervision of the Director of the WMO Atmospheric Research and
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Environment Programme (AREP) Department. The Executive Director of the Executive Board
manages day-to-day activities of the IPO. He/she reports to the Director of AREP Department and
to the ICSC accordingly.
The major activities of THORPEX will require daily, full-time staff support. Most of the THORPEX
participants who will serve on the various committees and working groups are volunteers drawn
from, and supported by the NMHSs, academic institutions and stakeholder bodies, with limited
capacity to carry out the routine work necessary to ensure the success of THORPEX. Hence the
day-to-day administrative support to the ICSC, its EB, and main working bodies and, to a more
limited degree, to the larger groups, should be provided by the IPO. The IPO is therefore a critical
element of the THORPEX implementation.
To support the above functions at the first stage of THORPEX execution in 2005-2006 the IPO
should initially consist of:
The Manager of the IPO (Executive Director of the EB),
Four senior scientific and programme officers (responsible for basic research, observing
systems, applications and general management support),
One secretary.
The IPO is funded by donations from THORPEX member nations through the THORPEX Trust
Fund established by WMO. The staffing of the office is envisaged through secondment from each
of the regions and the WMO external recruitment process subject to available funds.
The IPO shall have distributed sub-offices in every region having a part-time liaison staff dedicated
for day-to-day communication between the IPO and Regional Committees. Regions shall directly
support regional sub-offices.
The IPO operates in accordance with its Terms of Reference (Final Report of the Third Session of
the ICSC, 15-16 December 2003, Montreal, Canada, WWRP/THORPEX No. 1, WMO-TD No.
1217), which are amended accordingly to reflect the above management functions.
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15. FINANCIAL PLAN
The THORPEX programme activities (THORPEX development, implementation and execution) are
supported through voluntary contributions of the Governments of the WMO Members participating
in THORPEX including donations to the THORPEX Trust Fund established by WMO.

15.1 Funding of the Key Programme Elements
All THORPEX research and data management activities will be carried out by scientists,
operational and support staff of participating NMHSs, universities research groups and
international organizations. Thus, the research activities will mainly be funded through national
mechanisms, as well as through regional and international funding bodies. Overall financial
planning should enable participating nations, through the ICSC, to facilitate submission process
and ensure efficient utilisation of resources.
Resources required and committed for the key programme elements, including research, field
campaigns and demonstrations projects, should be identified for each task by respective
responsible working bodies at a later stage with the input from participating organisations.

15.2 Programme Management Budget
The provisional budget for the THORPEX International Programme Office, support of the main
ICSC working bodies and priority international activities, is given in the Annex II.

15.3 Resource Mobilisation
15.3.1 Challenges:
Lack of adequate hydrometeorological information and associated products required by
socio-economic sectors. Lack of access to information and data and ability to utilize
hydrometeorological information in decision-making
Developing and LSD countries are most vulnerable to the natural hazards. Gap between
developed and developing countries is increasing.
Majority of NMHSs plan modernization. They require not only financial resources but also
know how for modernization, including the definition and preparation of feasible
modernization plans and assistance for the execution of such plans.
The access to and competition for financial resources are becoming increasingly difficult.
15.3.2 Potential funding sources:
National funding sources including governments and VCPs
Regional international organizations funded by members (such as EUMETSAT,
EUMETNET)
Global Environment Facility (GEF)
World Bank and Regional Development Banks
Developing Agencies (USAID, CIDA, SIDA. DANIDA, DFID, JICA, Ministries in charge of
Cooperation in Finland, Spain, Netherlands, Italy, Switzerland, France, etc.)
European Commission
UN Funding System (funds of UNDP, UNEP among others)
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Space Agencies
Private sector, foundations, major trust funds
15.3.3 Approaches and mechanisms:
Aggressive approaches to donors including the private sector
Articulation in terms of socio-economic outcomes rather than meteorological and research
needs
Emphasize areas in which THORPEX (WMO) has unique experience and advantages
Identification of priority areas of funding agencies relevant to THORPEX
Understanding of financial mechanisms applied by funding agencies and subsequent
adapting of project proposals
Assistance of WMO to donor governments and funding agencies by providing technical and
institutional support, preparation and negotiation of agreements
Utilize existing MOUs (i.e. between WMO and the EC)
Strategic Partnership
Development of joint (within THORPEX and with other programmes) initiatives and
proposals in areas of common interest (i.e. natural disasters mitigation, weather and
climate change impact in socio-economic sectors, water resources management) sharing
resources and avoiding duplication of efforts;
WMO resource mobilization mechanisms, contacts and MoUs
Enhance collaboration with regional and national organizations and agencies (including
Space Agencies) through Regional Committees
15.3.4 Actions:
Create a sub fund within THORPEX Trust Fund (minimum $ 500,000) for resource
mobilization which can be used as seed money to generate new resources (i.e. cost
sharing for new funding proposals) - all;
Create a generic list of concrete THORPEX related proposals (themes with rationale) for
external funding to be promoted in regions and through WMO resource mobilization
mechanisms, contacts and MoUs – ICSC, IPO and regional committees;
Create a list of potential donors and collaborators - ICSC, IPO, regional committees
Approach potential donors (letters, meetings, contacts) including private sector (i.e.
manufacturers of instruments and computers, communication providers, providers of value
added products and services) - ICSC, IPO, regional committees
Keep updated a list of outreach opportunities and develop the tools to use them (brochures,
posters, briefing of delegations, presentations).
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16. ANNOUNCEMENTS OF OPPORTUNITY
This section list examples of announcements of opportunity. These will be expanded as the
programme develops.

16.1 Predictability and Dynamical Processes
The THORPEX announcement of Opportunities for Access to Data from Operational Centres
There exists a great wealth of data from operational forecasting system in the leading NWP
centres of the world. To name only a few the NCEP/NCAR and ERA-40 reanalyses, the archive of
operational analyses and forecasts and very extensive sets of research forecasts (e.g. The
DEMETER forecasts at ECMWF), are underexploited by the academic community. There has been
a perception that access to these data is difficult. This has been true in the past, but it is changing
rapidly.
THORPEX will promote a better use of these data by adopting an approach similar to the
promotion of satellite datasets by space agencies. It will issue a generic announcement of
opportunity, containing a precise catalogue of available data in all participating Centres, a list of
scientific issues that deserve particular research (with a clear link with THORPEX scientific
questions).
Proposals for investigations using particular datasets available at the NWP Centres will be invited.
A THORPEX-appointed committee will rank the proposals according to THORPEX Science
priorities.
The NWP Centres will endeavour to help the best research projects in order to provide them with
an effective quick and free access to the necessary data and the necessary assistance for
interpretation when needed. In parallel, THORPEX will issue recommendations to funding
agencies to support the corresponding proposals.
The Announcement of Opportunity will be written under the auspices of THORPEX ICSC by a
group of representatives from the participant NWP Centres, with advice from the THORPEX SAB
regarding research priorities.
The selection of proposals will be organized on a regional basis by evaluation panels appointed by
the THORPEX Regional Committees. Each participating Centre will explain how it will help the
successful applicants to develop their research.

16.2 The THORPEX Observing System
Observations from satellite systems provide the overwhelming bulk of the data streams flowing into
numerical weather prediction systems. Clearly efforts aimed at more efficient use of satellite data
will be one path for improvements in forecast skill. However, the contributions of space-based
observations to forecast systems have advanced sufficiently that there is a clear need to reexamine the in-situ component of the GOS. Currently, the in-situ upper-air measurements are
primarily from rawinsonde sounding observations that are primarily synoptic in nature and from
TAMDAR and AMDAR systems on commercial aircraft. Some fraction of the upper-air
measurements, particularly measurements taken from some surface-based radiosondes sites, will
be needed for climatological purposes. The remaining upper-air measurements, however, may be
optimised so that soundings or other in-situ observations are taken where and when these
measurements will provide the most benefit to forecast products.
The International THORPEX Science and Implementation Plans propose the testing of new
observing strategies and refinement of the GOS through a combination of OSSE and OSEs.
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Current techniques to conduct OSEs typically have relied on obtaining measurements through
utilizing flight level, remote sensing data and dropsondes deployed from research aircraft.
THORPEX observing system research calls for the development and testing of new delivery
systems for deploying in-situ sensors to be utilized in THORPEX OSE studies to provide
recommendations on the future GOS. Certain of these new delivery platforms may be candidates
for future operational systems.
Activities to be supported under this Announcement of Opportunity include:
Development and testing of new delivery platforms for deploying in-situ sensors such as i)
stratospheric balloons; ii) piloted and unmanned aircraft; iii) rocketsondes; iv) bi-directional
radiosondes and v) improved approaches to measurements from commercial aircraft.
These systems should be designed to specifically provide cost-effective and unique
measurement capability for THORPEX field campaigns or be candidates to complement or
fill gaps in the baseline GOS. The developments will be judged upon cost effectiveness,
deployment logistics, measurement quality, ability to provide important, unique
measurement capability that meets THORPEX research goals and justification for potential
impact on forecast skill. Partnership with researchers involved in OSE and OSSE will be
viewed favourably.
Sensing developments that specifically complement current weaknesses in GOS that are
theorized to degrade forecast skill or provide more cost effective approaches to future
operational measurement techniques. One example is various approaches to obtain winds
(e.g., miniature low cost wind-only dropsondes, intelligent arrays of small airborne sensing
systems, radar or optical remote sensing profiles from off-shore buoys) under extensive
cloud shields where space-borne measurements are difficult. Similar criteria will also be
utilized in the evaluation of this area of opportunity. The goal is to support novel
developments of the research community and not take tasks consistent with the
commercial goals of the sensor manufacturing industry.
•

Additional activities to be supported are to novel refinements of existing methods, and
developing new methods for:
(i)

Processing large volumes of remote sensing data from space, airborne or surfacebased applications

(ii)

Combining remotely sensed and in-situ observations (calibration);

(iii) Deriving meteorologically relevant but directly not observed quantities;

(iv) Collapsing the vast amounts of observations, with minimal information loss, to a more
manageable size (thinning or “super-obing”).

71

17. PROGRAMME IMPLEMENTATION SCHEDULE
Major goals and associated deliverables for each of THORPEX tasks are summarised in relevant
chapters of the TIP.
The Executive Board will develop a detailed schedule for the programme implementation with the
input from respective working groups and Regional Committees.
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18. CONTRIBUTING INSTITUTIONS AND ORGANISATIONS
All currently known participants are listed below. The major contributors to THORPEX are
represented in the ICSC. Regional THORPEX Committees are focal points for all region activities.
Africa (WMO RA I)
South African Weather Service
Asia (WMO RA II)
China Meteorological Administration (CMA)
Chinese Academy of Meteorological Sciences (CAMS)
India Meteorological Department (IMD)
Japan Meteorological Agency (JMA)
Korea Meteorological Administration (KMA), Republic of Korea
National Centre for Medium Range Weather Forecasting (NCMRWF), India
Russian Academy of Sciences (RAS)
Russian Federal Service for Hydrometeorology and Environmental Monitoring (Roshydromet)
South America (WMO RA III)
Dirección Meteorológica de Chile (DMC), Chile
Instituto Nacional de Meteorologia (INMET), Brazil
Servicio Meteorológico Nacional (CMN), Argentina
North America, Central America and the Caribbean (WMO RA IV)
National Oceanic and Atmospheric Administration (NOAA), USA
National Aeronautics and Space Administration (NASA), USA
National Centre for Atmospheric Research (NCAR), USA
Naval Research Laboratory (NRL), USA
Colorado State University, USA
University of Albany, USA
University of Maryland, USA
University of New Hampshire, USA
Pennsylvania State University, USA
University of Miami, USA
Meteorological Service of Canada (MSC)
McGill University, Canada
South-West Pacific (WMO RA V)
Bureau of Meteorology (BOM), Australia
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Europe (WMO RA VI)
Danish Meteorological Institute (DMI)
Ecole Nationale des Ponts et Chausées (ENPC), France
Institute of Atmospheric Sciences and Climate (ISAC) of the Italian National Research Council
(NRC), Italy
Institut for Meteorology and Climatology, Karlsruhe
Icelandic Meteorological Service
Mètèo France
Meteo Swiss
Met Office, United Kingdom
University of Reading, United Kingdom
Deutscher Wetterdienst (DWD), Germany
Institut fur Physik der Atmosphare, DLR, Germany
Norwegian Meteorological Institute (NMI), Norway
Swedish Meteorological and Hydrological Institute (SMHI)
University of Munich, Germany
London School of Economics, UK
Oxford University, UK
National Institute of Meteorology (INM), Spain
University of Innsbruck, Austria
International organizations
Coordination Group for Meteorological Satellites (CGMS)
European Centre for Medium-Range Weather Forecasts (ECMWF)
Intergovernmental Oceanographic Commission (IOC/UNESCO)
The African Centre of Meteorological Applications and Development (ACMAD)
The Network of European Meteorological Services (EUMETNET)
World Climate Research Programme (WMO/ICSU/IOC WCRP)
Other organizations
Vaisala, Finland
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20. ABBREVIATIONS
AGCM

Atmospheric General Circulation Models

AIRS

Atmospheric Infrared Sounder

AMDAR

Aircraft Meteorological Data Relay

AMI

Atlantic Marine ITCZ

AMIP

Atmospheric Model Intercomparison Project

AMMA

African Monsoon Multi-disciplinary Analysis

AMSU

Advanced Microwave Sounding Unit

AO

Arctic Oscillation

APP

Applications Programme Department

AREP

Atmospheric Research and Environment Programme Department

ARGO

Array for Real-time Geostrophic Oceanography

ASAP

Automated Shipborne Aerological Programme

ATMS

Advanced Technology Microwave Sounder

CALIPSO

Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations

CAS

Commission for Atmospheric Sciences

CBS

Commission for Basic Systems

CDC

Climate Diagnostics Centre

CEOS

Committee for Earth Observing Satellites

CGMS

Coordination Group for Meteorological Satellites

CIMO

Commission for Instruments and Methods of Observation

CLIVAR

Climate Variability and Predictability

CMA

Chinese Meteorological Administration

COPES

Coordinated Observation and Prediction of the Earth System

CrIS

Cross-Track Infrared Sounder

DAOS

Data Assimilation and Observing Strategies

DoD

Department of Defense

DPM

Data Policy and Management

EB

Executive Board

ECMWF

European Centre for Medium-Range Weather Forecasts

ENSO

El Niño Southern Oscillation

EOS

Earth Observing System

EPS

Ensemble Prediction System

ESA

European Space Agency

EUCOS

European Consolidated Observing System

EUMETNET

European Meteorological Network

EUMETSAT

European Organisation for Meteorological Satellites
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FC

Field Campaign

FDP

Forecast Demonstration Project

FEMA

Federal Emergency Management Agency

GAW

Global Atmosphere Watch

GCM

General Circulation Model

GCOS

Global Climate Observing System

GDPFS

Global Data Processing and Forecasting Systems

GEMS

Global Environmental Monitoring System

GEOSS

Global Earth Observing System of Systems

GEWEX

Global Energy and Water Cycle Experiment

GIFS

Global Interactive Forecasting System

GIS

Geographeric Information Systems

GLORIAD

Global Ring Network for Advanced Applications Development

GODAE

Global Ocean Data Assimilation Experiment

GOOS

Global Ocean Observing System

GOS

Global Observing System

GPS

Global Positioning System

HEPEX

Hydrological Ensemble Prediction Experiment

HRD

Hurricane Research Division

HWR

Hydrology and Water Resources Programme Department

IASI

Infrared Atmospheric Sounder Interferometer

ICSC

International Core Steering Committee

ICSU

International Council of Scientific Unions

IGOS

Integrated Global Observing System

IOC

Intergovernmental Oceanographic Commission of UNESCO

IOS

Integrated Observing Systems

IPCC

Intergovernmental Panel on Climate Change

IPO

THORPEX International Programme Office

IPY

International Polar Year

IRI

International Research Institute for Climate Prediction

ISSC

International Science Steering Committee

ITCZ

Inter-tropical Convergence Zone

JCOMM

Joint WMO/IOC Technical Commission for Oceanography and Marine Meteorology

JSC

Joint Scientific Committee

MERSEA

Marine Environment and Security for the European Area

MJO

Madden-Julian Oscillation

MMOP

Marine Meteorology and Oceanography Programme

NAEPS

North American Ensemble Prediction System
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NAO

North-Atlantic Oscillation

NASA

National Aeronautical and Space Administration

NASDA

National Space Development Agency of Japan

NCAR

National Centre for Atmospheric Research

NCEP

National Centers for Environmental Prediction

NMHS

National Meteorological and Hydrological Service

NOAA

National Oceanic and Atmospheric Administration

NPOESS

National Polar-orbiting Operational Environmental Satellite System

NPP

NPOESS Preparatory Project

NRL

Naval Research Laboratory

NWP

Numerical Weather Prediction

NWS

National Weather Service

OC

Operations Centre

OPAG

Open Programme Area Groups

OS

Observing System(s)

OSE

Observing System Experiment

OSSE

Observation Systems Simulation Experiment

PDP

Predictability and Dynamical Processes

PGIFS

Prototype Global Interactive Forecasting System

PNA

Pacific North-Atlantic Oscillation

QBO

Quasi-Biennial Oscillation

RA

Regional Association

RBCN

Regional Basic Climatological Network

RBSN

Regional Basic Synoptic Network

RISA

Regional Integrated Sciences and Assessments

Roshydromet

Russian Federal Service for Hydrometeorology and Monitoring of Environment

SAB

Science Advisory Board

SEA

Societal and Economic Applications

ShAP

Stakeholders’ Advisory Panel

SIP

Societal Impacts Programme

SSC/WWRP

Science Steering Committee for the World Weather Research Programme

SST

Sea Surface Temperature

TAB

Technical Advisory Board

TAMDAR

Tropospheric Airborne Meteorological Data Reporting

THORPEX

THORPEX: A World Weather Research Programme
(The Observing System Research and Predictability Experiment)

TIGGE

THORPEX Interactive Grand Global Ensemble

TIP

THORPEX Research Implementation Plan

TOST

THORPEX Observing System Test
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TReC

THORPEX Regional Campaign

UNESCO

United Nations Educational, Scientific and Cultural Organization

USWRP

United States Weather research programme

VIIRS

Visible Infrared Imager/Radiometer Suite

WCP

World Climate Programme

WCRP

World Climate Research Programme

WGNE

Working Group on Numerical Experimentation

WMO

World Meteorological Organization

WWRP

World Weather Research Programme

WWW

World Weather Watch
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ANNEX I
DEVELOPMENT OF THORPEX
INTERNATIONAL RESEARCH IMPLEMENTATION PLAN
Terms of Reference
BACKGROUND
Cg-LIV established THORPEX as a ten-year long international Global Atmospheric Research
Programme under the Commission for Atmospheric Sciences as part of the World Weather
Research Programme, in order to accelerate improvements in weather forecasting on short-,
medium- and extended-range time scales.
CAS International Core Steering Committee (ICSC) leads planning and implementation of the
THORPEX programme. The THORPEX International Programme Office (IPO) is established by
WMO as an integral part of the Atmospheric Research and Environment Programme (AREP)
Department of the WMO Secretariat and under the supervision of the Director of AREP
Department.
The THORPEX programme activities on THORPEX development and implementation, as specified
by the ICSC, are supported through voluntary contributions of the Governments of the WMO
Members participating to THORPEX including donations to the THORPEX Trust Fund established
by WMO.
The ICSC, on its third session (16-17 December 2003, Montreal, Canada) approved the second
version of THORPEX International Science Plan and decided that a THORPEX International
Research Implementation Plan be prepared by November 2004. The ICSC approved this Terms of
Reference (TOR) for development of TIP.
1.

GENERAL CONDITIONS

The development of the THORPEX Research Implementation Plan (TIP) shall be undertaken by an
ad hoc group of experts selected from the members of THORPEX community actively participating
in planning and development of the programme. The ICSC Chair is authorized to form this group,
select a chairman and members of the group. The TIP group shall work in close cooperation with
THORPEX members, Regional Committees, International Programme Office and will report to
ICSC.
THORPEX Trust Fund shall be used to engage expert assistance and to provide support to
members of this group to enable them to complete their task in a timely manner in accordance with
Terms and Reference of TIP specified hereunder.
2.

GENERAL OBJECTIVES

The THORPEX TIP should ensure the overall success of THORPEX. The purpose of the TIP is to
guide the execution of THORPEX during the course of the programme. The TIP shall:
(a) Define THORPEX deliverables based on the expectations of the operational meteorological
community, research scientific opportunities and the availability of resources;
(b) Follow the THORPEX International Science Plan and the regional science plans for Asia,
Europe, North America and other regions or nations whenever their contribution to THORPEX
is defined;
(c)

Define milestones and deliverables from each of the THORPEX participants;

(d) Identify opportunities for collaboration between THORPEX and other programmes;
(e) Define decision points and the necessary steps to carry out THORPEX research and
development;
(f)

Facilitate the transition of results to operations within the Members’ organizations.
80

The TIP shall be a dynamic document, evolving as the science opportunities change.
3.

SPECIFIC OBJECTIVES

The TIP shall chart the THORPEX course for the next decade. It must:
(a) Connect the science opportunities of the International Science Plan with validated future
operational requirements,
(b) Determine a key set of requirements from the operational community;
(c)

Identify regional priorities that are consistent with the THORPEX International Science Plan
and the operational NWP requirements and reconcile the regional programs to the
international plan;

(d) Identify and compensate for gaps in the science planning;
(e) Identify funding requirements and funding of key programme elements, including personnel,
equipment for field programmes and other research activities;
(f)

Establish a roadmap for THORPEX activities;

(g) Integrate THORPEX with other relevant programs and initiatives, such as WWW, WCRP,
WMO Space Programme, WMO Programme on Natural Disasters Reduction and Mitigation,
International Polar Year 2007-2008, Asian Pacific Climate Programme, as well as with other
organizations (ICSU, IOC) and cooperative programmes identified;
(h) Ensure coincidence between THORPEX and GEO framework;
(i)

Establish clear roles and responsibilities for all of the actors in THORPEX;

(j)

Identify national commitments to key THORPEX activities;

(k)

Assess risks associated with the project and develop a mitigation strategy to ensure that the
THORPEX goals as met.

4.

5.

EXPECTED RESULTS
1)

1st draft TIP

April 2004

2)

2nd draft TIP

August 2004

3)

Final TIP

November 2004

4)

Recommendations on TIP adjustments to schedules,
deliverables and outcomes as necessary resulted from
periodic assessment of the TIP

Every 6 month for first
3 years and once a year
thereafter

ACCEPTANCE CRITERIA

Drafts and final TIP shall be reviewed and approved following any necessary revisions by the
ICSC.
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ANNEX II
THORPEX INTERNATIONAL PROGRAMME OFFICE
AND MANAGEMENT SUPPORT COST
Execution Phase 2005-2014
Initial estimates - cost per annum
All estimates in US Dollars (4 December 2004)
Cost, USD

Cost, USD

Total, USD
Full cost

Option ‘a’

1. INTERNATIONAL PROGRAMME OFFICE
1.1 Staff (Manager, 4 prof. staff, secretary)

980’416

1.1a Staff (Manager, second. staff, secretary)
1.2 Operations (staff travel, operations)

396’583
90’000
1’070’416

486’583

330’000

330’000

305’000

305’000

1’705’416

1’121’583

119’379

78’511

1’824’795

1’200’094

2. INSTITUTIONAL SUPPORT
2.1 ICSC and Executive Board meetings

100’000

2.2 Main working bodies meetings

230’000

3. SUPPORT OF PROGRAMME ACTIVITIES
3.1 Symposium or conference

75’000

3.2 Workshops

50’000

3.3 Capacity building
(incl. developing countries)

100’000

3.4 Co-sponsorship of related events

50’000

3.5 Publications

20’000

3.6 Outreach

10’000

4. Total expenditures per year
5. Administrative support cost 7%
6. Total cost per annum
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ANNEX III
RELEVANT STRUCTURES AND GROUPS OF THE
WORLD METEOROLOGICAL ORGANIZATION

Executive Council
President
First Vice-President
Second Vice-President
Third Vice-President

Dr A. I. Bedritsky (Russian Federation)
Dr A. M. Noorian (Islamic Republic of Iran)
Dr T.W. Sutherland (British Caribbean Territories)
Dr M.A. Rabiolo (Argentina)

Elected members of the Executive Council
M.L. Bah (Guinea)

F.P. Mote (Ghana)

J.-P. Beysson (France)

A.D. Moura (Brazil) (acting)

Q.-uz-Z. Chaudhry (Pakistan)

J.R. Mukabana (Kenya)

Chow Kok Kee (Malaysia)

K. Nagasaka (Japan) (acting)

M. Couchoud Gregory (Spain)

I. Obrusnik (Czech Republic) (acting)

M.D. Everell (Canada)

H.H. Oliva (Chile)

U. Gärtner (Germany)

Qin Dahe (China)

B. Kassahun (Ethiopia)

J.K. Rabadi (Jordan) (acting)

J.J. Kelly (United States of America)

D. Rogers (United Kingdom) (acting)

R.D.J. Lengoasa (South Africa)

B.T. Sekoli (Lesotho)

G.B. Love (Australia) (acting)

R. Sorani (Italy)

J. Lumsden (New Zeland)

S.K. Srivastav (India)

Ex officio members of the Executive Council
(Presidents of Regional Associations):
Africa (Region I)

Dr M.S. Mhita (United Republic of Tanzania)

Asia (Region II)

Mr A.M.H. Isa (Bahrain) (acting)

South America (Region III)

R. Michelini (Uruguay) (acting)

North America, Central America and the
Caribbean (Region IV)

Mr A.J. Dania (Netherlands Antilles and Aruba)

South-West Pacific (Region V)

Mr Woon Shih Lai (Singapore)

Europe (Region VI)

Mr D.K. Keuerleber-Burk (Switzerland) (acting)

Secretariat
Secretary-General
Deputy Secretary General
Director, Atmospheric Research
and Environment Programme

Dr Michel Jarraud
Dr Hong Yan
Dr Elena Manaenkova
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Commission for Atmospheric Sciences (CAS)
Prof. Anton Eliassen, President
Dr Alexander Frolov, Vice-President

CAS Advisory Working Group
Dr Zheng Guoguang
Deputy Administrator
China Meteorological Administration
Dr Mark Majodina
South African Weather Service
Dr Michel Béland
Director General of Atmospheric and Climate Science
for the Meteorological Service of Canada
Dr Louis Uccellini
Director, National Centers for Environmental Prediction,
National Weather Service, NOAA
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CAS Science Steering Committee
for the World Weather Research Programme (SSC/WWRP)
Dr Philippe Courtier

Chairman
Director, Ecole Nationale des Ponts et Chaussées (ENPC),
France

Dr Philippe Bougeault

Head of Research Department, European Centre for MediumRange Weather Forecasts (ECMWF)

Dr Radmila Brozkova

Czech Hydrometeorological Institute, Czech Republic

Prof. Keith A. Browning

Department of Meteorology, University of Reading,
United Kingdom

Dr Richard Carbone

Chairman before 2004
National Center for Atmosphere Research (NCAR), USA

Dr George Isaac

Meteorological Service of Canada, Canada

Dr Thomas Keenan

Bureau of Meteorology Research Centre, Australia

Prof. Roger Pielke

Center for Science and Technology Policy Research,
University of Colorado/CIRES, USA

Mr Eugène Poolman

South African Weather Bureau
Department of Environment Affairs, South Africa

Dr Tadashi Tsuyuki

Meteorological Research Institute, Japan

Mr Datong Zhao

Department of Science and Technology, China Meteorological
Administration, China

Dr K. O’Loughlin

Representative of CBS, Chairman of OPAG/PWS, Australia
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CAS/JSC Working Group on Numerical Experimentations (WGNE)
Dr Martin Miller

Chairman
European Centre for Medium-Range Weather Forecasts
(ECMWF)

Dr Philippe Bougeault

Head of Research Department, European Centre for MediumRange Weather Forecasts (ECMWF)

Dr Jean Côté

Meteorological Service of Canada, Canada

Dr Chen Dehui

Deputy Director, Research Center for Numerical Meteorological
Prediction, China Meteorological Administration

Dr Vladimir Kattsov

Voeikov Main Geophysical Observatory, Russia

Dr Steve Lord

National Centers for Environmental Prediction,
National Weather Service, NOAA, USA

Dr Andrew Lorenc

Met Office, United Kingdom

Dr Detlev Majewski

Deutscher Wetterdienst, Germany

Dr Kamal Puri

Chairman before 2004
Bureau of Meteorology Research Centre, Australia

Dr Kazuo Saito

Numerical Prediction Division, Japan Meteorological Agency,
Japan

Dr David Williamson

Climate Modelling Section, Climate and Global Dynamics
Division, NCAR, USA
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CAS International Core Steering Committee for THORPEX (ICSC)
Dr Michel Béland

Chairman
Director General of Atmospheric and Climate Science for the
Meteorological Service of Canada

Dr Zheng Guoguang

Vice Chairman
Deputy Administrator, China Meteorological Administration,
China

Representatives of Nations
Dr Eric Brun

Director, Centre National de Recherches Métérologiques
(CNRM) de Météo-France, France

Dr Hyosung Chung

Director-General, Meteorological Research Institute,
Korea Meteorological Administration, Republic of Korea

Dr Alexander Frolov

Deputy Head, Russian Federal Service for Hydrometeorology
and Environmental Monitoring (Roshydromet), Russia

Dr R.D. Jeremiah Lengoasa

Chief Executive Officer
South African Weather Service, South Africa

Dr Abdallah Mokssit

Head National Center of Meteorological Research, Morocco

Dr Hajime Nakamura

Japan Meteorological Agency

Dr Jean Pailleux
(Alternate to Dr E.Brun)

Vice Director, Centre National de Recherches Métérologiques
(CNRM) de Météo-France, France

Dr Kamal Puri

Bureau of Meteorology Research Centre, Australia

Dr David P. Rogers

Chief Executive, Met Office, United Kingdom

Dr Richard D. Rosen

Assistant Administrator for Oceanic and Atmospheric Research,
NOAA, USA

Prof. Ulrich Schumann

Institut fur Physik der Atmosphare, DWD, Germany

Dr S.V. Singh

Head, National Centre for Medium Range Weather Forecasting
(NCMRWF), India Meteorological Department, India

Dr Tadashi Tsuyuki

Director, Numerical Prediction Division, Japan Meteorological
Agency, Japan

Dr Louis Uccellini
(Alternate of Dr R.Rosen)

Director, National Centers for Environmental Prediction (NCEP),
National Weather Service, USA

Institutional and Organisational Representatives
Dr Mel Shapiro
Prof. Alan Thorpe

Co-Chair ISSC
NOAA Office of Weather and Air Quality, USA
Co-Chair ISSC
Director, NERC Centres for Atmospheric Science, Dept of
Meteorology, University of Reading, UK
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Dr Richard Carbone

Chairman SSC/WWRP (1998-2003)
National Center for Atmospheric Research, USA

Dr Philippe Courtier

Chairman SSC/WWRP
Director, Ecole Nationale des Ponts et Chaussées (ENPC),
France

Dr Martin Miller

Chairman CAS/JSC WGNE
European Centre for Medium-Range Weather Forecasts
(ECMWF)

Dr Frederic Delsol

Director, Atmospheric Research and Environment Programme
Department (before 2003)
World Meteorological Organization

Dr Elena Manaenkova

Director, Atmospheric Research and Environment
Programme Department
World Meteorological Organization

Mrs Angele Simard

WMO Commission for Basic Systems
Acting Vice-President of CBS (before 2004), Chair Open
Programme Area Group on Data Processing and Forecasting
Systems. Canadian Meteorological Center, Canada

Prof. Geerd-R. Hoffmann

WMO Commission for Basic Systems
Vice-President, Chair Open Programme Area Group on
Information Systems and Services, Deutscher Wetterdienst,
Germany

Dr Pai-Yei Whung

Interim Director, THORPEX IPO (2003). Department of
Commerce Associate Director, Office of Weather and Air Quality
NOAA/OAR, USA

Prof. Jagadish Shukla

Representative of the WMO/ICSU/IOC Joint Scientific
Committee for the WCRP

Dr Philippe Bougeault

Representative of ECMWF
Head of Research Department, European Centre for MediumRange Weather Forecasts (ECMWF)

Dr Lars Prahm

Representative of Coordination Group for Meteorological
Satellites

Dr Jim Caughey

Representative of the EUMETNET
EUCOS Programme Manager

Co-Chairs of THORPEX Regional Committees
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CAS International Science Steering Committee for THORPEX (ISSC)
Dr Mel Shapiro

Co-Chair ISSC
NOAA, Office of Weather and Air Quality

Prof. Alan Thorpe

Co-Chair ISSC
Director, NERC Centres for Atmospheric Science
Dept of Meteorology, University of Reading

Dr Alain Joly

Météo-France

Dr Bob Atlas

NASA/Goddard

Dr David Carlson

National Center for Atmospheric Research, USA

Dr Jim Caughey

Met Office, UK

Dr Valt Dabbert

Vaisala

Dr Alexander Frolov

Roshydromet, Russia

Dr Ron Gelaro

NASA/Goddard

Dr Nils Gustafsson

SHMI

Dr Peter Houtekamer

CMS

Dr Rolf Langland

NRL/Montrey

Dr Bill Smith

NASA/Langley

Dr Prashant Sardeshmukh

NOAA Climate Diagnostics Center, USA

Dr Chris Snyder

National Center for Atmospheric Research, USA

Dr Tang Xu

CMA, China

Dr Andrew Lorenc

Met Office, UK

Dr Rebecca Morss

National Center for Atmospheric Research, USA

Dr Michael Morgan

University of Wisconsin, USA

Dr Tetsuo Nakazawa

JMA, Japan

Dr Thor-Erik Nordeng

DNMI, Denmark

Dr Haraldur Olafsson

Islandic Met Institute

Dr Tim Palmer

ECMWF

Dr Kamal Puri

BOM, Australia

Dr Hua Lu Pan

NOAA/NCEP, USA

Dr Zoltan Toth

NOAA NWS/NCEP, USA

Dr Florence Rabier

Météo-France

Dr Rich Rotunno

NCAR/MMM, USA

Dr Lars-Peter Riishojgaard

NASA/Goddard, USA

Mr Chris Velden

University of Wisconsin / CIMSS, USA

Dr David Parsons

National Center for Atmospheric Research, USA

Prof. Lenny Smith

Univ. Of Oxford and London School of Economics, UK
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THORPEX Regional Committees
Dr Tetsuo Nakazawa

Chair Asian Regional Committee (RA-II)
Head, 2nd Laboratory, Typhoon Research Department,
Meteorological Research Institute
Japan Meteorological Agency

Dr Chen Dehui

Co-Chair Asian Regional Committee (RA-II)
Deputy Director, Research Center for Numerical
Meteorological Prediction, China Meteorological
Administration

Dr Chun-Ho Cho

Co-Chair Asian Regional Committee (RA-II)
Director, Forecast Research Laboratory, Meteorological
Research Institute, Korea Meteorological Administration,
Korea

Dr George Craig

Co-Chair European Regional Committee (RA-VI)
Institut fur Physik der Atmosphare, DLR, Germany

Dr David Richardson

Co-Chair European Regional Committee (RA-VI)
Met Office, United Kingdom

Dr David Parsons

Co-Chair North American Regional Committee (RA-IV)
Senior Scientist, National Center for Atmospheric Research
Mesoscale and Microscale Meteorology Division, USA

Dr Pierre Gauthier

Co-Chair North American Regional Committee (RA-IV)
Research Scientist, Data Assimilation and Satellite
Meteorology Division, Meteorological Service of Canada
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ANNEX IV

DOCUMENT REVISION TABLE 1 (closed 27 June 2004)
ocument title:

THORPEX Implementation Plan. First Draft. May 2004.

Date:

31 May 2004

Version:

1

Revision:

1

Prepared:

ICSC Group of Experts for development of THORPEX Implementation Plan (EGTIP)

Submitted:

Dr David P. Rogers, EG-TIP Chairman

Filename:

IMPLEMENTATION PLAN 2004-05-31 (MS WORD DOC)

Total Pages:

64 (i – xii, 1 – 52)

Action:

Revision by EG-TIP members

Deadline:

10 June 2004
Document revision record
Revised

Name
Page
E. Manaenkova

vi-ix, xiii

P. Bougeault

15

J. Martellet

Paragraph

ii,xii,xiv

New page / paragraph inserted

Date

After page

After paragraph

i, vi
11

4.2.3

31-05-04

12

4.2.1 a

10-06-04

02-06-04

7,12,20-37
T. Manabe

xiii,

10-06-04

24,27-30,57
04-06-04

J. Caughey
Z. Toth

3,8-18

11-06-04
4.2, 8

D. Richardson

14-06-04

M. Shapiro

iii,3-10,58

11-06-04

K. Puri

2,7,8-9,40-41,42

10-06-04

D. Rogers

Comments on current revision
Changes have been made to the First Draft to reflect input from members of the
TIP team.
A major rewrite of the ensemble prediction component of this programme
is required and will be available in the next draft.
The timeline will be completed following the September 2004 meeting of
the TIP.
Moved components of Observing Strategy from Data assimilation to build
section on observing system design
Bridging Climate-Weather has been moved to form the chapter on
Weather and Climate
Revised management (EM)
Need to review and revise NWP components of plan
Need to discuss infrastructure
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DOCUMENT REVISION TABLE 2 (closed 26 September 2004)
Document title:

THORPEX Implementation Plan. First Draft. June 2004.

Date:

27 June 2004

Version:

1

Revision:

2

Prepared:

ICSC Group of Experts for the Development of THORPEX Implementation Plan
(EG-TIP

Submitted:

Dr David P. Rogers, EG-TIP Chairman

Filename:

THORPEX IMPLEMENTATION PLAN 27-06-2004 (MS WORD DOC)

Total Pages:

68 (i – xiv, 1 – 54)

Action:

Revision by ICSC and EG-TIP

Deadline:

15 AUGUST 2004
Document revision record

Name
C.Y.LAM
J. Pailleux
A. Thorpe
R. Morss
Z. Toth
P. Bougeault
K. Puri
D. Richardson
D. Parsons
J. Purdom
E. Manaenkova
J. Caughey
D. Rogers

Chapter
7
4, 6, 7, 11, 12, 13
13
7
1-6, 8
4, 8
1, 8
4, 8
10
4, 5, 6, 13
i-xvi, 1, 5-6,13-14,16,18
1-3,5
All

Page

Paragraph

4.1,4.2, 4.3

Date
08-07-04
20-07-04
28-07-04
09-08-04
05-08-04
27-08-04
31-08-04
31-07-04
18-07-04
20-07-04
18-08-04
02-08-04

Comments on current revision
Changes have been made to the First Draft to reflect input from members of the
ICSC and EG-TIP as well as discussion during the third meeting of the EG-TIP
(13-15 September 2004). In particular,
Executive summary added;
Management section completed;
A Global Interactive Forecasting System chapter including TIGGE
formed;
Summary of goals with associated timelines inserted for each task;
Demonstration projects and schedule will be available in the next draft
Financial plan for the programme management will be available in the
next draft; input from participating organisations is needed for programme
execution provisional budget
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DOCUMENT REVISION TABLE 3 (Closed 20 October 2004)
Document title:

THORPEX Implementation Plan. Second Draft. September 2004.

Date:

27 September 2004

Version:

2

Revision:

1

Prepared:

ICSC Group of Experts for the Development of THORPEX Implementation Plan
(EG-TIP)

Submitted:

Dr David P. Rogers, EG-TIP Chairman

Filename:

THORPEX IMPLEMENTATION PLAN 27-06-2004 (PDF)

Total Pages:

78 (i – xvi, 1 – 62)

Action:

Revision by ICSC, EG-TIP, WGNE and SSC/WWRP

Deadline:

7 OCTOBER 2004
Document revision record
Revised

Name

Date

Chapter
David Richardson

4, 8, 9, 13

30-09-04

David Parsons

5, 6, 7, 10, 11

5-10-04

Jim Purdom

5, 6

5-10-04

Zoltan Toth

7, 8, 9, 13,

30-09-04

Alan Thorpe

13

2-10-04

Mel Shapiro
Elena
Manaenkova
Jim Caughey

13

5-10-04

8, 13, 16

5-10-04

13

7-10-04

David Rogers

All
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DOCUMENT REVISION TABLE 4 (Closed 17 November 2004)
Document title:

THORPEX Implementation Plan. Second Draft. 21 October 2004.

Date:

21 October 2004

Version:

2

Revision:

2

Prepared:

ICSC Group of Experts for the Development of THORPEX Implementation Plan
(EG-TIP)

Submitted:

Dr David P. Rogers, EG-TIP Chairman

Filename:

THORPEX IMPLEMENTATION PLAN 21-10-2004 (MS WORD DOC)

Total Pages:

96 (i – v, 1 – 91)

Action:

Revision by EG-TIP

Deadline:

15 November 2004
Document revision record
Revised

Name

Date

Chapter
2-11-04

Albert Fischer

7, 12, 16, Annex
5

15-10-04

Zoltan Toth

4, 5, 6, 9

10-11-04

David Richardson

8, 13, Annex

15-11-04

Elena Manaenkova

14, 15

15-11-04

Kamal Puri

2

14-11-04

Jim Caughey

4, 10, 14

2-11-04

David Rogers

All

15-11-04

Philippe Bougeault

94

DOCUMENT REVISION TABLE 5 (Closed 17 January 2005)
Document title:

THORPEX Implementation Plan. Final Draft. 17 November 2004.

Date:

17 November 2004

Version:

1

Revision:

1

Prepared:

ICSC Group of Experts for the Development of THORPEX Implementation
Plan (EG-TIP)

Submitted:

Dr David P. Rogers, EG-TIP Chairman

Filename:

THORPEX IMPLEMENTATION PLAN 17-11-2004 (MS WORD DOC)

Total Pages:

98 (i – v, 1 – 93)

Action:

Revision by ICSC

Deadline:

3 December 2004

Summary of
revision:

ICSC reviewed Final Draft at its 4 session 2-3 December 2004, approved the
plan with final comments of the members reflected in the document.
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