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DRAFT
MEMORANDUM OF UNDERSTANDING
For theimplementation of a European Concerted Research Action
designated as

COST Action
Basic Conceptsfor Convection Parameterization in Weather Forecast and Climate M odels
The signatories to this "Memorandum of Understanding”, declaring their common intention to

participate in the concerted Action referred to above and described in the "Technical Annex to the
Memorandum®, have reached the following understanding:

1. The Action will be carried out in accordance with the provisions of document COST 299/06
"Rules and Procedures for Implementing COST Actions", or in any new document amending or
replacing it, the contents of which the Signatories are fully aware of.

2. The main objective of the Action is [*]

3. The economic dimension of the activities carried out under the Action has been estimated, or
the basis of information available during the planning of the Action, at [*] Euro [*¥] million in [*]
prices.

4. The Memorandum of Understanding will take effect on being signed by at least five Signatories.

5. The Memorandum of Understanding will remain in force for a period of years, calculated from
the date of the first meeting of the Management Committee, unless the duration of the Action is
modified according to the provisions of Chapter V of the document referred to in Point 1 above.

[*] Will be completed by the COST Office
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A. ABSTRACT & KEYWORDS

A.1ABSTRACT

The main objective of the Action is to provide clear theoretical guidance on convection parameterizations
climate and numerical weather prediction models. Both global and regional atmospheric models
concerned. The Action achieves this objective by creating a core theoretical group to addressi the fundam:
issues of convection parameterization. Modellers and theoreticians join together under this framework. -
Action proposes a clear pathway for more coherent and effective parameterizations by integrating exis
operational schemes and new theoretical ideas. Proposed alternative approaches intend to re|
conventional tuning-based approaches. The Action complements extensive inter-comparison be
validations performed by operational modellers.

The Action responds particularly to urgent need which has arisen from increasing the resolutions of forec
models. In these new-generation models not only the traditional approximations break down, but associ
physical processes become increasingly complex. Thus, the parameterization must be extensi
re-formulated with more sophisticated physics under new constraints.

The Action contributes to reduce uncertainties in weather forecasts and climate projection by overcoming
often weak physical basis of the current parameterizations. Particular benefits will be in prediction of higl
unusual extreme weather events, such as local heavy precipitation, tropical cyclone trajectories etc. The |
will be a particular international agent that will be benefited from the present Action.

A.2 Keywords

Climate, Clouds, Convection, Parameterization, Uncertainties

B. BACKGROUND

B.1 General background

resear ch topic and wider relevance:

The extent of the social and economical dimensions that are affected by climate change and weather fore
(especially by extreme events) is beyond measure. Atmospheric circulation models, both for numeri
weather prediction (NWP) and climate projection, have become increasingly important, both socially a
economically, in recent years. Most seriously, political decisions of how to deal with climate change hea\
rely on climate projection studies provided by these global climate models. At the same time, weather fore:
centres extensively invest into development of high-resolution regional models in order to improve t
reliability of extreme event predictions.

However, those numerical models suffer from an inherent problem: they can run only with limited spat
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resolutions. Based on partial differential equations, they can perform horizontal differentiations only |
numerical approximations based on, for example, finite differences or spectral methods. As a result,
variability at scales smaller than the grid spacing of a model cannot be calculated explicitly. Prime examg
of such variability are precipitation and vertical mass and energy transport associated with atmosph
convection.

Convection is a key process within the Earth system. Deep convection in the tropics is a main driver of
atmospheric general circulation. It vertically transports an enormous amount of latent and sensible heat,
generates the bulk of the precipitation reaching the Earth surface. For successful applications of the nume
models, thus, it is crucial that unresolved variability, most notably the variability associated with convectic
have to be properly accounted for. Methods for accounting these subgrid-scale processes are Cci
parameterizations. Unfortunately, the current numerical models suffer from various deficiencies in tt
respect. Models produce too early an onset of afternoon convection; the rainfall maximum tends to
underestimated; and they fail to represent the 20-60 day planetary-scale tropical oscillation (the Madden-Jt
oscillation).

These deficiencies are often responsible for failed warnings of heavy rainfall (extreme events) &
consequential major floods, common in the Mediterranean area, for example, even in short term wea
forecasts. For longer time scales, the deficiencies become major factors limiting the usability of climate mc
results for policy makers and stakeholders. For this reason, the most recent IPCC report singles out conve
and cloud parameterization as the key issues to be resolved in order to reduce uncertainties in the ft
climate projections.

Current operational parameterizations use various technical assumptions. The parameters in parameterize
are often simply "tuned" ,f or example, to achieve a good radiation balance at the top of the atmosphere.
most notorious example of such assumptions is the "closure” that is required to define the total intensit
parameterized convection. Another example is the assumptions around the rate of entrainment and detrain
which characterise the lateral exchange of air between a convective plume (convective cloud) and
environment..

Though it may sound very technical, these choices critically influence the overall performance of the mod:
Change of closure hypothesis can qualitatively change even the global climatological distribution
precipitation. The entrainment and detrainment rates are critical in defining the vertical extent of convecti
Clearly, a more robust methodology for defining these parameters are required.

More fundamentally, current parameterizations are designed to separately represent particular elements c
model physics (e.g., deep convection, boundary layer turbulence, radiation). ,As a result, tuning is ¢
performed separately in such manner that overall errors compensate each other. A better methodology
coupling these physics are clearly in need.

why COST?:

The convection parameterization problem is one of the key issues, in spite of its critical importance, left to
properly addressed. The goal of the present Action is to address this problem from a more fundamental le
The Action seeks theoretical principles for convection parameterization that lead to significant improvem
of its the performance. For this goal, the Action establishes a link between operational and climate rese
centres with the theoretical physics and applied mathematics community. The Action is built upon exist
corporate efforts in a bottom-up manner (cf. Sec. B.4). The goal is achieved by extensive networking f
encourages exchange and corporation between researchers across Europe. The Action also strengthel
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supports the current extensive inter-comparison and validation efforts by weather-service consortia .
international projects (cf., Sec. B.4).

advantages and benefits:

The present Action has arisen from many informal conversations and e-mail communications that hi
gradually recognized the urgent need for well-organized meetings and multi-lateral collaboration
consolidate, promulgate and inspire intensive theoretically-oriented research at the European level. Du
their "bottom-up” nature, these needs are best met through a COST Action. A well-funded network
necessary to bring the existing grass-root efforts to recognition and make them more efficient in a joint eff
of the involved scientists from very different organizations (universities, research centres, and weat
services) to work towards a common goal. A COST Action is best suited as it mainly aims at Europe
networking.

The Action facilitates, boosts and enhances existing research and inspires future research by providit
strong theoretical impetus through mutual interactions. For this purpose, the Action particularly establishe
strong link between academic research at universities and application-oriented research both at operatione
climate centres. As a result, the Action also complements, supports, and enhances currently existing m
inter-comparison projects as well as model verification and validation against observations by establistk
more physically-based and process-oriented approaches.

B.2 Current state of knowledge

The current standard formulation of convection parameterization, based on mass fluxes, was first introdu
more than thirty years ago. The basic approach has hardly changed since then, although subste
elaborations have been introduced. The main unresolved issues of the problem have not changed since
either: convective-triggering conditions, closure, and the specification of entrainment and detrainment ra
The progress in the fundamental issues has been slow.

Moreover, the past emphasis has been on testing parameterizations' overall performance rather than exan
them more from a theoretical, process oriented perspective. The issue is more than often reduced to th
"tuning” with compensating balance of errors of various sources in order to obtain best possible predictic
but not necessarily for the right reason. As a result, it can easily miss the correct response during the prc
of climate change.

At the most fundamental level, the problem of convection parameterization has long been identified as the
constructing a statistical theory for ensembles of cumulus convective elements, or moist convective plun
However, so far only exploratory work has been performed towards this goal, mostly in Europe. The pres
Action puts these efforts into a coherent, organized activity.

Since the early 1990s a new methodology has emerged that compares outputs of convection parameteriz:
against those of cloud-resolving models (CRMs) and large-eddy simulations (LESs). These more exp
models, first of all, greatly contribute to improved phenomenological understanding of atmosphel
convection. More importantly, these models provide a fully time-evolving three-dimensional data-set in hi
spatial resolution to an extent that is hardly obtained by field measurements. Such efforts have certa
contributed significantly to improvements in the performance of convection parameterizations. Howev
verification methodologies of such detailed results aiming at improved parameterizations are still to be fu
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developed.

Recent satellite missions, most notably the A-Train, have begun to provide unprecedented amoun
information on detailed cloud properties at the global scale. For example, the CloudSat radar images provi
global three-dimensional distribution of precipitating water (both liquid and ice) and the CALIPSO lide
measures backscatter of much smaller non-precipitating condensed-water particles within clouds.The prop
COST Activity, in turn, provides a clear theoretical framework translating increasing availability o
high-quality data sets into model improvements.

At the European level, the EUROCS (European Cloud Systems) project (2000-2003) greatly contributec
convection parameterization studies. One of the major conclusions from this project was a critical importa
of more fundamental research to understand elementary processes associated with convection. For exa
for the understanding of the diurnal cycle of continental convection, the trigger condition of convection w
identified as a major unknown process. The present Action exactly focuses on examining these elemer
processes.

Major European operational centres are currently moving towards an operational mode of high-resolut
regional numerical forecasts with horizontal resolutions of 1-5 km. Increasing horizontal resolution makes
subgrid-scale problem even more acute than before. The better resolution of convective dynamics means
additional physical processes (e.g., ice microphysics) must be parameterized at higher accuracy. Morec
some current parameterizations (e.g., auto-conversion of warm rain, which in nature depends on the hi
variable cloud depth) work well at certain horizontal resolutions but not at others. Such resolution-depende
of physics parameterization has to be addressed. The Action addresses these fundamental issues in or
provide a clearer strategy for the future parameterization development.

B.3 Reasons for the Action

Reasonsfor launching the Action:

Atmospheric sciences consist of three major components: theory, detailed modelling at ever-increas
resolution, and observations. The present Action is going to contribute from the theoretical aspects
augmenting the existing research and projects. With increasing capabilities of computing and satel
technologies, the last two components have advanced dramatically during the last decades. The Ac
exploits these gains by coordinating the theoretical studies of subgrid-scale physical parameterization.

A main question asked by the Action is: what is a general formulation of the mathematical description of
subgrid-scale physical processes in atmospheric models? A clear and general theoretical formulatio
required in order to better guide model developments with ever-increasing resolutions and more comg
physics. A well-defined theoretical guideline is also required for better exploiting ever-increasing possibiliti
for model verification by observations. The present Action initiates strong, theoretically-based, coordinai
efforts for this purpose.

Over the last years, initiatives for fundamental theoretical investigations of convection parameterization hi
been launched across Europe. Interest in fundamental research is also gradually growing at both operat
and climate research centres. Interest by theoretical physicists has also been identified. The present A
puts these efforts and interests together into a coherent activity creating a core activity of concerted theore
synthesis by cross-fertilizing ideas. The activity will re-examine the above mentioned fundamental issues

Open Call Full Proposal oc-2009-1-4123
Page 6/40



convection parameterization. The overarching methodology of the Action is the critical analysis of tl
problem from a perspective of fundamental theoretical physics. Classical and statistical mechanics, turbule
theories and dynamic system theories provide a basis for the systematic investigation of
convection-parameterization problem. The Action potentially leads to radically new scale-independs
parameterizations that have a more solid physical basis than current parameterizations, and could produce
changes in both climate research and operational forecasting.

Maximum productive outcomes:

The present Action builds upon existing attempts by organizing a network for the subgrid-sce
parameterization problem focused on fundamental theoretical aspects. The required financial investmel
minimum to support this Action, and expected outcomes are extensive considering both the importance
urgency of the issue as discussed above. The present Action chiefly aims at scientific and technolog
advance, but it is also clearly beneficial for European economic and social needs by providing impro\
weather forecasts and climate projection. The Action will further foster Europe-wide collaboration betwe:
scientific communities that normally do not find common grounds easily.

B.4 Complementarity with other research programmes

This COST Action is unique in addressing the subgrid-scale parameterization problem in atmosphe
modelling from a perspective of fundamental theoretical physics and applied mathematics. Statistical cumi
dynamics is a main focus of the Action and requires intensive investigations.

Currently, massive validation efforts based on model verifications and inter-comparisons already exist aim
at improving subgrid-scale parameterizations in atmospheric models. Efforts are underway at NWP cent
Furthermore, there are collaborations coordinated by various NWP consortia such as ALADIN (Aire Limit
Adaption dynamique Developpement InterNational)), COSMO (Consortium for Small-scale Modeling
HIRLAM (High Resolution Limited Area Model), LACE (Limited Area modeling in Central Europe) together
with the UK Met Office within the framework of EWGLAM/SRNWP. International activities such as GCSS
[GEWEX (Global Energy and Water Cycle Experiment) Cloud System Studies] also focus on convective ¢
cloud processes. Extensive efforts are also being undertaken through numerical calculations based eith
"super-parameterization” or on global cloud-system resolving modelling, as currently performed in the U
and Japan, respectively.

The present Action is a clear outgrowth of these current efforts, and the results from this Action will be f
back to these projects through the strong links of the Management Committee (MC) members and o
Action participants. Notably, fundamental research has already been underway for many years with a lea
role of GCSS. An important new step of the present Action is to make it a stand-alone activity under strc
links with operational research as well as with the afore-mentioned on-going consortia and project activities
In summary, the Action defines theoretical fundamental physics as it's main guiding principle. For this reas
the present Action will play a unique role among the existing projects on subgrid-scale parameterizations
atmospheric modelling. These existing efforts are more focused on testing, validation, inter-comparison
improvement of subgrid-scale parameterizations. By taking a new and distinctive approach, this COST Act
will complement well these current modelling-oriented activities. Where appropriate, the Action will see
close collaboration with the existing activities, notably with GCSS, but also with various other consortia
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European weather services. Especially, by actively participating in GCSS model comparison projects,
Action will propose new methods, as well as a new theoretical basis for model comparisons. In order
establish close links with operational consortia, the Action Working Group meetings will be primarily held i
conjunction with these consortia meetings (cf. Secs. E.3, F). The Action will also contribute to IPCC

assessing the physical origins of the uncertainties in climate projections that are due to the convection
cloud parameterization.

C. OBJECTIVESAND BENEFITS

C.1 Main/primary objectives

The main objective of the Action is to provide clear theoretical guidance on convection parameterizations fo
climate and numerical weather prediction models. The Action coordinates an in-depth analysis of
state-of-the-art parameterizations and introduces new concepts from theoretical physics and applied
mathematics. As a result of the analysis, the Action proposes more suitable convection parameterizations f
climate and numerical weather prediction models. The goal is achieved through a coherent and coordinatec
effort from members of various institutions scattered across Europe.

C.2 Secondary objectives

The Action creates a core theoretical group that supplements current weather and climate research focusi
detailed modelling and observations. The Action performs fundamental theoretical investigations addres:
conceptual issues in convection parameterization.

The specific scientific objectives of the Action are:

1. Critical analysis of the strengths and weaknesses of the state-of-the-art convection parameterizations

2. Development of conceptual models of atmospheric convection by exploiting methodologies frc
theoretical physics and applied mathematics

3. Proposal of a generalized parameterization scheme applicable to all conceivable states of the atmosphe
4. Defining suitable validation methods for convection parameterizations against explicit modeling (CRM a
LES) as well as against observations, especially satellite data.

These objectives define the tasks of the proposed working groups.

C.3 How will the objectives be achieved?

The above objectives are achieved by the following means:
1. Documentation of the basic formulations of the existing convection parameterizations, along with th
specific assumptions, defining their range of validity and the extent of (or lack of) their theoretical ai
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empirical support

2. Theoretical, systematic, fundamental investigations of the convection parameterization problem
introducing concepts of theoretical physics and applied mathematics

3. Development of more general and clearer formulations of the convection parameterization, of n
conceptual models for convective processes, and of new validation methods utilizing both, explicit mod
(CRM and LES) and observations based on these new theoretical ideas

The present COST activity is based on various observational data sets and numerical models already w
available in the community. The Action, in turn, provides infusions of theoretical ideas and principles wi
which to interpret the huge data sets of observations and model output. Hence, the Action develops
conceptual models and perspectives. By this activity, the Action stimulates the application of new ideas to
operational weather and climate research community. These efforts lead to model improvements ¢
potentially, to completely new parameterizations. The present Action is to be expected to bring a long-las
catalytic effect to the field.

The Action members are expected, in great part, to be recruited from operational (notably Regio
Co-operation for LACE), and climate research centres, where there are very strong demands for improvem
to weather forecast and climate models (ALADIN, ARPEGE, COSMO, ECHAM/ICON, HIRLAM, IFS,
Unified Model). The Action is expected to extensively produce results with strong potential applicatiol
supported by strong awareness of these participants that direct applications are in urgent need. A st
motivation for achieving the main goal of the Action is provided by the direct links of participants wit
parameterization development and implementation: new, improved, solidly-based parameterizations.

C.4 Benefits of the Action

Most serious uncertainties in current weather and climate models are attributed to convection and cl
parameterizations. The Action is going to reduce these uncertainties by providing a robust physical basi
convection and cloud parameterizations. A stronger physical basis of the parameterization makes global
regional weather forecasts more accurate and reliable. Especially highly unusual extreme weather events
local heavy precipitation, tropical cyclone trajectory) become easier to predict by placing the:
parameterizations on a more solid physics. Moreover, climate projection becomes more trustful
constructing convection and cloud parameterizations from first physical principles as much as possible. Fo
the above purposes, hypothesis behind parameterizations must be clearly pin-downed. As a result uncert
of climate projections is better estimated.

For these reasons, the network focusing on fundamental theoretical aspects of the subgrid-s
parameterization problem greatly benefits both the scientific community and the wider society. Consider
importance and urgency of the issues, expected benefits are extensive.

The benefits of the Action are derived by fostering the collaboration between theoretical physicists &
operational numerical weather and climate forecasters. The lack of strong theoretical underpinning ultima
blocks progress in any scientific discipline (Secs. B.2 and B.3). The Action replaces the traditior
problematic "tuning" approach, often based on ad-hoc assumptions, by theoretically based approaches
ultimately lead to more robust operational results.

It is very unlikely, in spite of increasing horizontal resolutions, that within the next few decades a full-fledge
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Earth system model will have sufficient computational capability to be able to resolve all relevant convect
processes. Instead, improved subgrid-scale physical parameterizations must be introduced by catching up
increasing resolutions. Most importantly, there will always be some dynamical processes (e.g., shall
convection, boundary-layer turbulence) that need to be parameterized as subgrid-scale processes.
Sometimes, marginally-resolved processes can be most problematic. For example, the current typical reqgi
forecast models with 1-5 km resolutions do marginally resolve deep convection. However, strangely enot
deep convection is often not triggered in a timely manner, presumably due to a lack of coupling w
boundary-layer processes. When it is triggered, then it often turns into a singularly strong vertical moti
confined to a single grid column.

Even when millions of processors are used for parallel-processing of extremely high-resolution clim:
models, this situation does not change. Thus, the parameterization problem becomes more and more critic
coming years. The present Action guides the parameterization development and verification by placing
issues under wider theoretical perspectives based on concepts of theoretical physics and applied matherr
Especially a general theoretical formulation can guide various operational developments. For example, in
manner a list of possible options can more easily be provided for inclusion of particular physical process i
an operational model.

A non-exhaustive list of benefits of the Action is as follows:

* A core activity of concerted theoretical efforts by cross-fertilising ideas, providing catalytic impetus on
both NWP and climate research both at the European and international levels

* A channel for efficient delivery of theoretical ideas to operational centres, consortia, and international
programs

* A platform for inter-disciplinary collaboration, exchange of information and coordination, and for
strengthening the NWP and climate projection research in Europe; establishment of a stronger link
between the universities and operational research centres

* A better exploitation of meteorological data sets, especially those from satellite missions; a potential
contribution to an improved assimilation of satellite data

* Stimulation of research on related climate and environment issues, such as cloud-radiation feedbacks
cloud physics, turbulence, extreme events, downscaling, and hydrology

* Enhanced recognition of a European platform for excellence in NWP and climate projections

* A closer collaboration with international partners on the basis of mutual benefits.

* Incorporation of the vast experience available in theoretical physics and applied mathematics into the
further development of weather and climate prediction models.

The proposed effort is also expected to ultimately contribute to improvements of the security, safety ¢
quality of life of European citizens. This will be achieved through a higher quality of NWP and climat
projections that are essential, among other things, for warnings of extreme weather events, projection
possible climate scenarios, and mitigation of their potential impacts.
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C.5 Target groups/end users

The present Action is targeted at intensified interaction of four principal groups

1. Operational weather forecast and climate research centres as the main users of the results

2. Those involved with "explicit" numerical modeling of convective processes in the atmosphere, throu
cloud-resolving models (CRMs) and large-eddy simulations (LESs) providing highly specialized techniqu
for the development and evaluation of parameterizations

3. Those taking and working with observations, especially from satellite missions and dedicated fie
campaigns

4. The theoretical physics community as a source of new ideas and techniques

For these groups, the Action will provide

1. suggestions, recommendations, and guidelines for development and improvements of subgrid-scale phy
parameterizations from theoretical perspectives.

2. analysis methods (diagnostics) to effectively exploit explicit modelling results for development ar
improvements of subgrid-scale physical parameterizations

3. new validation methods of subgrid-scale parameterization employing most advanced observatic
theoretical principles are required in order to analyze massive satellite data sets and to organize well-preg
and focused field campaigns

4. a platform and links between the subgrid-scale parameterization problem and theoretical physicists
posing theoretical problems that are of interest of its own right for "pure science”

D. SCIENTIFIC PROGRAMME

D.1 Scientific focus

The most important research task to be coordinated by the Action concerns fundamental theoretical
conceptual issues of convection parameterizations. This includes a statistical theory for convective ensem
which can be constructed in the spirit of statistical physics by analogy with a thermodynamic equilibrium st
in statistical physics. The analogy with statistical physics also provides links with other disciplines, e
Hamiltonian dynamics and chaos, mathematical theories for statistics and probability, and asympt
expansion. All these elements will be brought into the context of convection and cloud parameterization ur
the present Action.

D.1.1 Work Plan

The basic strategy of the Action proceeds from critical examinations of the state of the art of the problen
the conceptual level. The present state of knowledge will be critically synthesized from theoretical phys
perspectives and a general formulation and new conceptual models will be sought.

The work is divided into the following three steps in order to achieve the four specific scientific objective
presented in Sec. C.2.

1) Careful analysis of existing parameterizations
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i) The formulation of current convective parameterizations is critically reviewed and examined. The curre
knowledge of subgrid-scale parameterization for global and regional atmospheric models is summarized \
a focus on convection parameterizations.

i) These reviews are further developed and exploited with a focus on the assumptions made within convec
parameterizations. A clear distinction is made between ad hoc assumptions and those that can be deduc
derived from either basic physical principles or well-established empirical relationships.

A careful distinction is also made between those assumptions that are essential for the formulation ¢
parameterization and those that are introduced only for convenience and simplifications. The latter will alsc
further divided into assumptions made for scientific reasons or purely for technical and practical reasons.
2) Development of conceptual models

i) The issues in convection parameterization are explored and examined from the more fundame
perspectives of theoretical physics. Such perspectives will be provided by, but are not limited to, classical
statistical mechanics, turbulence theories and dynamic system theories. For this purpose, various concept
are under-explored by the majority of the climate-dynamics community will be considered. For those conce
that are unfamiliar to most climate scientists, but which provide new insights into parameterization issues,
Action will initiate and support pedagogic activities.

i) New conceptual models will also be proposed in order to advance the theoretical understanding of
problem. Such considerations are expected to lead to ideas for new types of convection parameterizatior
well as driving a work plan that will energize such ideas, the Action will also encourage the exploration
such new methods. In particular, through the mechanism of Short-Term Scientific Missions (STSMs), f
Action will support short test-of-concept studies.

3) Development of revised and new operational schemes

On the solid theoretical basis of the results from the above, more general formulations of the convec
parameterization problem will be sought and proposed to the community. Methodologies for exploitil
observational data as well as new validation methods will also be carefully considered.

The Action is focused on deep convection, which is characterized by complex microphysics. At the same ti
it seeks idealizations and simplifications to facilitate theoretical progress. There is a strong tension betw
the complexity of reality and theoretical idealizations. This tension is a main driving force within the Action.
D.1.2 Human and Technical Means

In order to achieve the objectives of the Action, i.e., performing theoretical and conceptual developments
the parameterization problem, the human contributions are paramount, especially contributions fr
early-stage researchers with fresh ideas. Any gender-biases implicit in previous studies must be amende
encouraging talented female scientists to take part in the Action.

Moreover, especially for performing theoretical investigations, well established links between operational ¢
theoretical groups must be developed so that new ideas can be shared efficiently and further develope
discussions and collaboration. The Working Groups (WGs) provide basic units for coordinating the
collaborations. COST's STSM provides an optimal scheme for promoting the required spontanet
collaboration. These theoretical developments are assimilated back into Working Group discussions (cf., .
E.1).

Annual workshops of the Action are designed to function as a core European network of scientists of all ste
of their professional development. The tasks and results are equally distributed (including tutorials
early-stage researchers) so that mutual confidence between the participants of the Action can be develope
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As technologies and instruments in developing and testing convection parameterizations, the use of exy
CRM or LES modelling is critical. The present Action continues to exploit this methodology based on existi
approaches, but also by seeking more advanced, process-oriented analysis methods. Notably, a forma
between explicit modelling and parameterization at a level of theoretical formulations will be emphasized (i
Sec. D.2, item 3)). Furthermore, observations, especially those by satellites, will be used extensively to il
constraints on parameterizations and to evaluate results from simulations.

D.2 Scientific work plan methods and means

The Action focuses on four major tasks:

1) Assumptionsinevitably introduced in constructing subgrid-scale parameterizations

The Action focuses on two technical, but highly-critical issues in mass-flux based convectic
parameterization: Critical analysis of ad hoc assumptions used within existing convection parameterizatic
a.o. closure hypotheses and entrainment-detrainment.

i) Closure

In order to "close" a mass-flux based convection parameterization, an assumption must be introduced in ¢
to determine an overall amplitude for subgrid-scale convective processes, given the model-resolved large-¢
processes. The problem is called the "closure". A closure condition is traditionally imposed on
vertically-integrated quantity, such as the convectively-available potential energy (CAPE), under a framew:
of "convective quasi-equilibrium”. Hence, it naturally follows that the equilibrium concepts must also k
closely examined. Various possibilities for properly defining equilibrium and testing its stability will be
explored both from modelling and data-analysis points-of-view. The exploration of the stability of

convective equilibrium is innovative and actually a key question to ask. Should the convective equilibrit
state turn out to be inherently unstable under a fixed large-scale state, it would imply that the convec
system is at self-organized criticality. An equivalent state is realized at critical points in thermodynarr
systems, where well-defined macroscopic thermodynamic variables are no longer available. In the vocabL
of dynamic systems, it means that the system has no stable steady solution (fixed point) under a con
forcing, but remains on a strange attractor, or "chaos".

Issues to be addressed include:

* Can a general unified formulation of convection parameterization be constructed on the basis of mass
fluxes?

* Is it feasible to re-formulate the closure problem as that of the lower boundary condition of the system’
Is it desirable to do so?

* How can the convective quasi-equilibrium principle be generalized to a system subject to
time-dependent forcing? How can a memory effect (e.g., from a convection event the day before)
possibly be incorporated into quasi-equilibrium principle?

* Are there theoretical formulations available that could be used to directly test convective
quasi-equilibrium (e.g., based on population dynamics)?

* How strong and how robust is the observational evidence for self-organized criticality of atmospheric
convection?
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* How does the fundamentally chaotic and turbulent nature of atmospheric flows affect the closure of
parameterizations? Can the quasi-equilibrium still be applied for these flows?

i) entrainment-detrainment

Entrainment and detrainment refer to processes of exchanges of air between convective "plumes” anc
surrounding environment. The process is called entrainment when the air enters into convection, and
called detrainment when the air exits from convection. "Efficiencies" of these processes are currently tree
as major tunable parameters in convection parameterizations. The determination of such parameters is ¢
issue for example in properly representing the transition from shallow (non- or weakly precipitating) to de
(precipitating) convection. The parameters appear to depend on the large-scale environment as well as o
type of convection.

Arguably, explicit modelling with cloud-resolving models (CRMs) and large-eddy simulations (LESs) ca
provide the estimates of the entrainment and detrainment rates. However, there is no well-defined methc
the present time to determine the rates from the simulation data. A few methods have been proposed, but
of them appears to suffer various defects.

In order to determine the entrainment and detrainment rates in a more consistent manner, their phy:
meanings must be systematically explored by tracing back their historical origin to classical plume dynarr
theories. Most notably, there appears to be confusion between the lateral mixing process and a net contrib
to the cloud mass.

Issues to be addressed include:

* What is the precise physical meaning of entrainment and detrainment?

* If they provide nothing other than artificial tuning parameters, how could they be replaced with more
physically-based quantities?

* From a critical review of existing methods for estimating entrainment and detrainment rates from CRM
and LES, what are the advantages and disadvantages of the various approaches?

iif) New theoretical ideas

In order to critically analyze these fundamental issues, various new theoretical concepts will be introducec
particular approach that appears to be highly promising is statistical cumulus dynamics.

The essence of closure in a mass-flux framework is to define the spectrum of an ensemble of convec
plumes. Thus, the most solid approach for solving the closure issue would be to develop the statisi
dynamics for ensembles of plumes in the same sense as statistical mechanics provides the ultimate bas
macroscopic thermodynamics.

Classical statistical mechanics appears to provide a powerful guiding principle. The approach has already |
extensively applied to turbulent flows and exploratory investigations are already under way for atmosphe
convective systems. The approach is expected to work better for ensembles of convective plumes becaust
are naturally described as discrete elements, unlike continuous-medium turbulent flows. A main challe
under this approach would be to cast an ensemble plume system into a discrete Hamiltonian system un
framework of classical mechanics, since the general framework of classical statistical mechanics would t
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become readily applicable.
Issues to be addressed include:

* How can a standard, "non-interacting", statistical description of plumes be generalized to account for
plume interactions?

* How can plume-plume interactions and their role in convective organization be determined?

* How can the transient, life-cycle behaviour of plumes be taken into account for the statistical plume
dynamics?

* How can a statistical description be formulated for the two-way feedbacks between convective elemer
and their "large-scale" environment?

* How can statistical plume dynamics best be described within a Hamiltonian framework?

* Does the Hamiltonian framework help to develop a general theory for statistical cumulus dynamics?

2) Development of more consistent formulations by unifying existing approaches (mass flux, similarity
theory, probability density) and by incor porating new theor etical ideas

In current numerical models, subgrid-scale parameterizations are constructed for individual physical proce:
(e.g., deep moist convection, boundary-layer turbulence, clouds) separately by taking different approac
(mass flux, similarity theory, probability density), and the interactions between different processes are o
considered a posteriori at the best.

The second task of the Action is to develop a consistent formulation for these independent approaches.
this goal, the two major alternative approaches (similarity theory, probability density) are also critical
reviewed as was the mass-flux approach in the first task. These two approaches are underexploited ir
context of deep-convection parameterization, thus potential for their application to deep convection is ¢
investigated.

i) similarity theory

The similarity theory has been extensively employed in boundary turbulence theory. The method can equ
be extended for describing the statistical dynamics of deep convective plumes. A key issue for this exten
is the choice of non-dimensional parameters, especially for those characterizing cloud physics. A m:
challenge in developing a similarity theory for precipitating deep convection is that the system is not closec
terms of conserved quantities, but that the precipitating-water mixing ratio directly enters the budget equati
for both the turbulent kinetic energy and the potential energy. In other words, the coupling between
dynamics and the microphysics must be explicitly considered.

Issues to be addressed include:

* What are the key non-dimensional parameters that characterize the microphysical processes?

* How can the correlations be determined between the microphysical (e.g., precipitation rate) and
dynamical variables (e.g., plume vertical velocity)?

* How should a fully consistent energy budget be formulated in the presence of precipitating processes”

i) probability density
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The use of probability density functions may provide a more systematic statistical description of clo
systems, not only for deep convection but also for stratiform and cirrus clouds. The approach has alre
proved successful in representing non-convective clouds, but the incorporation of convective proces
remains a major open challenge. A more formal mathematical way of describing a stochastic system is thrc
a more sophisticated stochastic modelling approach based on the Fokker-Planck equation. This possibility
also be seriously considered under the Action.

Issues to be addressed include:

* How can current probability-density based approaches be generalized?

* How can convective processes be incorporated into probability-based cloud parameterizations? Can
suitable extensions of the approach be made consistently?

* Is the moment expansion a good approximation for determining the time-evolution of the probability
density? What is the limit of this approach?

* Could the Fokker-Planck equation provide a useful general framework?

* How can microphysics be included properly into the probability-density description?

3) Development of more general and flexible parameterizations applicable at higher resolutions of host
atmospheric models with mor e elabor ated physics

An increasingly urgent issue is defining a solid strategy for developing a new generation of parameterizati
for regional models with fine resolution. Major European operational centres are rapidly moving towar
regional numerical forecasts with deep moist convection processes marginally resolved. In order to exploit
full power of the enhanced resolution it is essential to address fundamental conceptual issues
parameterization. Some of the basic assumptions in convection parameterization (e.g., quasi-equilibrium, <
separation) begin to break down and more sophisticated physics, notably microphysics, must be introdt
into the parameterizations.

Issues to be addressed include:

* Which scales of motion should be parameterized and under which circumstances?

* How can convection parameterizations be made resolution-independent in order to avoid
double-counting of energy-containing scales of motion or loss of particular scales?

* What is the degree of complexity of physics required at a given horizontal resolution?

Such investigations are likely to lead to intermediate models that establish a better link between conventi
parameterizations and explicit models. At the mesoscale (i.e., the scale of regional modelling), it may
longer be sufficient to rely upon the leading-order expansion in the fractional convective area that leads to
standard mass flux formulation. The formal and systematic expansion to higher orders needs to be addre
A mathematical theory of asymptotic expansion is likely to become a powerful tool for this purpose.

4) Development of a unified framework that couples parameterizations of different physical processesin

a mor e consistent way

This task goes beyond Task 2) by asking a question not only of consistency among the subgrid-s
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parameterizations (mass flux, similarity theory, probability density, etc) in a given model, but asking

bringing them all together into a unified formulation. Here, a unified formulation first means that a who
parameterization package is derived from basic principles of physics by introducing various elements
approximations consistently. Moreover, rules must be introduced in order to define where to introduce wh
approximations under this unified approach.

Treatments of microphysics become a major issue in this context. Recent field campaigns, such as the F
(Rain In Cumulus over the Ocean) experiment, increasingly point to the critical importance of precipitati
processes and associated cloud microphysics, even for shallow cumulus clouds where precipitation rate
relatively weak.

Some recent satellite missions, most notably the A-Train, have begun to provide detailed information on cl
microphysics from space at a global scale. On the other hand, the implementation of extensive cl
microphysics into convection parameterizations has been slow, partially due to a formulational difficulty
implementing them into current standard mass flux parameterizations. A systematic and consist
methodology for implementing detailed microphysics into a convection parameterization is still to be ful
developed.

One important first step is to try to relate the subgrid-scale variability of vertical velocity to that of th
in-cloud supersaturation, which controls the clouds' phase and the microphysical nucleation and gro
processes. Supersaturation is the fundamental linkage between cloud dynamics and microphysics. T
aspects of the microphysics which are required for accurate convection parameterization must be care
established by considering an ever increasing complexity of microphysical schemes.

Issues to be addressed include:

* How can a microphysical formulation (which is itself a parameterization) be made resolution depender

* Can detailed microphysics with its essential sensitivity to environmental aerosols be incorporated into
mass-flux convection parameterization? Are the current approaches self-consistent or not? If not, how
can it be achieved?

E. ORGANISATION

E.1 Coordination and organisation

The Action provides an open environment for developing collaborations on the theoretical issues
convection parameterization. The organization of the Action will be structured in order to achieve a delic
balance between its openness and a clear focus. Openness is critical for the vivid scientific discussior
initiate and organize as the Action is explicitly designed for. At the same time, a clear focus is required
order to maintain effective investigation on well-defined theoretical issues.

The Management Committee (MC) will supervise and coordinate the implementation of the activities basec
a Memorandum of Understanding, as defined in detail by Sec. VII of "Rules and Procedures for implement
COST Actions". It will monitor the advances performed within Working Groups (WGSs), and it will integrate
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the results. At the kick-off meeting the MC will assign the tasks to WGs according to the work plan (Se
D.2). Particularly, MC will pay careful attention to safeguarding the original spirit of the theoretically-oriente
critical analysis of the problem, so that the character and uniqueness of the Action is effectively maintained
The core activity of the Action is an annual workshop meeting over several days for intensive discussion ¢
pre-defined core conceptual issue in convection parameterization. Each workshop will be hosted at
established operational or research centre and will be open to all in accordance with the general spirit of
openness of the Action. In particular, participants from host institutions will be strongly encouraged. T
location will change each year. An annual MC meeting will be held in conjunction with the workshop.

More focused scientific activities will be performed within the framework of the four WGs. The coordinator ¢
the Action, supported by the WG leaders, will ensure that all participants have their tasks allocated. -
results will be reported at the next meeting. WGs will deliver pre-assigned tasks listed in Sec. E.2. The W
meetings will be held as part of major European meetings (e.g., EGU, RMS) and of meetings of N\
consortia (ALADIN, COSMO, HIRLAM, LACE, SRNWP).

The Action will also contribute in organizing sessions at these major European meetings by inviting speak
Furthermore, the Action activities will be coordinated with the activities of various international programme
such as GCSS (cf., Sec.E.3).

The most important function of these formal organization structures is that new ideas are fertilized into
convection parameterization problem. By actively assigning the tasks, WGs encourage collaborations betv
WG members. Sub-WGs may be organized as required for this purpose. The WGs will also actively mon
the development of these collaborations, and absorb them as official agendas of WGs. MC should functio
a similar manner so that new visions emerging from the COST member collaborations are also reflected in
management of the whole Action. Short-Term Scientific Missions (STSMs) actively support thes
collaborations within the COST framework. In this manner, the present Action continues to be actively driv
by these bottom-up initiatives. The COST Action organization is seen as the best means to formalize tt
bottom-up driven activities.

E.2 Working Groups

The four Working Groups (WGs) are organized by the following four major tasks of the Action as defined
Sec. D.2. Each WG is assigned to deliver the following deliverables (tasks):

WG1: Mass-Flux Parameterization

T1.1: Review of current state of art of closure hypothesis

T1.2: Critical review of the concept of convective quasi-equilibrium

T1.3: Proposal for a general framework of parameterization closure

T1.4: Review on current state of art of entrainment-detrainment formulations

T1.5: Critical review of existing methods for estimating entrainment and detrainment rates from CRM a
LES

T1.6: Proposal and recommendations for the entrainment-detrainment problem

WG2: Non Mass-Flux Parameterizations

T2.1: Review of similarity theory

T2.2: Review of probability-density based approaches
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T2.3. Assessments of possibilities for the statistical cumulus dynamics

T2.4: Proposal for a consistent subgrid-scale convection formulation

WG3: High-Resolution Limit

T3.1: Review of state of art of high-resolution model parameterizations

T3.2: Analysis based on asymptotic expansion approach

T3.3: Proposal and recommendations for high-resolution model parameterization
WG4: Physics and Observations

T4.1: Review of subgrid-scale microphysics parameterizations

T4.2: Proposal and recommendations on observational validations

T4.3: Proposal and recommendations for a parameterization with unified physics
The assigned tasks will be performed and delivered following the time table defined in Sec. F.

E.3 Liaison and interaction with other research programmes

GCSS and IPCC are two major international programmes with natural, strong links to the Action. In order
provide highly efficient liaison with these two programmes and to seek possible collaborations, the Action |
already asked for the participation of representatives from both programmes. The majority of the expec
Action participants is already actively involved in the activities of various weather services and weatt
service consortia (e.g., ALADIN, COSMO, HIRLAM, LACE). For these reasons, various joint meetings ai
also expected to be organized for various occasions.

Particularly, the Action is expected to provide extensive suggestions to GCSS for parameterizat
modifications, new testing methods and new validation statistics. It is hoped that the Action will also be a
to provide useful suggestions to IPCC on the uncertainty estimates for climate projections.

The Action will also be actively involved with session organization at EGU through the pre-existin
involvement of Action members. The Action will also seek to organize special sessions at EM
EWGLAM/SRNWP and RMS, as appropriate.

E.4 Gender balance and involvement of early-stage researchers

This COST Action will respect an appropriate gender balance in all its activities and the Managem:
Committee will place this as a standard item on all its MC agendas. The Action will also be committed
considerably involve early-stage researchers. This item will also be placed as a standard item on all
agendas.

Conscious efforts will be made in order to maintain the gender balance. For example, the majority
early-stage researchers identified and contacted as expected Action participants are female (see also Sec
Human and technical needs to achieve the objectives).

The involvement of early-stage researchers in this Action is a desirable and natural consequence of its t
character: the theoretical thinking of many scientists is at its sharpest and most innovative when younges
seeking strong, new theoretical perspectives, the Action will ask for the active involvement of early-ste
researchers as a substantial fraction of members of its Management Committee as well as of the Wor
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Groups. The Action will also encourage them to initiate extensive collaborations under STSMs. The Acti
will further inspire early-stage researchers by organizing a summer school towards the end of the Action.
In this context, the Action will note and implement the "Commission Recommendation on the Europe
Charter for Researchers and on a Code of Conduct for the Recruitment of Researchers".

F. TIMETABLE

The duration of the present Action will be four years.

A workshop will be organized annually, and the MC will also meet in its conjunction. Additional MC
meetings may be organized as and when they are deemed necessary by the MC members.

Each WG will be required to meet at least once per year, with the normal expectation being for two meetir
A WG meeting will normally be organized in conjunction either with European conferences or operation
consortia meetings.

The Action activity will begin with an initial kick-off meeting to be held in Brussels. The Action activities will
be concluded with a final training school and the publication of a monograph.

The WGs will perform the assigned tasks (cf., Sec. E.2) by following the time schedule given below witt
final report for each task delivered at the end of each period.

The schedule below also provides an overview of the whole COST Action activity.
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Year 1 Year 2 Year 3 Year 4
Review Review
T1.1T1.2T14 |T15T3.1T4.1
WG1 WG3 WG4 (WG1 WG3 WG4

New concepts
New concepts

T2.3T3.2
T1.6T2.1T2.2
WG1 WG2 WG3
WG1 WG2 WG3
Validation o
Validation
methods
methods
T4.2
T4.2
WG4
WG4
Coordinated
proposal
T1.3T16T24
T3.3T4.3
All working
groups

4th Workshop
2nd Workshop | 3rd Workshop | Training school
Monograph

Kick-Off Meeting
1st Workshop

G. ECONOMIC DIMENSION

The following COST countries have actively participated in the preparation of the Action or otherwise
indicated their interest: AT,BE,HR,CZ,FI,FR,DE,IT,NL,PL,RO,UK. On the basis of national estimates, the
economic dimension of the activities to be carried out under the Action has been estimated at four (4) Millio
€ for the total duration of the Action. This estimate is valid under the assumption that all the countries
mentioned above but no other countries will participate in the Action. Any departure from this will change th
total cost accordingly.

The estimate is also based on the assumption that four scientists will participate in average per country.
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departure from this will also change the total cost accordingly.

H. DISSEMINATION PLAN

H.1 Who?

Dissemination of the results is targeted at several different levels. First of all, all the reports and pag
generated through the activities of WGs as well as STSMs are targeted to wider scientific communities -
include not only those in atmospheric sciences, but also those in fluid mechanics as well as in theore
physics in general. These reports shall be published in the Action's webpage and an alert function will be 1
to inform those who potentially may have an interest about the updates.

An important mission of the Action at the most general level is to establish the subgrid-scale parameteriza
problem as one of theoretical physics. This will be achieved by active participation of members of the Acti
in conferences dedicated to theoretical physics. In targeting wider communities, special attention is also |
to inducing interest of early-stage researchers. The final training school will particularly serve for this purpo:
At the second level, the Action will deliver various highly specialized recommendations and suggestions
international organizations, notably at GCSS, but also at IPCC. These deliverables will also serve for
purpose of bringing the theoretical agendas considered under the Action activities to an international level.
Moreover, the Action will communicate with participating members of various operational consortia on mo
specific and concrete technical issues. For this purpose, MC strongly encourages the Action member
actively participate in the consortia meetings so that the Action can put substantial input to these const
activities.

At the most direct level, the findings of the Action should be immediately available for modifications ¢
parameterization schemes both at operational and climate research centres. At this end of the spectrun
theoretical findings from the Action must be well translated into operational contexts.

H.2 What?

Dissemination will be performed first of all by extensive documentations produced by the Action activities. .
the same time, various means of more direct communication will also be taken.

An initial version of the reports of the WG tasks will be placed at the publicly-available Action web site
These reports will then be submitted to major scientific journals for wider access by the community. A fir
dissemination of the Action outcomes will be delivered through a publication of a monograph.

A monograph is chosen as a medium of a final deliverable in order to serve various pedagogical purpo
providing a good introduction of the subgrid-scale problem in atmospheric modelling to wider scientif
communities, and also for introducing new methodologies based on theoretical physics and app
mathematics to the operational community. The monograph is expected to become a major milestone foi
Action that would not only serve as a standard reference for operational researchers but, more important|
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would continue to provide inspiration for theoretical work in the future. A preliminary agreement witt
Imperial Publishing, U.K., is already achieved for the publication of a monograph in the "Science of Climat
series.

The Action will also communicate more directly with the community for dissemination of the results. First ¢
all, the annual workshop will be open to wider communities. Furthermore, a workshop report will t
published in a peer-reviewed journal in order to induce further attention to the Action activities.

The final training school will be designed for dissemination at a more pedagogical level. Strong participati
of early-stage researchers (notably Ph. D. students) is anticipated for this final event. The training sct
would be the best and direct medium for transmitting the acquired knowledge from the Action to early-ste
researchers, as well as to other researchers interested in conceptual parameterization issues especiall
non-traditional backgrounds.

Communications among the Action members will be organized by setting up a forum page at the Action v
site (with password protection).

Furthermore, various recommendations and suggestions will be made by the Action members for interac
with various interested groups in an informal but also in a more direct manner.

To summarize, the Action will disseminate the outcomes to various end users by the following methods:

1) For scientists already involved in parameterization research, the main dissemination routes are: di
communication both at personal level as well as various consortia meetings; the reports; the articles in
open literature; the monograph; the encouragement to participate in all aspects of the Action, especially
annual workshop.

2) For scientists involved with explicit modelling or observations, the main dissemination routes are: dire
communication both at personal level as well as through various international projects (notably GCS
appropriate reports available from the website; appropriate articles in the open literature; the monograph;
final training school; encouragement to participate in selected aspects of the Action.

3) For theoretical physicists, the main dissemination routes are: appropriate reports available from the web
the monograph; the final training school; encouragement to participate in selected aspects of the Act
especially in specially-organized focused discussions organized by particular WGs.

H.3 How?

It is emphasized that the Action is attempting an extremely challenging goal of establishing a strong |
between theoretical physics and operational research of subgrid-scale physical parameterization. The goa
be first of all achieved by inviting a wide spectrum of people to the Action ranging from operation:
researchers to theoretical physicists. However, due to its challenging role, the actual dissemination proce
expected to go well beyond the defined period of the Action activities. The most important aspect to take «
from this aspect is to prepare deliverables that remain valuable resources to the communities on longer ter
A main outcome of the Action will be the dissemination of current knowledge of subgrid-scal
parameterizations for global and regional atmospheric models, with a focus on convection parameterizat
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Clear exposition of the basic structure of the problem will be one of the most important outcomes from -
Action. Such exposition is essential, both as an end in itself, but also in order to provide a clear context for
effective dissemination of investigations that seek to generalize the formulation of convectic
parameterization, and draw from the fresh perspectives of theoretical physics. These expositions will
prepared in such way that they will serve as standard references for many years to come.

Dissemination of knowledge from the Action will provide a solid, broader basis for subgrid-scal
parameterization research. Review articles will work as the best primary medium for this purpose, whicl
furthermore supplemented by a final publication of the monograph.

The Action will also examine parameterization issues from the more fundamental perspectives of theoret
physics and applied mathematics. As noted in Sec. D.2, various concepts will be introduced that are nev
many climate scientists, drawn from classical and statistical mechanics, turbulence theory, dynamical sys
theory, and asymptotic expansion. To particularly be noted are aspects of Hamiltonian dynamics, canor
ensemble statistics, the Fokker-Planck equation, bifurcations and chaos. Pedagogical introduction of rele
concepts to the climate community will be an important function of the Action, whenever the concepts
found to be particularly useful. The final training school and the monograph are expected to be the t
mechanisms for such pedagogic aims.

The Action further seeks to provide a solid physical basis for subgrid-scale convection parameterizations
to contribute to substantial improvements for both weather forecasts and climate projections. Thus,
implicit, but nonetheless highly significant mode of dissemination will arise from the exploration of ne\
parameterization approaches by the Action participants. Presentations of the novel parameterization met
to model developers and model users (through talks, reports, papers and even informal conversations) will
help to disseminate the theoretical ideas underpinning the new methods. The ultimate goal of the Action i
contribute to a better theoretical understanding of the extreme complexities of the climate system so th
solid physical basis for improvements of climate models can be provided.
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Part Il - Additional Information (This part will not be element of the MoU)

Part I1-A . LIST OF EXPERTS

Expert 1.

Dr. Jean-Pierre CHABOUREAU,Laboratoire d'Aerologie (FR)
chajp@aero.obs-mip.fr

Contacted:Yes - Possible MC:No

Expert 2.

Dr. Laura DAVIES,School of Mathematical Sciences, Monash University (AU)
laura.davies@sci.monash.edu.au

Contacted:Yes - Possible MC:Yes

School of Mathematical Sciences, Monash University, VIC 3800 Australia

Expert 3.

Dr. Elisabetta FIORI,CIMA (IT)

elisabetta.fiori@cima.unige.it

Contacted:Yes - Possible MC:Yes

CIMA Research Foundation (International Centre on Environmental Monitoring), Via Magliotto 2, 17100
Savona, Italy

Expert 4.

Dr. Kristina FROELICH,DWD (DE)
Kristina.Froehlich@dwd.de
Contacted:Yes - Possible MC:No

Expert 5.

Prof. Zeljka FUCHS,Dept. of Physics, Faculty of Science, Univ. of Split (HR)

zeljka@pmfst.hr

Contacted:Yes - Possible MC:Yes

Vice-president for science Dept. of Physics, Faculty of Science Univ. of Split Teslina 12, 21000 Split, Croati
zelika@pmfst.hr http://www.pmfst.hr/~zeljka

Expert 6.
Mr. Jean-Francois GELEYN,CHMI (C2)
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jean-francois.geleyn@chmi.cz

Contacted:Yes - Possible MC:Yes

ONPP, Czech HydroMeteorologiacal Institute (CHMI), Na Sabatce 17, CZ-14306 PRAHA KOMORANY,
Czech Republic

Expert 7.

Dr. Sami NIEMEL&,Finnish Meteorological Institute (FI)

sami.niemela@fmi.fi

Contacted:Yes - Possible MC:Yes

Finnish Meteorological Institute address: P.O.Box 503, FI-00101 Helsinki, Finland

Expert 8.

Dr. Jean-Marcel PIRIOU,Meteo France (FR)
Jean-Marcel.Piriou@meteo.fr
Contacted:Yes - Possible MC:No

Expert 9.

Dr. Robert PLANT,Department of Meteorology, University of Reading (UK)

r.s.plant@reading.ac.uk

Contacted:Yes - Possible MC:Yes

Department of Meteorology, University of Reading, Earley Gate, Whiteknights, Reading, Berks., RG6 6BB,
U.K.

Expert 10.

Dr. Johannes QUAAS,Max Planck Institute for Meterorology (DE)

johannes.quaas@zmaw.de

Contacted:Yes - Possible MC:Yes

Emmy Noether Junior Research Group Max Planck Institute for Meterorology Bundesstr. 53, D-20146
Hamburg

Expert 11.

Prof. Pier SIEBESMA,Royal Netherlands Meteorological Institute (KNMI) (NL)

siebesma@knmi.nl

Contacted:Yes - Possible MC:Yes

Royal Netherlands Meteorological Institute (KNMI), PO Box 201, 3730AE De Bilt, and Multiscale Physics
Group, Delft University of Technology, Lorentzweg 1, 2628 Delft
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Expert 12.

Dr. Alison STIRLING,Met Office (UK)
alison.stirling@metoffice.gov.uk
Contacted:Yes - Possible MC:No

Expert 13.

Mr. Till WAGNER,Centre for Atmospheric Science, University of Cambridge, Department of Geography
(UK)

tmw30@cam.ac.uk

Contacted:Yes - Possible MC:No

Expert 14.

Dr. Peter BECHTOLD,ECMWF (UK)
Peter.Bechtold@ecmwi.int
Contacted:Yes - Possible MC:No

Expert 15.

Mr. Alexander BIHLO,Department of Meteorology and Geophysics, University of Vienna (AT)
alexander.bihlo@univie.ac.at

Contacted:Yes - Possible MC:Yes

Department of Meteorology and Geophysics University of Vienna Althanstrasse 14, A-1090 Vienna

Expert 16.

Prof. Alan M. BLYTH,University of Leeds (UK)
blyth@env.leeds.ac.uk

Contacted:Yes - Possible MC:No

Expert 17.

Prof. George CRAIG,Lehrstuhl fiir Theoretische Meteorologie, Ludwig-Maximilians-Universitat (DE)
george.craig@Imu.de

Contacted:Yes - Possible MC:Yes

Professor George C. Craig Lehrstuhl fir Theoretische Meteorologie Ludwig-Maximilians-Universitat
Theresienstr. 37 80333 Miunchen, Germany T

Expert 18.
Dr. Wim DE ROQY,Royal Netherlands Meteorological Institute (KNMI) (NL)
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rooyde@knmi.nl
Contacted:Yes - Possible MC:No

Expert 19.

Dr. Steve DERBYSHIRE,Met Office (UK)
steve.derbyshire@metoffice.gov.uk
Contacted:Yes - Possible MC:No

Expert 20.

Ms. Swati GEHLOT,MPI for Meteorology (DE)
swati.gehlot@zmaw.de

Contacted:Yes - Possible MC:No

Expert 21.

Dr. Luc GERARD,Institut Royal Meteorologique de Belgique (BE)

Luc.Gerard@oma.be

Contacted:Yes - Possible MC:Yes

Institut Royal Meteorologique de Belgique, Dept R.& D., Section hydro-meteorological modeling, Av.
Circulaire 3, B 1180 Uccle, Belgium

Expert 22.

Prof. Hans-F. GRAF,Centre Atmospheric Science,s University Cambridge (UK)
hfg21@cam.ac.uk

Contacted:Yes - Possible MC:Yes

Centre Atmospheric Sciences, University Cambridge, Downing Place, Cambridge CB2 3EN

Expert 23.

Dr. Jean-Francois GUEREMY ,Meteo France (FR)
jean-francois.gueremy@meteo.fr

Contacted:Yes - Possible MC:No

Expert 24.

Prof. Harm JONKER,Department of Multi-Scale Physics, Delft University of Technology (NL)
H.J.J.Jonker@tudelft.nl

Contacted:Yes - Possible MC:Yes

Department of Multi-Scale Physics, Delft University of Technology, Lorentzweg 1, 2628 CJ Delft, The
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Netherlands

Expert 25.

Ms. Ekaterina MACHULSKAYA , Laboratory of MRF (RU)

km@ufn.ru

Contacted:Yes - Possible MC:Yes

Laboratory of MRF, Hydrometeorological Center of Russian Federation, Bolshoi Predtechensky per., 11-13
123242 Moscow

Expert 26.

Prof. Szymon MALINOWSKI,University of Warsaw, Institute of Geophysics ( (PL)

malina@igf.fuw.edu.pl

Contacted:Yes - Possible MC:Yes

Uniwersytet Warszawski, Instytut Geofizyki. University of Warsaw, Institute of Geophysics ul.Pasteura 7,
02-093 Warszawa, Poland

Expert 27.

Dr. Dmitrii MIRONOV,DWD (DE)

dmitrii.mironov@dwd.de

Contacted:Yes - Possible MC:Yes

Deutscher Wetterdienst Forschung und Entwicklung, FE14 Kaiserleistr. 29/35 D-63067 Offenbach am Main
Germany

Expert 28.

Dr. Antonio PARODI,CIMA (IT)

antonio@cima.unige.it

Contacted:Yes - Possible MC:Yes

CIMA Research Foundation (International Centre on Environmental Monitoring), Via Magliotto 2, 17100
Savona, Italy

Expert 29.

Dr. Jon PETCH,Met Office (UK)
jon.petch@metoffice.gov.uk
Contacted:Yes - Possible MC:No

Expert 30.
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Dr. Ole PETERS,Imperial College London (UK)
ole@santafe.edu
Contacted:Yes - Possible MC:No

Expert 31.

Prof. Vaughan PHILLIPES,Department of Meteorology, University of Hawaii at Manoa (US)
vaughanp@hawaii.edu

Contacted:Yes - Possible MC:Yes

Department of Meteorology, University of Hawaii at Manoa, 2525 Correa Road, HIG 350, Honolulu, Hl
96822-2219 USA

Expert 32.

Mr. Matthias RASCHENDORFER,DWD (DE)
Matthias.Raschendorfer@dwd.de
Contacted:Yes - Possible MC:No

Expert 33.

Dr. Daniela REZACOVA  Institute of the Czech Academy of Sciences (CZ)
rez@ufa.cas.cz

Contacted:Yes - Possible MC:No

Expert 34.

Dr. Axel SEIFERT,DWD (DE)
axel.seifert@dwd.de
Contacted:Yes - Possible MC:No

Expert 35.

Dr. Zbynek SOKOL, Institute of the Czech Academy of Sciences (CZ)
sokol@ufa.cas.cz

Contacted:Yes - Possible MC:No

Expert 36.

Dr. Florin SPINEANU,National Institute of Laser, Plasma and Radiation Physics (RO)
spineanu@ifa-mg.ro

Contacted:Yes - Possible MC:No

Florin SPINEANU, Association EURATOM-MEC Romania, National Institute of Laser, Plasma and
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Radiation Physics, Plasma and Fusion Laboratory , P.O.Box MG-36, Str. Atomistilor No. 409, M

Expert 37.

Ms. Sandra TURNER,Meteo France (FR)
sandra.turner@cnrm.meteo.fr
Contacted:Yes - Possible MC:No

Expert 38.

Dr. Madalina VLAD,National Institute of Laser, Plasma and Radiation Physics (RO)

madi@ifin.nipne.ro

Contacted:Yes - Possible MC:Yes

Madalina Olimpia VLAD, National Institute of Laser, Plasma and Radiation Physics, Plasma and Fusion
Laboratory, P.O.Box MG-36, Magurele, Bucharest, Romania Phone: (40) 21 457 45 58 ext 1918, Fax: (

Expert 39.

Dr. Jun-Ichi YANO,Météo France (FR)

yano@cnrm.meteo.fr

Contacted:Yes - Possible MC:Yes

CNRM, Météo-France, 42 av Coriolis, 31057 Toulouse Cedex, France

Part [1-B. ADDITIONAL INFORMATION

Historical background of the Action:

The mass-flux formulation, originally proposed by Arakawa and Schubert (1974), is currently adopted by 1
majority of operational convection parameterizations in various different forms. For this reason, the pres
Action focuses on the mass-flux based convection parameterization, but with a good attention on alterne
possibilities. We refer to Kasahara (2000) as a balanced historical review of the convection parameterize
problem. Emanuel and Raymond (1993) provide a comprehensive review on current existing operatic
convection parameterizations. Extensive discussions on limits of current convection and clo
parameterizations in global climate modelling are found in IPCC report (Randall et al., 2007).

As explicitly stated in Arakawa and Schubert (1974), the convection parameterization problem can ultimat
be considered as that of constructing a statistical theory for ensemble of moist convective elements
convective thermal plumes. Arakawa and Schubert more explicitly state that it would be an ultimate appro
for fundamentally resolving the closure problem, the issue of defining an overall intensity of parameteriz
convection. Emanuel et al. (1994), Emanuel (2000), for example, emphasize an analogy of the convec
parameterization problem with the statistical mechanics.

However, not much attention was paid on such a fundamental issue of convection parameterization t
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George Craig's group at University of Reading begun explorative research on statistical cumulus dynar
(Cohen and Craig 2004, 2006, Craig and Cohen 2006, Plant and Craig 2008, Plant 2009). With
exaggeration, the present Action is an outgrowth from their pioneering research.

Thus, the Action intends to organize fundamental theoretical research on convection parameterization in
fledge by building it up on the previous efforts of Reading group. For this reason, Bob Plant, who took o
the group of George Craig since 2004, constitutes a core member of the Action.

Importance of fundamental theoretical investigations going to be performed under the present Action
emphasized notably by Arakawa (2004).

Team structure of the Action:

At European level, further initiatives for fundamental theoretical investigations on the convectio
parameterization are under way. Interest in this fundamental research is also gradually growing at &
operational and climate research centres. However, currently, there is no European network that coordir
these efforts together: that is exactly the reason for creating the present Action.

Hans Graf's group at University of Cambridge developed a new type of convection parameterization base:
a population dynamics (Nober and Graf 2005, Graf and Yang 2007, see also Yano 2006). More recently,
Wagner, Hans Graf's Ph.D. student, found by analyzing a link between the population-dynamics model
the mass-flux parameterization, the former provides a self-contained system for describing a time evolutiol
a spectrum of moist convective plumes (Wagner 2008, 2009, Wagner and Graf 2007, 2008, Wagner e
2009). The standard convective quasi-equilibrium, a basic concept introduced by Arakawa and Schu
(1974), can be defined as a steady-state solution to this system. As a result, under this framework, it bect
possible to numerically evaluate characteristics of the convective quasi-equilibrium state more quantitativ
than hitherto possible under a framework of a dynamic system theory.

Laura Davies (2008), a recent Ph.D graduate from Bob Plant (Reading), on the other hand, systemati
investigated the validity of convective quasi-equilibrium under periodic forcing. It was demonstrated by h
CRM modelling that the concept loses its validity below a certain threshold period (Davies et al., 2009). 1
approach opens another way of more systematically investigating the concept of convective quasi-equilibril
On the other hand, Ole Peters (Peters and Neelin 2006, Peters et al. 2002) suggested from an observe
data analysis that the quasi-equilibrium state of the tropical atmosphere may be viewed as the stationary
of a self-organized critical system. If this interpretation is correct, it offers a new approach to closures
convection parameterizations. Thus, we are facing extremely challenging issues that make the present A
an urgent need.

Along with the issue of convective quasi-equilibrium and closure, we are also going to pay special attentiol
the question of entrainment and detrainment. Alan Blyth (Leeds), who has performed extensive fi
measurements of this process, is going to contribute to the Action from perspectives of an observatic
specialist.

Pier Siebesma (KNMI and Delft), Harm Jonker (Delft), Wim de Rooy (KNMI) have in recent year:
extensively contributed to the issue by analyzing the large-eddy simulations (LES) systematically for this g
(e.g., Siebesma and Cuijpers 1995, Jonker et al. 2008, de Rooy and Siebesma 2008). Notably, they
developed a rigorous approach for evaluating the entrainment-detrainment rate from LESs. Their methodol
will provide a basis for a more systematic investigation on the issues of entrainment and detrainment unde
Action.

These theoretically-oriented contributions are augmented by efforts for improving parameterizations

Open Call Full Proposal oc-2009-1-4123
Page 32/40



operational contexts.

Peter Bechtold (ECMWEF) played a major role in revising the physics for preparing the current version
ECMWEF forecast model (IFM: Bechtold et al., 2004, 2008). Introduction of a variable convective adjustme
time-scale, a convective entrainment rate proportional to the environmental relative humidity into convecti
parameterization at ECMWF has greatly improved the forecasts of tropical-cyclone geneses, Madden-Ju
oscillations, among others.

Jean-Francois Gueremy (Météo France) is likewise involved with improvements of deep-convecti
parameterization for the ARPEGE model. Johannes Quaas and Swati Gehlot (MPI, Hamburg) are working
verifications and improvements of cloud parameterization for ECHAM global model (Gehlot and Quaas 20(
2008a, b, 2009).

Dimitrii Mironov (DWD) and Ekaterina Machuslskya (HCRF) are actively involved with improvements of
unified turbulence-shallow convection parameterization (Mironov 2001, Mironov et al. 1999), and Ax
Seifert (DWD) is actively involved in improvements of microphysics (Seifert and Beheng 2006a, b).

For regional weather forecasts, Sami Niemela (FMI) is taking a major responsibility in implementing
high-resolution NWP model AROME into operation. Explicit modelling and parameterization of convectior
as well as microphysics, are major considerations here. Jean-Francois Geleyn (CHMI), Jean-Marcel Pi
(Meteo France), and Luc Gerard (RMIB) are working together on a new generation of prognostic convect
parameterization (Gerard and Geleyn 2005, Gerard 2007, Piriou et al., 2007, Gerard et al. 2009). Jun-
Yano (Météo France) is developing a new type of convection representation based on an intermec
approach between a traditional parameterization and CRM.

These more direct efforts on parameterizations are complemented by studies of convective processes bo
CRM and LES. Jean-Pierre Chabereau (LA), Alison Sterling (Met Office), and Jon Petch (Met Office) &
examining deep convective processes by CRM studies, whereas Steve Derbyshere (Met Office), Elisal
Fiori (CIMA), and Szymon Malinowski (Warsaw) examine shallow convection by LES, notably for
investigations of entrainment-detrainment processes (Fiori 2008, Firori et al.,, 2009a, b; Kurows
Malinowski, and Grabowski 2009).

As an alternative approach for convection parameterization, Antonio Parodi (CIMA) pursues a similari
theory for deep moist convection (Parodi and Emanuel 2009). Sandra Turner (Météo France) is developil
subgrid-scale parameterization of cloud microphysics that is to be coupled with convection parameteriza
(Turner et al. 2008a, b).

Jun-Ichi Yano proposes a unified approach for subgrid-scale parameterization based on mode decompos
(Yano et al.,, 2005). Pier Siebesma has already prepared an overview on mass-flux convect
parameterization (Siebesma 1998), whereas Dmitrii Mironov has prepared an overview of subgrid-sc
convective boundary-layer parameterization (Mironov 2009).

These efforts focused on the convective processes are complemented by efforts by Zeljka Fuchs (S
understanding the Madden-Julian oscillations (MJO) from a theoretical point of view (Fuchs and Raymc
2005, 2007). As emphasized in the background section (Section B), the current operational global models |
great deal of difficulties in successfully simulating the MJO, an important phenomenon driven by deep mc
convection in the tropics.

Vaughan Phillips (Hawaii) will contribute to the Action as a world leading specialist of ice microphysic
(Phlipps et al., 2005, 2008, 2009). Daniela Rezacova and Zbynek Sokol (Czech Academy), both with str
geophysical-fluid dynamics backgrounds, guide a direction of the Action from a perspective of regional ri
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managements (Rezacova et al. 2007, Sokol 2009, Sokol and Rezacova 2006, 2009).

All these contributions from atmospheric sciences are further augmented by contributions of theoreti
physicists: Alexander Bihlo (Vienna) contributes to the Action as a specialist of Hamiltonian dynamics, a
considers its applicability to the problem of the statistical cumulus dynamics. Florin Spineanu and Madal
Vlad (Bucharest) will contribute to the problem of the statistical cumulus dynamics from perspectives of t
field theory (Spineau and Vlad 2009, Vlad and Spineau 2009). Ole Peters (Imperial College) contributes to
guestion of convective self-organized criticality from perspectives of statistical physics.

Many of the expected participants from atmospheric side also have strong backgrounds in theoretical phy
as well as applied mathematics. Without intending a complete list, among the younger participants, Ze
Fuchs has a background in theoretical physics, especially strong in classical mechanics, Till Wager is tra
as a mathematician, whereas Bob Plant obtained his Ph.D. degree in quantum field theory, and Pier Sieb
his Ph.D. degree in theoretical turbulence studies.

Financial needsfor further organizing the existing activities:

Recognizing needs for creating a community for theoretical studies of convection parameterization, a ¢
member of the expected participants to the Action has already been organizing a workshop series during
last two years. The first one was organized under a title "Core Concepts for Convective Parameterizatior
Large-Scale Models" at MPI for Meteorology, Hamburg in February 2008 with a focus on convecti
guasi-equilibrium and statistical convective dynamics (Yano et al., 2008). The second was held at CH
Prague in March 2009 with a focus on entrainment and detrainment processes (Yano and Bechtold 2009).
third workshop is planned to be organized in Warsaw in March 2010 with a focus on issues arising fr
increasing resolutions of regional forecast models.

However, the group is already facing difficulties in continuously organizing "informal” workshops annually
Most critically, the travel budgets at operational weather centres are relatively limited with priorities ¢
supporting more operationally-oriented meetings. Even this year (2009), we had an extreme difficulty
finding a funding for the participation of one of the invited speakers. Furthermore, a couple of potent
participants finally declined to come by raising an issue of limits in travel budget. For organizing a worksh
for next year, we are already facing the same problem even with inviting only few speakers. In short, t
informal workshop series is already at risk of drying out unless we could find a robust financial support. Th
the finance under a COST Action is indispensable even for this reason.

There is no doubt that a financial support under COST will make it possible for many more researcher:
participate in the workshops. For potential participants from the Eastern side of Europe, the possibility e
for coming to workshops has so far simply remained out of question in spite of their strong interests. 1
situation will be totally changed by the COST Action support.

A demand for a financial support for ESF was considered as an alternative possibility. However, we deci
not to pursue this possibility for couple of critical reasons. First of all, the ESF scheme is designed for a sir
explorative workshop. It is against our desire for organizing a series of workshops in a continuous ba
More importantly, we are wishing to do something more than simply meeting once a year. The curr
informal workshop series is our best effort for generating and sustaining a community for theoretical studie:
convection parameterization. However, we are blocked at this minimum level due to a lack of a proj
financial support. For this reason, clearly the COST framework provides far a more desirable feature than
other alternatives.
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The most important advantage of the COST framework for the present activity is that actual mutt
collaborations become financially feasible. In this respect, the Working Group activities will better articula
both existing and potential collaborations and furthermore they will spontaneously generate more mut
collaborations.

The collaborations are gradually taking shape among the core member of current informal theoretical grc
First of all, the collaborative project between CHMI (Jean-Francois Geleyn), IRMB (Luc Gerard), and Mét
France (Jean-Marcel Piriou) will be much facilitated under the COST Action. Furthermore, Bob Pla
(Reading), Georg Craig (Munich), and Antonio Parodi (CIMA) are pursuing a common project on convecti
quasi-equilibrium. Johannes Quaas, Swati Gehlot (MPI, Hamburg), and Jun-Ichi Yano (Meteo France)
pursing collaborations on cloud-convection parameterization in ECHAM model.

Alan Blyth (Leeds) is finding needs to communicating with wider community in organizing a next generatic
field campaign for renewed measurements of entrainment-detrainment processes. His invited participatio
the last workshop in Prague (2009) has indeed provided him such a starting point. He is currently plannin
launch a UK proposal in collaborations with Bob Plant (Reading) and Alison Stirling (Met Office). Thu
present COST Action is expected to induce similar research initiatives more extensively both at national
European levels.

Early-stage researchers are also looking for new opportunities. Ole Peters (Imperial College) is activ
looking to extend his collaborative network for pursuing his new convection parameterization project
Europe. Elisabetta Fiori (CIMA), just finished her Ph. D., is looking for new collaborative possibilities. Til
Wagner (Cambridge), who is expected to finish his Ph. D. shortly, also finds needs to changing his rese.
directions with new collaborations. Zeljka Fuchs (Split), just returned from an extended post-doc in U.S.A.,
trying to re-integrate herself into an European community. The COST Action will clearly facilitate thei
efforts. No doubt, COST's STSS scheme provides an ideal framework for making these collaborations
realize, especially for early-stage researchers.

Core members are already organizing sessions at European Geophysical Union (J. |. Yano, a session c
"Dynamics and Chemistry of Atmospheric Convection”; J. Quaas, a session on "Clouds, Aerosols
Radiation”) The Action will partially sponsor both sessions as a mechanism for promoting theoretic
approaches to the atmospheric convective parameterization problem. In this capacity, the MC of the Ac
will suggest invited speakers for the sessions, under the financial support of COST. Such efforts will clee
further boost interests on theoretical studies of the convection parameterization problem.

Some additional details of the or ganization:

Provisionally-proposed Management Committee (MC) members are:

A. Bhlio (Austria), L. Davies (Australia), E. Fiori (Italy), Z. Fuchs (Croatia), J.-F. Geleyn (Czech), L. Gerar
(Belgium), H.-F. Graf (UK, COST Co-Chair), E. Machulskaya (Russia), S. Malinowski (Poland), D. Mirono
(Germany), V. Phillipes (USA), R. S. Plant (UK), J. Quaas (Germany, COST Co-Chair), P. Siebest
(Netherlands), M. Vlad (Romania), J.-l. Yano (France, COST Chair).

The Working Groups are expected to be co-chaired by
E. Fiori, T. Wagner (WG1)

O. Peters, A. Parodi (WG2)

D. Mironov, J.F. Geleyn (WG3)
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J. Quaas, S. Turner (WG4)

A search for potential interest has been made widely across Europe, as detailed in Part 1I-A List of Expert:
participant from a near-neighbor country (Russia) and another from a country with a reciprocal arrangem
(Australia) are expected.

Action will be organized in close links with GCSS and IPCC. Pier Siebesma (GCSS chair) and Jon Pe
(chair of a GCSS deep-convection working group) will be in charge of liaison with GCSS, whereas Hans
Graf will be in charge of liaison with IPCC. They will also monitor the Action activities from perspectives o
these two programmes.

A major effort will be required for the preparation of a final training school, to take place in the fourth (an
last) year of the Action. R. S. Plant has provisionally agreed to take charge of its organization. Many
expected participants have already served as lecturers in training schools as well as taken responsibili
organizing training schools. For example, Peter Bechtold annually takes a charge of training course:
ECMWEF. All these experiences will be applied to the final training school of the present Action.

The Grant Holder of the Action will be the MPI for Meteorology in Hamburg, because of its well-establishe
efficiency in administration. A preliminary web site is already available at http://convection.zmaw.de, whic
will turn into an official web site of the Action as soon as it is officially accepted.

Some additional details on theinvolvement of early-stage r esearchersand on gender balance:

Among the provisionally-identified participating members, three are currently Ph.D. students and four ¢
currently postdocs. Three of these members have been provisionally asked to join the Management Comrr
(MC) and all seven are expected to join Working Groups. All already have excellent records of scienti
work. Additionally, we have one junior female faculty member, who will also join as a MC member. Amon
these eight participating early-stage researchers, five are female.

We have three additional pre-confirmed female participants. Conscious efforts were made for maintaining
gender balance both in MC and WGs as indicated in the lists above.

References:

Arakawa, A., 2004: The cumulus parameterization problem: Past, present, and future. J. Climate,
2493-2525.

Arakawa, A., and W. H. Schubert, 1974: Interaction of a cumulus cloud ensemble with the large-sc
environment. Part I. J. Atmos. Sci., 31, 674-701.

Bechtold, P., J.-P. Chaboureau, A. Beljaars, A. K. Betts, M. Kéhler, M. Miller and J.-L. Redelsperger, 20(
The simulation of the diurnal cycle of convective precipitation over land in global models. Q. J. R. Mete
Soc., 130, 3119-3137.

Bechtold, B., M. Koéhler, T. Jung, F. Doblas-Reyes, M. Leutbecher, M. J. Rodwell, F. Vitart, and (
Balsamo, 2008: Advances in simulating atmospheric variability with the ECMWF model: From synoptic 1
decadal time-scales. Q. J. R. Meteorol. Soc. 134, 1337-1351.

Cohen, B. G., and G. C. Craig, 2004: The response time of a convective cloud ensemble to a chanc
forcing. Quart. J. Roy. Meteor. Soc., 130, 933-944.

Cohen, B. G., and G. C. Craig, 2006: Fluctuations in an equilibrium convective ensemble. Part 1l: Numeri
experiments. J. Atmos. Sci., 63, 2005-2015.

Open Call Full Proposal oc-2009-1-4123
Page 36/40



Craig, G. C., and B. G. Cohen 2006: Fluctuations in an equilibrium convective ensemble. Part I: Theoret
formulation. J. Atmos. Sci., 63, 1996-2004.

Davies, L., 2008: Self-organization of convection as a mechanism for memory, PhD thesis, University
Reading.

Davies, L., R. S. Plant, and S. H. Derbyshire, 2009: A simple model of convection with memory. J. Geoph
Res., in press. .

de Rooy, W.C., and A.P. Siebesma, 2008: A simple parameterization for detrainment in shallow cumul
Mon. Wea. Rev., 136, 2, 560-576.

Emanuel, K. A., 2000: quasi-equilibrim thinking. "General Circulation Model Development: Past, Present a
Future", D. Randall, Ed., Academic Press, 225-255.

Emanuel, K. A., and D. J. Raymond, (Eds.), 1993: The Representation of Cumulus Convection in Numer
Models. Meteor. Mono., No. 46, Amer. Meteor. Soc., pp. 246.

Emanuel, K. A., J. D. Neelin, and C. S. Bretherton, 1994: On large--scale circulations in convecti
atmosphere. Q. J. R. Meteor. Soc., 120, 1111-1143.

Fiori, E., 2008: Uncertainty in numerical modeling of deep moist convective processes: turbule
parameterizations and grid-spacings effects, PhD thesis, University of Basilicata.

Fiori.E, A. Parodi and F. Siccardi , 2009a: Dealing with uncertainty: turbulent parameterizations ai
grid-spacings effects in numerical modelling of deep moist convective processes. submitted to Natt
Hazards and Earth System Sciences, Special Issue: Advances in Mediterranean meteorology.

Fiori.E, A. Parodi and F. Siccardi , 2009b: Turbulent parameterizations and grid-spacings effects in "te
incognita, in preparation, J. Atmos. Sci.

Gerard, L., and J.-F. Geleyn, 2005: Evolution of a subgrid deep convection parameterization in a limited-¢
model with increasing resolution. Quart. J. Roy. Meteor. Soc., 131, 2293-2312.

Gerard, L., J.-M. Piriou, R. Bro\uO17ekova, J.F. Geleyn, and D. Banciu, 2009: Cloud and precipitati
parameterization in a meso-gamma scale operational weather

prediction model. Monthly Weather Review: In Press (doi: 10.1175/2009MWR2750.1)

Fuchs, Z., D. J. Raymond, 2005: Large-Scale Modes in a Rotating Atmsophere with Radiative-Convec!
Instability and WISHE. J. Atmos. Sci., 62, 4084-4094.

Fuchs, Z., and D. J. Raymond, 2007: A simple, vertically resolved model of tropical disturbances with
humidity closure. Tellus. 59A, 344-354.

Gehlot, S., and J. Quaas, 2007: Evaluation of the diurnal cycle of convection in a GCM with satellite de
AGU Fall Meeting, 10-14 December, San Francisco.

Gehlot, S., and J. Quaas, 2008a: Evaluation of the diurnal cycle of convection in a GCM with satellite d:
EGU, 13-18 April, Wien.

Gehlot, S., and J. Quaas, 2008b: Evaluation of the diurnal cycle of convection in a GCM with satellite dz
Gewex Pan-GCSS Meeting, 2-6 June, Toulouse.

Gehlot, S., and J. Quaas, 2009: ECHAMS5 sensitivity runs for analysis of deep convective clouds using 1SC
simulator. EGU, 19-24 April, Wien.

Gerard, L., 2007: An integrated package for subgrid convection, cloud and precipitation compatible with f
meso-omega scales. Quart. J. Roy. Meteor. Soc., 133, 711-730.

Graf, H.-F., and J. Yang, 2007: Evaluation of a new convective cloud field model: precipitation over tl
maritime continent. Atmos. Chem. Phys., 7, 409-421.

Open Call Full Proposal oc-2009-1-4123
Page 37/40



Jonker, H. J. J., T. Heus, and P. P. Sullivan, 2008: A refined view of vertical mass transport by cumu
convection. Geophys. Res. Lett., 35, L07810, doi:10.1029/2007GL032606.

Kasahara, A., 2000: On the origin of cumulus parameterization for numerical prediction model. "Gene
Circulation Model Development: Past, Present and Future”, D. Randall, Ed., Academic Press, 199-224.
Kurowski M., S. P. Malinowski and W.W. Grabowski, 2009: Numerical investigation of entrainment an
transport within stratocumulus-topped boundary layer. Q. J. Roy. Meteorol. Soc., 135, 77-92.

Mironov, D. V., 2001: Pressure-potential-temperature covariance in convection with rotation. Quart. J. Ru
Meteor. Soc., vol 127, 89-110.

Mironov, D. V., 2009: Turbulence in the lower troposphere: second-order closure and mass-flux modelli
frameworks. Interdisciplinary Aspects of Turbulence, Lect. Notes Phys., vol. 756, W. Hillebrandt and
Kupka, Eds., Springer-Verlag, Berlin, Heidelberg, 161-221. (DOI: 10.1007/978-3-540-78961-1 5)

Mironov, D. V., V. M. Gryanik, V. N. Lykossov, and S. S. Zilitinkevich, 1999: Comments on “A New
Second-Order Turbulence Closure Scheme for the Planetary Boundary Layer" by K. Abdella and
McFarlane. J. Atmos. Sci., 56, 3478-3481.

Nober, F. J., and H. F. Graf, 2005: A new convective field model based on principles of self-organizatic
Atmos. Chem. Phys., 5, 2749-2759.

Parodi A, and K. Emanuel , 2009: A theory for buoyancy and velocity scales in deep moist convection
Atmos. Sci., in Press

Peters, O., and D. Neelin, 2006: Critical Phenomena in Atmoshperic Precipitation. Nature Phys., 2, 393-3¢
doi: 10.1038/Nphys314 )

Peters, O., C. Hertlein, and K. Christensen, 2002: A complexity view of rainfall. Phys. Rev. Lett. 88, 0187(
doi: 10.1103/PhysRevLett.88.018701

Plant, R. S., and G. C. Craig, 2008: A stochastic parameterization for deep convection based on equilibt
statistics. J. Atmos. Sci., 65, 87-105.

Plant, R. S., 2009: Statistical properties of cloud lifecycles in cloud-resolving models. Atmos. Chem. Phys.
2195-2205.

Phillips, V. T. J., Sherwood, S. C., Andronache, C., Bansemer, A., Conant, W. C., DeMott, P. J., Flagan
C., Heymsfield, A., Jonsson, H., Poellot, M., Rissman, T. A., Seinfeld, J. H., Vanreken, T., Varutbangkul, "
and J. C. Wilson, 2005: Anvil glaciation in a deep cumulus updraft over Florida simulated with an Explic
Microphysics Model. I: The impact of various nucleation processes. Q. J. R. Meteorol. Soc., 131, 2019-204
Phillips, V. T. J., DeMott, P. J., and C. Andronache, 2008: An empirical parameterization of heterogeneous
nucleation for multiple chemical species of aerosol. J. Atmos. Sci., 65, 2757-2783.

Phillips, V. T. J., Andronache, C., Christner, B., Morris, C. E., Sands, D. C., Bansemer, A., Lauer, /
McNaughton, C., and C. Seman, 2009: Potential impacts from biological aerosols on ensembles of contine
clouds simulated numerically. Biogeosciences, 6, 1-28.

Piriou, J.-M., J.-L. Redelsperger, J.-F. Geleyn, J.-P. Lafore, and F. Guichard, 2007: An approach
convective parameterization with memory, in separating microphysics and transport in grid-scale equation:
Atmos.Sci., 64, 4127-41309.

Randall, D. A., R. A. Wood, S. Bony, R. Colman, T. Fichefet, J. Fyfe, V. Kattsov, A. Pitman, J. Shukla,
Srinivasan, R. J. Stouffer, A. Sumi, and K. E. Taylor, 2007: Climate models and their evaluation. In: Climz
Change 2007: The physical basis. Contribution of Working Group | to the Fourth Assessment Report of
Intergovernmental Panel on Climate Change [S. Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, K.

Open Call Full Proposal oc-2009-1-4123
Page 38/40



Averyt, M. Tignor, and H. L. Miller, Eds.] Cambridge University Press, Cambridge, United Kingdom an
New York, NY, USA.

Rezacova, D., Sokol Z., PeSice, P., 2007. A radar-derived verification of precipitation forecasts for lo
convective storm. Atmos. Research, 83 (2-4): 211-224.

Seifert, A., and K. D. Beheng, 2006a: A two-moment cloud microphysics parameterization for mixed-phe
clouds. Part 1: Model description. Meteorol. Atmos. Phys., 92, 45-66.

Seifert, A., and K. D. Beheng, 2006b: A two-moment cloud microphysics parameterization for mixed-phe
clouds. Part 2: Maritime vs. continental deep convective storms. Meteorol. Atmos. Phys., 92, 45-66.
Siebesma, P., 1998: Shallow cumulus convection, in "Buoyancy Convection in Geophysical Flows", Edited
E. J. Plate et al., 441-486.

Siebesma, P., and J. M. Cuijpers, 1995: Evaluation of parametric assumptions for shallow cumu
convection. J. Atmos. Sci., 52, 650-666.

Sokol, Z., 2008: Effects of an assimilation of radar and satellite data on a very-short range forecast of he
convective rainfalls, Atmospheric Research, doi:10.1016/j.atmosres.2008.11.001

Sokol, Z., Rezacov4, D., 2006. Assimilation of radar reflectivity into the LM COSMO model with a higt
horizontal resolution. Meteorol. Appl. 13, 1-14.

Sokol, Z., Rezacova, D., 2009: Assimilation of the radar-derived water vapour mixing ratio into the LI
COSMO model with a high horizontal resolution, Atmos. Res., doi:10.1016/j.atmosres.2009.01.012
Spineanu, F., and M. Vlad, 2009: Relationships between the main parameters of the station
two-dimensional vortical flows in planetary atmosphere, Geophys. Astrophys. Fluid Dyn., 103, 223-244.
Turner, S., J.-L. Brenguier and C. Lac, 2008a: Subgrid-scale microphysics: a review of partial solutions,
PAN-GCSS meeting on "Advances in modeling and observing clouds and convection”, GCSS-20i
Toulouse, France, June 2-6, 2008.

Turner, S., J.-L. Brenguier and C. Lac, 2008b: Parameterization of subgrid scale cloud variability in mesos
models, 15th International Conference on Clouds and Precipitation ICCP-2008, Cancun, Mexico, July 7-
2008.

Vlad, M., and F. Spineanu, 2009: Vortical structures of trajectories and transport of tracers advected
turbulent fluids, Geophys. Astrophys. Fluid Dyn., 103, 143-161.

Wagner, T. M., 2008: A spectral convective parameterization with a dynamical systems interpretation of
Arakawa-Schubert quasi-equilibrium closure. Workshop on concepts for convective parameterizations
large-scale models, 12-14 February, Hamburg.

Wagner, T.M. , 2009: A dynamical convective cloud field model and the effects of aerosols. Ph.D. the:
Department of Geography, University of Cambridge, in preparation.

Wagner, T.M. and H.-F. Graf, 2007: A convective cloud field model with a contemporary microphysic
containing aerosol effects. Geophysical Research Abstracts, 9, 10780.

Wagner, T.M., and H.-F. Graf , 2008. A spectral convection parameterisation with a dynamic
Arakawa-Schubert quasi-equilibrium closure, Geophysical Research Abstracts, 10, 12443.

Wagner, T.M., H.F. Graf, and J.I. Yano, 2009: A full spectral cumulus cloud parameterisation includir
aerosol effects: The Convective Cloud Field Model (CCFM), Geophysical Research Abstracts, 11, 1097
Yano, J.-1., 2006: Interactive comment on "Evaluation of a new convective cloud field model: precipitatic
over the maritime continent" by H.-F. Graf and J. Yang., Atmos Chem. Phys. Discuss., 6, S1-S9.

Yano, J. I., J. Quaas, T. M. Wagner, and R. S. Plant, 2008: Toward statistical descriptions of convective cl

Open Call Full Proposal oc-2009-1-4123
Page 39/40



dynamics. EOS, 89, 212 (No. 23, 3 June).

Yano, J. I, and P. Bechtold, 2009: Toward physical understanding of cloud entrainment-detrainm
processes. EOS, 90, 258 (No. 30, 28 July).

Note that a full publication list for the proposer is available at:
ftp://cnrm-ftp.meteo.fr/pub-moana/yanol/list/list.html

Open Call Full Proposal oc-2009-1-4123
Page 40/40



