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PREFACE

The scientific community has identified the role of clouds in climate as
one of the highest priorities of global-change research. The reason for this is
quite clear: the potential feedback effect of clouds is a great cause of uncertainty
in current predictions of greenhouse warming. This uncertainty arises because
of lack of knowledge on how to generate clouds and their radiative properties in
climate models.

Recognizing the need to advance the state of the art of cloud
parameterization in climate models, the Joint Working Group on Clouds and
Radiation of the International Association of Meteorology and Atmospheric
Sciences (IAMAS) took the initiative to bring together an international group of
scientists working on various aspects of the problem. The workshop was
developed in association with the World Climate Research Program's (WCRP)
Working Group on Radiative Fluxes, Working Group on Numerical
Experimentation, and GEWEX (Global Energy and Water Cycle Experiment)
Cloud Systems Science Panel.

The objectives of the workshop were to:

(1) Review the problems associated with the generation of clouds and their
radiative properties in climate models.

(2)  Assess recent research results bearing on the cloud-radiation interaction
problem.

(3)  Develop research strategies aimed at advancing the state of the art of cloud
parameterization in the short term and our fundamental understanding
of cloud-radiation interaction in the long term.

In a sense, the workshop was quite similar to one held 15 years ago in
Oxford, England, on Parameterization of Extended Cloudiness and
Radiation for Climate Models. That meeting was organized by the Global
Atmospheric Research Program Climate Dynamics Sub-Programme,
which shortly thereafter evolved into the WCRP.

The Oxford workshop had a major impact on climate-related cloud-
radiation research. Its recommendations led to: the initiation of the
International Satellite Cloud Climatology Program, observational and modeling
studies of the dependence of climate on cloudiness, and a number of regional
field programs to study particular cloud types and their microphysical and
radiative properties.

The present workshop was hosted by the U.S. National Oceanic and
Atmospheric Administration at its Science Center in Camp Springs, Maryland,
on 18-20 October 1993. Fifty international experts in climate modeling, cloud
radiative processes, and cloud physics participated (see the list in Section 3 of this
volume).  After one and a half days of invited and contributed papers (see
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Extended Abstracts for summaries), the participants divided into three panels:
General Circulation Models, chaired by J.F. Geleyn; Satellite Observations,
chaired by G. Stephens; and Process Studies, cochaired by H. Sundqgvist and D.

Starr.

The workshop's success was due in large part to the efforts of a number of

groups:

The sponsoring erganizations, which provided the funding necessary to
conduct the workshop:

U.5. National Oceanic and Atmospheric Administration
U.S. National Aeronautics and Space Administration
U.5. Department of Energy

World Climate Research Program

The Organizing Committee:

Leo Donner, Organizing Committee Chair, IAMAS Joint Working Group
on Clouds and Radiation

Anthony Slingo, WCRP Working Group on Radiative Fluxes

Jean-Frangois Geleyn, WCRP Working Group on Numerical
Experimentation

Peter Jonas, WCRP GEWEX Cloud System Science

George Ohring, Chair, IAMAS Joint Working Group on Clouds and
Radiation

The University Corporation for Atmospheric Research (UCAR) staff who
provided support services before, during, and after the workshop:

Meg Austin
Barb Appelhans
Ellen Martinez

And last, but not least, the participants, who took time off from their busy,
preductive sciéntific lives to help review, assess, and develop research

strategies for this critical scientific problem. .
: Zéﬂ{/o %"\7

George Ohring
Chair, IAMAS Joint Working
Group on Clouds and Radiation
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EXECUTIVE SUMMARY

_ The International Workshop on Cloud-Radiation Interactions and Their
Parameterization in Climate Models met on 18-20 October 1993 in Camp Springs,
Maryland, U.5.A. It was organized by the Joint Working Group on Clouds and
Radiation of the International Association of Meteorology and Atmospheric
Sciences. Recommendations were grouped into three broad areas: (1) general
circulation models (GCMs), (2) satellite studies, and (3) process studies. Each of
the panels developed recommeriations on the themes of the workshop.

Explicitly or implicitly, each panel independently recommended
observations of basic cloud microphysical properties (water content, phase, size)
on the scales resolved by GCMs. Such observations are necessary to validate
cloud parameterizations in GCMs, to use satellite data to infer radiative forcing
in the atmosphere and at the earth's surface, and to refine the process models
which are used to develop advanced cloud parameterizations.

With respect to GCMs, recent research has demonstrated that model
climate and climate sensitivity both depend fairly strongly on the methods used
to parameterize clouds. Regarding cloud parameterization, there are
experimental efforts under way to use prognoestic methods for cloud
microphysical properties in GCMs. The workshop recommended:

. A continuation of studies using prognoestic methods for cloud
microphysical properties in GCMs.

* Increased use of high-resolution, process-resolving models to improve
basic understanding of the cloud systems undergoing parameterization,
and testing of parameterizations by using observations and models with
four-dimensional variational data-assimilation methods.

Successful satellite programs have enabled the assessment of cioud
radiative forcing at the top of the atmosphere. Satellite retrievals of global cloud
distribution are under way.

With respect to satellite observations the workshop recommended:

. The development of strategies to determine the four-dimensional
distribution of cloud properties. This information is necessary if
observations of the dispoesition of radiant energy are to advance from the
important, but limited, achievement of the past decade=the
determination of the energy balance and cloud forcing at the top of the
atmosphere—to the determination of the energy balance within the
atmosphere and at the earth's surface.

. Achieving the goal of inferring the four-dimensional cloud distribution

will require the deployment of both active and passive satellite sensors.
The calibration of these sensors will require field studies using aircraft.
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With respect to field programs, several major experiments, dealing with
various types of cloud systems in different geographical regions, have been
completed in recent years.

On process studies, the workshop recommended:

. Additional field studies of cloud systems not covered by earlier
experimental programs.

. More probing analysis of the results of completed field programs.

. Instrumentation development to permit measurement of some
microphysical and radiative properties of clouds, which are presently
known poorly.

. The development of retrieval algorithms (using the results of field and
process studies) to enable global observations of important cloud
properties.

The recommendations of the various workshop panels were in many
cases mutually reinforcing or, in some cases, even identical. The detailed panel
reports compose the first portion of this report. Brief research summaries from
the workshop speakers follow.
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1. REPORTS OF WORKING GROUPS




General Circulation Models Final Report

J.E. Geleyr, Chair
Centre National de Recherches Météorologiques, France

1. Key Issues and Recent Progress

Clouds exert major influences on both the earth's radiation budget and the
hydrologic cycle, but almost all clouds are toe small in the horizontal and/or
vertical scale to be resolved by climate models. It is therefore necessary to
parameterize the effects of unresolved clouds on the global climate system. This
is essentially a problem of scale interactions.

Studies over the past decade have shown that climate sensitivity in GCMs
strongly depends upon ike technique used to parameterize clouds (e.g., Mitchell
et al., 1989).

ISCCP offered the first opportunity to compare results of such cloud
scherries with observed data at roughly the correct scale. This helped mainiy to
define the deficiencies of existing schemes and to propose model improvement
strategies. ERBE data and the concept of cloud radiative forcing helped to shed a
first light on the quality of GCM cloud parameterizations with respect to their
effect on the seasonal variation of radiation at the top of the atmosphere.

Meanwhile, GCMs have continuously improved their overall ability to
simulate characteristics of the present climate. The hydrologic cycle and the
derived cloud representation remain the main obstacles to progress. The cloud
inhomogeneity within the large GCM gtid boxes also remains a very important
issue for the definition of cloud radiative properties.

Progress in parameterizing interactions among scales in cloud systems has
been unfortunately very slow. The last ten years have seen some movement
towards consensus on some of the key issues in the area of cumulus
parametetization. Mass flux schemes are proliferating (Bougeault, 1985; Tiedtke,
1989; Gregory and Rowntree, 1990), moisture-convergence closure is undergoing
a critical reexamination, and "relaxed" schemes are replacing "hard" adjustments
(Betts, 1986). On the other hand, there has been little progress on the cloud-
fraction problem, or on the important issue of mesoscale organization of cloud
structutes. '

During the same period, some progress has been made in recognizing the
multiple scales of meotion involved in cloud parameterization. Cumnulus
parameterizations, which in early versions concentrated on updrafts of
convective scale, have been extended to include convective-scale downdrafts
(Cheng, 1989) and mesoscale up- and dewndraft circulations (Donner, 1993).
High-resolution cumulus-resolving models have been used to validate basic
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parameterization assumptions (Xu and Arakawa, 1992). All this resulted in
some slow progress in the specification of model-computed partial cloud
amounts.

In terms of cloud parameterization schemes, sigrificant progress has been
rizade for prognostic schemes where cloud water and cloud ice have their own
memory in the GCMs. Improvements include: (i) the use of a prognostic
equation for the cloud fraction, based on statistical methods to relate the cloud
water and cloud ice distributions to the cloud amount (e.g., Smith, 1990}, and to
the rate of change of the saturation specific humidity (e.g., Tiedtke, 1993); (ii) the
introduction of bulk microphysics equations to simulate the
formation/dissipation processes of cloud water and cloud ice (Ose, 1993; Fowler
and Randall, 1994); and (iii} the couplirg between convective and large-scale
cloud processes through the detrainment of cloud water and cloud ice at the tops
of cumulus towers. In diagnostic schemes, the use of moist-thermodynamic-
based assumptions (Somerville and Remer, 1984; Betts and Harshvardhan, 1987)
have also led to a better description of the cloud water/ice contents.

There have been major developments towards the intreduction of
biophysical processes in the representation of the land-surface processes.
Sensitivity studies conducted at different institutions have shown the impact of
these improved parameterizations, particularly large on the summer “climate"
of mid-latitude continents as well as the strong feedbacks among the soil
moisture, the planetary-boundary-layer (PBL) structure, and rainfall—all
parameters of paramount importance for the correct representation of cloudiness
over these areas.

The availability of reference radiative-transfer profiles provided by the
ICRCCM program has created an impetus for major improvements in both
longwave and shortwave parameterization schemes for GCMs. This has
resulted in an evolution towards more detailed models with a better ability to
account for spectral variation of cloud and aerosol optical properties. It should be
noted that most of the improvements came to the clear-sky case. There are still,
however, outstanding problems regarding intercomparisons for cloudy
atmeospheres.

Substantial developments in radiation-transfer theory have recently taken

place but have not yet been implemented in GCMs. This is due to computational
restrictions and the difficulty of providing meaningful input parameters.

2. Outstanding Problems

2.a. Cloud Representation in GCMs

2.a.1. Influence of Cloud Microphysics

The importance of including prognestic cloud water/ice equations in
conjunction with cloud microphysics processes in GCMs is widely acknowledged.
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Several questions remain on how to best "explore” this kind of
parameterization. First, one needs to select the most important cloud
microphysical processes that are relevant on GCM spatial and temporal scales.
For instance, Ghan and Easter (1991) show, usifig the cloud microphysics package
of the Colorado State University Regional Atmospheric Modeling System
(Cotton et al., 1982), that the inclusion of a diagnostic versus a prognostic
equation for the precipitation species allows the use of longer time steps without
significantly affecting the model performance to simulate the temporal
evolution of the cloud water and ice variables. Second, help and collaboration
should be sought in the cloud microphysics community for providing some
guidance concerning the choice (or tuning limits) of micrephysics “constants”
that are needed in bulk parameterized equations of the relevant processes. For
instance, results from Ose (1993) highlight the very strong sensitivity of the life
cycles and radiative properties of tropical cirrus clouds to the parameterized
cloud microphysics, especially in terms of the autoconversion process of cloud
water and cloud ice into rain and snow.

2.a.2. Scale-Selection Problem

Since the above-mentioned microphysical parameterizations are
constructed for spatial and temporal scales characteristic of processes such as
coalescence or collision of hydrometeors (i.e., subcloud scale), they should be
used in GCMs with an acute awareness of the discrepancy in scales.
Microphysical parameterizations are highly nonlinear functions of dynamic
quantities such as vertical velocity, and, at GCM resolution, these quantities are
subject to substantial spatial averaging. The consideration of subgrid variations
is therefore important to deal successfully with this scale problem.

More generally, there are two broad approaches to parameterizing subgrid
cloudiness znd/or cloud formation. One is to predict or assume probability
distribution functions for relevant variables, e.g., water-vapor mixing ratio,
temperature, and vertical velocity. The second is te explicitly parameterize
specific subgrid processes that can produce partial cloud cover, e.g., convection
and orographic gravity waves. Both approaches have their own merits and
should be further investigated, bearing in mind all the other uncertainties when
one tries to verify their results, especially in terms of induced radiative forcings.

2.a.3. Explicit Dynamic and Subgrid-Scale Issues

There is scine suspicion that not enough consideration has been given to
the issue of numerical schemes in cloud-radiation parameterization studies.
Indeed, spectral vs. finite differences, Eulerian vs. semi-Lagrangian, and even the
question of vertical differencing/integrating techniques ought to be considered in
detail, 2wing to their paramount importance in parts of the modeled hydrology
cycle. '

Ideally higher resolution, especially in the vertical, should help to
diminish the importance of these issues, but the benefit of an increase in
resolution should primarily be the partial solution of some outstariding physical
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issues, in contrast to any parameterization strategy (stratocumulus cloud-cover
determination, life cycle of cirrus clouds, broad organization of the transport of
mesoscale convective systems, etc.). Thus, clitnate-oriented parameterization
schemes ought to be tested for their robustness to changes in the resolution, or
their resolution dependencies should be explicitly identified.

In parameterizing cloud cover and liquid/ice-water content, prognostic
methods will eventually supersede diagnostic methods but the new degrees of
freedom will bring some difficulties with them and progress may be slow.

In general, parameterizing cloud formation, dissipation, fractional cover,
spatial properties, etc., should be facilitated as problems related to errors in the
large-scale environment for ¢louds are reduced.

Note that oie should not isolate cloud parameterization from other GCM
physics work, and the emphasis should be put not only on the cloud description
but also on getting a better modeled hydrologic cycle. In addition, the
"prognostic” solution will surely not solve all outstanding problems, especially
those associated with the resolved/unresolved scale dilemma and with the links
between microscale and macroscale cloud properties.

2.a4. Influence of Land-Surface Processes

Improvements in the atmospheric hydrolegy (i.e., the vertical transports
of all water phases) and its links to land-surface hydrology are necessary for
climate modeling. The continental planetary-boundary-layer (PBL) clouds and
the underlying surface form a tightly coupled system with a strong diurnal cycle
which modulates the surface radiative budget. The PBL diurnal cycle of moist
enthalpy influences precipitating convection. On large scales, these mechanisms
influence the balance of convectively linked cloud cover and precipitation over
continents.

The soil moisture can therefore provide a long-time-scale memory (from
month to season) for the atmosphere over land, analogous to the role of sea
surface temperature over the oceans. All these hydrologic interactions deserve
further study. Indeed, on long time scales, errors in the surface radiation budget-
can introduce climate drifts over land; e.g., too much incoming net radiation will
lock the surface in a too-warm-and-dry state without precipitation (or inversely).

2.b. Radiative Computations in GCMs
2.b.1. Atmospheric Absorption of Shortwave Radiation

Preliminary results of satellite-derived surface radiation budgets suggest
that some GCMs overestimate shortwave radiation at the surface and
underestimate shertwave absorption by the atmosphere even in the absence of
clouds. However, discrepancies between the results of the different surface-
radiation-budget aigorithms and a lack of comparison with or the nonavailability
of "reference” computations have yet to allow quantitative estimates of these
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