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SUMMARY

During the period 1 January 1977 - 30 January 1983 research was conducted

to investigate 1) The roln of sea ice in weather and climate, and 2) The nature

of cloud-radiative interactions in the general circulation. The principal

accomplishmentn of this research were

1)

2)

3)

4)

5)

6)

7)

The execution and analysis of GCM experiments to understand the role of
clouds in climate.

The development of a parameterization for infrared radiation in the
presence of partial cloudiness.

Analysis of the high latitude climatology of the GLAS GCM.

The design, execution, and analysis of general circulation model (GCM)
experiments which i1llustrated the role of Arctic sea ice anomalies in
climate variability.

The execution of experiments with a coupled sea ice model to determine the
adequacy of both the ice aud atmospheric models for climate simulations.

A review of the cloud and radiation budgets for several of the GLAS second
order GCMs.

Contributions toward the planning of a major Arctic field program.

8) A series of GCM experiments investigating the dynamics of the Siberian High.

9)

Analysis of winter and summer simulation with the GLAS GCM.

During the period of the grant the principal scientist (Dr. G.F. Herman)

was jointly a Faculty Research Assoclate at the Goddard Laboratory for Atmospheric

Science, and a regular faculty member in the University of Wisconsin Meteorology

Department.
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1. INTRODUCTION

The research carried out under NASA NSG-5152 was done so with two objec~
tives in mind. The prinecipal objective was to conduct a long~term, in depth study
of two aspects of climate dynamics, namely, the respective roles of the cryosphere,
and of cloud~radiative interactions. The secondary objective was to establish a
collaborative relationship between the modeling group at GLAS and the University
of Wisconsin Meteorology Department. This report documents our progress 1in
attacking several important issues i1avolving clouds and ice in the climate system.
It 1s somewhat more difficult to gauge the net benefits that accrued to GLAS and
to the U.W. Meteorology Department from this collaborative program. However, the
large number of publications by Wisconsin sclentists that grew out of the initial
contact made through this prcgram is a clear indication of the program's net

impact.

2. DISCUSSION OF SCIENTIFIC RESULTS

A. Cloud~radiative interactions

The principal objective of the cloud radiation research has been to
understand the modes of interaction ("feedback™) between radiative transfer, cloud
formation, and atmospheric dynamics. The problem areas that were investigated are
the following:

i. Infrared and solar radiation feedback in climate simulations

The interaction between global cloudiness and the solar and infrared com—
ponents of the earth's radiation budget was studied in general circulation model
experiments with a version of the GLAS GCM (see Herman et al., 1980). A wintertime
gsimulation was conducted in which cloud radiative transfer calculations used
realistic cloud optical properties, and were fully interactive with model-generated

cloudiness. This simulation was compared with others in which the clouds were
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alternatively non-interactive with respect to the solar or thermal radfation
calculations. Other cloud processes (formation, latent heat release, precipita-
tion, vertical mixing) were accurately simulated in these experiments.

It was concluded that on a global basis clouds increased the global
radiation balance by 40 W m-2 by absorbing longwave radlation, but decreased it
by 56 W m-z by re?lecting solar radiation to space. The net cloud effect was
therefore a reduction of the radiation balance by 16 W m—z, and was dominated by
the cloud albedo effect.

It 1s possible to draw inferences about the nature of global cloud feed-
back mechanisms from the changes in cloud frequency and distribution in the
transparent cloud experiments. Over oceans, both convective and stratiform
clouds behaved as positive feedback components. Since ocean surface tempera-~
tures were fixed, an increase in cloudiness reduced the radiatlon balance (and
thus the temperature) of the atmosphere relative to the ocean surface because
of the dominating cloud albedo effect. This, in turn, enhanced convection and
evaporation, and caused more clouds to form. Over land, convective glouds
behaved as a negative feedback component since their formation decreased the
radiation balance of the surface, which suppressed convection and evaporation,
and was unfavorable for further cloud development.

Cloud effects on the Siberian High. It was also demonstrated in GCM

experiments that the strength of the Siberian high was dependent on the cloud
cover of the northeast Soviet Union. Maintenance of the high was strongly
affected by the radiatively-generated dome of cold alr near the surface, which
formed or dissipated as the cloud cover decreased or increased.

B. Fractional cloudiness and variable cloud emissivity

The analysis of the cloud-radiation experiments clearly pointed to the
fact that the average Iinfrared opacity of the GLAS model atmosphere was too

large. This was attributed to two factors: First, since all model clouds,
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Table 1.

ORIGH L ’ )
OF POUR Qlisnetiy

Clouds in layer 5.

Latitude s 46°, Day = 1 February.

Flux(W m-2)
f=0.26,T¢=0.0 | f=0.5,T.=0.0 =0.75,T¢=0.0
Pressure Cloudless or or or f=1.0
Level (mb) f=0.0 ,Tc=] .0 f=1 oO,Tc30-75 f""] .0 ,Tc=005 fC::] .0 ,Tc=0v25 TC=0'0
1 10 211 195 179 164 148
2 120 205 189 173 157 141
3 230 197 181 164 148 131
4 340 187 170 153 136 119
5 450 170 152 134 116 98
6 560 151 126 100 75 49
7 670 134 113 92 72 51
8 780 118 101 83 66 48
9 890 104 89 74 59 44
10 1000 90 77 64 51 39
Cooling Rate (°C/Day)
Pressure _ _ _
at Center f=0.25,T¢=0.0 | f=0.5,T¢=0.0 [f=0.75,T=0.0
of Layer Cloudless or or_ or f=1.0
Layer (mb) £=0.0,T¢=1.0 | f=1.0,T¢=0.75 | f=1.0,T.=0.5 |f=1.0,T,=0.25 Tc=0.0
1 65 0.4 0.5 0.5 0.5 0.6
2 175 0.6 0.6 0.7 0.7 0.7
3 285 0.8 0.9 0.9 0.9 0.9
4 365 1.3 1.4 1.4 1.5 1.6
5 505 1.4 2.0 2.6 3.2 3.8
6 615 1.3 1.0 0.6 0.2 -0.2
7 725 1.2 1.0 0.7 0.5 0.2
8 835 1.1 0.9 0.7 0.5 u.3
9 945 1.1 0.9 0.8 0.6 0.4
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