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1. Introduction 

While preparing the research plan for the First International 
Satellite Cloud Climatology Project Regional Experiment 
(FIRE), we became steadily more convinced that a well-
planned, multidisciplinary field experiment could signifi-
cantly advance knowledge of marine stratus and stratocumu-
lus systems, the physical processes that govern them, and the 
role they play in the climate system. Here we offer our views 
of the major research problems confronting the field and the 
ways these problems might be attacked. In a portion of this 
paper, we describe our view of what the marine boundary 
layer segment of FIRE could be. Of course, the actual exper-
iment will be designed and conducted by many scientists in 
the months and years to come. It could differ radically from 
our present vision. 

Because of their effects on the earth's radiative energy 
budget, marine stratus and stratocumulus cloud systems are 
likely to strongly influence climate and climate change. Their 
high albedos (30-40%) compared with the ocean back-
ground (10%) give rise to large deficits in the absorbed solar 
radiative flux at the top of the atmosphere, while their low 
altitude prevents significant compensation in thermal emis-
sion. They considerably reduce the flux of solar radiation 
into the ocean, while offering only a marginal increase in the 
downward thermal radiation. A mere 4% increase in the area 
of the globe covered by low level stratus clouds would be suf-
ficient to offset the 2-3 K predicted rise in global temperature 
due to a doubling of CO2. In addition, stratus and stratocu-
mulus clouds strongly influence the rates of heat and mois-
ture exchange between the troposphere and the boundary 
layer. Clearly, these cloud systems play a major role in the 
dynamics of the climate, and models that faithfully simulate 
them are essential to studies of climate dynamics and assess-
ments of climate sensitivity. 

Stratus and stratocumulus cloud layers have been the ob-
jects of intensive study for the past 16 years. Beginning with 
the classic paper by Lilly (1968), researchers have used 
one-dimensional (Schubert, 1976; Chai and Telford, 1983), 
two-dimensional (Moeng and Arakawa, 1982; Kraus and 
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Leslie, 1982), and three-dimensional (Deardorff, 1980a) 
models to study the evolution and dynamics of these systems. 
Suarez et al. (1983) have simulated the global distribution of 
low stratiform clouds with a general circulation model. Oth-
ers have conducted field studies to observe these systems off 
the coast of California (Brost et al., 1982a, b) and as part of 
the Joint Air Sea Interaction Experiment (JASIN) off the 
British Isles (Pollard, 1978). They continue to be observed as 
part of the Equatorial Pacific Ocean Climate Studies (EPOCS). 
Although satellite observations show that stratus and strato-
cumulus cloud systems exhibit considerable structure even at 
the smallest resolved scales (1-4 km)2 (Coakley and Brether-
ton, 1982), few modeling or in situ observational studies have 
focused on the fractional cloud problem (Sommeria and 
Deardorff, 1977; Albrecht, 1981; Bougeault, 1982). A major 
goal of the proposed marine cloud-capped boundary layer 
segment of FIRE is to develop physical models and parameteri-
zations for fractional cloud cover. 

FIRE is intended to pursue this goal, in part by testing 
candidate models for the break-up of stratus systems that 
have evolved through theoretical studies and model simula-
tions over the years. For the first time, a field experiment will 
combine extensive satellite and radar and/or lidar observa-
tions with in situ measurements of the dynamics, thermo-
dynamics, and microphysics of the cloud-capped marine 
boundary layer. Observations of stratus and stratocumulus 
systems will fall into two categories. The first is descriptive, 
involving satellite observations and surface-based observa-
tions from a limited number of stations. These observations 
should yield climatological properties of stratus and strato-
cumulus over the Pacific basin. The observations will follow 
a sampling strategy designed to produce stable, representa-
tive statistics of the properties. The second category of ob-
servations is intended to allow tests of theories of marine 
stratocumulus convection. These observations combine sat-
ellite and surface-based measurements with intensive radar, 
lidar, and aircraft measurements. These intensive observa-
tions would be taken during short periods and repeated at in-
tervals throughout the course of FIRE. They should provide 
insight into the physical processes that govern the existence 
and structure of stratus and stratocumulus systems. These 
insights should in turn lead to improved models of the physi-
cal processes. 

In this paper, we provide justification for and some details 
of a candidate measurement program. The candidate marine 
stratus and stratocumulus experiment is conducted over the 
Pacific basin, with the intensive observations focused on the 
western coastal region of the United States. We propose an 
experiment that runs for seven years. The variety of observa-
tions required clearly argues for an experiment team that in-
cludes experts from a number of disciplines which normally 
interact only weakly. 
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