
DOE ARM Program 
Accomplishments of the 

Cloud Properties Working Group (CPWG)

August 2006



Cloud Radiative Forcing at the ARM Climate Research Facility:  Using ARM 
Data to Establish Testable Metrics for GCM Predictions of Cloud Feedback 

 
Gerald Mace 

University of Utah, Salt Lake City, Utah 
 
The scientific underpinning of the Atmospheric Radiation Measurement (ARM) Program is 
largely based on the premise that long term ground-based measurements of certain quantities 
provide information sufficient to test the skill of general circulation models (GCMs) to predict 
radiative heating and cloud feedbacks (Stokes and Schwartz, 1994; Ackerman and Stokes, 2003).  
This hypothesis is based on the assumption that some set of long-term ground-based 
measurements provide sufficient information to characterize the physical state of the atmospheric 
column.  In Mace et al. (2006a and b), this assumption is critically evaluated.   Beginning with 
the basic measurements collected by the ARM Program at the ARM Climate Research Facility 
(ACRF) during the year 2000, the physical state of the atmosphere, including cloud occurrence, 
cloud properties, and radiative heating, is characterized, validated, and shown to provide a useful 
quantitative description of the cloud radiative heating profiles on annual time scales.  This first 
validated characterization of the atmospheric physical state over a full annual cycle establishes a 
benchmark against which GCM predictions can be evaluated and improvements measured.  As 
an example, Figure 1 shows the annually averaged vertical profiles of cloud radiative heating and 
their uncertainties in units of heating rate (Kelvins per day) for all non precipitating overcast 
clouds along with the cloud radiative effects (W m-2) at the surface, top of atmosphere, and 
within the atmosphere.  While GCMs are generally able to match top of atmosphere (TOA) cloud 
radiative effects, it is also known that matching TOA cloud radiative effects is not sufficient to 
establish the validity of model predictions because the proper radiative balance at TOA can 
easily be induced through compensating errors within the atmosphere (Webster and Stephens, 
1984).  Mace et al. (2006a and b) show that analysis of ARM data can provide the annually 
averaged vertical distribution of cloud-induced radiative heating with sufficient quantitative 
detail for establishing the skill of GCMs to predict a quantity known to be of first order 
importance in the climate system but is yet highly uncertain.             
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Figure 1. Annually-Averaged 
Cloud Radiative Forcing (CRF) 
Profiles (K/day) and Cloud 
Radiative Effect (CRE – inset – 
uncertainty +/- 3 W/m2) at SGP for 
Top of Atmosphere (TOA), 
Atmosphere (ATM) and Surface 
(SFC) derived from ARM 
Measurements. 1000
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