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Motivation
• Comparison of cloud and surface 

radiation parameters from surface 
“point” measurements to satellite 
retrievals and model output 
problematic
– differences in such aspects as:

• Spatial/temporal domain
• for satellite, fields of view and view angles
• for models, sub-grid representation



Fictional Comparison

Bias & slope

Scatter



Comparison Outcome
• Bias & slope assumed to be an 

indicator that something is amiss
– But what?

• Scatter largely assumed to be due to 
spatial and temporal mis-match
– But also affects linear fit that produces 

bias and slope
• Either way, where does one go from 

here?
– What part of the model?

• Parameterizations, assumptions, inputs?
– What part of the satellite retrieval?



Measurement Availability
• Only a few sites with many measured 

quantities to assess causes
• These few sites have limited 

representation of climate regimes and 
situations
– If you “fix” the problems for these, how 

sure are we that they are fixed for 
situations not represented?

• Many “BSRN-type” surface radiation 
sites covering many various climates 
and situations
– Plus far more cases, more robust statistics



MSCM
• Meteorological Similarity Comparison 

Method 
• A methodology for proceeding beyond 

comparison with only measurements at 
BSRN-type sites

• Zhang, Y., C. N. Long, W. B. Rossow, and E. 
G.Dutton (2010): Exploiting Diurnal 
Variations to Evaluate the ISCCP-FD Flux 
Calculations and Radiative-Flux-Analysis-
Processed Surface Observations from BSRN, 
ARM and SURFRAD, JGR, 115, D15105, 
doi:10.1029/2009JD012743.



Radiative Flux Analysis
• All data tested for quality (QCRad code)

– Long and Shi, 2008, TOASJ
• Flux Analysis methodology

– Time series analyses of surface 
broadband radiation and meteorological 
measurements

– Use detected clear sky data to fit functions
– Interpolate coefficients to produce 

continuous estimate of clear-sky 
irradiances

– Use results to infer cloud properties



RFA Outputs

Complete Net surface radiative cloud forcing and cloud
macrophysical properties without using any measurements 
typically used as input for model calculations



RFA Outputs Uncertainty



Processed RFA data
• Available as PI Product at ARM Archive

– For all fixed sites and several AMF 
deployments

• Plans to upgrade current ARM SW Flux 
Analysis VAP to Full RFA

• Most BSRN and SURFRAD sites
– 2004 & 2005 contributed as part of the 

GEWEX/NASA Radiative Flux Assessment 
Archive

– These data used for the MSCM paper



MSCM: Basis of the approach
• Use the data to screen for similar conditions

– Ex: only comparing radiation values and radiative 
forcing for times with matching cloud amounts 
between the data sets

• Eliminates much of the spatial mismatches 
affecting previous comparisons

• Thus affords a more detailed analysis of the 
ensuing differences

• Leads to better understanding of the 
underlying causes of the differences



Examples
• Compare clear-sky parameters to test 

treatment of atmospheric state
– This resulted in finding that ISCCP-FD had 

double the aerosol loading it should
• Use overcast conditions to compare 

cloud optical depth
• Compare all-sky cloud transmissivity 

for comparable cloud amounts



ISCCP Study

Used 15 ARM, 
BSRN, and 
SURFRAD sites
79N – 90S
Year 2004

ISCCP-FD 

3-hour averages



Samples
• Dir/Dif by Cloud 

Fraction
• Shows bias in 

original ISCCP data 
compared to RFA
– Increasing difference 

for decreasing CF
• Agreement after 

adjusting aerosol 
loading by ½



Clear-sky Direct and Diffuse



CF and Cloud Tau Comparisons



Samples



Some Paper Highlights
• For downward total SW, Dif, Dir

– matching CF reduces the flux difference by 
up to a factor of 2

– Reducing AOD by ½ accounts for most of 
remaining differences

– Still some differences in diurnal cycle
– Best agreement/analysis when matching 

CF and cloud optical depth jointly



Some Paper Highlights
• For downward LW

– Matching either Tair or CF reduces 
differences to nearly zero

– But diurnal differences due to differing 
sensitivities to cirrus and low clouds

• These results confirm that the primary 
source of the FD surface flux 
uncertainty of about 10–15 Wm-2 is the 
input quantities and not the radiative 
transfer model.



MSCM Summary
• The paper includes a "blueprint" 

describing the MSCM  
– Serves as a set of instructions for future 

use of the Radiative Flux Analysis in 
satellite and model comparison studies

– Techniques significantly increase the 
value of surface radiation and 
meteorological measurements beyond that 
of the individual measurements 
themselves
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