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Motivation 

Cloud Top Height 

Cloud Optical Depth    

ASR provides ground-based cloud and radiative measurements at numerous climatically 
representative sites. Measurements taken at these localized areas can be complemented by 
satellites to provide cloud property information over larger scale regions. Satellite-derived 
cloud and radiation properties (such as TOA BB fluxes) covering large regions, are especially 
useful for cloud modeling and radiative closure endeavors.  

Objective 
The NASA/Langley Cloud group produces large-scale satellite-derived cloud and radiative 
parameters covering the ARM fixed and Mobile Facility sites, in both near-realtime and as 
historically reprocessed datasets. Results are compared with ARM ground-based instruments 
to evaluate consistency with ARM measurements. 

Data and Methodology 
  Cloud and radiative parameters derived from geostationary (GEO) and low-Earth orbiting satellites (LEO) 

  Calibrate all satellites against common reference (Aqua MODIS Channel 1)   
  Applied to GOES, MSG, MTSAT, Himawari, AVHRR, MODIS, Suomi NPP 

  Cloud retrieval algorithm:  SatCORPS (Satellite Cloud Observations and Radiative Property retrieval System) 
 Includes VISST/SIST/SINT (Minnis et al, 2011); currently working on algorithm for CERES Edition 5  
 Recently updated algorithm (consistent with CERES Edition 4) newly applied to Himawari-8; improvements include:  

 Reduced false nighttime low cloud detection over ocean/land/desert 
 Improvement in cloud detection along coast of  Australia 
 Himawari provides coverage of  MICRE AMF 

 Spatial crosstalk issue affecting MTSAT-1 satellite has been addressed (Khlopenkov et al, 2015) 
 MTSAT-1 2006-2010+ dataset (including TWP-ICE) can now be reprocessed 

 Multilayer retrieval algorithm MCAT (Chang et al 2010) 
 Requires 13.3 um channel (only on certain satellites, e.g. GOES-13, MSG3, Himawari, MODIS) 

 Derive TOA BB SW and LW fluxes based on narrowband( NB)-to-broadband (BB)  matching with CERES (Loeb et 
al, 2005) 

  Match/regress 1o avg calibrated 0.65-µm albedos and 10.8-µm fluxes  with CERES SFC TOA BB SW and LW fluxes 

  Land/Ocean, Day/Night fits based on NB-BB matches within +/- 15 minutes 

  Can also improve GEO-derived BB fluxes post-processing, by deriving BB correction based on CERES Aqua 
  Currently being applied to GO-Amazon; recently applied to Azores AMF, COPS AMF ; TWP-ICE/MTSAT1 reprocessing next 

                NASA Langley ASR-focused webpage                         
      http://www-pm.larc.nasa.gov/cgi-bin/site/showdoc?docid=4&cmd=field-experiment-homepage&exp=ARM 

Validation 

Recent Improvements 

Summary and Future Work 

New AMF Support: LASIC 
(also MICRE, AWARE)  

Links to pages provide information for 3 fixed ARM sites, AMF deployment sites, and past campaigns; site-specific 
pages provide easy access to SatCORPS-derived data and imagery covering the ARM sites 
Real-time imagery, pixel-level, gridded,10km/20km average ground site data available 

    Pixel, gridded data also available from ARM archive 

Improvements in Cloud Mask 
Indian/Pacific Ocean  

1530 UTC 19 August 2015 

Extraneous False Cloud Detection Over Ocean 

Improvement in cloud determination over ocean in 
updated cloud mask for Himawari-8 using SatCORPS. 
Large-scale false cloud detection is seen in the old 
version (top right) (where white denotes cloud, green 
denotes clear), with improvement in the updated 
version (bottom right). Improved cloud detection over 
ocean for Himawari-8 affects SatCORPS retrievals 
covering the MICRE deployment. 

Ground Site Cloud Product:  
Allows visualization of  
10km/20km averaged data 
surrounding the ARM site. 
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Derivation of  TOA BB Flux: MTSAT-1 

a) b) 

c) 

TOA BB Flux Correction 

Comparison of  Jan-Apr 2006 MTSAT1-derived TOA LW fluxes (left) and 
SW fluxes (right) to CERES Aqua, over the entire TWP domain. Fluxes 
derived using updated NB-BB fits for smaller domain. There are small 
biases over this period, but higher biases can occur in individual 
months; further monthly corrections w/r/t CERES Aqua will be pursued 
to improve results. 

Post-processing procedure to reduce biases of  GEO-derived BB albedo (left) 
and LW flux (right) relative to CERES Aqua. Plots before correction are shown 
(top), and after (bottom).  Applied to TOA fluxes for GO-Amazon domain, Oct 
2014 (shown above) as well as Nov-Dec 2014. All GO-Amazon data to be 
corrected along with data from other domains. 

Cloud & radiative parameters derived from satellite imager data for ARM fixed sites & AMF campaigns 
Real-time imagery, pixel-level, gridded,10km/20km average ground site data available from NASA Langley website 

Pixel and gridded data also available from ARM archive 
  Newest domains: MICRE, LASIC, AWARE 

Data for missing times being added when new algorithms completed 
   Currently reprocessing MTSAT-1 2006-2010, backfilling GO-AMAZON 2014 
   Backfilling of  AZORES ENA site (Oct 2013 on) next 

Cloud retrieval & flux estimation algorithm improvements implemented 
Surface skin temperature retrieval with VZA correction underway over SGP (compares well with  

 ARM CF IRT) 
Surface flux derivation over SGP currently in development   
ARM datasets to be reprocessed going forward 

Polar Site Datasets: New effort (once ARM archive approves) to supply subsected  
data around NSA and other sites: 

CERES Edition 4 SSF Flux dataset 
NOAA-xx AVHRR-derived SatCORPS dataset  

Validation with ARM ground-based measurements and other datasets ongoing 

Feedback and requests from users are always welcome 

This research is supported by the ARM Program Inter-Agency Agreement  DE-SC0000991. 

References 

• Chang F., P. Minnis, B. Lin, M. Khaiyer, R. Palikonda, and D. Spangenberg. 2010: 
A Modified Method for Inferring Cloud Top Height Using GOES-12 imager 10.7- 

and 13.3-um data, JGR–Atmospheres, 115, D06208, doi:10.1029/2009JD012304. 
• Harries, Russell and coauthors, 2005: The Geostationary Earth Radiation Budget 
Project, BAMS, 86, No. 7, pp 945 - 960. 
• Khlopenkov, K., Doelling, D. and Okuyama, A., 2015, MTSAT-1R Visible Imager 
Point Spread Function Correction, Part II: Theory. IEEE Trans. Geosciences 
Remote Sens., Vol. 53, No. 3, 1504 - 1512, 10.1109/TGRS.2014.2344627.  

• Loeb, N.G., S. Kato, K. Loukachine, and N.M. Smith, 2005: Angular distribution 
models for top-of-atmosphere radiative flux estimation from the Clouds and the 
Earth's Radiant Energy System instrument on the Terra Satellite. Part I: 
Methodology. Journal of  Atmospheric and Oceanic Technology, 22, 338-351. 

• Minnis, P., S. Sun-Mack, D. F. Young, et al, 2011: CERES Edition-2 cloud property 
retrievals using TRMM VIRS and Terra and Aqua MODIS data, Part I: Algorithms. 
IEEE Trans. Geosci. Remote Sens., 49, 11, 4374-4400.  

Derivation of  MTSAT-1 vs 
CERES Aqua NB-BB flux fits 
for Wet Season 2006 land a) 
SW, b) LW day, and c) LW 
night. Ocean for same 
period was also derived (not 
shown). Fluxes derived for 
sub-domain of  TWP 
including Australia and 
surrounding ocean. Similar 
NB-BB procedure for 
Azores using MET-8 vs 
GERB V007 HR BB TOA 
fluxes (Harries et al, 2005) 
CERES Aqua (not shown). 
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Before Correction 

Main page shows Realtime imagery and 
links to 3 Main Sites: SGP, NSA, ENA 

Datasets currently being processed in near-realtime: 
Southern Great Plains*, NSA, Eastern North Atlantic, LASIC, MICRE, AWARE 

Images of  SatCORPS-derived Cloud and 
Radiative products over ARM Domains 
(LASIC pictured here) 

Ongoing: Efforts to fill time gaps, Revisions of  datasets 
                                        *1-day delay until real time requested 

After Correction 

Reduction in False Cloud Detection Over Ocean 

Before 

After 

Aerosol  Optical Depth & Type 
MAGIC Domain 

21 UTC 12 July 2015 

Aerosol optical depth and type 
SatCORPS determination over 
the eastern Pacific Ocean, off  of  
CA. Aerosol types include Dust, 
Black Carbon, Organic Carbon, 
Sulfate, and Sea Salt. Aerosol 
processing currently available 
for GOES only; implementation 
within MSG processing, for AMF 
LASIC support, is in progress. 

VZA Impact on Retrieved Skin Temperature 
GOES E-W regional LST differences: July 2013 

Improvement in derived Skin Temperature by implementing VZA-
dependent correction. GOES-East – GOES-West derived skin temperature 
regional LST differences for daytime a) with no VZA correction, b) with 
correction; and nighttime c) no correction, d) correction. VZA Correction 
greatly improves results over the SGP region. 

Comparison of  GOES- and AVHRR- derived Skin Temperature with 
ARM IRT. With no VZA correction (left), the bias is -1.1 K for day and 
night cases; this improves to almost no bias (right; 0.02 K) with the 
VZA correction, due to residual smaller biases (post-correction) for 
day and night, that cancel. 
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