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Desirable characteristics of ground-based dataDesirable characteristics of ground-based data

• Continuous => temporal variability

• Comprehensive => cause and effect

• Useful to the broad science community

– Of known and reliable accuracy

– Easily available

• Spatially distributed

– On the scale of model grid scales

– Across climatic zones
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Two Fundamental Questions

1. If we can specify all the properties of an 
atmospheric column, can we compute the 
radiative fluxes?
=> Requires knowledge of atmosphere and cloud 
properties   (water vapor, temperature, 3D cloud 
structure, water path, phase, size, etc.)
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Need atmospheric 
observations to

-- test hypotheses in 
process model 
studies

-- analyze data for 
empirical 
relationships and 
statistical 
characteristics
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Two Fundamental Questions

2. If we can specify the large-scale atmospheric 
fields in some grid box, can we predict the 
cloud field properties associated with those 
properties?
=> Requires 3D field of state properties and cloud 

field properties
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Need data sets 
that describe the 
large scale 
environment in 
which clouds 
form
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Ground-based Remote Sensing InstrumentationGround-based Remote Sensing Instrumentation

• 35 GHz Radar (cloud properties)

• Lidar (pulsed laser; particle and thin cloud 
properties )

• Sky imagers (cloud cover)

• Broad-band and narrow-band radiometers (solar and 
infrared radiation)

• Microwave radiometer (water vapor and liquid water)

• Meteorology sensors (temp, humidity, winds)
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ARM Program ComponentsARM Program Components

• Development and operation of ground-based remote 
sensing facilities

• Continuous data acquisition and archiving

• Data analysis
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How well can we describe

- the state of the box?

- the radiatively active components?
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A Sample of ARM Data A Sample of ARM Data 

• ARM Southern Great Plains Site
• March 2000 (with one exception)
• Routine ARM data
• In addition

– Enhanced soundings at central and boundary 
facilities

– Aircraft data as part of Cloud Intensive 
Observing Period
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Southern Great Plains Site

Central Facility
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Atmospheric state (local and domain-avg)Atmospheric state (local and domain-avg)

• Surface variables
• Temperature profiles

– Analysis (sondes)
• Moisture profile
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Large-scale Fields 
(and Boundary Forcing)

Large-scale Fields 
(and Boundary Forcing)

• Start with assimilated mesoscale analysis 
from US National Weather Service

• Add enhanced sondes (every three hours 
at 5 sites)

• Do data integration of sondes and other 
surface data using variational technique 
(M. Zhang et al.)

• Compute from integrated fields
– domain average values of state variables
– advection and convergence
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Energy fluxes into the column Energy fluxes into the column 

• GOES radiation fluxes at TOA
• Surface radiometer measurements
• Eddy correlation and Bowen flux 

measurements
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Domain averaged surface fluxesDomain averaged surface fluxes

• Based on spatially distributed 
radiometers 

• Clear sky
– Fit to hemispherically clear sky 

measurements

• Measured shortwave
– Presented as ratio of measured to clear sky 

(1 = clear sky)
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AerosolAerosol

• Optical depth (clear only)
– Sun photometry
– Solar transmission

• Extinction coefficient profiles
– Raman lidar

• Surface measurements (not shown)
– Scattering and absorption coefficients
– Size distribution
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Cloud MacrophysicsCloud Macrophysics

• Cloud fraction (spatial)
– GOES

– Sky imagery

– Diffuse/Total shortwave ratio 
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Cloud fraction from sky imageryCloud fraction from sky imagery

• Line of sight cloud fraction
• Daytime at 1 to 10 minute intervals
• Nighttime using star trackers
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WSI Cloud Fraction (from March 1, 2000)WSI Cloud Fraction (from March 1, 2000)
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Cloud fraction from radiometryCloud fraction from radiometry

• Line of sight cloud fraction
• Based on ratio of diffuse to total 

shortwave radiation (daytime only)
• Accuracy of 0.1 in cloud cover
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Baseline Estimate Continuous Cloud 
Microphysics
Baseline Estimate Continuous Cloud 
Microphysics

• Provides a continuous estimate of microphysical 
structure.

• Based on simple reflectivity-based retrievals and 
parameterizations available in the literature.

• Ad-hoc temperature-reflectivity mixed-phase 
parameterization

• Will provide an “educated-guess” at microphysical 
structure when conditional retrievals cannot 
operate.
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Cloud MicrophysicsCloud Microphysics

• Ground-based retrievals
– Stratus – based on MWR and solar 

transmission

– Cirrus – based on cloud radar and IR 
emissivity

• Aircraft data from Citation (U. of North 
Dakota)
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Heavy line = scanning radar
Light line = aircraft horizontal leg
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3 D  R a d ia tiv e  H e a tin g  R a te  in  a  
M e s o s c a le  G rid  

    

 
 
 
 
 

F ig . 2   T h re e -d im e n s io n a l so la r  h e a tin g  a n d  IR  h e a tin g /c o o lin g  ra te s  in  a  m e so sc a le  
g rid , p re s e n ted  in  th e  x y , yz , x z  p lan e s .  T h e  in p u t c lo u d  IW C  a n d  D E  fie ld s  w e re  fro m  
th o se  p re se n ted  in  F ig . 1 .  T h e  so la r  c o n s tan t a n d  so la r z e n ith  an g le  u s e d  w e re  1 3 6 6  
W /m 2 an d  6 0 o, re sp e c tiv e ly .  T h e  S ta n d a rd  a tm o sp h e ric  p ro file s  w e re  e m p lo ye d  in  th e  
c a lcu la tio n s . 
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Where to?Where to?

• SGP site
– Continuous forcing fields

– Domain average water vapor and cloud

– Cloud advection

– Integrated products

• Remote sites
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Tropical Western Pacific SiteTropical Western Pacific Site

Manus Island

Nauru
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Tropical Western Pacific Site -- DarwinTropical Western Pacific Site -- Darwin
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Other SitesOther Sites

• European sites
– Cabauw – the Netherlands

– Chilbolten – United Kingdom

– Palaiseau – France

– Lindenberg – Germany

• Asian sites?
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ARM data:  freely available at www.arm.govARM data:  freely available at www.arm.gov

Commercial Message
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Thanks for your attention!
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