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Overview
An angular radiance closure study compares the observed and

simulated angular distribution of sky radiance. Since ARM

does not observe the three-dimensional structure of clouds,

the closure must be performed statistically over an ensemble

of many cloud ®elds.

Angular closure:

1) tests our ability to observe and model the small-scale

spatial distribution of clouds,

2) provides a discriminating test of the ability to model

three-dimensional radiative transfer in real cloudiness, and

3) may help determine errors in shortwave ¯ux modeling,

since ¯ux is radiance integrated over angle.

This angular closure test is applied to boundary layer cumulus

clouds that are ubiquitous at Nauru.

This research is only a preliminary exploration of the angular

radiance closure concept.

Procedure

Whole Sky Imager

sky radiance data
MMCR radar and
MWR radiometer data

Retrieve cumulus LWC/reff time-height

cross sections with Bayesian method

Generate stochastic 3D LWC/reff ®elds

Simulate sky radiance with SHDOM

Analyze sky radiance images: compare

histograms and correlation functions

Whole Sky Imager data
Calibrated sky radiance at 0.36 resolution;
use red channel (0.65 m).
Use WSI images within 2 hours of solar noon (0100UTC);
10 minute intervals (22 images per day).
Select 8 days during Nauru 99 when radar shows cumulus
and no cirrus (6/24, 6/25, 6/26, 7/01, 7/02, 7/03, 7/09, 7/13).

Bayesian cloud retrievals
Retrieves pro®le of liquid water content and effective
radius using method of McFarlane et al. (JGR 2002).
Inputs: MMCR radar data in ARSCL format,
microwave radiometer (MWR) data, and sondes
Same 8 time periods as WSI (2300-0300 UTC)
at 10 second x 45 m resolution
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Stochastic 3D Cloud Generation
Method of Evans et al. (2001 ARM proceedings)
Converts LWC/reff time-height ®elds to X-Z by
advecting with wind from 915 MHz pro®ler.
Assumes statistics are horizontally uniform and isotropic.
Attempts to match correlation function R( x,zi,zj)

of binary cloud mask (threshold LWC=0.05 g/m3).

Matches histogram of LWC and reff for each level (zi).

Output 88 LWC/reff ®elds on 160 x 160 x 32 grid

at 45 m spacing (heights 640 to 2080 m).
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Sky Radiance Simulation
Cloud optical properties calculated with Mie theory from LWC & reff.
Fixed aerosol properties: CIMEL mean optical depth of 0.036; lognormal
size distribution with reff=2.2 m; oceanic index of refraction (D'Almeida).
Rayleigh scattering optical depth of 0.050.
SHDOM parameters: Nmu=6 Nphi=12 splitacc=0.03 sfcalb=0.10
Solar zenith/azimuth angles from 22 WSI times (2300-0300 UTC).

SHDOM camera visualization output mode at 0.72 pixel resolution for

four locations: (X,Y) = (0.0,0.0), (3.6,0.0), (0.0,3.6), (3.6,3.6) km

Simulated sky radiance images are masked like WSI images. Example Simulated Sky Radiance Fields
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Scene 17 (X=0.0, Y=0.0)
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Scene 66 (X=0.0, Y=0.0)
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Example Whole Sky Imager Fields

WSI 6/24 0140UTC
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WSI 6/24 0210UTC

-50 0 50
W-E (degrees)

-50

0

50

S
-N

 (
de

gr
ee

s)

WSI 7/02 0030UTC

-50 0 50
W-E (degrees)

-50

0

50

S
-N

 (
de

gr
ee

s)

0.5 1.0 1.5 2.0 2.5
Log10 Radiance (mW m-2 nm-1 sr-1)

Results
Compare histograms and correlation functions of
sky radiance for 175 WSI and 352 simulated ®elds
Correlation as a function of angular distance is

computed for 4 107 pixel pairs in zenith angle range.
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Simulated and WSI sky radiance histograms
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Simulated sky radiance ®elds are smoother than WSI ®elds
especially for high elevation angles. Partially, this is
due to 45 m grid cells which are 4 at 640 m.

Conclusions
Statistical angular radiance closure appears to be feasible
with the tools available (cloud retrieval algorithms, stochastic
cloud generation, SHDOM 3D radiative transfer).
Future work: investigate sources of closure disagreement,
such as cloud retrieval method, stochastic cloud algorithm,
effect of limited spatial resolution, etc.


