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Parameterization and analysis of 3-D solar
radiative transfer in clouds

Goals:

» Develop 3-D radiative parameterization for CRMs

« Examine 3-D radiative effects on cloud development

Picture from ARM website




Motivation

Difference between 3-D and 1-D absorption estimates at 0.94 um mwWm-3pm-?
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Challenges and approach

Cloud structure not fully known
e 2-D only
e Coarse resolution
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64 CSRM columns x 4 km = 256 km

3-D radiative calculations slow

Step 1. Create dataset of 3-D cloud structures & simulated radiative fluxes F,,, F5p

Step 2. Use dataset to develop parameterization
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Neural net: 3-D cloud variability = C

Step 3. Examine influence of 3-D radiation on cloud development




Step 1: 3-D clouds & simulated radiative fluxes

ARM data is well-suited for training parameterization:
 Detailed, high-resolution cloud structures
 Full annual cycle at three climates
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Converting time to horizontal distance
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915 MHz radar wind profiler
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Horizontal resolution of cloud fields
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Extension to cross-wind direction
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3-D radiative transfer simulations

Broadband Monte Carlo simulations




Step 2: Parameterization using neural net

A simple neural network

input layer  hidden layer  output layer
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Optimal values of W;, W', weights
obtained iteratively during training phase

Examples of candidate P-values:
1-D parameters: 0o, h, LWC, R, ...
Horizontal gradients: ALWC(4 km), AIWC(1 km), ...

Optimal set selected using EOF analysis and testing performance.




Testing parameterization

Accuracy:
e Calculate F, 5, F; ; for fully 3-D cloud fields using Monte Carlo code

e Coarsen cloud fields to CRM resolution, cut out 2-D cross section,

run parameterization
« Compare true and parameterized F;  values
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Image by J. Willlams (Scientific Visualization Studio)
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Speed and general performance: Jerry Harrington’s version of RAMS model




Step 3: Examine influence of 3-D radiation

on cloud development

Compare RAMS model runs that use 1-D and 3-D radiation

Examine: radiation, water content, precipitation, TKE, ...
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Summary of expected benefits

Fast parameterization that allows CRMs (and GCMs
using CRMSs) to consider shortwave 3-D radiative effects

Better understanding of the influence 3-D radiation has
on cloud development
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Low-altitude wind speed comparison

NSA, 2004

- Radar wind profiler
- Mergesonde

S
£
g=
O
O
o
w
g=
=

15 20
Wind speed at 40 m tower (m/s)




Resampling microbase IWC and LWC
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