
Results
➢ Lower RMSEs at TOA than 

surface
➢ At the surface, increasing 

variability with higher 
SWDNsfc

Over SGP:
➢ Increasing absolute bias 

from M1 to M3 at surface
➢ Better surface RMSE for 

M2 and M3
➢ RMSE at TOA ~20 W m-2 

lower than surface
➢ M3 shows the least bias 

and RMSE at TOA
Over ENA:
➢ RMSE at surface ~3x higher 

than SGP
➢ Result of only 1 site

➢ M2 shows the worst 
performance at surface 
and TOA

➢ M3 outperforms M1, overall 
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Surface Observations
Two Locations:
➢ Southern Great Plains (SGP)

• 7 sites within 1° grid box
• 334 cases

➢ Eastern North Atlantic (ENA)
• Great for low-level clouds
• 710 cases

CCCma Cloud Profile
Three Cloud Profiles for re and LWC:
➢ Method 1: 

• Constant 
• Simplest method

➢ Method 2: 
• Linear increasing with height
• Similar to climate models

➢ Method 3: 
• Linear increasing until 3/4  

           height, then linear decreasing
• Similar to real-world

➢  ENA:
• Larger droplets, smaller LWP

➢  SGP:
• Smaller droplets
• Less entrainment near cloud top

Methodology
➢ Cloud and Earth Radiative Energy System (CERES) SYN1 for cloud input

• MODIS based cloud measurements
• 1 ° x 1 °  grid resolution
• Fu-Liou RTM output included in CERES SYN1

➢ Identify low-level overcast liquid clouds for CCCma calculations
• No complicated ice particle scattering 
• Less 3-D cloud effects

➢ 10 years (2014 – 2023) of cases selected
➢ Compare CCCma output against observation to determine error

• Surface sites 
• CERES measured SWUPTOA

Surface Cloud Screening
➢ Surface-derived cloud properties 

from pyranometer measurements 
are matched with CERES MODIS 
cloud properties

➢ Surface Cloud Optical Depth (τ)

• 𝜏 =
1.16

𝑟
−1

(1−𝐴)(1−𝑔)
 where 𝑟 =

𝑇

𝐶𝜇0
0.25

• Error < 10%
➢ Cloud Fraction

• Empirical Fit

Updated Results (Method 3)
➢ ENA: RMSE reduced by 96.0 W m-2

➢ SGP:  RMSE reduced by 20.3 W m-2

➢ Similar errors as before for surface 
bias and TOA

Hourly Flux Files
Surface: TOT, VIS, NIR, Dir., Diff.
TOA: TOT, VIS, NIR

Satellite AOD and 
Aerosol Type

Surface scene ID 
(IGBP)

MERRA2 Atmospheric 
Profile

Satellite re, rei, LWP, 
IWP, CF

SZA, Time, Geolocation
Screen for Low-Level 

Liquid Overcast Clouds

Cloud re and LWC 
Profile

Run CCCma

➢ Compared with Method 1
• Same method Fu-Liou 

uses
➢ Larger differences at TOA
➢ Similar errors for surface 

and TOA at SGP
➢ CCCma has better 

performance at ENA

Conclusion
➢ Method 3 overall shows the best SWDNsfc and SWUPTOA results at 

both SGP and ENA
➢ Matching CERES MODIS and surface-derived cloud properties can 

help identify more homogenous clouds for better RTM calculations
➢ Overall, CCCma outperforms Fu-Liou RTM, especially over ENA

Future Work
➢ Test CCCma calculations on other cloud types
➢ Perform global calculations for All-sky conditions
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Introduction
Clouds are vital in regulating the Earth 
Energy Budget. In the shortwave (SW) 
spectrum, clouds strongly reflect SW, 
limiting the amount of SW downwelling flux 
at the surface (SWDNsfc) and increase 
upward SW at the top of atmosphere 
(SWUPTOA). For global estimates of 
SWDNsfc, a radiative transfer model (RTM) is 
needed to calculate the amount of SW 
attenuation within the atmosphere. RTMs 
vary in their complexity and how they 
handle clouds. Here, the Canadian Center 
for Climate Modeling and Analysis (CCCma) 
RTM output of SWDNsfc and SWUPTOA is 
analyzed on different cloud profiles before 
global calculations can be performed. 

SGP SFC

ENA TOA

SGP TOA

ENA SFC

Observations (Wm-2) Method 1 Method 2 Method 3

SGP
SFC

Mean: 195.7 Bias: 0.2
RMSE: 47.1

Bias: -1.5 
RMSE: 44.3

Bias: -5.0
RMSE: 44.6

SGP
TOA

Mean: 489.6 Bias: -6.0 
RMSE: 28.3

Bias: -9.0
RMSE: 26.0

Bias: -4.6
RMSE: 25.4

ENA
SFC

Mean: 310.1 Bias: 5.6
RMSE: 122.7

Bias: 12.2 
RMSE: 122.3

Bias: 0.2
RMSE: 121.3

ENA
TOA

Mean: 376.6 Bias: -9.5 
RMSE: 25.6

Bias: -19.1
RMSE: 32.6

Bias: -8.0 
RMSE: 26.1

Obsver.

(W m-2)

Fu-Liou 
Bias

CCCma 
Bias

Fu-Liou 
RMSE

CCCma 
RMSE

SGP 
SFC

195.7 9.1 5.7 27.5 29.9

SGP 
TOA

489.6 10.3 -6.3 25.7 27.0

ENA 
SFC

310.1 -12.3 2.1 22.6 19.9

ENA 
TOA

376.6 24.2 -5.9 30.6 23.1

CERES Fu-Liou RTM Comparison

SGP SFC

ENA TOAENA SFC

SGP TOA

Method 3 
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