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If the “cloud shading feedback” is strong, then R1 ≈ R2.

Hypothesis 
(Hartmann et al., 2001)

Warm Cold

R1 R2

top-of-atmosphere
net radiation

~1500 km



Climate Model Experiments

Model Configuration
• Community Atmosphere Model v. 4 (CAM4) 
• global RCE 
• non-rotating aquaplanet with uniform insolation 
• 5 m slab ocean 
• daily output

Is this model useful for testing the hypothesis?
• conserves energy 
• resolves motions with scale ~1500 km 
• simulates cloud-shading feedback



Climate Model Experiments

Experimental Design

Control
(cloud shading feedback on) 

save SW↓ at ocean 
surface for every time step

randomly permute 
SW↓ in time 
dimension

Random SW
(cloud shading feedback off) 

model sees randomized 
SW↓ at ocean surface

If the hypothesis is correct, then we will see:
Control

(feedback on)
Random SW
(feedback off)

SST gradients small large
energy transport small large

CRE contrast small large

Hypothesis Testing
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If the hypothesis is correct, then we will see:

Control Random SW
SST gradients small large

energy transport small large
CRE contrast small large
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If the hypothesis is correct, then we will see:

Control Random SW
SST gradients small large

energy transport small large
CRE contrast small large



Cloud Radiative Effects
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Cloud Radiative Effects

Δ = 8

Δ = 29
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Net CRE
(Wm-2)

16 -27

-3414

(feedback on)

(feedback off)

If the hypothesis is correct, then we will see:
Control Random SW

SST gradients small large
energy transport small large

CRE contrast small large

Conclusion: Cloud shading feedback causes net CRE to be more uniform.



Hypothesis

Summary

Why is net CRE nearly uniform over the tropical warm pools?Question

Findings Modeling support for hypothesis

Open
Questions

• Is this theory a complete explanation? 
• Implications for cloud-climate feedbacks?

Cloud Albedo

Sea Surface 
Temperature Circulation

This is a key mechanism 
for obtaining uniform net 
CRE over the warm pools 
[Hartmann et al., 2001].



Hypothesis

Summary

Why is net CRE nearly uniform over the tropical warm pools?Question

Findings Modeling support for hypothesis

Cloud Albedo

Sea Surface 
Temperature Circulation

This is a key mechanism 
for obtaining uniform net 
CRE over the warm pools 
[Hartmann et al., 2001].

Reference
Wall, Hartmann, & Norris (in press) Is the Net Cloud 
Radiative Effect Constrained to be Uniform over the Tropical 
Warm Pools? Geophysical Research Letters
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Climate Model Experiments

Model Details
• CAM4 global RCE 
• RCEMIP standard protocol 
• aquaplanet 

• 5 m slab ocean 
• daily output
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Upper-Ocean Temperature 
in the West Pacific Warm Pool

Diurnal warming events of western equatorial Pacific warm pool 1067 

Diurnal heating in the COARE domain at different wind speed conditions 
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Fig. 5. Vertical temperature profiles in near-surface layer of the ocean in the TOGA COARE 

domain obtained by free-rising profiler at different wind speeds in the afternoon. 

In Fig. lOa, the surface temperature calculated using the transilient model is compared 
with the bucket-thermometer and dry air temperature data. The SST calculated using the 
cool-skin model, including the solar radiation absorption in the upper millimeters of the 
ocean (Soloviev and Schluessel, 1996) is also shown. According to Fig. lOa, the daily 
variation in temperature in the atmosphere is even larger than it is in the ocean. Hoeber 
(1969) previously observed a similar effect in the equatorial region. It occurs because the 
moist equatorial atmosphere absorbs solar radiation directly during the daytime and is 
again cooled during the nighttime (see discussion in Kraus and Businger, 1994, p. 170). 

Also remarkable is the diurnal variation of the relative humidity (Fig. lob). It decreases 
with the diurnal SST increase, thus enhancing the latent heat flux. This is a manifestation of 
the negative feedback mechanism stabilizing the SST (Greenhut, 1978; Gautier, 1978; 
Lukas, 1990a; Kraus and Businger, 1994). 

4.4. Salinity effects 

Salinity effects may substantially modify diurnal heating of the near-surface layer in the 
western equatorial Pacific warm pool. Freshwater influx due to precipitation influences the 
diurnal cycle by trapping heat near the surface. This has been demonstrated recently by 
modeling of the diurnal cycle with and without rain effects and comparison with TOGA 
COARE mooring time series data (Anderson et al., 1996). Note the salinity depression on 3 
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The Coincidence Hypothesis 
(Kiehl, 1994)

• The thick part of anvils determines the average CRE. 
• These clouds are very thick, so their albedo and 

emissivity are fixed. 
• Therefore 

1. SW CRE is determined only by insolation 
2. LW CRE is determined only by the tropopause 

temperature 
3. Uniform net CRE is the result of a fortuitous 

coincidence
• Weak hypothesis: Life cycle of anvil clouds produces uniform net CRE 

[Hartmann et al., 2018].



Hypothesis

Outline

Why is net CRE about the same in convective and 
non-convective regions over the tropical warm pools?

Question

Cloud Albedo

Sea Surface 
Temperature Circulation

This is a key mechanism for 
producing uniform net CRE over the 
warm pools [Hartmann et al., 2001].

Objective
Test hypothesis with idealized GCM experiments



Cloud shading feedback reduces SST gradient, 
which reduces lateral heat transport, 

which reduces the contrast in net radiation. 

If the feedback is strong, then R1 ≈ R2.

Warm Cold

R1 R2

top-of-atmosphere
net radiation

Hypothesis 
(Hartmann et al., 2001)



Warm Cold

R1 R2

top-of-atmosphere
net radiation

Hypothesis 
(Hartmann et al., 2001)

Objective
Test hypothesis with idealized GCM experiments



Climate Model Experiments

Model Details
• CAM4 
• global radiative-convective 

equilibrium configuration 
• RCEMIP standard protocol 

• aquaplanet 
• 5 m slab ocean 
• daily output

Is this model useful for testing the hypothesis?
• conserves energy 
• resolves motions ~1500 km in scale 
• simulates cloud shading feedback; 

SST fluctuations agree with observations 
[Wall et al., 2018]
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Climate Model Experiments

Model Configuration:
CAM4 Global Radiative-Convective Equilibrium

• aquaplanet 
• no rotation 
• uniform insolation 

• no aerosol effects 
• 5 m slab ocean 
• daily output

Experimental Design

Control
(cloud shading feedback on) 

save SW↓ at ocean 
surface for every time step

randomly permute 
SW↓ in time 
dimension

Random SW
(cloud shading feedback off) 

model sees randomized 
SW↓ at ocean surface



Hypothesis Testing

If the hypothesis is correct, then we will see:
Control

(feedback on)
Random SW
(feedback off)

SST gradients small large
energy transport small large

CRE contrast small large

If the hypothesis is incorrect, then we will see: 
Similar values in the two experiments



“cloud shading feedback”

Cloud Albedo

Atmospheric
Circulation

Sea Surface
Temperature

Hypothesis 
(Hartmann et al., 2001)


