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Complementary figures for the simulations in section 6a: Seasonal cycle 

 
 

 
Fig. S1: Same with Fig. 7, but for the group of simulations with the seasonal cycle included.  
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Fig. S2: The annual-mean zonally-averaged (a) temperature (K), (b) mass streamfunction (10$$ 

kg/s), (c) zonal wind (m/s), and (d) cloud fraction (unitless). The black contours are for the 1.0 

bar case, and the color patches are the difference between the 1.5 bar and 1.0 bar cases.  
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Complementary figures for the simulations in section 6b: Cloud parameter 

 

 
Fig. S3: Same with Fig. 7, but for the group of simulations with RHminh=0.7.  
 
 
 
 
 

 
Fig. S4: Same with Fig. 7, but for the group of simulations with RHminh=0.9.  
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Complementary figures for CAM4 simulations:  

 To evaluate the robustness of our results with GCMs or physical parameterizations 

(mainly convective and cloud parameterizations), we repeat the default group simulations with 

CAM4.0. CAM4.0 is an updated version of CAM3.0, and there are many differences between 

them (Neale et al. 2010, Collins et al. 2004). We list the differences in the dynamical cores, the 

convective parameterizations, and the cloud parameterizations in the end.    

 The nonmonotonic dependence of global mean surface temperature on SP still exist in 

CAM4.0 simulations (Fig. S5), given there are significant differences between the background 

state of the control case (1.0 bar case) in the CAM4.0 aquaplanet simulation and that in 

CAM3.0 (comparing Fig. S6 and Fig. 3-4). As SP increases form 1.0 bar to 1.5 bar, the 

responses of temperature, westerly jet, and cloud fraction are qualitatively similar to those in 

CAM3.0 (Fig. S6, Fig. 3-4). The responses of the meridional circulations show larger 

discrepancies. In CAM4.0, as SP increases, the most significant response of the Hadley cell 

and the Ferrell cell is becoming more and more bottom heavy. The narrowing of the Hadley 

cell and strengthening of the Ferrell cell is the secondary responses. Nevertheless, the 

simulation results suggest that the feedback mechanism presented in the main text functions 

similarly in CAM4.0.      

 

Some differences between CAM3.0 and CAM4.0: 

Dynamical core: 

 The simulations with CAM3.0 are based on the Eulerian dynamical core, while the 

simulations with CAM4.0 are based on the finite volume dynamical core.  

 

Parameterization of deep convection: 

 The parameterizations of deep convection in CAM3.0 and CAM4.0 are both based on 

Zhang and McFarlane (1995). However, the convective momentum transport is added in the 

convective parameterization in CAM4.0 (Richter and Rasch 2008). The sub-grid scale 

convective momentum transport is parameterized as: 

%
𝜕𝑉
𝜕𝑡)*+

= 	−
1
𝜌
𝜕
𝜕𝑧
(𝑀+𝑉+ + 𝑀3𝑉3 −𝑀*𝑉), 

−
𝜕
𝜕𝑧
(𝑀+𝑉+) = 	𝐸+𝑉 − 𝐸+𝐷+ + 𝑃9+, 

−
𝜕
𝜕𝑧
(𝑀3𝑉3) = 	𝐸3𝑉 + 𝑃93, 
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where 𝑉 is the grid mean horizontal velocity, E is the entrainment rate, D is the detrainment 

rate, M is the mass flux. Subscript u means updrafts, and d means downdrafts. 𝑃9+ and 𝑃93 are 

the updraft and downdraft pressure gradient sink terms: 

𝑃9+ = 	−𝐶+𝑀+
𝜕𝑉
𝜕𝑧, 

𝑃93 = 	−𝐶3𝑀3
𝜕𝑉
𝜕𝑧. 

𝐶+ = 𝐶3 = 0.4 are tunable parameters (Gregory et al. 1997).  

 

Parameterization of cloud fraction: 

 In CAM3.0, three types of cloud are diagnosed in parameterization: low-level stratus, 

convective cloud, and layered cloud. The stratus cloud fraction is parameterized following 

Klein and Hartmann (1993): 

𝐶=> = 𝑚𝑖𝑛{1. , 𝑚𝑎𝑥[0. , (𝜃G.H − 𝜃=) × 0.057 − 0.5573]}, 

where 𝜃G.H and 𝜃=  are the potential temperature at 0.7 sigma level and at the surface level, 

respectively. Convective cloud fraction is parameterized based on the mass fluxes of shallow 

and deep convection (Xu and Krueger 1991): 

𝐶=OPQQRS = 𝑘$,=OPQQRS𝑙𝑛V1.0 + 𝑘W𝑀*,=OPQQRSX, 

𝐶3YYZ = 𝑘$,3YYZ𝑙𝑛V1.0 + 𝑘W𝑀*,3YYZX. 

The layered cloud fraction is parameterized as: 

𝐶* = %
𝑅𝐻 − 𝑅𝐻]^_
1 − 𝑅𝐻]^_

)
W

, 

where 𝑅𝐻]^_  is set as: 

𝑅𝐻]^_ =

⎩
⎪
⎨

⎪
⎧ 																																																								𝑅𝐻]^_QRS 					𝑝 > 750𝑚𝑏

𝑅𝐻]^_QRS + V𝑅𝐻]^_
O^gO − 𝑅𝐻]^_QRSX

𝑝 − 750𝑚𝑏
𝑝]^3 − 750𝑚𝑏

					𝑝]^3 < 𝑝 < 750𝑚𝑏

																																																	𝑅𝐻]^_
O^gO					𝑝 < 𝑝]^3

 

The total cloud fraction is subject to the maximum overlap assumption, so that  

𝐶>R>PQ = 𝑚𝑎𝑥(𝐶=>, 𝐶*, 𝐶*^i). 

 

 In CAM4.0, the stratus cloud fraction is parameterized in the same way as CAM3.0. 

The convective cloud fraction is treated with modifications: 

𝐶=OPQQRS = 𝑚𝑎𝑥 j0.0,𝑚𝑖𝑛V𝑘$,=OPQQRS𝑙𝑛V1.0 + 𝑘W𝑀*,=OPQQRSX, 0.3Xk, 
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𝐶3YYZ = 𝑚𝑎𝑥 j0.0,𝑚𝑖𝑛V𝑘$,3YYZ𝑙𝑛V1.0 + 𝑘W𝑀*,3YYZX, 0.6Xk, 

𝐶*^i = 𝑚𝑖𝑛V0.8,𝐶=OPQQRS + 𝐶3YYZX, 

where 𝐶*^i is the combined convective cloud fraction. The parameterization of the layered 

cloud is similar to that in CAM3.0, but with a modification if grid water vapor is less than 3 

g/kg (Vavrus and Waliser ,2008): 

𝐶*QRS = 𝐶*QRS𝑚𝑎𝑥V0.15,𝑚𝑖𝑛(1, 𝐶𝑞o0.003)X. 

Note that the parameters in the convective cloud parameterization and layer cloud 

parameterization are different in CAM3.0 and CAM4.0. The total cloud fraction in CAM4.0 is 

also calculated differently from that in CAM3.0, with the formula of:   

𝐶>R>PQ = 𝑚𝑖𝑛(𝑚𝑎𝑥(𝐶*, 𝐶=>) + 𝐶*^i, 1. ) 

 
 
 
 

 
Table S1. Parameters of cloud parameterizations in CAM3.0 and CAM4.0. 
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Fig. S5 Global mean surface temperatures (Ts) as a function of SP for the CAM4.0 simulations.  
 
 
 
 
 
 

 
Fig. S6: Same with Fig. S2, but for the CAM4.0 simulations (without seasonal cycle).  
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