
Coupled Modeling Plans:
Response to Quadrupling CO2

Peter Blossey & Chris Bretherton
University of Washington

Builds on previous work with Matt Wyant and Marat Khairoutdinov.



Submitted to JAMES

• Two-year SP-CAM runs over specified SSTs, with 1x and 4xCO2.

• Maritime low cloud response evaluated in single-column LES/CRM 
simulations.
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Two-year simulation experiments with a superparameterized climate model, SP-CAM, are performed to understand the fast tropical

(30S-30N) cloud response to an instantaneous quadrupling of CO2 concentration with SST held fixed at present-day values.

The greenhouse effect of the CO2 perturbation quickly warms the tropical land surfaces by an average of 0.5 K. This shifts

rising motion, surface precipitation, and cloud cover at all levels from the ocean to the land, with only small net tropical-mean cloud

changes. There is a widespread average reduction of about 80 m in the depth of the trade inversion capping the marine boundary

layer over the cooler subtropical oceans. One apparent contributing factor is CO2-enhanced downwelling longwave radiation,

which reduces boundary-layer radiative cooling, a primary driver of turbulent entrainment through the trade inversion. A second

contributor is a slight CO2-induced heating of the free troposphere above the MBL, which strengthens the trade inversion and also

inhibits entrainment. There is a corresponding downward displacement of marine boundary layer clouds with a very slight decrease

in mean cloud cover and albedo.

Two-dimensional cloud-resolving model (CRM) simulations of this cloud-topped boundary-layer response are run to steady

state using composite SP-CAM simulated thermodynamic and wind profiles from a representative cool subtropical ocean regime,

for the control and 4xCO2 cases. Simulations with a CRM grid resolution equal to that of SP-CAM are compared with much finer

resolution simulations. The coarse-resolution simulations maintain a cloud fraction and albedo comparable to SP-CAM, but the

fine-resolution simulations have a much smaller cloud fraction. Nevertheless, both CRM configurations simulate a reduction in

inversion height comparable to SP-CAM. The changes in low cloud cover and albedo in the CRM simulations are small, but both

simulations predict a slight reduction in low cloud albedo as in SP-CAM.

1. Introduction

The uncertain response of clouds to climate change re-
mains a central focus of many research efforts. Un-
derstanding low-cloud changes is a particular priority
because of the large influence of low clouds on the
global albedo. A superparameterized climate model is
attractive for this purpose because it sidesteps the com-
plex suite of moist physics parameterizations that control
simulated boundary-layer cloud in conventional atmo-
spheric general circulation models. Instead, the cloud-

topped boundary layer is explicitly simulated with a two-
dimensional coarse-resolution cloud-resolving model.
This approach has its own limitations but they are some-
what complementary to those of conventional GCMs.
Hence results from a superparameterized GCM are in-
teresting to understand and compare with conventional
GCMs. Since the computational expense of a superpa-
rameterized GCM is roughly 100-fold larger than for a
conventional GCM with the same global grid resolution,
it is sensible to start by focusing on climate changes that
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Figure 5: (a) PDF of tropical monthly pressure velocity ω at 500 hPa and (b) its change due to 4xCO2, for SP-CAM.
Separate PDF’s are plotted for ocean (blue dash-dotted), land (red dashed) and all points (black solid). Error bars are
estimated from PDF changes of years one and two considered separately.

Figure 6: Conceptual picture of rapid tropical cloud changes due to increasing CO2 shown together with mean tropical
SP-CAM changes.
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Results

• Tropical response dominated by monsoonal circulation:

- increased upward motion and cloudiness over warmer land,

- decreased upward motion and cloudiness over oceans.

• Most robust maritime low cloud response is lowering of inversion:

- decreased entrainment due to weaker radiative cooling and 
increased stability overcomes reduced subsidence due to slowing-
down of Hadley circulation.



Plans

• For computational efficiency, our previous SP-CAM studies (Wyant 
et al 2009 and Wyant et al, submitted) used a specified SST, which 
does not provide a perfect predictor of coupled model response to 
greenhouse warming.

• We would like to perform the coupled model run pair relevant to 
CMIP5 that would utilize runs that Cristiana and Charlotte have 
already made.

• This would give a more realistic characterization of the direct effect 
of CO2 on low clouds, as well as an estimate of climate sensitivity.

• The results could be contributed to the CMIP/CFMIP database, to 
represent and publicize CMMAP’s efforts more broadly.


