
DOI: 10.1126/science.1187667
, 277 (2010);329 Science

 et al.Amy C. Clement
Positive Low-Level Cloud Feedback''
Response to Comment on ''Observational and Model Evidence for

 This copy is for your personal, non-commercial use only.

 clicking here.colleagues, clients, or customers by 
, you can order high-quality copies for yourIf you wish to distribute this article to others

 
 here.following the guidelines 

 can be obtained byPermission to republish or repurpose articles or portions of articles

 
 ): May 27, 2014 www.sciencemag.org (this information is current as of

The following resources related to this article are available online at

 http://www.sciencemag.org/content/329/5989/277.2.full.html
version of this article at: 

including high-resolution figures, can be found in the onlineUpdated information and services, 

 http://www.sciencemag.org/content/329/5989/277.2.full.html#ref-list-1
, 2 of which can be accessed free:cites 2 articlesThis article 

 http://www.sciencemag.org/cgi/collection/tech_comment
Technical Comments

 http://www.sciencemag.org/cgi/collection/atmos
Atmospheric Science

subject collections:This article appears in the following 

registered trademark of AAAS. 
 is aScience2010 by the American Association for the Advancement of Science; all rights reserved. The title 

CopyrightAmerican Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. 
(print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by theScience 

 o
n 

M
ay

 2
7,

 2
01

4
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 
 o

n 
M

ay
 2

7,
 2

01
4

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fr

om
 

http://oascentral.sciencemag.org/RealMedia/ads/click_lx.ads/sciencemag/cgi/reprint/L22/1855708598/Top1/AAAS/PDF-R-and-D-Systems-Science-1709891/SfN2014_TG_ScienceBanner.raw/1?x
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/content/329/5989/277.2.full.html
http://www.sciencemag.org/content/329/5989/277.2.full.html#ref-list-1
http://www.sciencemag.org/cgi/collection/atmos
http://www.sciencemag.org/cgi/collection/tech_comment
http://www.sciencemag.org/
http://www.sciencemag.org/


Response to Comment on “Observational
and Model Evidence for Positive
Low-Level Cloud Feedback”
Amy C. Clement,1* Robert Burgman,1 Joel R. Norris2

Broccoli and Klein argue for additional diagnostics to better assess the simulation of cloud feedbacks in
climate models. We agree, and here provide additional analysis of two climate models that reveals where
model deficiencies in cloud simulation in the Northeast Pacific may occur. Cloud diagnostics from the
forthcoming Climate Model Intercomparison Project 5 should make such additional analyses possible for a
large number of climate models.

Based on an analysis of the available diag-
nostics in the Climate Model Intercom-
parison Project, phase 3 (CMIP3) archive,

we argued in Clement et al. (1) that HadGEM1
was the only model to simulate realistic cloud-
meteorology relationships in the Northeast (NE)
Pacific. We found that the GFDL CM2.1 model
did not simulate the observed relationships be-
tween total cloud and both lower tropospheric
static stability andmid-tropospheric vertical veloc-
ity. Using additional diagnostics that were not
available in that archive, Broccoli and Klein (2)
argue that the GFDL CM2.1 model does in fact
simulate the observed signs of correlations be-
tween low-level cloud variability and local meteo-
rology in the NE Pacific. We are in agreement
with this finding. Furthermore, the GFDL model
appears to simulate a vertical structure in the
cloud response to local SST in a manner that is
qualitatively similar to the HadGEM1 model
(Fig. 1), with reduced cloud amount in lower
levels and increased cloud amount at upper levels
when the SST is high.

The findings in (1) and those of Broccoli and
Klein (2) can be reconciled by the fact that total
cloud variability in the GFDLmodel appears to
be dominated by upper-level clouds, as illus-
trated in Fig. 2, whereas total cloud variability in
HadGEM1 is dominated by lower-level clouds.
Unfortunately, it is not possible with the model
diagnostics currently available through CMIP3
to determine whether the details of the vertical
structure of cloud response in either model are
quantitatively consistent with satellite or surface-
based observations of cloud fraction at different
levels in the atmosphere. The only diagnostic
available with which the models participating in
CMIP3 and observations can be directly com-
pared is total cloud amount. Based on this quan-

tity, the HadGEM1 model is in better agreement
with observations than the GFDL model [as we
argued in (1)], even if the low-level cloud re-
sponses are qualitatively similar between the two
models. Furthermore, although International Satel-
lite Cloud Climatology Project (ISCCP) cloud

amounts cannot be directly compared with the
profiles shown in Fig. 2 because those quantities
represent an average over pressure levels in which
cloud overlap is taken into account, we note that
the annual variance in ISCCP high cloud (above
440 mb) is ~5%-squared. This does not appear to
be consistent with the GFDL simulation of high
cloud variability in the region.

From the forthcoming Climate Model Inter-
comparison Project 5, there will be a large number
of cloud diagnostics that can be used to inter-
compare both models and observations in much
greater detail. Thus, the realism of the low-level
cloud simulation in the next generation of climate
models can be put to a more complete test.
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Fig. 1. Regression (REGR)
of cloud amount (CL) in
the NE Pacific (15° to
25°N, 145° to 115°W)
on NE Pacific SST (% per
K) in (left) GFDL CM2.1
(plotted as a function on
a log pressure scale) and
(right) HadGEM1 (plotted
as a function of height).
We note that the three-
dimensional cloud amount
for the HadGEM model
was not available in the
CMIP3 archive and thank
M. Ringer formaking this
data available to us.

Fig. 2. Mean (%, black
line) and variance (%-
squared, red line) of cloud
amount in (left) GFDL
CM2.1 (plotted as a func-
tion of ln pressure), and
(right) HadGEM (plotted
as a function of height).
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