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Abstract. We revisit a model of feedback processes pro-Instead, we will explore the climatic implications of the de-
posed by Lindzen et al. (2001), in which an assumed 22% reerease of high cloud area with increasing SST by employing
duction in the area of tropical high clouds per degree increas¢he same model framework as in LCH.

in sea surface temperature produces negative feedbacks as-L.CH suggested that decreasing areas of upper-level cloud
sociated with upper tropospheric water vapor and cloud raand high moisture with increasing SST would produce a rise
diative effects. We argue that the water vapor feedback ign the outgoing longwave radiation (OLR) and thus a neg-
overestimated in Lindzen et al. (2001) by at least 60%, andative feedback in the climate system. Such a feedback was
that the high cloud feedback is small. Although not men-referred to as an adaptive infrared iris. LCH examined the
tioned by Lindzen et al. (2001), tropical low clouds make a jris feedback using a two-dimensional radiative-convective
significant contribution to their negative feedback, which is model. Their calculations showed that changes of the rela-
also overestimated. Using more realistic parameters in theéive areas of tropical moist and dry air in response to changes
model of Lindzen et al. (2001), we obtain a feedback fac-in SST could lead to a feedback factor of as much as about
tor in the range 0f-0.15 to —0.51, compared to their larger —1.03. Such a large negative feedback would more than can-
negative feedback factor 6f0.45 to —1.03. Itis noted that  cel all the positive feedbacks in the more sensitive current
our feedback factor could still be overestimated due to the aselimate models.

sumption of constant low cloud cover in the simple radiative-  There are three contributions to the iris effect suggested
convective model. by LCH: that due to water vapor, that due to high clouds and
that due to low clouds. (This last is not acknowledged by
LCH.) Here the cloud and water vapor feedbacks are inextri-
cably tied to each other. Based on the calculations by LCH,
the contribution to the iris feedback factor due to water vapor
Motivated by the observational evidence that in the Trop-iS Negative and lies between 0 ar0.58 depending on how
ics the boundary between regions of high and low free-well the moist area follows 'the cirrus cloqd area. Apcordlng
tropospheric relative humidity is sharp, and that areas of higif© their calculations, even if regions of high humidity were
free-tropospheric relative humidity tend to be localized near0t coupled to cloudiness, the feedback factor due to clouds
upper-level cirrus, Lindzen et al. (2001) (hereafter LCH) an-2alone would still amount to abowt0.45, which would can-
alyzed cloud data for the eastern part of the western Pacifi€€! model water vapor feedback in almost all climate models.
from the Japanese GMS-5. They concluded that the aredhe s_trong negat_lve feedbacks that result. from the assumed
of upper-level cloud coverage normalized by the area of cu€gative correlation between SST and high cloud area are
mulus coverage decreases about 22% per degree Celsius ii2sed on two major arguments in LCH. First, they assert that
crease in the sea surface temperature (SST) of the cloudge effect of tropical high clouds on the OLR is much larger
region. They interpreted this as the effects of ocean surfacé1an their effect on reflected solar radiation. Second, they
temperature on cirrus detrainment from cumulus convectionf'”q that the grgenhouse effect of water vapor in _the tropical
This observational result, while open to question (HartmannMOiSt regions is much greater than that in tropical dry re-

and Michelsen, 2001), is not the focus of the present papedions- It should be noted that the strong negative feedback
presented in LCH is not only due to water vapor and high

Correspondence tdQ. Fu (gfu@atmos.washington.edu) clouds, but also due to low clouds, which was not acknowl-
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edged in LCH. LCH assume that low clouds are everywhereThe SSTs for the tropical and extratropical regions are as-
in the Tropics with a constant cloud cover and high cloud sumed to be 10 degrees higher and lower, respectively, than
albedo, and thus a strongly negative cloud radiative forcingthe global mean SST that has a current value of 288 K. The
Therefore, a decrease in cirrus cloud cover would increasenoist region of the Tropics is further divided into a cloudy-
the area with strong negative cloud forcing, which would al- moist region (11%) covered by upper level cirrus, and a clear-
ways produce a cooling (negative feedback). moist region (14%) clear of such cirrus. The low cloud cover
In this paper, we will examine the major arguments used inis assumed to be 25% everywhere in the Tropics; that is, 25%
LCH to derive the negative feedbacks related to high cloudspf the surface in the Tropics is covered by low clouds. The
low clouds, and water vapor. We discuss the impact of theseeflectivities of tropical high and low clouds are assumed to
arguments on their main conclusions on climate sensitivity.oe 0.24 and 0.42, respectively. The tropical clear sky reflec-
On the basis of calculations and observations we find that théivity is 0.13. The emission temperatures used are the tropical
contrast in clear-sky OLR between moist and dry regions isSST minus 27.6 K, 37 K, and 76 K for the tropical dry, clear-
overestimated by at least 60% in LCH. Observations suggestoist, and cloudy-moist regions, respectively. These choices
that the tropical high cloud region has near zero net radiagive OLRs of 303Wm?2, 263Wn12, and 138 Wm?, re-
tive forcing, and that the net radiative effect of low clouds spectively. The complete list of choices of parameters for the
is smaller than that assumed by LCH. Therefore we find a3.5-box model are given in Table 1 of LCH. They are con-
much reduced magnitude for each of the contributions to thesistent with the Earth Radiation Budget Experiment (ERBE)
hypothetical iris feedback. Assuming a 22% decrease in higlobservations of the reflectivities and emission temperatures
cloud coverage per degree of SST increase, and using thaveraged for the tropical and extratropical regions and the
model framework of LCH, we obtain a feedback factor of globe.
—0.15 to —0.51, compared to the range of0.45 to —1.03

obtained by LCH. To evaluate the magnitude of the iris feedback, LCH var-

ied the areas of the tropical regions, decreasing the tropi-
2  The feedback factor and LCH’s 3.5-box model cal cloudy- and clear-moist regions and increasing the trop-

ical dry region accordingly. Here it is instructive to evalu-
Following LCH, the net responsa,T, of the climate system ate the relative contributions of water vapor, low clouds, and
to an external forcingA Q, can be expressed in the equation high clouds to the TOA radiative energy budget change in
response to changes of high cloud area using the LCH pa-
rameter values. Consider a decrease of high cloud cover by
whereG) is the no-feedback gain of the climate system and2-2% from 11% to 8.8% as an example and assume that the

F is the additional forcing per degree increase in the net refropical moist region follows the area of cloudy moist air

AT = Go(AQ + FAT)

have with the parameters in LCH, the changes of the radiative en-
ergy budget at the TOA are2 Wm2 due to water vapor,
AT = GoAQ/(1— GoF) = ATo/(1— f) —0.84Wm2 due to high clouds, and-0.7 Wm2 due to

low clouds. In the calculations, we assume overlap of cirrus
and low clouds for the high cloud region, following LCH.
The total radiative energy budget chang&54 Wm2) ob-
tained here is responsible for a feedback factor-&f03 by

whereATy = GoAQ is the response of the climate system
to the forcing in the absence of feedbacks ghd= GoF
is referred to as the feedback factor. In the iris mechanism

.F IS the pro.duct of two parts.. The first part is thg Ch.angeusing the relation between the high cloud cover and SST
in tropical high cloud cover with SSTAA/AT,, which is :

. . . from LCH. Note that the water vapor effect corresponding

assumed to be 22% reduction of the high cloud fraction per, . 5

o : to the change of moist area can be from G®Wm~<, de-

degree Kelvin increase of SST. The other part is the change

) L ... > pending on how closely the area of the moist region follows
Icnhg]negl—%Ah(itgohpc?LLgecziﬁz;phjrzgrﬁﬁgﬁ %::Elgﬁt?im th 3the area of cloudy moist air. Therefore, the feedback factor
ne ) -

tions from the direct radiative effect of the clouds and their " LCH ranges from abou0.45 to—1.03.
assumed effect on the area in which the upper troposphere is

moist. Therefore, Since the values of the parameters used in the 3.5-box
model in LCH are not completely constrained by observa-
AA ARnet . - . .
= AT AA tions, in what follows we will examine the dependence of
N

A Rpet/ AA on the choices of model parameters. In particu-
LCH constructed a 3.5-box model with radiative-convective lar, we will use additional information derived from model-
equilibrium to calculate5o and ARnet/ AA. In this model,  ing and observations to further constrain the contrast in OLR
the world is divided into three regions: the moist Tropics between dry and moist regions and the net radiative effects
(25%), the dry Tropics (25%), and the extratropics (50%). of high and low clouds.
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Fig. 1. Tropical atmospheric profiles used in clear-sky OLR simulatidia$:temperaturefb) relative humidity for tropical clear-moist
region; andc) relative humidity for tropical dry region.

3 Radiative effects of tropical water vapor in the iris 268 Wn 2, respectively, for the tropical dry and clear-moist
feedback regions. To match the ERBE full sky OLR for the Tropics,
we require an OLR of 154 Wn? for the cloudy-moist re-
The water vapor feedback related to changing the area ofjion, as opposed to 138 Wrin LCH. The OLR difference
the tropical moist region is proportional to the difference in between the dry and clear-moist regions is then 25W/m
the OLR between the tropical dry and clear-moist regions.which is 15Wnt?2 lower than that derived from LCH. Our
The OLRs used in LCH for these two regions are 303 andsensitivity study shows that in order to produce the OLR of
263 Wnt2, which result in a difference of 40Wm. The 303 Wnt?2 for the clear-dry region as used in LCH, the free-
OLR for the cloudy-moist region is set to 138Wfto  tropospheric relative humidity must be less thaf0%. For
match the ERBE full sky OLR for the Tropics. their OLR of 263 Wn12 in the tropical clear moist region the
In order to examine the OLR in the tropical regions, we relative humidity must be as high as 80%.
use a radiation model developed by Fu and Liou (1993). In  As another way to estimate the OLR differences between
this model, the radiative transfer scheme used is the deltaglear moist and dry regions, we use the ECMWF water vapor
four-stream approximation. Gaseous absorption due®@,H  data. The mean relative humidity profiles over tropical ocean
CO;, O3, CHy, and NO is incorporated into the scattering are obtained for different regions that are defined based on
model by employing the correlated k-distribution method (Fu their monthly-mean precipitation (Bretherton, private com-
and Liou, 1992). The b continuum absorption is included munication, 2001). Here an interval of 1 mm dayfrom 0
by using CKD2.2 (Charlock et al., 1999). to 16 mm day! is considered. The monthly-mean precipita-
We use the tropical standard temperature profile (Mc-tion of 3 mm day ! roughly divides the tropics into 50% drier
Clatchey et al., 1971) with modification to be consistent with and 50% moister regions. Using averaged relative humidity
the sea surface temperature of 298 K. The relative humidprofiles for these two regions (see Fig. 2), we obtain an OLR
ity for the moist region is assumed to be 70% from the sur-difference of 15Wm?2. This calculation might underesti-
face to 14 km, which is in rough agreement with observationsmate the OLR difference since the monthly-mean ECMWF
(Brown and Zhang, 1997; LCH). For the tropical dry region, water vapor data might smear out the sharp transition be-
we use a relative humidity of 80% from the surface to 1.5 km,tween the moist and dry regions in the instantaneous fields.
and decreasing linearly from 30% to 5% from 1.5 to 14 km Therefore, we also use the relative humidity profiles for the
(Larson et al., 1999; Manabe and Wetherald, 1967). Aboveareas with the monthly-mean precipitation smaller (larger)
14 km, the tropical standard water vapor profile is used. Fig-than 1 mm day! (15 mm day?), corresponding to the ex-
ure 1 shows our assumed temperature and relative humidityreme dry (moist) region (see Fig. 2). In this case, we derive
profiles below 14 km. an OLR difference of 23 Wir?, which is 2 Wn1?2 smaller
The OLRs from the radiation model are 293 Wfnand than the value derived using the profiles in Fig. 1. Thus the

www.atmos-chem-phys.org/acp/2/31/ Atmos. Chem. Phys., 2, 31-37, 2002
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Fig. 2. Tropical ocean ECMWF relative humidity profiles aver- o _ _ o
aged over regions with different monthly-mean Xie-Arkin precip- 4 Radiative effects of troplcal clouds in the iris feedback

itation categories. The water vapor profiles were based on all
monthly means for the 15years (1979-1993) of the ECMWF re-LCH used the values of a tropical reflectivity of 0.24 and a
analysis ERA15 (C. Bretherton, private communication, 2001).tropical clear sky reflectivity of 0.13 based on ERBE obser-
The monthly-mean surface precipitation smaller and larger thanvations to constrain their model parameters related to solar
3mm day ! roughly divided the tropics into 50% drier and 50% radiation in the Tropics. Their choices, however, are not the
moister regions. only ones consistent with the ERBE data. Figure 3 shows
r;, the reflectivity of tropical low clouds, as a function of
rn, the reflectivity of high tropical clouds, required to match
the ERBE tropical reflectivity. Other parameters in the cal-
OLR difference between clear moist and dry regions used irfulations follow LCH. We can see that decreases as,
the 3.5-box model can not be larger tha25 Wnm 2. increases in order to maintain the constant mean reflectiv-
ity for the tropics. Figure 3 indicates that consistency with
ERBE observations suggest a clear-sky OLR difference ofERBE reflectivities is possible for a wide range rqf and
about 20 W2 between moist and dry regions (e.g. Harri- r;. The symbol %” represents the choice of tropical cloud
son et al., 1990). For example, for the Western Pacific con+eflecitvities used in LCH. The cloud radiative effect on the
vective region (0-15N, 120-150 E) and the Central Pacificproposed area feedback is very sensitive to the cloud reflec-
“dry zone” (0-15S, 130-150 W), we have clear-sky OLRs tivities chosen in the model. Note that the relation between
of 280 Wn12 and 301 Wn?2, respectively (Hartmann et al., r; andr;, shown in Fig. 3 does not depend on the emission
2001). Note that the SSTs are302 K for the convective re- temperatures. The question that arises now is, what are the
gion and~ 300K for the dry zone. In order to obtain the r, andr; we should use? It is clear that more observational
OLR differences due to water vapor only, we convert theinformation is needed to choose appropriate reflectivities for
observed clear-sky OLRs to those with the same temperathe 3.5-box model. We turn for this information to observed
ture profile and a SST of 298 K, which gives 295 Whfor cloud radiative forcing (CRF) at the TOA.
the dry zone and 273 Wn? for the moist region. The con- The CRF at the TOA is a useful quantity for understanding
version here is based on radiation model simulations by asthe role of clouds in the climate system. It is defined as the
suming that the relative humidity profiles do not change with difference in the TOA net radiative fluxes (absorbed solar ra-
the changes of the temperature profiles. Therefore, the OLRliation minus outgoing longwave radiation) between all-sky
difference due to water vapor between moist and dry regiorand clear-sky conditions. CRF gives a measure of the effect
based on ERBE observations is also smaller than 25%Wm of clouds on the radiative energy budget at the TOA. Based
Here we argue that the effect of water vapor on the area feedsn LCH’s 3.5-box model with their parameters, the CRF in
back is overestimated in LCH by at least 60%. the tropical cloudy-moist region after considering the over-

Atmos. Chem. Phys., 2, 31-37, 2002 www.atmos-chem-phys.org/acp/2/31/
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Net Cloud Radiative Forcing (W m™d) 4.1 Tropical high cloud effects

” "
157 \\/
13 0
| 50
-50
.
b0

The shortwave effect of clouds cools the earth-atmosphere
system by reflecting the solar radiation back to space, while
their longwave effect warms the system by trapping the in-
frared radiation emitted from the warmer underlying atmo-
sphere and surface. For tropical high clouds, their long-
wave effect can dominate their shortwave effect or vice versa,
which would yield a positive or negative cloud radiative forc-
ing.

Figure 4 shows the daily-mean cloud radiative forcing for
tropical overcast cirrus as functions of cloud top height and
cloud optical depth, calculated using the radiation model

Cloud Top Height (km)
-
=
|

-y N — — ‘ that was developed by Fu and Liou (1993) and modified by
2 -1 0 1 Fu (1996) and Fu et al. (1998). The temperature, water vapor,
Log, ot and ozone profiles are those of the tropical standard atmo-

sphere (McClatchey et al., 1971). The mean effective size of
Fig. 4. Calculated Daily-averaged cloud radiative forcing (W ice particles in the cirrus is assumed to be0 (Fu, 1996)
for overcast high clouds as functions of cloud top height and cloudand the ocean surface albedo is 0.05. The solar radiation is
visiblg. optical depth. The solar radiation is considered at equinoxSet at equinox conditions at the equator.
conditions at the equator. Figure 4 indicates that the radiative forcing due to cirrus
clouds can range from positive to negative, depending on the
cloud optical depth and cloud top height. For given cloud top
. ) 5 ) height, the cloud radiative forcing is usually positive for very
lap of cirrus and low clouds is-38 Wm™=. By neglecting  gmg| optical depths and increases with the optical depth. As
the greenhouse effect of low clouds, the CRF in the tropicaly,e ontical depth continues to increase, the forcing reaches

: . ; ; —2
clear-moist region due to LCH's low clouds i832WnT™=. 5 ayimum and then decreases to zero and becomes nega-
The positive cloud radiative forcing in cloudy-moist region e for large optical depths. Figure 4 also shows that for

and negative cloud forcing in the clear-moist region in LCH iyen cloud optical depth, the cloud forcing increases with
contribute powerfully to their negative feedback as the highyo ¢joud top height. It is worth mentioning here that the

cloud cover decreases with the increase of SST. Note thaf,ijespread subvisible thin cirrus clouds in the tropics have
the calculated radiative forcing of high clouds depends ong, optical depth less than 0.03, which have a net cloud radi-
the emission temperatures assumed for the tropical regiong;;q,, forcing smaller than 4.5 Wn3 from our calculation.

through the longwave radiat?on. In the fqllowing, we will Observations based on ERBE data indicate that long-
use observed _CRF for the high Cl_OUd region and the OLRSave and shortwave cloud forcing for tropical convective
we ce}lculated in Sect. 3 to constrain the reflectivities of trop-1ouds nearly cancel (Ramanathan et al., 1989; Kiehl and Ra-
ical high and low clouds. manathan, 1990); i.e. the total cloud radiative forcing is near
zero. By analyzing ERBE and ISCCP data in a large region
from 10° Sto 10 N and 140 E to 9C W, Kiehl (1994) found

that the longwave cloud forcing and shortwave cloud forcing
are for the most part dependent on the high cloud amount.
Kiehl (1994) explained the cancellation of the longwave and
shortwave cloud forcing at the top of the atmosphere as a re-
sult of macro- and micro- physical properties of the prevalent

The symbol 6" in Fig. 3 represents the reflectivities when
the cloud radiative forcing for the tropical high cloud region
(i.e. cloudy moist region) is zero. Here the high cloud reflec-
tivity is increased ta;, = 0.342 and the low cloud reflectiv-
ity is reduced to; = 0.331. The cloud radiative forcing of
the tropical cloudy moist region is positive (negative), when
ry, is smaller (larger) than 0.342. Therefore the role of trop-

ical high clouds in the area feedback can be either positivé®Vil clouds.
or negative, depending on thg used. We can constrain the ~ Recently, Hartmann et al. (2001) used ERBE and ISCCP
value ofr, by known limits on the cloud radiative forcing in data in conjunction with the radiative transfer model (Fu and

high cloud regions. Liou, 1993; Fu, 1996; Fu et al., 1998) to estimate the effect
of various cloud types on the TOA radiative budget in tropi-
Since the low cloud forcing is always negative, low clouds cal convective region. The area considered is from 0NL5
always produce negative feedback associated with a decread®0-150 E during July and August 1985 and 1986, which
of high cloud cover. But this negative feedback effect de-can be considered a typical tropical moist region. Figure 5a
creases as theg increases, if we constrain the tropical mean shows cloud cover versus cloud top heights and visible opti-
reflectivity to match ERBE observations. We will discuss the cal depths for this region. The sum of numbers in the boxes
low cloud effects more later. for high clouds, which have cloud top heights higher than

www.atmos-chem-phys.org/acp/2/31/ Atmos. Chem. Phys., 2, 31-37, 2002
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Therefore, we choose, = 0.342 andr; = 0.331 for

the 3.5-box model so that the cloud radiative forcing for the
cloudy-moist region is zero, as observed. Since the feedback
due to the direct radiative effect of high clouds related to area
changes is proportional to the cloud radiative forcing for the
high cloud region, we can argue that the direct radiative ef-
fect of the tropical high clouds cannot constitute an effective
“infrared iris”.

4.2 Tropical low cloud effects

Given constant low cloud cover, tropical low clouds produce
a negative feedback related to changing the relative area of
the high cloud region. This feedback is proportional to the
low cloud radiative forcing. Using & of 0.331 with a cloud
cover of 25%, and assuming no greenhouse effect of the low
clouds, the cloud radiative forcing for the tropical low clouds
based on the 3.5-box model becomezt Wm 2. Since this

is smaller than the low cloud radiative forcing-e82 W12

in LCH, we argue that the negative feedback due to low
clouds is also exaggerated in LCH.

Low cloud forcing in the trade cumulus regions adjacent
to deep convection over the warm water may be even much
smaller in magnitude than 24 W, since ERBE estimates
suggest a value less than 10 Wa{Hartmann et al., 2001).
The most reflective low clouds in the tropics are over the
cooler SST in areas of upwelling, far removed from deep
convection. Thus the assumption of constant low cloud cover
in the simple 3.5-box model might significantly exaggerate
the negative feedback related to boundary-layer clouds. Fi-
nally we note that Bajuk and Leovy (1998) suggested a neg-
ative correlation between the ocean temperature and the low
cloud amount, which might introduce a positive feedback in

Fig. 5. (a)ISCCP cloud cover versus cloud top height and visible the climate system. Further research is needed to examine the

optical depth andb) calculated TOA cloud radiative forcing for

variation of tropical low cloud properties and its implication

each cloud category, using cloud cover from the Fig. 5a, for thein climate sensitivity.

region 0—-15N, 120-150 E during July and August 1985 and 1986.

7 km, gives a total high cloud cover of about 0.6. Figure 5b

5 Conclusions and discussions

shows modeled cloud radiative forcing for each of the ISCCPUsing a simple 3.5-box radiative-convective model, LCH ob-
cloud categories, using the cloud cover values in Fig. 5atained a feedback factor betweef.45 and—1.03 related to

The total cloud radiative forcing for this area-isl1 W2

the changes of tropical high cloud area with changes of SST.

from the radiation model with the ISCCP data as input andThis feedback factor can be attributed to the radiative effects
—7Wm~2from ERBE. Note that although the overcast cloud of water vapor (0 to-0.58), high clouds £0.25), and low
forcing for each individual cloud category can be strongly clouds (-0.20). In this paper, we argue that the contribu-
positive or negative (Fig. 4), the ensemble of cloud typestion of tropical high clouds to the feedback process would be
that occurs in association with deep convection in the trop-small since the radiative forcing over the tropical high cloud
ics arranges itself so that the individual positive and negativeregion is near zero and not strongly positive as LCH assume.
contributions cancel each other when averaged over the corlt is also shown that the water vapor and low cloud effects
vective cloud system (Hartmann et al., 2001). From Fig. 5b,are overestimated by at least 60% and 33%, respectively, in
the total cloud radiative forcing due to high clouds, which is LCH. Using the model of LCH with our revised parameters

sum of numbers in relevant boxesA€.6 Wm2. Since the

we obtain a feedback factor ranging fror0.15 to —0.51

high cloud cover is 0.6, we infer that overcast cloud radiativedue to the radiative effects of water vapor (0+46.36) and

forcing for the high cloud region is onk1 Wm~2.

Atmos. Chem. Phys., 2, 31-37, 2002

low clouds (0.15). Itis noted that our feedback factor could
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still be overestimated due to the assumption of constant lowFu, Q. and Liou, K. N.: Parameterization of the radiative properties

cloud cover in the simple radiative-convective model. of cirrus clouds, J. Atmos. Sci., 50, 2008-2025, 1993.
In this paper we have assumed that the assumption of 229%u, Q.: An accurate parameterization of the solar radiative prop-
high cloud cover decrease for &CLincrease in SST from erties of cirrus clouds for climate models, J. Climate, 9, 2058—

LCH is valid. However, Hartmann and Michelsen (2001) E 2082’3996'P d'sun W.B: A o
pointed out that the negative correlation between cloud- u, Q. Yang, P., and Sun, W. B.: An accurate parameterization

weighted SST and high cloud fraction derived by LCH from ?TI Otg; s'“?g%;g'agezg?; ezrtzl?,; Olfg(grsrus clouds for climate
observations within the domain considered by them is NOY 4 rrison, E. F., Minnis, P.. Barkstrom, B. R., Ramanathan. V., Cess,

really evidence that tropical anvil cloud area decreases with R p_and Gibson, G. G.: Seasonal variation of cloud radiative

the increase of SST. Further research is needed to investigate forcing derived from the Earth Radiation Budget Experiment, J.

the relation between high cloud cover and SST. It should be Geophys. Res., 95, 18 687—18 703, 1990.

noted that for ANY rate of changes of cloudy- and clear- Hartmann, D. L., Moy, L., and Fu, Q.: Tropical convection and

moist areas with changing SST, the feedback due to such a the energy balance at the top of the atmosphere, J. Climate, 15,

change will be significantly smaller than that suggested by 4495-4511, 2001.

LCH. Hartmann, D. L. and Michelsen, M. L.: No evidence for iris, Bull.

Amer. Meteorol. Soc., in press, 2002.
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