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The study of climate and climate change is hindered by a
lack of information on the effect of clouds on the radia-
tion balance ofthe earth, referred to as the cloud-radiative
forcing. Quantitative estimates ofthe global distributions
of cloud-radiative forcing have been obtained from the
spaceborne Earth Radiation Budget Experiment (ERBE)
launched in 1984. For the April 1985 period, the global
shortwave doud forcing [-44.5 watts per square meter
(W/m2)] due to the enhancement of planetary albedo,
exceeded in magnitude the longwave cloud forcing (31.3
W/m2) resulting from the greenhouse effect of douds.
Thus, clouds had a net cooling effect on the earth. This
cooling effect is large over the mid- and high-latitude
oceans, with values reaching -100 W/m2. The monthly
averaged longwave cloud forcing reached maximum val-
ues of 50 to 100 W/m2 over the convectively disturbed
regions of the tropics. However, this heating effect is
nearly canceled by a correspondingly large negative short-
wave cloud forcing, which indicates the delicately bal-
anced state of the tropics. The size of the observed net
cloud forcing is about four times as large as the expected
value of radiative forcing from a doubling of CO2. The
shortwave and longwave components ofcloud forcing are
about ten times as large as those for a CO2 doubling.
Hence, small changes in the cloud-radiative forcing fields
can play a significant role as a climate feedback mecha-
nism. For example, during past glaciations a migration
toward the equator of the field of strong, negative cloud-
radiative forcing, in response to a similar migration of
cooler waters, could have significantly amplified oceanic
cooling and continental glaciation.

C LOUDS ARE REGULATORS OF THE RADIATVE HEATING OF
the planet. They reflect a large part of the incoming solar
radiation, causing the albedo of the entire earth to be about

twice what it wouild be in the absence of clouds (1). Clouds also
absorb the longwave (LW) radiation (also known as infrared or
thermal radiation) emitted by the warmer earth and emit energy to
space at the colder temperatures of the cloud tops. Cloud LW
absorption and emission are, in a sense, similar to the radiative
effects of atmospheric gases. The combined effect ofLW absorption
and emission-that is, the greenhouse effect-is a reduction in the
LW radiation emitted to space. The greenhouse effect ofclouds may
be larger than that resulting from a hundredfold increase in the CO2
concentration of the atmosphere (2).
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How these two competing effects of clouds vary with time,
geography, or cloud type and structure is not well understood; nor
do we know how clouds modulate meridional and regional radiative
heating. Such heating drives the general circulation of the atmo-
sphere and oceans. Significantly different estimates of cloud radia-
tive effects have been used in models of past and future climates. In
short, the fundamental question, whether clouds cool or warm the
climate, has remained unanswered.

Cloud-radiative interactions represent a large source of uncertain-
ty in several areas including: (i) the prediction of climate changes
associated with an anthropogenic increase in trace gases, and (ii) the
understanding of past and future climate changes caused by varia-
tions in the solar constant or the orbital parameters of the earth (3,
4). General circulation model (GCM) studies (4) have contributed
to our understanding of cloud-climate feedback, and limited obser-
vational studies (5) have aided the identification ofcomplex mecha-
nisms of cloud-climate interaction. However, a global perspective
on cloud-radiative interactions based on observations has been
lacking.

Observations of the modulation of the solar and LW radiation
fluxes by clouds can provide needed insights into the cloud-climate
interaction. Such modulations are called the shortwave (SW) and
longwave cloud-radiative forcing (6). We have obtained quantitative
estimates ofthe global distributions ofSW andLW forcing from the
Earth Radiation Budget Experiment (ERBE), a system of satellites
that provides data on incoming and emitted radiation (7). In this
article, we develop the cloud-radiative forcing concept, describe
global variations in the forcing on the basis of the ERBE data, and,
finally, discuss the implications of these data for understanding past
and future climatic changes.
Description of ERBE. The ERBE includes three satellites in

different orbits, a system that improves temporal sampling and can
provide data on diurnal variations. The Space Shuttle Challenger
launched the first of three satellites, the Earth Radiation Budget
Satellite (ERBS), in October 1984. The second satellite (National
Oceans and Atmospheric Agency, NOAA-9) was launched in
December 1984. The third (NOAA-10) was launched in July 1986
(8). In our study, we used data gathered by the ERBS and NOAA-9
satellites. Each satellite contained a pair of instrument packages: a
scanner and a nonscanner; we used the scanner measurements only.
The scanner footprint at nadir, that is, looking down, was about 35
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. During flight; observations ofintemal black bodie" a sun
were used to calibratc the meurements. Independtl i
tungsten lamps also provided a relative check ofthe SW l .
A solar monitor on the nonscanner insment measures solar
irmdiance. We use this masurement to calculate the geogpic
distribution of incidnt The- ins ts the snn
measure the reflected SW and the emitted LW fluxes at thetp of.
the atmosphere. The differenc betwecn the nt -and the
reflected SW flux gives the solir energy aIborbed b the s
atmosphere column. The cmitted LW flux is the eergy dtd
away by the column. The differencc between the absorbd and
emitted flux is the net radiative heating of the su
column. We combined the radiation budget data fiom ERBS and
NOAA-9 satellit to produce diua average fltxes on a daily basis.
Then, we averaged thesc daily fliues over the days in the monh to
produce the data presnted. We disu below the completed
analyses for April 1985. Our initial lyses of data available for
other months support the condusion based on the April 1985
data.
The clouradiative ingtt us consider a domain

of an area large enough to conain regions of overcas skies and

A

reions of elc*r skie. In the overcast regions, water vapor occurs
with condensed water or ice, or both; in the clear sky regions, water
occurs only inthe vapor phase. ihe domain can be the whole earth,
an entre ltude belt, or a specific region on the globe. Typically,
such,a d wuldbe a composite ofovercast and dear skies and
is referrede:, llyI by>bmeorologists as cloudy. The tcrm ldoudy
s}ould nor be:cons ith the tern overcast. A cloudy domain is
overeaonly wiw it cov d with doudi
TheneIhtradiie heaig, H, forthe entire surface-t-amosphere

colum of a loudy domain is
H= S(1 -a) -F (1)

whereS istheolar and a isthe albedo; hence S(1 - a) is
the abiorbed latrr o. F s the LW flux enitted to space.
To describe -theecton H from observations, we first

define the clo 'dforig C
C = H-Hei (2)

where Heir is the dear-k ne heating. If a domain has no clouds,
H=H and C =O. Thus, cluds sould cause any difference
between the net radiative heating avaged over the doanin and the
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Fig. 1. (A) Cear-sky albedo; nwnthly averages for April 1985. Data from the scanners on-board ERBS and NOAA-9 satelites have been combined; (B)
same as (A), but for dear-sky LW flux.
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heating averaged only over the clear-sky regions in that domain.
From Eqs. 1 and 2, we can write C as

C = CSW + CLW (3)
where Csw = S(Qcir - a) and CLw = FcIr - F; tLclr is the clear-sky
albedo and Fc,Ir is the clear-sky LW radiation flux.

Clouds are almost always more reflective than the ocean surface
and land, except where there is snow. Thus, when clouds are
present, they reflect more solar energy into space than would clear
skies. The SW cloud forcing, Csw, gives a quantitative estimate of
this effect. Csw is simply the difference between the clear-sky and
doudy-sky reflected solar fluxes. When clouds are present, the
atmospheric column radiates less thermal energy into space than it
would ifthe skies were clear. The LW cloud forcing (CLw) measures
this effect. The net effect of clouds is simply the sum of the LW and
SW cloud forcing (Eq. 3). Equations 1 to 3 can also be derived in a
slightly different way (6), which leads to a cloud forcing expression
in cloud fraction and radiative fluxes from overcast skies. For
example, Csw = S(acjr- a) is equal to

S(aclr- a) = S ifi (tcr,i - to,i) (4)

In Eq. 4, the domain is subdivided into i subregions; Jf is the cloud
fraction and a0, is the overcast albedo for region i.

Obtaining the forcing from the expression on the left-hand side of
Eq. 4 is simpler and more effective than obtaining it from the right-
hand side. First, the clear-sky fluxes are significantly more homoge-
neous than overcast sky fluxes. As a result, the extension of clear-sky
fluxes to the entire domain minimizes the errors caused by poor
spatial and temporal sampling. Second, estimation of poorly con-
strained quantities, such as cloud fractions, is not necessary. Thus,
obtaining the cloud-radiative forcing reduces to the relatively simple
(but still difficult) problem of measuring the clear-sky fluxes (9).
The spatial resolution of meteorological scanners is not small

enough to allow identification of all the clear-sky areas in a region,
but this is not a problem because we do not anticipate systematic
variations in the clear-sky fluxes as a fimction of resolution. Clear
scenes that are larger than the resolution of the telescope should
have the same fluxes as smaller clear scenes. Observations for periods
longer than a week should average variations caused by random
scene-to-scene differences. Another potential problem occurs where
an entire region is overcast. In such regions, we can still infer a cloud
forcing by enlarging the size of the region so that it includes some
dear skies. An equivalent procedure is the adoption of an average of
the clear-sky fluxes estimated for the surrounding regions. The
uncertainty in the estimates increases with the spatial inhomogeneity
of regional-scale clear-sky fluxes. Our results show that the clear-sky
fluxes among adjacent regions are significantly more homogeneous
than the fluxes for average cloudy conditions.
ERBE observations of dear-sky albedo and LW flux. The

distribution of clear-sky albedo (Fig. 1A) reveals that the oceans are
the darkest regions of the globe. They have albedos that range from
6 to 10 percent in the low latitudes to 15 to 20 percent near the
poles. Ocean albedo increases toward high latitudes because the
albedo of the surface increases as the sun lowers in the sky (10). The
brightest parts of the globe are the snow-covered Arctic and
Antarctic. Next in brightness to the snow-covered regions are the
major deserts. The Saharan and Saudi Arabian deserts reflect as
much as 40 percent of the incident solar radiation. The other major
deserts, the Gobi and Gibson deserts, reflect about 25 to 35 percent.
The tropical rain forests in South America and Central Africa have
albedos from 10 to 15 percent. They are the darkest land surfaces on
the earth.
The clear-sky LW radiation data (Fig. 1B) show a more systemat-
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ic pattern. Emission decreases from a maximum of 330 W/m2 in the
tropics to about 150 W/m2 in the polar regicons. Although the clear-
sky observations contain no major surprises, txy do provide
quantitative estimates of the distribution of clear-sky radiative
heating.

Statistics ofdear-sky fluxes and uncertainties. The accuracy of
the estimates for regional and time-averaged clear-sky fluxes depends
on the homogeneity of the clear region fluxes. The spatial resolution
of the scanner is not sufficient to detect all ofthe clear regions in the
domain of interest. The error attributed to this poor sampling
depends on the spatial and temporal variability of the clear-sky
fluxes. To demonstrate that the clear-sky flux estimates were accu-
rate, we computed their standard deviation (cr) for several spatial

Table 1. Standard deviation ofclear-sky LW and SW fluxes (in parentheses)
in watts per meter squared. Four overlapping scans were used to estimate the
pixel scale aos. Each scan contains 62 pixels. All of the clear-sky pixels in the
four-scan set entered the computation of a mean and a standard deviation.
The pixels were also sorted into 2.50 by 2.5° regions. The dear-sky data for 1
day then yield regional cr values. The 1-day a's for each 2.50 latitude belt
were averaged. For the daily average, the a of 30 daily mean values was
computed for each region and the cr's were averaged over a latitude belt.

Latitudezone ~Pixel Regional DailyLatitude zone sscale scale (regional
scale)

42.5°N to 47.5°N 3.9 (8.3) 7.7 (3.1) 4.3 (3.5)
27.50N to 32.50N 2.7 (8.9) 4.1 (2.0) 6.5 (4.2)
2.50N to 2.5°S 3.2 (6.3) 2.5 (1.8) 3.9 (3.2)

27.50S to 32.50S 4.0 (9.3) 2.4 (1.5) 5.5 (5.5)
42.50N to 47.50S 1.8 (4.5) 3.9 (2.0) 5.4 (4.6)
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Clear sky ocean albedo

0.2 0.3 0.4 0.5 0.6 0.7

Cosine of solar zenfth angle
0.8 0.9 1.0

FIg. 2. Clear-sky ocean albedos. (solid line) Observed albedos for April
1985. The albedos were inferred from the scanner pixel data with the use of
the operational ERBE algorithm for identifying clear-sky scenes. A total of
1,280,047 scanner pixels covering the global oceans was included. (Short
dash) Same as the solid curve but, in addition to the operational algorithm, a
stringent homogeneity criterion was used; a total of 50,640 pixels was
induded. (Long dash) Computed albedos from the model described in (10).
In this model, observed ocean surface reflectivities are used in a multiple-
scattering model that accounts for Rayleigh and aerosol scattering and
absorption by 03, H20, and CO2.
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Flg. 3. The LW (A) andSW (B) doud frcing for April 1985. The uncertinties in th esi values arm about + 10 W/m2. Estima over snow-covered
regions may potentially have lager uncetainties becaus ofdiily in i clear fiom doudy regions over the bright snow-covered regons.

Fig. 4. Net (CLW + CSW) doud foring for
April 1985. The positive values of cloud

forcing, icuding those seen in North
America and in the polar regions, do not No data -125
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Table 2. Global summary of radiation budget. Average incident solar
radiation for April was 342 W/m2.

Item Albedo SW absorbed LW emitted NET heating
Itm N (W/m2) (W/M2) (W/M2)_

Clear sky 16.5 285.6 265.8 19.8
Average 29.5 241.1 234.5 6.6

Table 3. Comparison of global cloud forcing estimates in watts per meter
squared.

ERBE data (W/m2)

April July October January GCM'st
1985 1985* 1985* 1986*

CLW 31.3 30 32 30.6 23 to 55
CSW -44.5 -46.4 -49.4 -51.9 -45 to -74
C -13.2 -16.4 -17.4 -21.3 +1 to -34

*Analysis not completed for these months. tOn the basis ofa summary ofsix model
studies (16) for model simulations with January and July boundary conditions.

and temporal scales (Table 1). The clear-sky c's were always less
than 10 W/m2 (Table 1). In addition, sampling error for the
montly averaged regional estimates would be even smaller than the
a's shown in Table 1 (11). Thus, the statistics in Table 1 suggest that
sampling errors for regional clear-sky fluxes are significantly smaller
than the regional cloud forcing discussed below (11).

Errors in clear-sky fluxes can also arise from doud contanunation
of the so-called clear scenes. Only data from instruments with much
better resolution than the ERBE scanner can provide an accurate
estimate of this bias error. Lacking such data, we attempted various
consistency checks on a sample ofthe clear-sky fluxes to examine the
size ofthe error. (i) We applied stringent homogeneity criteria in the
identification of dear scenes. (ii) We chose scenes for which the
eight surrounding scanner pixels were also clear. (iii) We adopted
only those scenes for which the a ofthe LW radiance was less than 1
percent of the mean LW flux for the nine pixels. The use of these
criteria, chosen because of the results presented in (12), yielded
lower albedos (Fig. 2) and larger LW fluxes than the general results
for these scenes (Fig. 1). This response to editing of the data
suggests that douds did contaminate the operational data. Howev-
er, the bias is only +0.8 percent for albedo and -4 W/m2 for LW
flux. The positive bias in the clear-sky albedo reduces the size of the
negative SW cloud forcing. In contrast, the negative bias in the
dear-sky LW flux reduces the size of the LW cloud forcing. Because
the two forcing terms have opposite signs, the two bias errors
partially cancel in the net doud forcing (Fig. 2). The observed
albedos are also consistent with those computed from a detailed
theoretical model (Fig. 2) (10). The consistency between theory and
observations builds confidence in the retrieved dear-sky fluxes.
More detailed studies of scene identification errors with several
alternative techniques (7) also gave results that were similar to those
shown in Fig. 2.
LW and SW cloud forcng. The LW cloud forcing (Fig. 3A)

reaches peak values over tropical regions and decreases toward the
poles. In general, clouds reduce the LW emission to space. This
reduction in emission is effectively an increase in the radiation
energy absorbed in cloudy regions (compared with the energy in
clear-sky regions). Because the reduction in the LW emission is
largely a result of the emission from cold doud tops, optically thick,
high clouds reduce the emission more than low clouds. Hence,
cloud forcing of 50 to 100 W/m2 is at a maximum in regions with
extensive cirrus doud decks. Maxima occurred in three regions: (i)

6 JANUARY I989

the tropical Pacific and Indian oceans surounding Indonesia and the
Pacific intertropical convergence zone north of the equator; (ii) the
monsoon region in Central Africa and the deep convective regions
of the northem third of South America; and (iii) the mid-latitude
storm tracks in the Pacific and Atlantic oceans.
The SW cloud forcing (Fig. 3B) shows peaks in the mid-latitudes,

unlike the LW forcing. In the tropics, large negative values were
observed in the tropical monsoon and deep convective regions (Fig.
3A). These are areas where the LW forcing was equally large; the
SW forcing was also large north of 30°N in the Atlantic and Pacific
oceans. In these regions, the reduction ofabsorbed solar radiation as
a result of clouds exceeded 100 W/m2. Cloud systems associated
with the mid-latitude storm tracks and extensive stratus decks over
the colder oceans were responsible for this large reduction (13).
Large (negative) values were also observed over the oceans in the
mid-latitude Southern Hemisphere. These regions are known as the
"roaring 40's" because of the persistence of cyclones. Both SW and
LW cloud forcing were negligible over the narrow band of oceanic
upwelling regions of the eastern and central Pacific oceans. In
summary, cloud forcing patterns, even for observations during 1
month, reflect the major climatic regimes and the organized cloud
systems ofthe planet. Distinguishing between clear and cloud scenes
over the bright ice and snow-covered regions is difficult, and
therefore the positive SW forcing results over and near the Arctic are
less accurate than elsewhere; even the sign of the effect may be
uncertain.

In tropical regions, where the clouds significantly affected the LW
and SW fluxes, the LW and SW terms nearly cancel each other. The
net forcing there (Fig. 4) was within ± 10 W/m2, roughly the
estimated uncertainty in our regional estimates of the net cloud-
radiative forcing. Between 15°N and 15°S, the zonally averaged
forcing was slightly negative and was about 10 to 20 percent of the
SW forcing. Earlier workers (14) anticipated the competing nature
of the two forcing terms. However, their near cancellation is
surprising. We do not understand the physical and dynamical
constraints that require these cloud systems to organize in such a
manner. The only exceptions to the near cancellation of the cloud
forcing in the tropics are marine stratocumulus cloud systems. These
systems commonly occur off the coast of Chile (in South America)
and the coasts of Angola and Namibia in Africa.
Near cancellation of the column-integrated radiative forcing does

not imply a negligible role of clouds in the regional climate.
Modeling results (6) suggest that the negative Csw is due to
divergence (cooling) of SW flux at the earth's surface. In contrast,
the positive CLW in the tropics is due to convergence (heating) of
LW flux in the troposphere. Thus these cloud systems may lead to a
significant perturbation of the vertical gradients of radiative heating
or cooling patterns (6, 15).
Over the mid- to high-latitude oceans, poleward of 300 in both

hemispheres, cloud forcing is negative. The negative forcing is
particularly large over the Pacific and Atlantic oceans where C is
between -50 and -100 W/m2.
Another anomalous feature (Fig. 4) is the positive cloud forcing

regions in the Western Sahara Desert and the Sahel regions of
Africa. The positive values over the desert regions arise from the LW
cloud forcing (Fig. 3), accompanied by negligible SW forcing.
Cloud forcing is also positive over the snow-covered regions of
Canada and the Arctic, where both the LW and the SW forcing
terms are positive. However, as mentioned earlier, the clear-sky
estimates over snow-covered regions are subject to large uncertainty.
A better clear-sky discriminator and more extensive seasonal sam-
pling are needed to confirm the forcing estimates over these regions.

Climatic implications. Cloud forcing reduces the absorbed solar
radiation by 44.5 W/m2 and the LW emission to space by 31.3 W/m2
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when averaged over the globe (Tables 2 and 3). Thus, globally,
clouds reduce the radiative heating of the planet by 13.2 W/m2
(Table 3). This conclusion is based on data from just 1 month. Data
for July 1985, October 1985, and January 1986 are now being
processed. Preliminary analyses of these months confirm the basic
finding of this study: clouds have a net cooling affect on the global
climate. There are significant month-to-month differences in the net
cooling effect. It attained a maximum value of -21.3 W/m2 in
January 1986 (Table 3). The differences in the monthly values are a
result of both seasonal and interannual variations in the parameters
that govern cloud forcing. The data for the 4 months indicate the
likely range of planetary radiative cooling due to douds during a
year.

Studies with GCM's provide some assessment of the climatic
significance of this radiative cooling. Several studies have suggested
that radiative heating of a mere 4 W/m2 resulting from a doubling of
CO2 concentrations in the atmosphere would lead to a global
warming of 3.5 to 5 K (4). The negative doud-radiative forcing is
three to five times as large as the doubled CO2 forcing. The size of
the forcing suggests that the planet would be significantly warmer
without the current cloud-radiative forcing.
Cloud forcing has also been inferred from GCM's (15, 16). The

GCM results are in qualitative agreement with those shown here.
For both observations and models CLW> 0, Csw < 0, and C < 0.
However, there are significant quantitative differences between the
various models (Table 3) (16). The next step in identifying deficien-
cies in model simulations is to compare the regional and seasonal
variations in the doud forcing fields.

Cloud-climate feedback. A change in climate can perturb the
cloud forcing, which in turn can feed back into the initial dimate
change. Thus, observations of long-term changes in cloud forcing
can provide insights into the nature of the doud-climate feedback.
Two of the important feedback mechanisms suggested by our data
are described below.

In mid- to high-latitude oceanic regions, strong negative forcing
over the oceans coincides with regions of stratus and the storm
tracks of mid-latitude cyclones. The frequency, as well as the
latitudinal extent of these storms, couples to latitudinal temperature
gradients (13). Large changes in the latitudinal temperature gradi-
ents accompany a climate change, such as the last ice age which
occurred about 15,000 years ago (17). For example, during the
glacial maximum, the mid-to-polar Atlantic Ocean was 5 to 10 K
cooler than at present, while the subtropical oceans were less than 2
K cooler (17). In response to this enhanced temperature gradient
and southward migration of the cold waters, the storm track clouds
and the stratus decks might have shifted southward. Then, the
regions where C was less than -50 W/m2 would have also shifted
southward and amplified the cooling. This mechanism is similar in
principle to the ice-albedo feedback (1, 4). The effect of a shift from
45°N to 35°N of, for example, the -50 to -75 W/m2 cloud forcing
region is large. Such a shift, if it persists through the year, could
induce a hemispherical average radiative cooling ofroughly 3 W/m2.
This cooling is larger than the radiative effect of the observed
decrease in CO2 concentration from 300 to 180 ppm that occurred
during the glacial maximum 15,000 to 20,000 years ago (18).

Tropical convective cloud systems contain a mixture of cumulus,
cumulonimbus, and cirrus anvils (19). Despite the considerable
discussion on the effect of tropical clouds, we still do not know
whether the reflective cloud forcing of the cumulus clouds or the
heating effect of the cirrus is dominant (4, 5). Our data suggest thaf
these effects nearly cancel when integrated over the column. Some
GCM's had anticipated this near cancellation of the LW and SW
cloud forcing (6). However, these clouds can play a substantial role
in climate change for two reasons: (i) The height of cloud tops

62

largely governs the LW cloud forcing, but the water and ice content
determine the SW forcing. (ii) Surface temperature influences the
height but low-level convergence governs the water content. As an
example, a warming due to the observed increase in CO2 and other
trace gases could increase the height of these clouds (5), which
would increase CLW. Because the individual forcing terms are large,
a change in either of them would have a similar effect on the net
cloud forcing.

In summary, the cloud forcing concept contributes to our under-
standing of climate and climate change. First, cloud forcing is an
important part of the energy flow of the earth-atmosphere system.
Second, we can quantitatively estimate doud forcing from radiation
budget measurements by broadband scanners. Third, we must be
able to predict changes in cloud forcing ifwe are to predict the total
response of climate to various perturbations. Such perturbations
include orbital variations that have been implicated in earlier ice age
episodes and changes that are expected from trace gas increases.

Observations of long-term changes in cloud forcing can be used
directly to provide confirmation of previously untestable ideas (5)
and climate model results (4) regarding climate change. For exam-
ple, results from some GCMs suggest that severe drying of the mid-
continental regions in North America and Europe could result from
a doubling of the CO2 concentrations (4, 20). In the Great Plains
region of North America, the summer soil wetness in one model is
decreased by 50 percent (20, figure 7), which suggests that a positive
feedback between douds and land surface could be a factor in soil
drying (20). An initial tendency for drying causes decreased cloudi-
ness, which leads to increased solar heating of the soil, thus
amplifying tendency toward drying. The positive cloud feedback
mechanism implies that the size of the (negative) SW cloud forcing
would decrease significantly during a drought event. According to
Manabe and Wetherald (20) the decrease could be as much as 25 W/
m2 in the Great Plains. The LW forcing should also decrease, but the
model results suggest that changes in the SW cloud forcing domi-
nate the feedback. Cloud forcing data could verify this postulated
positive cloud feedback. For example, this mechanism would imply
that the summertime SW cloud forcing over the Great Plains was
anomalously low during the 1988 drought. Comparison of the
cloud forcing for this year with the forcing for other years should
confirm or refute this suggestion.
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