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ABSTRACT

The possible response of global climate to the changes of background radiation derived from satellite measurement
during 1983-2001 is analyzed. Estimation is made by means of one-dimensional energy-balance climatic model. It is
shown that the increase of the global surface radiation by 3 W x m™ through 1983-2001 should result in a correspond-
ing rise of temperature, which exceeds the actual observed values by 0.6°C - 2.0°C. Possible causes of such disagree-

ment are discussed.
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1. Introduction

It is generally agreed that the global warming of recent
decades is caused primarily by anthropogenic increase of
greenhouse gases concentration [1,2]. However, not only
human-made variations of atmospheric composition in-
fluence global climate. Changes in the climate of the
Earth depend evidently on the background solar irradi-
ance, i.e. on the amount of shortwave solar radiation in-
coming into the atmosphere and the fraction of this ra-
diation, which is reflected back to the space. Recent evi-
dence show that solar radiation incident at the Earth’s
surface has increased appreciably in the end of 20" cen-
tury [3]. The phenomenon is often called a global brigh-
tening. Estimations of the radiative forcing (Figure 1)
global perturbation of the radiation balance of the terres-
trial atmosphere—are based on the following data:

1) Solar radiation at the Earth’s surface, averaged over
the globe, which was derived in the work [4] from the
data on cloudiness obtained in framework of the Interna-
tional Satellite Cloud Climatology Project (ISCCP) dur-
ing 1983-2001;

2) Globally-averaged change in solar radiation at the
Earth’s surface during 1984-2003, derived from the data
on the Earth’s reflectance obtained by Palle et al. [5]
using ISCCP data and the data on dayside earthlight re-
flected from the Moon.

3) Average of the 8 records of anomalies in ground-
based observations of the solar radiation incident on the
Earth’s surface during 1993-2001 [6].
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Change in background solar radiation through 1983-
2001 causes a positive radiative forcing ranging from 3
W x m?to 6 -7 W x m? [3] (Figure 1). If we take a
value of climatic sensitivity adopted by IPCC (4. =
0.53°C - 1.23°C x m?/W) [2], we obtain that increase of
the global temperature by 1.5°C - 3.6°C is a result of the
radiative forcing of 3 W x m™. Thus, an increase of the
amount of solar radiation that reaches Earth’s surface in
the end of the 20" century, determined in different ways,
should cause a jump of the global temperature, which,
however, has not been observed. Of course, the oversim-
plified estimation above is not sufficient for any decisive
conclusion. A more precise model assessment is neces-
sary. In the present work such an evaluation is done by
means of the energy-balance climate model.

2. Energy-Balance Model of Global Climate

In framework of the energy balance approach, changes in
the climate system are estimated from an analysis of the
change in the Earth’s heat storage. The basis for these
models was introduced by Budyko and Sellers [7,8]. In
its simplest form, energy-balance model provides glob-
ally averaged values for the computed variables. We use
the surface-energy balance climate model coupled with
deep ocean with horizontally uniform vertical heat diffu-
sion and a constant upwelling:

¢ O por (1) (1)~ (1) AR (1)

inc out oc c
dt
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Figure 1. Short-wave radiative forcing assessed by means of:
(a) Satellite-derived surface radiation (the data were elec-
tronically scanned and digitized from [4]); (b) Surface ra-
diation estimated using the data on the Earth’s albedo [5]
(solid line with squares), surface radiation estimated using
the data on ground-based measurement (dashed line with
the empty circles). The data were electronically scanned
and digitized from [3.,4].

o7, (z,t) k o°T, (z,t)+w oT, (z,t) )
ot ot Foz

where: T, (¢) is the global-mean surface temperature,

T,(z,t) is the global-mean temperature of the ocean at

the depth z, g is the effective planetary heat capacity,

E>7 (1) is the absorbed short-wave solar radiation,

FX (¢) is the outgoing long-wave terrestrial radiation,

out

F, (t) is the heat exchange between the surface and the
deep layers of the ocean, AF, (t) describes the different
radiative forcings, k. is the vertical heat diffusion coeffi-
cient, w, is an upwelling velocity. F, (¢) is expressed

as:

a7, (z,t
F,(f)= lx(k, ozt r (z,t)} @
h ; z ; o

where # is the depth of the mixed ocean layer.

FS" (t)z#x(l—a) ©)
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S(?) is the total solar irradiance (TSI) or the solar con-
stant, « is the terrestrial albedo. F,.," (¢) is expressed as
a linear function of Ty:

Fl (t)=ay+byx Ty (t) 4

out

Effective global heat capacity is determined by for-
mula, generalizing the results of [9]:

q =-0.144+0.096x / ®)

where ¢ in W x yr x m? x K™, 7 in meters.

3. Results

Climate forcings used in calculations (Figure 2) were as
follows. Greenhouse gases forcing and anthropogenic
(tropospheric) aerosol forcing was taken from [10]. Vol-
canic (stratospheric) aerosol forcings were taken from
[11]. We used three TSI reconstructions obtained in the
works [12-14]. The total (net) climate forcing AF™"
calculated using TSI reconstruction [14] is shown in Fig-
ure 2(f). The same forcing but considering the amount of
solar radiation that reaches the Earth’s surface derived
from satellite observations AF,"*" is shown in Figure
2(g). The model (1) was solved by the method of con-
secutive approximation. Initially we obtained the tem-
perature in a zero approximation TS(O) (t) by solution of
the first equation of the model (1) with the initial condi-
tion 7% (0) = 14.6°C and without the account of the
heat flux from the ocean, i.e. F, () =0. Then the sec-
ond equation of (1) is solved with the initial condition:

and the following boundary conditions:

7, (0.) =1 (1 o

+T, (z,t)w_,jZ:Hprz (8)

The second boundary condition [15] describes balance
of the heat fluxes—diffusion and upwelling near a bot-
tom compensate the powerful sink of cold water over the
areas of the deep water formation (Greenland, Norwe-
gian and Labrador seas in Northern Hemisphere, Wed-
dell and Ross seas in Southern Hemisphere). The polar
sea temperature 7, was equal to 1.2°C [15] and the depth
of the ocean H was considered to be 5000 m. The solu-
tion of the second equation of (1) with conditions (6-8)
brings us T, (z,t). After this we solve the first equation
of (1) determining the TO(O)(z,t) with formula (2) by
using TO(O)(z,t). This results in the first approximation
of the surface temperature Ts(l)(t). Repeating the pro-
cedure brings other approximations T (1), 7% (¢)
etc., but the first approximation usually is enough. Cal-
culations are performed by using the following parame-
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Figure 2. Climate forcings (in W x m) used in calculations. (a) Greenhouse gases forcing [10]; (b) Human-made aerosol
forcing [10]; (c) Total solar irradiance reconstructions after Hoyt and Schatten ([12], thick line), Lean et al. ([13], dotted line),
Mordvinov et al. ([14], thin line); (d) Volcanic aerosol forcing [11]; (e) Satellite-derived background radiation [4]; (f) Net forc-
ing without the account of a satellite-measured radiation; (g)-(f) Net forcing with the account of a satellite-measured radia-

tion. Time resolution 0.5 year.

ters of the model: 4, = 3000 m* x yr*, w,=5m x yr™, h
=150m, a =03, g =146 W x yr x m? x K%, gy =
204.0 W x m™, by = 2.05 W x m™ x K™, The net forcing
AF™T and TSI reconstruction [14] are used in calcula-
tions (Figure 3(a)). Standard deviation between the
temperature calculated from the model and instrumen-
tally measured temperature through 1880-2009 is 0.15.
Data on the global temperature were taken from the site

ftp://ftp.ncdc.noaa.gov/pub/data/anomalies/monthly.land
_ocean.90S.90N.df 1901-2000mean.dat. The use of other
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TSI records in calculations brings similar results. The
model curve reproduces several important features of the
global-mean surface temperature (Figure 3(a)). However,
if we use the total forcing AF,"", which takes into ac-
count the global brightening, the divergence between the
model and actual temperature reaches 2°C, i.e. thirteen
times more than the modeling error is (Figure 3(b)).
Such disagreement, in principle, could appear if the long-
wave emission F. (¢) during the last decades differs

out

appreciably from the previous values. Therefore it is use-
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Figure 3. (a) Instrumental global temperature
(ftp://ftp.ncdc.noaa.gov/pub/data/anomalies/, thin line), global
tem’\Eerature calculated from the model using net forcing
AFNET (thick line); (b) Instrumental global temperature
(thin line), global temperature calculated from the model
using net forcing AF.," (thick line). Time resolution 0.5
year.

ful to test the model over the time interval 1983-2001.
Fitting of the model parameters over 1983-2001 showed
that the best agreement between the calculated and actual
temperature is reached when ao = 205.0 W x m™, by =
22 W x m™? x K™ (Figure 4, monthly data were used).
Standard deviation between the calculated and instru-
mentally measured temperature over 1983-1999 is 0.13.
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However during 1999-2001 the two curves apparently
diverge and the difference reaches 0.6°C (almost 5 times
more than the error over 1983-1999). As in the previous
case, calculation using the energy balance model, which
considers the data of the surface radiation measurement,
greatly overestimates the actual temperature.

4. Conclusions

An analysis of the possible climate response to the
changes in solar radiation at the Earth’s surface based on
satellite measurements [4] during 1983-2001, performed
by means of both qualitative estimations and calculations
of the energy-balance model, suggest that the observed
increase of the background radiation by 3 W x m™ should
result in a strong rise of the global temperature, which
exceeds the actually measured values by 0.6°C - 2.0°C. If
we use the other experimental estimations of global
brightening, which provides 6 - 7 W x m™ forcing through
1983-2001 [3], the disagreement would be even larger.

It has been suggested that the global brightening start-
ing in 1990s was preceded by prolonged global dimming
substantial decrease in surface solar radiation during the
period 1960-1990 [16-18]. Thus, solar brightening of
recent decades only compensates previous decrease in
solar radiation and does not appreciably change the
global temperature trend, caused by greenhouse effect
[17,18]. It should be noted, however, that the spatial
coverage of the surface radiation stations, which data
were used in the works [16-18], is rather limited—all the
station are situated over the land and they are clustered at
the domains of high population density—see Figure 1 of
the work [18]. Moreover evidence has been obtained that
the dimming of 1950-1980 actually was not global but had
local or regional nature and was observed mainly over
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Figure 4. Instrumental global temperature (ftp://ftp.ncdc.noaa.gov/pub/data/anomalies/, thin line), global temperature calcu-
lated from the model using net forcing AF."" (thick line). Time resolution 1 month.

Copyright © 2012 SciRes.

ACS



M. OGURTSOV ET AL. 195

areas of high industrial activity [19]. Therefore it is dif-
ficult to make a decisive conclusion about the global-
scale change in the surface solar radiation over 1960-1990.
Thus, we conclude that the experimental estimations of
solar radiation that reaches the Earth’s surface apparently
contradict with the actually measured global tempera-
tures at least in the framework of the energy balance ap-
proach. We believe that the disagreement could be a re-
sult of the following causes:

1) The oversimplified energy-balance approach is not
enough for analysis of the processes in a real climate
system.

2) The rise of temperature, caused by a global bright-
ening during 1983-2001, has been compensated by a cur-
rently unknown, extra cooling factor.

In any case, the reaction of a global climate system to
changes in background radiation in the end of the 20"
century needs further profound investigation using the
novel global circulation models.
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