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The Climatological Significance of a Doubling
of Earth's Atmospheric Carbon Dioxide Concentration

Abstract. The mean global increase in thermal radiation received at the surface of
the earth as a consequence ofa doubling ofthe atmospheric carbon dioxide content
is calculated to be 2.28 watts per square meter. Multiplying this forcing function by
the atmosphere's surface air temperature responsefunction, which has recently been
determined by three independent experimental analyses to have a mean global value
of 0.113 K per watt per square meter, yields a value of ' 0.26 K for the resultant
change in the mean global surface air temperature. This result is about one order of
magnitude less than those obtainedfrom most theoretical numerical models, but it is
virtually identical to the result of a fourth experimental approach to the problem
described by Newell and Dopplick. There thus appears to be a major discrepancy
between current theory and experiment relative to the effects of carbon dioxide on

climate. Until this discrepancy is resolved,, we should not be too quick to limit our

options in the selection offuture energy alternatives.

According to the CO2 theory of climat-
ic change, an increase in the earth's at-
mospheric CO2 concentration will tend
to raise surface air temperatures as a re-
sult of the moderating influence of CO2
on the loss of terrestrial surface radiation
to space. There is practically universal
scientific assent about this potential tem-
perature increase (1). There is a greater
latitude of opinion about the magnitude
of the effect, with estimates of the in-
crease in the mean global surface air
temperature resulting from a doubling of
the atmospheric CO2 concentration rang-
ing from a low of less than 1 K to a high
of almost 10 K (2).

Since many important decisions re-
lated to the development of future ener-
gy sources must soon be made that will
have a major impact on the rate of in-
crease in atmospheric C02, it is impera-
tive that this extreme range of predic-
tions be narrowed. Although a con-
sensus in the range of 2 to 4 K is
beginning to emerge for a doubling of the
CO2 concentration (3), safety is not nec-
essarily to be found in numbers in this
instance, for the studies that predict ef-
fects in this range are all too simil&r to be
regarded as independent routes to a com-
mon solution. Indeed, practically all
such studies during the past decade have
been carried out by means of theoretical
numerical models, generally of the radi-
ative-convective type introduced by Ma-
nabe and Wetherald (4). Thus, I attempt
here to provide a fresh outlook on the

problem by breaking with this tradition
and using a truly independent experi-
mental approach. The answer I obtain
casts grave doubts upon the common re-
sult of the many theoretical numerical
mOqeles.
The problem has two major aspects.

One is to determine the magnitude of the
forcing function for surface air temper-
ature change that results from an in-
crease in atmospheric CO2 concentra-
tion, and the other is to determine the
magnitude of the surface air temperature
response function of the atmosphere; the
product of these two numbers will yield
the desired change in surface air temper-
ature.

Solution of the first part of the problem
is begun by utilizing the experimental
data of Staley and Jurica (5) to determine
the change in the effective emittance of
the cloudless atmosphere exhibited at
ground level that would occur as a con-
sequence of increasing the mean atmo-
spheric CO2 concentration from 300 to
600 parts per million (ppm). The answer
is 0.0175, but, because there is an over-
lap in the radiative effects of CO2 and
H20 vapor, the net effective result is
considerably smaller.
To evaluate the magnitude of the re-

quired overlap correction, it is necessary
to know the mean global surface H20 va-
por pressure. Sellers (6) lists a value of
2.47 cm for the mean global precipitable
water content of the atmosphere. Con-
verting this value to a surface H20 vapor

pressure by the relation of Idso (7) yields
1.55 x 103 Pa, whereas the relation of
Monteith (8) yields 1.64 x 103 Pa. The
mean value of 1.60 x 103 Pa, when used
with the data of Staley and Jurica, gives
an H20-CO2 overlap correction that con-
servatively indicates that the net change
in total atmospheric emittance induced
by a doubling of the CO2 concentration is
only one-half of the 0.0175 previously
calculated, or 0.00875.
Now this is the increase to be ex-

pected in clear sky atmospheric emit-
tance; for the entire globe, allowance
must be made for the mitigating effects of
clouds. This is accomplished by writing
an expression for the mean emittance of
the global atmosphere (,m) in terms of
the clear sky atmospheric emittance (Ea),
cloudy sky emittance (E,), and the mean
earth fractional cloud cover (n):

Em = (1 - n) Ea + n EC (1)
Since the atmosphere is nearly black

outside of the window region, E, can be
expressed as Ea plus the ratio of trans-
mitted blackbody radiation from the
cloud base divided by the blackbody flux
density at screen-level air temperature,
as follows:

+(1 C-a)fTc4
Ec.a TO

Ea + (1 - C-a)(T) (2)

where o- is the Stefan-Boltzmann con-
stant, Tc is the temperature of the cloud
base, and To is the surface air temper-
ature.

Utilizing data in Paltridge and Platt (9)
to calculate the mean global cloud height
and a consequent T, of 255 K and using a
value of 288 K for To, Eq. 2 reduces to

Cc = 0.614 + 0.386 Ca

Substituting this expression for Cc in Eq.
1 and using the value for n of 0.54 given
by Sellers (6) then yields

em = 0.332 + 0.668 Ea

Thus, the calculated ACa of 0.00875,
which was derived for a doubling of the
global atmospheric CO2 concentration
from 300 to 600 ppm, results in a ACm of
only 0.0058.
One thus evaluates the forcing func-

tion for the change in To by multiplying
this value of AEm by the blackbody ener-
gy flux at the mean global To value of 288
K. The final result is 2.28 W m-2.
What are the consequences on the sur-

face air temperature of such an increase
in thermal radiant heat flux to the earth's
surface? To find out, it is necessary to
solve the second part of the problem and

SCIENCE, VOL. 207, 28 MARCH 19800036-8075/80/0328-1462$00.50/0 Copyright © 1980 AAAS1462

 o
n 

O
ct

ob
er

 5
, 2

00
7 

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fr

om
 

http://www.sciencemag.org


numerically determine the surface air
temperature response function of the at-
mosphere. Fortunately, this response
function has recently been evaluated by
three independent experimental means
(10). The value obtained over land is
0.175 K per watt per square meter,
whereas over the ocean it appears to be
at least 50 percent smaller. Thus, for the
entire globe, which has 70 percent of its
surface area covered by oceans, the
mean value of the surface air temper-
ature response function is 0.113 K per
watt per square meter or less.
The rise in surface air temperature to

be expected from a doubling of the
earth's atmospheric CO2 concentration
is consequently determined to be s
(0.113 K W-1 I2) (2.28 W m-2)==
0.26 K. For the entire planet, a dou-
bling of the atmospheric CO2 concentra-
tion would produce a change in To prac-
tically indistinguishable from climatic
"noise," fully an order of magnitude
less than the predictions of the theoreti-
cal numerical models in vogue today.
However, this result is virtually identical
to the value of s 0.25 K obtained by
Newell and Dopplick (11). Since these
two completely independent experimen-
tal studies produce a common result so
much lower than previous theoretical es-
timates, a serious reconsideration of the
whole C02-climate problem seems im-
perative.

SHERWOOD B. IDSO
U.S. Water Conservation Laboratory,
4331 East Broadway,
Phoenix, Arizona 85040
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Core Drilling Through the Ross Ice Shelf
(Antarctica) Confirmed Basal Freezing

Abstract. New techniques that have been used to obtain a continuous ice core
through the whole 416-meter thickness of the Ross Ice Shelf at Camp J-9 have dem-
onstrated that the bottom 6 meters of the ice shelf consists of sea ice. The rate of
basalfreezing that is forming this ice is estimated by different methods to be 2 cen-
timeters of ice per year. The sea ice is composed of large vertical crystals, which
form the waffle-like lower boundary of the shelf. A distinct alignment of the crystals
throughout the sea ice layer suggests the presence ofpersistent long-term currents
beneath the ice shelf.

In 1978, as part of the Ross Ice Shelf
Project (1), we obtained a core through
the ice shelf in the area of Camp J-9 (820
22'S, 168°37'W; Fig. la), using an anti-
freeze thermal-drilling method. This pro-
cedure, developed by V. A. Morev of the
Arctic and Antarctic Research Institute,
Leningrad, and one us (I.A.Z.), con-
sisted of adding an antifreeze component
to the melted water within the hole in or-
der to keep it from freezing at low tem-
peratures, instead of taking this water
from the hole. The necessary drilling
equipment was designed and built by
Morev (2). Core drilling through the ice
shelf began on 1 December 1978 (3) and
was completed in 13 days. An ethyl alco-
hol-water solution was used as the anti-
freeze. Some 416 m of core, with a diam-
eter of about 8 cm, was recovered, in-
cluding a core from the very bottom of
the ice shelf.
The core revealed no debris of any

kind throughout the thickness of the ice
shelf. The core consists of homogeneous
bubbly glacial ice to a depth of 410 m. At
this depth, abrupt changes in the appear-
ance and properties of the ice occur. The
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6-m-thick lower layer contains vertical
brine channels and some brownish mate-
rial. The salinity of the ice within this
layer is much higher than that of the ice
above 410 m (Fig. lb) (4) and increases
to the bottom of the ice shelf. These fea-
tures are typical of ice formed by the
freezing of seawater onto the bottom.

Large vertical crystals are observed
throughout the 6-m layer. At the bottom
of the shelf, the lower ends of these crys-
tals protrude downward into the sea, giv-
ing rise to a waffle-like bottom surface
(Fig. 2a) (5).
The bottom crystals show distinct

alignment at the bottom of the Ross Ice
Shelf (shown schematically in Fig. lc).
This alignment can be followed through-
out the sea ice layer, showing strong pre-
ferred crystal orientation within the lay-
er.
The same kind of alignment, but on a

much smaller scale, is found in the grow-
ing fast ice of northern polar seas (6, 7).
It indicates that there is active freezing at
the bottom of the ice shelf at Camp J-9 at
the present time. These structure align-
ments of fast ice were probably formed

b
Fig. 1. (a) Map of the
Ross Ice Shelf show-
ing the location of
Camp J-9 and the ap-
proximate stream line
(arrow) of the ice
shelf in an area of

2 3 4 Camp J-9. Area 1, re-linity (per mil) gion of melting at the

C bottom (8); area 2, re-
gion of freezing gov-

/
75 3\ \ erned by heat loss

through the ice shelf;
5rmm4- E area 3, belt of freez-MlA g Q ing, influenced by a

freshwater supply to
the bottom of the ice
shelf (8). (b) Salinity
of the bottom part of
the ice core. (c) Sche-
matic of the crystal

sal details alignment at the baseBasal details of the ice shelf.
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