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Based on the observed equilibrium at the surface of the earth, it is argued that almost
no infrared radiation would be emitted by the surface of the earth that is in physical
contact with the nearest isothermic air layer. By assuming the outgoing longwave ra-
diation is the cumulative upward thermal radiation by the air, an analytic formula with
four dependent observables is proposed which is used for the first time to calculate
the effective air emissivities at different lapse rates in the troposphere. Given the ob-
served global mean outgoing longwave radiation 239 W m~2 and the stable tropospheric
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lapse rate 6.5 Tkm

, the calculated effective air emissivity near the surface is 0.135, in

agreement with early experimental observations.

1 Introduction

It has been recently shown that the earth is capable of self-
regulating outgoing infrared radiation without changing the
long-term global mean surface temperature [1]. In line with
this study, it becomes clear that the radiation cooling at the
surface seems unrealistically overestimated. Since 1896, it
has been assumed that the surface of the earth emits infrared
at radiation flux close to 390 W m~2, similar to a blackbody at
its thermal equilibrium temperature 288 K in vacuum, based
on a model atmosphere that is physically separated from the
surface [2,3]. Nevertheless, it could be argued that the widely
used assumption cannot be justified in the presence of the
isothermic gaseous atmosphere that is physically attached to
the surface. At such a thermodynamic equilibrium, the net
energy transfer between the condensed-matter surface and the
nearest layer of air should be negligible if not zero. This im-
plies that the surface infrared radiation should be absent as far
as the long-term global climate stability is concerned, which
is supported by recent experimental measurements that the
proportion of the non-radiative heat and mass transfer at the
sea level is close to 99.6% [4]. In light of this argument, an
analytical formula is introduced to directly calculate the out-
going longwave radiation (OLR) in the absence of the surface
infrared radiation as reported in this Letter.

2 Formulation

In the absence of the atmosphere, the thermal temperature
of vacuum space is close to 4 K. Under this condition, the
terrestrial infrared radiation intensity can be described by the
Stefan-Boltzmann law,

I =0Ty . (D
where o is the Stefan-Boltzmann constant, T's is the thermal
equilibrium temperature of the condensed-matter surface that
is approximated as a blackbody. However, (1) becomes in-
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valid as the temperature gradient should be zero at the sur-
face in the presence of the gaseous atmosphere. Thus, it is
reasonable to assume that the OLR is merely the cumulative
thermal radiation by the atmosphere from different isothermic
layers. Further, it is assumed that the effective air emissivity
€ is scaled by the air density, viz.
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where p is the air density with its value at the surface pg =
1.225kg m™3, respectively; ¢ is the atmospheric emissivity
measured near the surface. To be specific, the vertical air
density distribution in this study is written as
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where z is the altitude in km. The assumption (2) is consistent
with the fact that the air thermal radiation must vanish in the
absence of air molecules in the atmosphere. By approximat-
ing each thin atmospheric layer as isothermic with its local
thermal equilibrium temperature, the OLR in W m~2 observ-
able at the top of the atmosphere can be formulated in terms
of the Stefan-Boltzmann law by the following integral

p = po exp(—0.135z2).

OLR = f eoTldz. “4)
0

where T, denotes the atmospheric temperature at different al-

titudes.

3 Calculation

To proceed further, the troposphere and the stratosphere from
the ground to altitude 85 km are divided into four parts whose
vertical temperature distributions can be approximated as a
step-wise linear function based on the International Standard
Atmosphere [5]. Substituting (2) and (3) into (4) and inte-
grating in each of the four parts yields

OLR = g (A+B+C+D), (5)
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where
A= f (Ts — Lz)* exp(—0.135z) dz (6)
0
20
B= f (210)* exp(=0.135z) dz @)
aSO
C= (164 + 2.32)* exp(~0.135z) dz (8)
20
85
D= | (389-2.27)"exp(-0.135z) dz, )
0
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where L denotes the lapse rate in the troposphere, the altitude
a is dependent of L. Notice that 7, = T at the surface in
(6). It is apparent that the OLR is determined by two vari-
ables, the lapse rate and the effective air emissivity close to
the surface when the surface temperature is fixed. It is found
that the integration is nearly a constant above 85 km, as the
air density exponentially decreases with the altitude. For the
lapse rate 6.5 K km™!, the calculated effective air emissivity
near the surface is 0.135. The range of the calculated effec-
tive air emissivity, 0.12 to 0.16, for the lapse rates between
4Kkm™' and 10.5Kkm™! is consistent with some early ob-
served atmospheric emissivities [6].

Using the observed long-term global mean OLR value,
239 W m~2, the explicit dependence of the effective emissiv-
ity on the lapse rate can be fitted with a linear function with
R? = 0.996,

e = 0.0065L + 0.091. (10)

By way of extrapolation, it is predicted that the effective emis-
sivity of the atmosphere near the surface is 0.091 as the tro-
posphere becomes isothermic. Besides, when the effective air
emissivity and thelapse rate are fixed at 0.135 and 6.5 Kkm ™",
respectively, it is found that the calculated OLR also linearly
depends on the surface temperature with R> = 0.999, viz.

OLR =3.24Ts — 695.49, (11)
which gives the gradient
d(OLR
dOLR) _ 324WmJ2K™'. (12)
dTyg

4 Discussion and conclusion

To explore the implications of the zero surface radiation hy-
pothesis, the outgoing thermal radiation by the air is formu-
lated and quantitatively calculated in the absence of the sur-
face infrared radiation. Based on the calculation, it appears
that long-term global climate stability might be simply ex-
plained in relation to the tropospheric lapse rate, adjustable
by changing the water vapor in the troposphere, that provides
a natural mechanism to control the OLR for the earth to re-
emit the absorbed solar radiation back to outer space while
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keeping the global mean surface temperature constant. Fur-
ther, it is revealed that the four coupled variables, namely
OLR, effective air emissivity, the tropospheric lapse rate, and
the surface temperature, are linearly dependent on each other,
as shown in (10) and (11). So far, the linear dependence of
the monthly mean OLR on the sea surface temperature (SST)
has been observed on several locations [7], but the theoretical
interpretations in terms of water vapor feedback and specu-
lated emergent properties seem complicated and confined to
the cloud-free observations [8]. By way of contrast, (11) is
simply deduced from the hypothesis that the surface radiation
is zero.

Without invoking the greenhouse effect, it seems the cur-
rent global energy balance can be quantitatively explained,
i.e. the solar shortwave radiation at the surface, 161 W m~2,
is completely transferred into the atmosphere by means of
convection and conduction and then is thermally radiated by
the atmosphere into outer space, together with the shortwave
absorption by the atmosphere at 78 W m~2, which makes the
OLR at the top of the atmosphere equal to

161 + 78 = 239 W m™2

as observed [3]. Further experimental observations both in
lab and in space are necessary for further evaluating this pro-
posed description with fundamental implications for under-
standing the long-term global climate stability.

Acknowledgements

This work was inspired by the paper by Svante Arrhenius
published in 1896.

Received on June 19, 2023

References

1. Zhong Y.C. A quantitative description of atmospheric absorption and
radiation at equilibrium surface temperature. Progress in Physics,
2021, v.17(2), 151-157.

2. Arrhenius S. On the influence of carbonic acid in the air upon the tem-
perature of the ground. Phil. Mag., 1896, v.41, 251.

3. Wild M. Progress and challenges in the estimation of the global energy
balance. Conference Proceedings, 2017, v.1810, 020004.

4. Shula T. unpublished results.

5. Standard Atmosphere. ISO 2533:1975, 1975.

6. Brooks F. A. Observation of atmospheric radiation. Pap. Phys. Ocean.
Meteor., Mass. Inst. Tech. and Woods Hole Ocean. Instn, 1941, v. 8 (2),
23 pp.

7. Raval A., Oort A. H. Ramaswamy V., Observed Dependence of outgo-
ing longwave radiation on sea surface temperature and moisture. Jour-
nal of Climate, 1994, v.4 (2), 807-821.

8. Koll D.D.B. and Cronin T. W. Earth’s outgoing longwave radiation

linear due to H>O greenhouse effect. PNAS, 2018, v. 115 (41), 10293—
10298.

101



