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PLANETARY GREENHOUSE EFFECT LINKED TO 
ATMOSPHERIC IR ABSORPTION



THE G = SU - OLR GREENHOUSE FACTOR IS NOT THE DIRECT
MEASURE OF ATMOSPHERIC IR ABSORPTION

?



NEED TO QUANTIFY THE  ROLE OF THE GHG’s  IN GLOBAL WARMING

CLEAR-SKY RADIATIVE TRANSFER MODEL

NET ATMOSPHERE: (1) F + P + K + AA – ED – EU = 0

NET SURFACE : (2) F0 + P0 +  ED – F – P – K – AA – ST = 0

(3) F0 + P0 = OLR

Greenhouse effect:
G   = SG – OLR
GN  = G / SG

QUESTIONS:

What is the mechanism  of 
the greenhouse effect ?

What are the  theoretical 
relationships among the 
global average IR flux 
density terms ?

All-sky measurements:
SG = 391 Wm-2

OLR = 235 Wm -2

GN      ~ 0.4



GLOBAL SCALE  LBL SIMULATIONS

INPUT DATA SET

RADIOSONDE OBSERVATIONS  ARE FROM A
SUB-SET OF THE TIGR COMPILATION 

(A. Chedin and N. Scott 1983)

PROCESSING LBL CODE 

High-resolution  atmospheric radiative transfer 
code HARTCODE

(F. Miskolczi, M. Bonzagni and R. Guzzi, 1990 )

SPECTROSCOPIC  DATA SET

HITRAN 2K
(http://cfa-www.Harvard.edu/HITRAN/hitrandata )



4
1 1

1
ln ( , ) ( , )

M K
k k

j A j
j k

A
A

AB t w
t

Tπ ν ν µ
σ

τ
= =

 
= − ∆ ∆ 

  
∑ ∑

TRUE  INFRARED  FLUX  OPTICAL  THICKNESS

,
1 1

,
, ,1

( , ) exp
j

i l
i l

L N
k

j l k
j l

i l
A

i

u
T c k d

ν
νν µ ν

ν µ= =∆

 
 ∆ = − +  ∆  

∑∑∫

exp( )AT US S τ= −

M=3490 is the total number of spectral intervals, K=9 is the total number of streams,
wk is the hemispheric integration weight associated with the k-th direction (stream),
TA is the directional mean transmittance over a suitable short wave number interval,

is the local zenith angle of a path segment, dzl is the vertical layer thickness, N=11 is 
the total number of major absorbing molecular species, L=150 is the total number of 
layers. ui,l, ci,l and ki,l are the absorber amounts, and the continuum and line type 
absorption coefficients.   

, ,cos( ) /l k l k ldzµ θ=
,l kθ







TIGR2 SIMULATION RESULTS

tA : K; SU, EU, ED, ST, OLR : Wm-2; u : prcm; TA, τA : dimensionless

GAT : global average TIGR2 profile



EMPIRICAL FACTS



SATELLITE OBSERVATVATIONS ARE CONSISTENT WITH THE
ATMOSPHERIC RADIATIVE EXCHANGE EQUILIBRIUM RULE 

From: Longwave Surface Radiation and Climate; Lou S mith, Anne 
Wilber, David Kratz, Shashi Gupta and Paul Stackhous e, NASA LARC



KIRCHHOFF LAW AND RADIATIVE EXCHANGE EQUILIBRIUM
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THEORETICAL CONSIDERATIONS

SIMULTANEOUS SOLUTION OF THE FOUR EQUATIONS:





TRANSMITTANCE, ABSORPTION, TRANSFER AND GREENHOUSE FUNCTIONS







ATMOSPHERIC CO2 INCREASE
CAN NOT BE THE REASON OF GLOBAL WARMING





H2O

The dynamics of the greenhouse effect 
depend on the dynamics of the absorbed solar 
radiation and the space-time distribution of the 
atmospheric humidity. The global distribution 
of the IR optical thickness is fundamentally 
stochastic. The instantaneous effective values 
are governed by the turbulent mixing of H2O in 
the air and the global (meridional) redistri-
bution of the thermal energy resulted from the 
general  (atmospheric and oceanic) circulation.           
. .According to the simple-minded or ‘classic’ view of 

the greenhouse effect the global average greenhouse 
temperature change may be estimated by the direct 
application of the Beer-Lambert law moderated by 
local or regional scale weather phenomena (R. 
Pierrehumbert, A. Lacis, R. Spencer, R. Lindzen, A. P. 
Smith, H. deBruin, J. Abraham et al., J. Hansen et 
al.,and many others)*. This is not true.                      .        

.
The greenhouse effect is a global scale 
radiative phenomenon and can not be 
d i s c u s s e d  w i t h o u t  t h e  e x p l i c i t 
quantitative understanding of the global 
characteristics of the IR atmospheric 
absorption and its governing physical 
principles.                 .

*R. Pierrehumbert, Physics Today, Jan. 2011; A. Lac is et al., Science, 330,2010; R. Lindzen, BAMS, Marc h 2001; Spencer et al., GRL, 34, 
August 2007;A. P. Smith, AOPhysics, February, 2008;  H. deBruin, Idojaras, 114,4,2010; J. Abraham et al ., Letter: To the Members 
of the U.S. House of Represen-tatives and the U.S. S enate , January, 2011; J. Hansen et al., Science, 21 3, 1981


