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*Greenhouse Effect 
is the response of the atmospheric P(z)-T(z) profile to its radiative properties 

as determined by its chemical composition and by the astronomical configuration
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The basis: Imposing energy conservation

The scope: Our Full-Line (FL) radiative transfer
model (Shaviv et al, 2011)

The model: Multi-Wavelengths Two Band (TBMW)

The representation: A Tsurf {Log(*τvis) / Log(*τfir)} plane

The results: Estimation of the GH/anti-GH effects 
for different atmospheric gaseous species  

Plan of the talk

*τvis and τfir are the optical depth averages κdz, in the short-wave and far infrared
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The scope: Our Full-Line (FL) model for GH calculations
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 The geometry of the system and the Boundary conditions

*TOA - top boundary

Surface boundaryPlanetary radiative field
I+

Stellar radiative field   I-

t+
t-r+

r-

t-  transmission in the downward direction 
t+ transmission in the upward direction
r-  reflection of the downward radiation
r+ reflection of the upward radiation

transmission 
and reflection 
coefficients in 
every layer

*TOA - Top Of the Atmosphere
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The radiative fields and spectral details

http://supernovacondensate.net/
2009/07/14/how-to-spot-exo-earths/

The key to analyzing the GHE in detail!

http://www.columbia.edu/~mhs119/Storms/ Atmospheric windowsShortwave absorption

Sunlight at TOA
Radiation at sea level
5785K Blackbody

IRIS observation
295K Blackbody

Wavelength (µm)Wavelength (µm)

Thermal Radiation SpectraSolar Radiation SpectraW/m2/µm W/m2/µm

http://supernovacondensate.net/
2009/07/14/how-to-spot-exo-earths/

Text

λrad

λ

I Stellar Planetary 

‘vis’ ‘fir’
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The two-stream radiative equation 

Where: and

z - height; λ - wavelength; κ -absorption coeff; σ - scattering coeff; B - the Planck function

At first Approximation we assume: 
Isotropic scattering only
No convection
No diurnal changes - sun is at zenith 
No clouds or ocean feedback

I - specific intensity J - mean intensity
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The basis: Imposing Energy conservation

Thursday, February 11, 16



The steady state approximation:
 Energy conservation in every layer

Toon et al, 1989     

Numeric model
Integrated fluxes - total downward
and total upward

Rutily et al, 2008

Analytic model
Integrated specific intensities - each wavelength contributes
Neglecting the ‘vis’ range

Energy conservation over flux 

Energy conservation over heat

Parmentier & Guillot, 2014
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Shaviv, Shaviv & Wehrse, 2010

Multi-Wavelengths integration

Our steady state condition

Numeric model

Over Full-Lines or Two-Bands
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The steepest descent method, to ΔT<10-7

First iteration

Second iteration

Equal fluxes at surface

- Release fixed Tsurf 
ΔT(z)<10-7

RTE -  Radiative Transfer Equation
HBE - Heat Balance Equation

Calculating P-T and Tsurf by the double-iteration scheme

Convergence

- fixed Tsurf
- Release of lower Boundary Condition
- Solution of RTE when HBE=0 at all layers

- Insert lower Boundary Condition
- Solution of RTE and HBE to obtain Tsurf

Convergence
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is an outcome of the model and not an assumption

 Unique features of our model
1. The TOA boundary condition  Flux in = Flux out 

2. Tsurf and the P-T profile are free parameters

3. The double iteration scheme & the steady state energy 
condition are used

 Thus, the calculation of the complete feedback of the 
atmospheric radiative field is obtained for changes in the 
absorption coefficients
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The model: Multi-Wavelength Two Band (TBMW)
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Shaviv et al , 2011

The fluxes

λrad

The Two-Band lower boundary condition

Shaviv et al , 2011

The bands and fluxes in a semi-grey atmosphere 

Notice that this flux 
may not be neglected
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The TBMW steady-state equation

‘vis’ (H1) ‘fir’ (H2)Bressler et al, 2016, in press

The short-wave’vis’ range  - non-*LTE

The long-wave’fir’ range - *LTE

Shaviv et al 2011

Bressler et al, 2013*LTE - Local Thermodynamic Equilibrium

The Simpson solution
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Absorption 
Coefficient

Wavelength, Å

20000 40000 60000 80000 100000 120000

1x10-7

1x10-6

0.00001

0.0001

0.001

0.01

0.1

1

10

100 if τvis ≠ 0   then H1 ≠ 0 if H1 ≠ 0, then H2 ≠ 0
if H2 ≠ 0, then J ≠ B 

Water vapor absorption lines (based on HITRAN2012)

Bressler et al, 2016, unpublished results

*If J ≠ B, the assumption of LTE is violated
*The diffusion approximation cannot be applied for the ‘fir’ 
*The ‘vis’ absorption cannot be neglected 
*Radiative transfer can be calculated only numerically

The LTE assumption

The deviation from LTE is accounted for by iterating  over the 
specific intensities used in the weight functions
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Initial results of our FL and TBMW models

Bressler et al , 2016 
in press

 and other band averages*

*97.5% correspondence between models

*We are now calculating additional cases

*The Rosseland mean breaks 
down in atmosperic windows
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The representation: A Tsurf {Log(τvis) / Log(τfir)} plane
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The Tsurf{Log(τvis)/Log(τfir)} plane

Pure LTE (J=B) two bands 

Bressler et al , 2016 
in press

Saturation

GH

aGH

Stablity

* Tsurf is calculated for 
arbitrary τvis/τfir pairs

*The purple dots represent 
real spectral band averages 

A non-LTE ‘vis’ band 
& LTE ‘fir’ band averages

Is the Earth in the stability region? 

* GH and a-GH on the 
same plane
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An illustration for saturation

Thermodynamic 
solution

Non - Thermodynamic 
solution

*This leads to saturation -  a thermodynamic solution for Tsurf

*The integration over the entire spectrum  allows for radiation 
escape from the ‘vis’

Bressler et al , 2016 
in press

Tsurf  diverges with τfir

Tsurf  saturates with τfir

TSimpson - one band
Tsurf   - two bands
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Determination of the Habitable Zone (HZ)

Distance = 1AU
 Albedo=0.36

 λrad=50,000Å

The HZ i s 
independent 
of species

The HZ
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The results: Estimation of the GH/anti-GH effect 
for different atmospheric species  

Thursday, February 11, 16



GHE dependence on Relative Humidity (RH) of water vapor

Bressler et al , 2016 
in press

* Increase of RH 
blocks incoming 
radiation at higher 
layers in the ‘vis’ 
wavelengths 

* The ‘vis’ range 
moderates the GHE

Standard Atmosphere composition
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The contribution of CO2 and water vapors to the GHE

CO2/0%RH

1xCO2/RH

CO2/10%RH
CO2/50%RH Bressler et al , 2016 

in press

*CO2 is a stronger 
G H a g e n t t h a n 
water vapor

*Combinations of 
atmospheric species 
yield different GHE

CO2/0%RH
1xCO2/RH

CO2/10%RH
CO2/50%RH
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Doubling the CO2  

* Tsurf  rise is of the same order of magnitude of 
radiative forcing ~3K (IPCC Report, 2013)

Bressler et al , 2016 
in press

Earth RH ~ 13%

(K)

* This is an upper limit to the GHE Tsurf  change

* Scattering, clouds, diurnal changes, etc. will reduce it further 
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Thank you!
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