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GISP2 Drilling Project





Extracting An Ice Core



Annual Layers In Ice Core





Increase around 1
o

C in 1000 years.



30% of earth covered with ice 

20,000 yrs ago. Today only 11%



Lavoisier Group November 2006
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ABSORBED SOLAR RADIATION =OUTGOING LONGWAVE RADIATION

for S  = 1365 W/m2 , α  = 0.3



240 W/m2 240 W/m2 

Absorbed Solar
Earth’s emission

ATMOSPHERE

σ T4=390 W/m2
for Ts =288K

Greenhouse effect=390 -240=150



GREENHOUSE EFFECT

GHE = RADIATION EMITTED BY 

PLANET’S SURFACE –

RADIATION LEAVING THE 

PLANET

EARTH  = 390 -240 =250 W/m
2 

VENUS=16100-200=15,900 W/m
2
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6.2 The Natural Greenhouse Effect: clear sky

Clouds also have a greenhouse effect
Kiehl and Trenberth 1997



LINEARIZATION OF OUTGOING LONGWAVE RADIATION



OLR =A + BT

S/4 ( 1 – α ) = A + B*T

A and B include

Greenhouse effect



A = 203.34 W /m
2

B = 2.09 W /m
2

K



Where  Q= S/4 , r =albedo  

A= solar absorptivity  ε = atmos emissivity



For r=0.3 , A=0.2, ε= 0.95   

T = 288 K  close to the observation

Limiting Cases :

No atmosphere  : A= 0 and   ε= 0

T
4

= S/4 { 1 –r} for r =0.3 T=255 K

No atm solar absorp,ε = 1, & r=0.3

T
4

= S/4 {2 (1 –r)}   T =303 K



∆ S=.01, ∆T
s
= 0.75K 

∆A = 0.01 ∆T
s
= -0.60K 

∆r = 0.01 ∆T
s
= -1.20K

∆ε = 0.01 ∆T
s
= 0.75K   





ALBEDO FROM SATELLITE (ERBE) DATA



S/4 {1 – ρ(T)} = A + B*T

ρ(T)= ρ
o 

for T< T
o

ρ(T)= ρ
1 

for T > T
1  

ρ(T)= ρ
o
+(ρ

1 
- ρ

o
)(T-T

o
)/(T

1
-T

o
)
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Variation of  incident solar radiation with latitude

341 ( 0.53 + 0.71 Cos
2

θ)

Albedo = 0.6 – 0.4 Cos θ

OLR = 216 + 1.58 T

Meridional Heat transfer = C ( T – T
av

)

C = 3.8 W/m
2  o

C

T ={ 341 ( 0.53 + 0.71 Cos
2

θ)(0.4 + 0.4 Cos θ) –A – C}/{A+B}



















Changes in Earth’s ORBIT around 

the Sun can Change the Climate











STOCHASTIC RESONANCE



A zero-dimensional energy balance 

model

)(TF
dt

dT


Solutions of F(T)= 0 represent steady or equilibrium states .

To investigate the stability properties,  introduce the  

the concept of pseudo-potential

 dTTF )(



T
2
<T<T

3
: F>0 

 T  T
3

T
2

T
1
<T<T

2
: F<0

 T  T
1

T
TF

dt

dT




 )(



years10/2

)cos0005.01()(),(
~

5





 tTFtTF

Noise required to jump across the 

barrier





• Orbital forcing of a simple energy 

balance model results in the right 

spectrum, but the amplitude is too 

small.

• Noise added to a simple model with 

prescribed stable equilibrium states 

results in the right amplitude, but the 

spectrum shows no peak. 

• Combination of both is able to explain 

both amplitude and frequency of 

observed climate shifts.





where X is ice mass,

Y is ocean temperature

Z is CO
2

SALTZMAN’S MODEL



CO2 is a very minor

constituent of the

atmosphere and hence

cannot influence

climate change

Common Misconception



J.Shakun et al. NATURE,484, 49-54, 5 April 2012
Blue: Global Temp Red: Antarctica Temp

Yellow: CO2 







Water exists in solid, liquid and 
gaseous form only on earth



“If we burn all our reserves

of fossil fuels, there is a

substantial chance that we

will initiate the runaway

greenhouse”

James Hansen

“Storms of

my grand children”

2009 ,New York



Note that OLR ≠  σ T 
4 









CaSiO3 (wollastonite) + CO2

CaCO3 (calcite) + SiO2

Carbonate-silicate reaction

shifted in the favour of

carbonate formation below

300 °C but shifts to silicate

formation above 300 °C



The (liquid water) habitable zone
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record from microfossils 

in the ocean. Blue line solar 

radiation at 65
o

N

COLD


