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Climate and weather



Thermodynamics of the Sun and Earth



Black Body Radiation



Black Body Radiation



Black Body Radiation

Planck’s Law:

I(ν,T ) =
2h
c2

ν3

e
hν
kT − 1



Black Body Radiation
Wien’s Displacement Law:

Tλmax = 2.898× 106 nm K

Stefan-Boltzman Law:

E = σT 4, σ = 5.67× 10−8 W m−2 K−4

Hotter the body, the more it radiates.



Temperature of the earth

Average temperature of the earth (Ref: Wikipedia, Black body):

Energy Flux from Sun = Energy Radiated by Earth

235 W/m2 = σT 4
E

TE = 254 K (−19◦C)

Measured average temperature of the earth is 287K = 14◦C
The discrepency is mainly due to the Greenhouse Effect



The Greenhouse Effect
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The Greenhouse Effect



Radiative Forcing

A few percent changes in the outgoing flux will result in
measurable changes in temperature.

∆FS

FS
= 4

∆TS

TS
∆TS = 0.15∆FS

Radiative Forcing of some component (eg CO2)≡ The change
in energy flux at the top of the atmosphere caused by it.

Response to radiative forcing:

∆TS = λ∆FT

λ = 0.5 K/(W m−2), is believed to be a robust number.



Components of Climate



Climate: A complex system



The Question
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The Past Climate: Ice core analysis



The Past Climate: Ice core analysis



Past temperatures and CO2 levels



The Past Sea Level



The Past Sea Level



Recent Changes: CO2 levels



Recent Changes: Temperature



Recent Changes: Mean Sea Level



Recent Changes: Indian Temperatures and Monsoon



Recent Changes: Northern Indian Ocean Sea Level



Recent Changes: Northern Indian Ocean Sea Level
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Climate Models

I 3d models of ocean circulation coupled with atmospheric
circulation.

I Basic hydrodynamical equation: Navier-Stokes equations.
I Physics of many other processes input.
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Processes involved in Climate models



Climate models are complex



Hierarchy of models



How well do they reproduce the past data?



IPCC prediction: Temperature



How good are the projections ?
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The Cryosphere



Effect on the Dry Season Runoff ?



Ganga, Aayee Kahan Se ?



Ganga, Aayee Kahan Se ?



The Water Cycle



The Reservoir of Ice



The Reservoir of Lakes



The Reservoir of Ground Water



The Reservoir of Ground Water



Ice contribution: ∼ 25% ??



Response of Glaciers Worldwide



Response of Glaciers Worldwide



Response of Himalayan Glaciers
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A generic Glacier

Lengths 5-50 km
Widths ≈ 500 m
Slopes ≈ 2◦ − 5◦



Gangotri Bamak



Glacial Flow

Typical surface speeds: 10-80 meters/year (2.5-20 cm/day)



Continuum Mechanics of Glaciers
Newtons Law:

ρ
d2ui

dt2 = −∂jσij − ρgi

LHS is negligible for glacial flow

Continuity equation:
ρ∂ivi = b

b incorporates accumulation and ablation

Constitutive relation:

ε̇ij = Aτn−1sij , n ≈ 3

sij = σij −
1
3
δijσkk , τ ≡

(
1
2

sijsji

) 1
2

A = A0e−Q/kT , Q ≈ 0.62 eV
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Oerleman’s Model for recession

dL′

dt
=

1
τ

(
c∆T − L′

)
τ : Response time,
c: Climate sensitivity.

τ = 2.3p0.6s−1

c =
13.6

0.006s
√

p(1 + 20s)L



Back of the Envelope

dT
dh

= 0.65◦C/100m,
dh
dT

= 154m/◦C



Back of the Envelope



Back of the Envelope

Himalayan ice cap may reduce by ∼ 50% but likely to survive
the 21st Century
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The Study Area



The Study Area



History of Glaciation



Temperature from Ice Cores



Sathopanth



Sathopanth Front



Surveying



Recent Recession

62-05 05-06 06-07 07-08

Satopanth (m/y) 22.9 6.5 5.5 4.5

Baghirath Kharak (m/y) 7.4 1.5 1.0 1.0
Ph.D. Thesis, Mahesh Chaudhury



Flow Measurement



THANK YOU !
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