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Climate and weather

» Climate is average weather.

» |t is described by the mean and variation of
TEMPERATURE, PRECIPITATION and WIND
averaged over ~ 30years

» The climate has always been changing.

The question is: “How rapidly ?"



Thermodynamics of the Sun and Earth




Black Body Radiation

WHY DOES THE SUN SHINE ?




Black Body Radiation




Black Body Radiation
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Black Body Radiation

Wien’s Displacement Law:

TAmax = 2.898 x 10 nm K
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Stefan-Boltzman Law:

E=0T% oc=567x108Wm?2K™*

Hotter the body, the more it radiates.



Temperature of the earth

Average temperature of the earth (rer: wikipedia, Black body):

Energy Flux from Sun = Energy Radiated by Earth
235 W/m? = oT¢
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

Greenhouse gases: Carbon dioxide, water vapour, methane,.....
They trap some of the escaping heat and so warm up the atmosphere

atmosphere N, greer™
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Discovered by Joseph Fourier in 1829

If CO, conc. doubles then average temperature §
increase of 5-6 C: Arrhenius (1896) \



The Greenhouse Effect

Radiation Transmitted by the Atmosphere
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The Greenhouse Effect

Greenhouse gas
absorption:350

Heat and energy
in the atmosphere
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warmed to an average of 14°C




Radiative Forcing
A few percent changes in the outgoing flux will result in
measurable changes in temperature.
AFs ATg

Fs Ts
ATs = 0.15AFg

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

Response to radiative forcing:
ATg = MAFT

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




Components of Climate




Climate: A complex system

The climate system, processes and interractions and possible changes

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydvolg;ioal Cycle

/Changes in I
Solar Inputs,

Clouds
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The Question
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The Past Climate: Ice core analysis

Close up of
an ice core

A laboratory
in Antartica

Removing the i
ice core from
the drill



The Past Climate: Ice core analysis

SATEMISEEY

9 cm long section of GISP 2 ice core from 1855 m
showing annual layer structure illuminated from below

lumuflny'ul(lmmmm
Striations in the ice core. Each layer corresponds
to one year of ice.

Cross section of an ice core showing the
trapped bubbles of air.

Chemical analysis of the trapped air bubbles gives
the composition and the temperature of the

atmosphere the time that ice layer was formed
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Past temperatures and CO. levels

400 Thousand Years of
Atmospheric Carbon Dioxide Concentration
and Temperature Change

Current >
Level

CO; concentration from
Mauna Loa Observations
& Antarctic Ice Cores

1800AD __y\ ™
7 Level
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icecore.co2
11999 temp.dat
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Data Source CO2: ftp://cdiac.oml.
Data Source Temp: http://cdiac.esd.orl.

Maximum rate of warming in the past : 0.1 C/century

Maximum rate of CO,increase in the past: 10 ppmv/century

Maximum level of Cozin the past : < 300 ppmv




The Past Sea Level
Time (m.y.)

0 5 10 15 20

Sea level fluctuations over last 20 million vears.
After the last ice age about 18000 years
ago, the sea level has risen by 120m.

i. e. 66 cm/century on the average.
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The Past Sea Level
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The rate of rise decreased to almost zero for the past
3000-2000 years till about 150 years ago




Recent Changes: CO. levels

350

300

Carbon Dioxide (ppm)

250~

10000 5000 0
Time (before 2005)

CO, concentration today is 380 ppmv. It has never
exceeded 300 ppmv in the past 650,000 years.

In the last century it increased by about 80 ppmv o,
Maximum rate of increase in the past: 10ppmv/century [ A




Recent Changes: Temperature

1 T
- (a) Global average temperature ]
05 ’(o' -114.5

(C)

14.0

(D) @Injeledwe |

13.5

1850 1900 1950 2000
SIPCC 2007: WG1-AR4
Year

The average temperature rose by about
1 Cin the last century.

The maximum rate in the past was about ...
0.1 C per century




Recent Changes: Mean Sea Level
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After being steady for 2000-3000 years, the sea
level has risen by about 20 cm in the last 150 years. 2
Today it is rising at about 30 cm/century |




Recent Changes: Indian Temperatures and Monsoon

Ared HiEA s faamer, gol

India Meteorological Department, Pune

Temperature
ts that I mean t ature for the

Analysis of data for the period 1901-2005 gg
country as a whole has risen to 0.51°C over the period. It may be mentioned that annual mean
temperature has been consistently above normal (normal based on period, 1961-1990) since
1993. This warming is primarily due to rise in maximum temperature across the country, over a
larger parts of the data set. However, since 1990, minimum temperature is steadily rising and
rate of its rise is slightly more than that of maximum temperature.

Spatial pattern of trends in the mean annual temperature shows significant positive
(increasing) trend over most parts of the country except over parts of Rajasthan, Gujarat and
Bihar, where significant negative (decreasing) trends were observed.

All India monsoon rainfall

All India summer monsoon season (June to September) rainfall as well the rainfall for all the
four monsoon months does not show any significant trend.




Recent Changes: Northern Indian Ocean Sea Level

Are sea-level-rise trends along the coasts of the north Indian Ocean
consistent with global estimates?

A.S. Unnikrishnan *, D. Shankar

National Institute of Oceanography, Dona Paula, Goa, 403004, India

Received 27 April 2006; received in revised form 26 October 2006; accepted 17 November 2006

Abstract

Mean-sea-level data from coastal tide gauges in the north Indian Ocean were used to show that low-frequency variability is
consistent among the stations in the basin. Statistically significant trends obtained from records longer than 40 years yielded sea-
ise estimates between 1.06-1.75 mm yr '
adjustment (GIA) using model data. These estimates are consistent with the 1-2 mm yr ' global sea-level-rise estimates reported
by the Intergovernmental Panel on Climate Change.
© 2006 Elsevier B.V. All rights reserved.
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, with a regional average of 1.29 mm yr !, when corrected for global is

Keywords: regional sea-level rise; mean-sea-level; tide gauge; north Indian Ocean




Recent Changes: Northern Indian Ocean Sea Level

1880 1920 1960 2000 1880 1920 1960 2000
1 1 1 L L L
72004  Aden Diamond Harbour (Kolkata)
1214016 5225043
7100 99% 99%
7000 )Jﬁﬂﬁ\
6900  ulte— T
6800 -
7200 1  Karachi Vishakhapatnam
0.61+0.32 0.70:0.28
7100 90% 95%
S
7000
6900
6800 -
7200 4 Mumbai Kochi
0.77+0.08 1315023
7100 99% " 99%
ALY
7000 A ) .
Wd\/ﬁ I8 ) "JJ%AFV#/
6900 AT
6800 T T T T T T T T
1880 1920 1960 2000 1880 1920 1960 2000

Fig. 3. Annual-mean sea-level and the linear fit for selected tide-gauge stations in the north Indian Ocean. The trends, standard deviation from a linear

fit and confidence limit are also shown.
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Climate Simulation




Climate Models

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




Climate Models

» 3d models of ocean circulation coupled with atmospheric
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» Basic hydrodynamical equation: Navier-Stokes equations.




Climate Models

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

» Basic hydrodynamical equation: Navier-Stokes equations.
» Physics of many other processes input.




Processes involved in Climate models

7. Physical Climate Processes and Feedbacks
Content

Executive Summary

7.1 Introduction
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7.2.1 Physics of the Water Vapour and Cloud Feedbacks
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7. Precipitation

7.2.3.1 Precipitation processss

7.2.3.2 Precipitation modelling

7.2.3.3 The temperature-moisture feedback and implications for precipitation and extremes .




Climate models are complex

7.2.4.1 Radiative processes in the troposphere
7.2.4.2 Radiative processes in the stratosphere
7.2.5 Stratospheric Dynamics

7.2.6 Atmospheric Circulation Regimes

7.2.7 Processes Involving Orography

7.3 Oceanic Processes and Feedbacks

7.3.1 Surface Mixed Layer
3.2 Convection
.3 Interior Ocean Mixing
.4 Mesoscale Eddies
.5 Flows over Sills and through Straits

7.
7oa
7.3
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7.3.6 Horizontal Circulation and Boundary Currents

7.3.7 Thermohaline Circulation and Ocean Reorganisations

7.4 Land-Surface Processes and Feedbacks

7.4.1 Land-Surface Parametrization (L.SE) Development
7.4.2 Land-Surface Change
7.4.3 Land Hydrology, Runoff and Surface- Atmosphere Exchange

7.5 Cryosphere Processes and Feedbacks

7.5.1 Snow Cover and Permafrost
7.5.2 Sea lce




Hierarchy of models

incomplete. Consequently, there is a continuing need to assist
in the use and interpretation of complex models through models
that are either conceptually simpler, or limited to a number of
processes or to a specific region, therefore enabling a deeper
understanding of the processes at work or a more relevant
comparison with observations. With the development of
computer capacities, simpler models have not disappeared; on
the contrary, a stronger emphasis has been given to the concept
of'a ‘hierarchy of models’ as the only way to provide a linkage
between theoretical understanding and the complexity of
realistic models (Held, 2005).




How well do they reproduce the past data?
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IPCC prediction: Temperature
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How good are the projections ?
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The Cryosphere

Vol of ice level
(km3) rise (m)

Antartica 29528300 73.32
Greenland 2620000 6.55
Rest 180000 0.45




Effect on the Dry Season Runoff ?

5 MAY, 2007




Ganga, Aayee Kahan Se ?

Image 2007 TerraMetrics
image © 2007 DigitalGlobe:
©.2007 Europa Technologies,
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The Water Cycle
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The Reservoir of Ice
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The Reservoir of Ground Water
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The Reservoir of Ground Water




Ice contribution: ~ 25% ??




Response of Glaciers Worldwide
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Figure 4.13. Large-scale regional mean length variations of glacier tongues
(Oerlemans, 2005). The raw data are all constrained to pass through zero in 1950.
The curves shown are smoothed with the Stineman (1980) method and approxi-
‘mate this. Glaciers are grouped into the following regional classes: SH (tropics, New
Zealand, Patagonia), northwest North America (mainly Canadian Rockies), Atlantic
(South Greenland, Iceland, Jan Mayen, Svalbard, Scandinavia), European Alps and
Asia (Caucasus and central Asia).

August 13, 1941, by
William O. Field

August 31, 2004,

I Muir Glacier Iby Bruce F. Molnia

August 13, 2003

IJuIy of 1958 taken by Mccall Glacier
by Matt Nolan.

JAustin S. Post




Response of Glaciers Worldwide

Extracting a Climate Signal from
169 Glacier Records

J. Oerlemans

www.sciencemag.org SCIENCE VOL 308 29 APRIL 2005
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Fig. 3. (A) Temperature reconstruction for various regions. The black
curve shows an estimated global mean value, obtained by giving
weights of 0.5 to the Southern Hemisphere (SH), 0.1 to Northwest
America, 0.15 to the Atlantic sector, 0.1 to the Alps, and 0.15 to Asia.

(B) Best estimate of the global mean temperature obtained by com-
bining the weighted global mean temperature from 1834 with the
stacked temperature record before 1834. The band indicates the es-
timated standard deviation.




Response of Himalayan Glaciers




Response of Himalayan Glaciers

Glacial retreat in Himalaya using Indian
Remote Sensing satellite data

Anil V. Kulkarni', I. M. Bahuguna', B. P. Rathore', S. K. Singh',
S. S. Randhawa’?, R. K. Sood* and Sunil Dhar®

'Marine and Water Resources Group, Space Applications Centre, Indian Space Research Organization, Ahmedabad 380 015, India
*Himachal Pradesh Remote Sensing Cell, Shimla 171 009, India

*Department of Geology, Government College, Dharamsala 176 215, India

CURRENT SCIENCE, VOL. 92, NO. 1, 10 JANUARY 2007
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Response of Himalayan Glaciers




Response of Himalayan Glaciers

Table 3. Basin-wise loss in glacier area in Chenab, Parbati and Baspa basins

Glacier area (sq. km)

Volume (cubic km)

Basin Glacier number 1962 2001-04  Loss (%) 1962  2001-04  Loss (%)
Chenab 359 1414 1110 21 157.6 105.03 333
Parbati 88 488 379 22 585 43.0 26.5
Baspa 19 173 140 19 19.1 14.7 23.0
Total 466 2077 1628 21 2352 162.73 30.8

200

180 1962

160 22001

032 086
Area (sq. km)

14 35 56

143 23 57 91 360

Figure 9. Number of glaciers as a function of area for Chenab basin.
Areal extent in bin is increasing by a power of 2.




Response of Himalayan Glaciers

Himalayan Glaciers
A State-of-Art Review of Glacial Studies,
Glacial Retreat and Climate Change

1. Glaciers in the Himalayas (India) have been
exhibiting a continuous secular retreat since the
earliest recording began around the middle of the
nineteenth century. Kumdan glaciers, of the Upper
Shyok valley, have been the only exception for their
periodic fluctuations.

Average annual retreat of the glaciers, under
observation, which generally was around bm till

up to late 50s of the 20th century, increased many
folds in some glaciers in the Central and the Eastern
Himalayas during the decade of mid seventies to late
eighties, touching a value of as high 25m-30m as in
the case of the Gangotri glacier. The retreat, with the
advent of the decade of the nineties, began to slow
down and in some cases like the Siachen glacier,
Machoi glacier, Darung Drung glacier, Gangotri
glacier, Satopanth-Bhagirath Kharak glaciers and the
Zemu glacier, it has practically come down to stand
still during the period 2007-09. It may be noted here
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Physics of glaciers.




A generic Glacier

Glacier ice ablated during melting season

Lengths 5-50 km
Widths  ~ 500 m
Slopes ~2°—-5°




Gangotri Bamak
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Glacial Flow

Markers placed  Initial position Markers on Pipe after

on glacier surkace of pipe. glacier subsce a period

at start of study aftera periodof  of ime
time

. 2 grains of ice locked
g / and moving together

/ Upper grain moves
ik cg) slightly farther than
o LI lower grain
lce
P’ Upper grain moves
@ considarably farthar
than lower grain
Amaunt of T g -
MCVEMEnt Rocks frozen

due to sliding  into glacier

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




Continuum Mechanics of Glaciers

Newtons Law:
d2U,'
PF = —0jojj — pgi
LHS is negligible for glacial flow

Continuity equation:
pa,'V,' =b

b incorporates accumulation and ablation

Constitutive relation:

€j = AT”71S,‘]', n~3
1

1 1 2
Sij = oj— géijakkv T = ES,’ij,’
A = Ae YT Qx~062eV




Continuum Mechanics of Glaciers

Newtons Law:
djojj+pgi =0

Continuity equation:
pa,'V,' =b

b incorporates accumulation and ablation

Constitutive relation:

é,‘j = AT_S,'/', n~3

1 1 2
Sij = U,'jfé(s,'jakk, T = ES,‘ij,‘

A = Ae YT Qx~062eV




Oerleman’s Model for recession
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Back of the Envelope

The Atmospheric Lapse Rate

Inflight experinents
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Back of the Envelope

RAlakananda Basin
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Back of the Envelope

Himachal-Ladakh region
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Himalayan ice cap may reduce by ~ 50% but likely to survive
the 215 Century




Outline

Glaciers in the Alakananda Basin




The Study Area

Image © 2007 TerraMetrics,

image © 2007'DigitalGlobe
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The Study Area

Image © 2007 TerraMetrics,
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History of Glaciation

Chronology of the Late Quaternary
glaciation around Badrinath
(Upper Alaknanda Basin):
Preliminary observations

H. C. Nai I"*#, M. Chaudhary', N. Rana’,
B. D. S. Negi', R. S. Negi', N. Juyal’ and
A. K. Singhvi’

'Department of Geology, HNB Garhwal University,
Srinagar (Garhwal) 246 174, India
2Physical Research Laboratory, Navrangpura, Ahmedabad 380 009, India

STAGE-IlI
SATOPANTH
<

ot g

STAGE-II
ALKAPURI

OPTICAL DATING:
12000 ya

“Google




Temperature from Ice Cores

The past temperature fron the Vostok ice-core data
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Luminescence age of 12 ka is obtained on the reces-
sional moraine (Stage-II) located at around 3600 m asl
and is separated from the terminus of Stage-II by a &
prominent depression. This would imply that during the
recessional phase, there was a temporary hiatus which is
also indicated by the presence of drumlins above the dated &
horizon (Figures 4 b and 6)**. It is suggested that due to




Sathopanth




Sathopanth Front

June 2008




Surveying




Recent Recession

H. C. Nainwal*, B. D. S. Negi, M. Chaudhary,
K. S. Sajwan and Amit Gaurav

Department of Geology, HNB Garhwal University,

Srinagar (Garhwel) 246 174, India

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
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