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Outline

e - Earth and Earth Processes

e - Earth Structure

e - Population and Environment
e - Why Environment?

e -Sun and Earth Interaction
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Formation of Earth 4.5 hallion Tears
aZ0

m Accretion of cosmuc Fas and dust
condensed from solar nebula

Gravitational collapse
Composition today lacks nobel gases

e.g. He, Ne, Ar [cf cosmic
abundance:.]

Loss of primordial atmosphere
= Gaseq and velaule compounds blown
away by impacts ot strong solar wind
before gravitational field strong enough

m  Subsequent input from extraterrestrial
sources €. meteortes and Comets

92 natural elements.

m Assemblage of atoms roughly
conserved since.
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Vegetation and % .
animals o Biosphere
Sﬂil w

Crust

Rock

-

Lithosphere .
Crusl_ « Crust
(soil
and rock)

Biosphere (living
and dead organisms)
here

Hydros
Lithosphere v r?wgter} ﬁtmt‘iisphere
{crust, ton of upper mantie) (air)

Early Archean
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Upper mantle i

Crust
(least dense)

Continental
crust

F
Oceanic
crust
Mantle
K™ ithosph

E ithosphere

L " ~100 km

ower mantle ~ “asp km] Asthenosphere

Core
(most dense)

T~ 2900 km
Quter
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Weathering

o L)

Erosion and
deposition

FA ey o
Igneous ey
rocks

Sedimentary
rocks

————

Metamorphic

g vocks R g 100,000
# Heatand 72— = S . Thermosphere
pressure SRR ' 90,000
il M
1 Mesopause
80,000
70,0001 Mesosphere
60,000
E 1 Stratopause
8 50,000
2
£ ]
40,000
1 Stratosphere
30,000
20,000
P Su— . Tropopause
10,000
1 Troposphere
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Third Ice House

Paleozoic Era (545-245 million years ago)
Transition to Third
Ice House

Second lce House/ Hot House Hot House
Transition to Hot House
-
i
J| Fern ] P
Starfish __ces 4 Worm — .ir.
’ ] Finback reptile
e
@ #5 7 i ;._\. s l;/ T
Cora| Amphlblan Reptlle
600 ( 500 300 200
W X X X
° S & a0 &? W o0 5 °
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Cambrian — Ordovician —* Silurian —* Devonian —* Carboniferous —> Permian —>
(545—505) (505-438) (438-408) (408-360) (360-286) (286—-245)

Evolution of Life on the Earth
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Mesozoic Era (245-65 million years ago)

Transition to Hot House

Third lce House

180 milion years ago

=

ww@’%@

Ammonite Ancestral
dinosaur
Tnassnc (245—203 million years ago)

f’”

Hot House
140 milion years ago

A

4 =
Fish-like \@
0&\ dinosaur

Hot House
sa e s ago

\

B/

,.%‘h%-

Giant
dinosaur Plated dinosaur

Nl

LAZJW

Flylnvg dinosaur
- S
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\d‘s{:”ﬁ:é;ﬁ *p“e&& : Duck-billed ‘K Camwc'r*o\us U‘
ol ? dinosaur dlnnsam dinosaur

Cretaceous (144-65 million years ago)

Evolution of Life on the Earth

SHELLED |
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. EVOLVE |

OR OZONE COLUMN
(abundance as fraction of present atmospheric level)

GROUND-LEVEL OXYGEN CONCENTRATION
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ATMOSPHERIC COMPOSITION, shown by the relative concentration of various
gases, has been greatly influenced by life on the earth. The early atmosphere had
fairly high concentrations of water and carbon dioxide and, some experts believe,
methane, ammonia and nitrogen. After the emergence of living organisms, the oxy-
gen that is so vital to our survival became more plentiful. Today carbon dioxide,
methane and waler exist only in trace amounts in the almosphere.
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Hydrosphere

Condensation
and deposition

Precipitation

7| |
|
|
6 -
[ S— —
S 5| resent: Population
= reaches 5 billion
2
§ a
2 4 1900: Population has
3 tripled to 1.5 billion
8 a3l
(=N
= 1650: Population has
S doubled to 500 million
= 2f
1 Population is relatively
K stable at 250 million

450 200 50 300 550 800 1050 1300 1650 1900 2050
“¥a AN

By 2036 the world’s
population - > 8 billion

Biogeochemical Cycles:
Reservoirs & Pathways

Atm are 46

— Lithosphers

Coupling — Lithosphere —
Hydrosphere —
Atmosphere

Atmosphere

Biosph o

This coupling has

g become complex with
‘r"_ i : gg Precipitation rosphere . .
e | 28 e the Human interactions
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Atmosphere-

: Biosphere
Terrestrial : N Interaction

Radiation

CARBON
ECOSYSTEMS CYCLE

Evaporation : AN DONSES = ) ¥ k4 . lce Sheet
Precipitation Industries ' _ e

Atmosphere-
Ice Interaction  Hgat

I Exchange

I

Sea-Ice

LAND-USE/ LAND-COVER CHANGE
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Global population growth:
A developing country phenomenon

Billions

2 Developing countries

Developed countries

O Trrrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrerrred

O .0 O 5000 60.0.90.60 6.0.5.0
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b5 O b0
P O W &
" O °

Source: United Nations Populations Division, World Population Prospects, The 2004 Revision, medium variant.

Winter College on Optics in Environmental Science,
ICTP, Trieste Feb. 2-13, 2009



2010 Population
1,182,171,000

Projected Population Trend

Population Density 1998

Uit States

1950 1960 100 19060 1990 000 A010 A0 00 2040 050

1960 Population
424 391,200

M Urban
= Rural

28%

AGU — Mega Cities

Source: United Nations Population Division 1998
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Demography

Asia (excl.

Demographic and Health Indicators India  Middle East)

Total Population (in thousands of people)
1950 357,561 1,331,635

2002 1,041,144 3,493,424
2025 (projected) 1,351,801 4,345,549

Population Density (people per square
km), 2000: 136.5
0C

Average Annual Population Growth Rate, 1980-20
Total 1.9% 1.6%

In rural areas 1.6% 0.9%
In urban areas 3.1%

World

2,519,495
6,211,082
7,936,741




(a)

(b)

Vehicular Population

Vehicular population
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2010 Population
1,182,171,000

North America E—I 457
326
Latin America/ 778 Milli ons
Caribbean 549
Europe 565,
P 728
Africa Lo
885
Asia I5.385
|'3,875

Europe is the only world
region projected to
decline in population by
2050
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100,000
lonosphere (Aurora) dl
Thermosphere
90,000 -
: Mesopause
Mesosphere
80,000
70,000
—\ Mesosphere
Troposphere 7
60,000
L f the Earth's atmosph E 1
ayers of the Earth's atmosphere E_ STFEII'DPEIUSE
@ -
Radiative Forcing Terms E Eﬂ .ﬂDD
| < |
Long-lived | I |
greenhouse gases | 4{] .'DUCI =
Halocarbons | i Stratosphere
‘6 Ozone Straiospr(wgrli]g) Tror:}ospheric Sﬂ.ﬂﬂﬂ |
E Stratospheric
3 water vapour ; Tl
§ : 1
E Surface albedo Land use B acf# gﬁéev‘)” 20,000 -
¢ Direct efect 1 Tropopause
Total | | |
Aerosol | Cloud albedo | | 10,000 4
effect
® Linear contrails 1 Tmpﬂﬂphﬂ re
E % - 5 0 ' L | | |
% 8 Solar irradiance 3 _1{..“} —Bﬁ —Eﬂ _4':. —20‘ l'.:F
Z o - t
Total ‘
human agfiiit?:st E TE“"IPE‘T'EI]UI'E rc}
1 L L | L |

Radiative Forcing (watts per square metre)
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Human Influence on Climate
Carbon Dioxide Trends: 100yr lifetime

14

&

Projected Temperature increase (°C)

-
&
E




Human activity = impacts

Global Warming

Ozone
Depletion

Reduction
of Biodiversity

Population
Increase &

Economic Growth
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Hurricanes
Dust storms

Thunderstorms

Atmosphere

Tornadoes
Wind
Fog

Extreme
precipitation

Hazards

Landslides Tsunamis

Extreme Chlorophyll
temperatures bloom (HABs)

Floods and El nino and la
Flash floods nina

Volcanoes Snow and ice

Earthquakes Oil Spill

Snow
Avalanche

Epidemics
Wildland fire

Remote
Sensing Models and

Analysis




Micrometeoroids
Al
Magnetic

Attitude
Control

lonosphere
Currents )

Radio Wave
Disturbance

Electricity Grid
Disruption

Earth Currents

© Bell Laboratories, Lucent Tochnologles:
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Near-Earth Space Weather Effects

Solar Cell o Solar Flare b3 .
Damage e Protons ¥ Astronaut
/ /‘ Safety

~”

."/ ™. Atmospheric Drag

/

Plasma
Bubble
FU'I
/ Signal
/ Scintillation

. Rainfall
_‘y % Water Vapo
Airline Passenger

REGIE]

Telecommunication
Cable Disruption
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Atmospheric opacity determines what
radiation reaches the Earth's surface.

e

Radic hlmnad Visible  Ultraviclet K—rnys Gamma
I I I I ] I I 10.“3 “}-1! 1{.'1. 1Ianl-

Aiﬁl/lto =

Mountain Skyscraper  Human  Fingernail Pinhead Bacterium  Virus Atomic nuclaus




= Solar radiation outside atmosphere
il — Solar radiation at sea level

[ Solar radiation absorbed by Earth's
20 4 atmosphere

Amounts of solar radiation
change over the 11-year

sunspol cycle. High sunspot
activity increases formation

of odd nitrogen.
i
E
=5
Qaﬁs Odd nitrogen formed 3
‘he‘-p in thermosphere E
® and mesosphere NzO5 and NO3y =
@ 3 :
esow“ l sink during o
W N,Os and NOj in the polar night. =)
09305"" siratosphere —
o =
o } =
“ale Ozone
20
o
Ozone destroyed
Qf‘,o”a by odd nitrogen.
<© o ™

0 020406081.01.214161.82.0222426283.03.2
Wavelength (pm)

Ultraviolet visiole ight Infrared

Sun is the source of
Electromagnetic
Radiations which interact
with the Earth and Earth’s
Atmosphere

Gamma and X-rays Radio
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Stratospheric
—_ 0ozone -
205€ Air moving up from the
‘&3609 troposphere pushes ozone Polar stratospheric
© up and beyond polar vortex. clouds i
\5690‘59“3
a\)e'e \ \ T f / + =
\‘9\00 Db Stratosphere diluted with
© © air from the troposphere
066(\6 which has very little ozone. Stratospheric Stratospheric Polar
water temperature vortex
Air with very little
but lots of NO frt i
the troposphere CFCs
Atmospheric -
methane iR
+
+ .
Tropospheric
temperature
== Ground-based measurements One year smoothed

Area covered

360 4L— Satellite measurements
by column

3 mm

Thickness of ozone layer
1mm equals 100 Dobson units

Ozone (DU)
1
1
1

A Dobson unit (DU) is

a measurement of how
thick the ozone layer
would be if it was at sea

level and 0°C. 300 Trend: 1926-1973 " Trend: 1973-1997 |
+0.1%/decade —2.9%/decade

A

| | | | | I | |
1930 1940 1950 1960 1970 1980 1990 2000
Year
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Atmosphere




Atmosphere (730)

<
-1 A
Fossil fuel
nissions (5.3)
pmdmﬁﬂﬂ_“ Deforestation (1-2) Respiration (60)
Gross primary
FT (4) production (120) ~ Decay (55}  Solution (20) Dissolution (88)
E‘@ s 20
Il g oo
e Oceans (38,000)
'. -—‘!.chl:‘;?}'-. Gross primary
T production (103)
Respiration (92)  ~ ¥
Ocean biota (3)
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Atmosphere (1)

T A A A

Fossil fuel
emissions
I Volcanoes (0.033) Wind erosion (0.6)
| Deposition (1.2) Deposition {(1.9) Seaspray (2.4)

Biota

by

V
Fresh water ==> Oceans (50 x 107)

e e Vary slow =LLI
geological processes Reduced sediments (1.5 x

Atmosphere

Solution

\% Ocean

Ao Gross
' primary
production
Respiration
Export Winter College on Optics in Environmental
 (Fecal pellets and Science, ICTP, Trieste Feb. 2-13, 2009 32

.

'\/ dead organic

matter)



Greenhouse gases are natural:
= H,0,CO.,.CH. - =

Humans add more greenhouse
gases

These gases are warming the




T 1 1 ] 1
1200 1400 1600 1800 2000
Year

Nitrous oxide

Sulfate concentration (solid ling)
(mg SOF perton of ice)
50, emissions (dotted line)
(millions of tons
sulfur per year)
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Temperature anomaly
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Temperature change (°C)
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Intra-annual cycle l

|
Long-term

Increase

300 | | ! ! T T ! ! T
1959 1964 1969 1974 1979 1984 1989 1994 1999 2004

Year
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concaniratcn
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Global atmospheric concentration of CO;

Parts per million (ppm

380

|

1870 1880 1890 1800 1810 1820 1830 1540 1850 1860 18970

r % Winter College on Optics in Environmental Science,
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10000 +
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GROWTH OF NTPC INSTALLAY CAPACITY & GENERATION

e [MSTALLED CAPACTY s—y—GERER A TICON

BU

1956-57

{as on 31.03.2005)

1957 -55

23,749 MW

1955-59
1959-90

1990-91

138 BUs
(for the year 2004-2005)
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1992-93
1993-94
1934-35
199:5-95
1996-97
1937-35
1995-99
1993-00
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Panoramic View of
Himalaya

Qct. 26, 1972 Mow, 12,1989 Mov. 2, 2000

Hr35W eudl

Fig J.Change in e smow and giacer copar in e weshern Himalagean reglon as shown n Land-
sar muispacmal scanner (797 Z), themane mapper (1589), and Enfanced Thematic Magper Flus
(2000} images. Areas oufined n red mdicate mformation from dhe GLIWE darabase,

Flg 2. Durst srorms reach up fo snow and giacler of Hmalmvas (hox ousined i red) as wisihle in
shis 8 Jure 2005 MODI Teren fmage obinined fom the MODE Web sire (Fip o/ Ymoals. gsfc nasa

-gou}

Singh et al., 2007, EOS
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nadir image

height (kilometers)

Wildfires Rage in Southern California October 26, 2003 Source: http://eosweb.larc.nasa.gov

(MlSR image) Winter College on Optics in Environmental Science,
ICTP, Trieste Feb. 2-13, 2009



http://airs.jpl.nasa.gov/

Tropospheric CO;

July 2003

Jul 2008
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The Greenhouse Effect

Some solar radiation
is reflected by the
Earth and the
atmosphere.

Some of the infrared
radiation passes thre

Solar radiation
passes through
the clear
atmosphere

rared radiation is
0 ittﬁd from the

Waning woods

Science 323, 521-524 (2009)
Trees in western North America are dying
more quickly than they used to, but there is
nocorresponding increase in the number of
new seedling trees. Mortality rates, which
are currently of the order of 1% a year, have
inmany cases doubled in just a couple of
decades.

The trend was picked out by a group
led by Phillip van Mantgem and Nathan
Stephenson, both then based at the US
Geological Survey Western Ecological
Research Center in Three Rivers, California.
The increased mortality correlates with
climate change in the region, which has
warmed by an average of between 0.3and
0.4°C per decade since the 1970s.

Winter College on Optics in Environmental Science, ICTP,
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Areas Impacting Society

Can turn into a
Disastrous
situation

Natural
Disasters

Agriculture

Water s
Management

— Public Health

limate Winter College on Optics in Environmental Science,

44
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Study of Environmental and its management is important, why?
*Air we breath

*Water we drink
*Food we eat

Winter College on Optics in Environmental Science, ICTP,
Trieste Feb. 2-13, 2009
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Numbers in [ repre

Numbers in {__) repra

Environmental Science Related
Questions

How does the Earth work?

How is the Earth changing?

Are human activities sufficiently strong to alter the chemical compositigh of :

the planet, to overcome natural forces and drive it towards a warmgag
‘.4-

climate? : S

£k

How does our chang' g environment affect life dn Earth’>

= Marine biota

adimaents




Affecting Monsoon and
Rainfall

We must learn how to
conserve water !




* Change in Program

Today

e 18.00-19.00 Capacity building in Satellite
data analysis and visualization for ecosystem
monitoring

- Ashbindu Singh (UNEP)

Winter College on Optics in Environmental Science, ICTP,
Trieste Feb. 2-13, 2009



