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e Topic: Earth’s Atmosphere — Structure and
Composition

e Subtopic: Structure, Gases, Climate Relevance,
and Human Influence




SCOPE

Understand the layered structure of the Earth's
atmosphere.

Know the composition of atmospheric gases and trace
elements.

Explore the functions and importance of each
atmospheric layer.

Discuss recent changes in atmospheric composition
due to anthropogenic activities.

Analyze case studies related to atmospheric
phenomena.

ldentify how climate and pollution affect atmospheric
balance?




LO

Define and describe different atmospheric layers

Explain the percentage and role of gases in the
atmosphere

Correlate human activities to changes in
atmospheric composition

Apply knowledge to real-world scenarios through
case studies.

Critically assess the global implications of
atmospheric change.




ATMOSPHERE:OVERVIEW

Envelope of gases surrounding Earth

Extends up to 10,000 km, becomes very thin
beyond ~500 km

Crucial for life, weather, radiation protection
Regulates climate and heat balance



COMPOSITION OF EARTH’S ATMOSPHERE

Gas Percentage by Volume
Nitrogen (N;) 78.08%
Oxygen (0,) 20.95%
Argon (Ar) 0.93%

Carbon dioxide (CO,) 0.0416% (~416 ppm)
Neon, Helium, Methane, etc. Trace

NOAA Earth System Research
Laboratories(2024)



COMPOSITION OF EARTH’S ATMOSPHERE

Variable Components

 Water Vapor (0—-4%) — affects weather and
climate

* Ozone (03) — absorbs harmful UV in stratosphere
* Dust particles, Pollen, Soot
* Anthropogenic pollutants: CO, SO,, NOx

NOAA Earth System Research Laboratories(2024)




LAYERS OF THE ATMOSPHERE — OVERVIEW

e Troposphere
e Stratosphere
e Mesosphere
e Thermosphere

e Exosphere

Based on temperature, chemical composition, and function

Divided by temperature gradients




LAYERS OF THE ATMOSPHERE-TROPOSPHERE

Troposphere

0-12 km, contains ~75% of atmospheric mass

Site of weather, clouds, rainfall

Temperature decreases with altitude
(~6.5°C/km)

Human activity zone




STRATOSPHERE

Stratosphere

.

e 12-50 km

e Contains the ozone layer (20-30
km)

e Temperature increases with height
due to UV absorption

e Jet aircraft fly in lower stratosphere




MESOSPHERE

Coldest layer Meteors burn Less studied

(~-90°C) up in this layer

due to
inaccessibility

Mesosphere 50-80 km




THERMOSPHERE

Thermosphere

80-700 km

High temperature (up to 2000°C) but low heat content

Contains ionosphere — auroras, radio communication

Satellites orbit in this layer




EXOSPHERE
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GREEN HOUSE GASES




CHANGES IN ATMOSPHERE

Anthropogenic Fossil fuel Deforestation -
Changes in burning: 1~ CO,, reduced carbon
Atmosphere

Aerosol Effects on ozone,
emissions & rainfall, and
urban smog temperature




ANTHROPOGENIC CHANGES IN ATMOSPHERE

e ANTHROPOGENIC CHANGES IN THE ATMOSPHERE

REFER TO ALTERATIONS TO THE EARTH'S
ATMOSPHERE CAUSED BY HUMAN ACTIVITIES

*The most significant contributor is the burning
of fossil fuels for energy, industry, and
transportation

eDeforestation and agriculture



Consequences of GhGs

Increased global temperatures:

— Greenhouse gases trap heat in the atmosphere, leading to a rise in
global temperatures, known as global warming.

Changes in weather patterns:

— Warming temperatures can lead to more frequent and intense heat
waves, droughts, and extreme weather events like hurricanes.
Melting glaciers and ice sheets:
— Warmer temperatures cause glaciers and ice sheets to melt at an
accelerated rate, contributing to sea-level rise.

Ocean acidification:

— Increased CO2 in the atmosphere dissolves into the ocean, causing it to become more
acidic.



Who is the Major driver of CC?

The overwhelming majority of climate scientists agree that
human activities are the primary driver of recent climate
change.

This consensus is supported by extensive research and data
analysis, including observations of increasing greenhouse gas
concentrations and rising global temperatures.

Case Study 1 — Ozone Hole over Antarctica

CFCs led to stratospheric ozone depletion
Montreal Protocol (1987) - 99% reduction in CFCs
NASA 2024: gradual recovery but not full yet

Role of stratospheric cooling in persistence



CASE STUDY 2 — DELHI SMOG (INDIA)

Case Study 2 — Delhi Smog ,India.
* PM2.5 levels peaked at 400+ pg/m3in Nov 2023

Sources: stubble burning, vehicle exhaust, Diwali
fireworks

Health impacts: respiratory, cardiovascular

Action: Odd-even schemes, GRAP measures




GRAP

STULMGSSLILLL 10T QEwe6v S L LD (GRAP) 6T6dT LIS &TH M
LOT&UML 6L eTH TSI GUITTITL GIL6V6I-NCR @6L QFWeVLIHSSLILIHILD
HL UGN G660 QFHMTGSGLILTGLD, @& STHM S5 GmMIuiLLmev (AQl)
SreooTILBSE & . GRAP STH 60T HJ8 608G [HITETE; B 65)6V5 6T TS
AMGLILMQSSR M, 356160 Sallgsserenin Gusyin &L HILILmL (b
BL AU &HNEHEHEH G UPIGERMSI
GRAP 6T60TMIT6V 6T60T6O0T ?
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26155 &6 L1LIG 60T CLAGV(LOLD LOMTE 6Tem6UsH GHemMLILICS @) 560 ©) 6085 MELD.



AQI LDMHMILD RAP [B16M6VE6IT:

1. B6LeVLS (0-50): 6THG HL ALY E6ME LD 6T(H & LILIL el6Lemev.

2. SOGUSHSTLMErs (51-100): 6THS HL UG HMSEH LD 6T(HSHELILLallevemev.
3. udgLomeor (101-200): 6THS HL UG S5 U LD T(h & & LILLaT6vemev.

4. GLmEFLOMers (201-300): GRAP Blenev | QF WL SSLILGSR M S

5. W&eylb CumFLomeordl (301-400): GRAP Blemev 1| QF WL SSLILGSRmS!.

6. SHenLOWImeot (401-450): GRAP Blemev Il QFWOLIRQSSLILIGOSMmS.

7. s ennwmenr + (450 &G GLO6V): GRAP Blemev IV QFWeLIHSSLILGSBME. :



GRAP STATUS

«  mBlemev | (BLOMFLD):
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G MTIEEHLD @6V LITIEG 615 85 60T mer.



ROLE OF SATELLITES AND WEATHER
MONITORING

NASA's Terra, Aqua, Sentinel, ISRO’s INSAT series

Track GHG levels, temperature, aerosols, clouds(NDIR
tech.)

Real-time data for disaster preparedness and modeling

Ground-based measurements ,satellite observn, &
aircraft measurements.

Temperature is measured using thermometers, both on
the ground (in weather stations) and at various altitudes
using radiosondes (weather balloons) and satellites.

Aerosol properties are tracked using radiometers
(instruments that measure electromagnetic radiation)



{oesa
The Paris Agreement aims to keep global temperatures well below 2°C and ideally 1.5°C relative to the pre-industrial period and reduce climate change vulnerability.
Satellite ohservations are increasingly contributing to national mitigation and adaptation progress to meet these objectives.

Atmospheric observations help to
analyse net global greenhouse gas

Satellite observations help to estimate the carbon
emissions and removals

budget and quide climate actions needed to imit
$ ) < global warming
Identifying opportunities for point source
GHG mitigation e.q. power plants, cities, and

fossil fuel extraction areas

Tracking progress towards meeting

emissions reduction contributions
Enabling countries to improve
checks and consistency of national

GHG inventories

(OBLVOTLIN

Assessing if the Earth system is

responding as prediction to inform the
global stocktake
Assessing emissions and removals

from the second largest source of
human-related GHGs

, Satellite data provide the foundation of
cimate services used to identify hazards

and impacts to improve climate resiience
v

Satellites can monitor remote and
unmanaged natural carbon sources e.9.

Earth observation data have potential
permafrost and wetlands

to track progress and implementation
of adaptation measures
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SUMMARY

Atmosphere = dynamic system with layers,
gases, and functions

Composition affected by natural and human
factors.

Understanding structure helps in climate
resilience.

Importance of policy + awareness +
technology.
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