“If you can’t measure
you can’t mana
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ow Satellite Data Helps Us
Climate Change



INTRODUCTION

Remote sensing Is the science ,
Information about an object, area or p
actually being in contact with it.

The Sensor is a device that detects and responds to some type of input from
the physical environment. The input can be light, heat, motion, moisture,
pressure or any number of other environmental phenomenais, usually
mounted on moving platforms such as balloons, aircraft and satellites

Platforms of remote sensing are:

— Land based (surface or ground observation)
— Airborne based (from 100 m to 40 km)

— Space based (from 150 km to 36000 km)



What are Satellites?

A satellite is an object (moon) that orbits another large object like
planet.

A satellite is a station in space that is used for
telecommunication,
radio and television signals .

—
Satellites come in many shapes and sizes

But most have at least two parts in common - _

-. The antenna sends and receives information, often to and from
Earth. The power source can be a solar panel or battery. Solar panels
make power by turning sunlight into electricity.

Satellite subsystems attend many tasks such as thermal control,
telemetry, attitude control and orbit control.




Many types of satellites have been launched
Traditionally
» Radio and TV broadcast satellites
« Military satellites
« Satellites for navigation and localization (e.g GPS)
Telecommunications
» Global telephone connections
« Backbone for global networks
» Connections for communication in remote places
» Global mobile communication
For monitoring the environment

— Meteorological (weather) satellites

— Earth Resource satellites (ERS)

— Research and Development satellites (R&D).



» Types of Satellite Systems

Four different types of satellite orbits have Deet
the shape and diameter of each orbit:

1 GEO (Geostationary Earth Orbit) at 36,000 kms above
earth’s surface.

1 LEO (Low Earth Orbit) at 200-1500 kms above earth’s
surface.

1 MEO (Medium Earth Orbit) or ICO (Intermediate
Circular Orbit) at 6000-20000 kms above earth’s

surface.
1 HEO (Highly Elliptical Orbit) is between MEO and LEO.



GEO (Inmarsat)l

MEQO (1CO)

LEO (Globalstar, Irdium)
35,768 km

Orbits of difterent satellites
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Geostationary satellites

Geostationary satellites orbit around the Earth over the
equator and of speed should be about 3 km per second at a
height of about 35 800 km.

A Geo-stationary satellite is used in
* radio and telephone communications.
* live television program.

«  weather monitoring.

GTO GEO

Folar Orbits

° equator
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—Geosynchronous Orbit



https://www.esa.int/ESA_Multimedia/Images/2020/03/Geostationary_transfer_orbit
https://www.esa.int/ESA_Multimedia/Images/2020/03/Geostationary_transfer_orbit

« The main advantage of geostationary
satellites lies in the high temporal
resolution of their data. It takes about 5
minutes to scan the full Earth’s disc.

4  COWIREID

« The main disadvantage of many S
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geostationary satellites is their limited
spatial resolution, which is a consequence
of their distance from the Earth.

o Useful information is restricted to the belt
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satellites operate in this space

Galileo Constellation for Navigation — Image by ESA



550

600-800 km

The swaths are usually about 2600
km wide, and by completing 14
orbits per day one satellite can
provide a complete cover of the
globe twice every 24 hours.


https://www.esa.int/ESA_Multimedia/Images/2020/03/Polar_and_Sun-synchronous_orbit
https://www.esa.int/ESA_Multimedia/Images/2020/03/Polar_and_Sun-synchronous_orbit
https://www.esa.int/ESA_Multimedia/Images/2020/03/Polar_and_Sun-synchronous_orbit

Polar-orbiting
satellites are
normally used for
providing
telecommunicatin
services and
weather.

Types of
meteorological
satellite:
Polar-orbiting
satellites
Geostationary
satellites




Polar-orbiting .
Geostationary satellit NS
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@ Medium Earth Ol’blt (MEO)

Sarellites in this orbit are
used for navigation systems.

Earth has

4,550

satellites in orbit
(as of 9/1/21)

' 3,790
S . Low Earth orbit (LEO)

Sarellites here are used for communications
and remote sensing sateliite systems. The
International Space Station and Hubble
Space Telescope are also in this orbit,

. T3 =

565 —
Geosynchronous orbit (GSO) .

& geostationary orbit (GEO)

56
Sateilites in this orbit are used for - - - . -
tefecommunications and Earth 4 . nghly e"")tlcal Ofblt (H EO)
Observation NG = S - y N : = Sotellites in this orbit gre used for
- - communications, sarellite radio, remote
p sensing, and other applications.

Approximately 50% of the satellites in space are communications satellites
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Satellite images

* To understand more about how satellites sensors work; ¥ehel

gy
3

+  As sunlight strikes Earth’s surface, some of it is absorbed, and sof
space.

absorbed In the atmosphHers

NASA illustration by Robert Simmon. Astronaut photograph 1SS013-E-8948



e Sunlight has visible light o®
Ilght of other wavelengths

is absorbed and some of it is reflected by those
objects.




Satellite Imagery
All solids, liguids and gases emit electromagnetlc

Satellite imagery: Is obtained from radiometers
that measure the scattered electromagnetic radiation

emitted from the sun, Earth and atmosphere
radiation.



Fig shows the wavelengths of so ommon ~“es"" of
radiation. It also indicates the spectra of radiaNQQ emitted by -
the sun (at a temperature of about 6000 K)( solar Taeiation) '
and by the Earth and its atmosphere (at temperatures between

200 and 300 K)( terrestrial radiation)

Radiation types and wavelengths (um)
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Satellite imagery L.
VIS — imagery derived from reflected sunlight at visible

and near-infrared wavelengths (0.4-1.1 um);

IR — imagery derived from emissions by the Earth and its
atmosphere at thermal-infrared wavelengths (10-12 um);

WV — imagery derived from water vapor emissions (6—7
um);
3.7— pm (often referred to as ‘channel 3’°) Imagery from

this specific wavelength, which is in the overlap region
between solar and terrestrial radiation, is sometimes called

the ‘near IR”.



‘
* Climate change is arguably the most
existential threat facing humanity.

* Its effects can be observed and
experienced every day—fires, floods,
droughts, melting glaciers, hotter
summers, snowless winters, and
unexpected hurricane-force winds are
just a few examples.

* we

 and


https://geoawesomeness.com/top-11-maps-ultimately-explain-climate-change-impact/
https://geoawesomeness.com/top-11-maps-ultimately-explain-climate-change-impact/

Satellite measurements of Earth’s

* temperature,

e greenhouse gas emissions,
e sea levels,

* atmospheric gases,
 dwindlingice

e and forest cover etc,

are essential for imoroving the understanding
of Climate change and predicting future of the
Earth.




O Currently, there are around 162 satellites in-orbit that
measure the various indicators related to climate
change.

O Within the next five years, many new satellite
missions will be launched, including Eumetsat’s
second-generation polar-orbiting satellites, third-
generation Meteosats and Chinese satellites.

O Satellite data provides information about more than
half of the 50 crucial climate change variables, gives us
precise information about sea levels, Atmospheric
chemical composition and greenhouses gases like
Methane.




Climate change variable

Atmosphere

Precipitation

Pressure

Radiation budget
Temperature

Water vapour

Wind speed and direction

Upper-air

Earth radiation budget
Lightning

Temperature

Water vapor

Wind speed and direction

Atmospheric Composition

Aerosols

Carbon dioxide, methane and other

greenhouse gases
Clouds
Ozone

Precursors for aerosols and ozone

Land

Groundwater
Lakes
River discharge

Glaciers

Ice sheets and ice shelves
Permafrost

Snow

Above-ground biomass
Albedo

Evaporation from land
Fire

Fraction of absorbed photosynthetically

active radiation (FAPAR)
Land cover
Land surface temperature
Leaf area index
Soil carbon
Soil moisture

Anthropogenic Greenhouse gas fluxes

Anthropogenic water use

Ocean

Ocean surface heat flux
Sea ice

Sea level

Sea state

Sea surface currents
Sea surface salinity

Sea surface stress

Sea surface temperature
Subsurface currents
Subsurface salinity
Subsurface temperature

Biogeochemical

Inorganic carbon
Nitrous oxide
Nutrients

Ocean colour
Oxygen
Transient tracers

Biological/ecosystems

Marine habitats
Plankton




Dwindling ice covers

[ the biggest news came in 2017 when a huge iceberg broke
away from the Antarctica landmass. This changed the map
of the world forever.

(J NASA satellites ASTER and Landsat, the Copernicus
Sentinel-3 mission and the |ICESat-2 are mainly for
applications for

the ocean and coastal monitoring,

numerical weather and ocean prediction,

sea-level change and sea-surface topography monitoring,
land-cover change mapping,

also provide information about vanishing ice caps in the two
polar regions of the Earth.




Satellite imagery shows the
decrease in ice caps in
Antarctica. In Greenland,
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Thick sea ice

Sea ice of different thickness and bumpiness is broken up by the cracks between floes, called

leads, in this graph of photon returns from ICESat-2 as it orbits over the Weddell Sea in
Antarctica. Image Courtesy: NASA Earth Observatory/Joshua Stevens.



Foto: NASA's Earth Observatory
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Satellite images help in mapping the changes caused by climate change. Right image -
Greenland glaciers from a Landsat 8 image dated August 2019. Left Image- composite image
from Landsat 1 dated September 1972. Source: NASA/Christopher Shuman.



Pinpointing emissions and pollution

a

In January 2009, Japan launched the world’s first satellite dedicated to
greenhouse monitoring — Greenhouse Gases Observing Satellite (GOSAT).
It measures and from 56,000 locations around the
world. In October 2019, the Japan Aerospace Exploration Agency (JAXA)
launched GOSAT-2 to generate even more precise data.

in October 2017, ESA (European Space Agency) launched Copernicus
Sentinel-5P, is said to be the most advanced pollution monitoring satellite
in the world. It tracks carbon

. It also monitors , Which is one of the sources of
carbon monoxide.

By early 2024, US is scheduled to launch the Geostationary Carbon
Observatory (GeoCarb) to track global carbon cycle from a geostationary
orbit, making it the first NASA satellite to measure methane near Earth’s
surface. GeoCarb will gather

(SIF) at a spatial resolution of about 3 to 6 miles (5 to
10 kilometers).



Sentinel-5P image shoes NO2 concenteration worldwide
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DLR — Earth Observation Center (EOC)

O According to ESA, in 2020, the hole in the ozone layer over Antarctica reached a size of _, has expanded
rapidly since mid-August and covers most of the Antarctic continent. It was one of the largest and deepest seen in

recent years and shows record low ozone values reached nearly _units on October 2.



Deforestation

(1 Deforestation in tropical rainforests In countries
like Brazil and Indonesia is among the leading
causes of global warming, accounting for around
a quarter of global greenhouse gas emissions
especially carbon dioxide.

[ The state of Rondonia in western Brazil, which
was once home to of
forest (about 51.4 million acres), now has become
one of the most deforested parts of the Amazon,
according to the NASA Earth Observatory.




AMAZONAS

Moderate Resolution Imaging Spectroradiometer



https://modis.gsfc.nasa.gov/about/
https://aqua.nasa.gov/

Deforestation

d a major consequence of large-scale deforestation is the
release of huge amounts of CO2. in Cambodia alone Global
Forest Watch Climate data shows that the loss of 1.59
million hectares of forest, over 14 years, has resulted in the
emission of about 533 million metric tons of carbon
dioxide.

In contrast, Canada’s energy consumption in 2011—which
ranks ninth highest in the world—contributed to 552.5
million metric tons of CO2 emissions. A frightening
comparison.




Progressive deforestation in Cambodia shown in Global Forest Watch app
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human activities and water pollution the death of
many aquatic species

NASA’s  Landsat-8
satellite image
showing pollutants
and organic matter
flowing into the

Atlantic Ocean




Coral Reefs

Coral reefs support Around 25% of marine lifel but in the past 30 years, more than half of the world’s
corals have been destroyed. It is being estimated that going by the current alarming rate, more than 90%
of the world’s corals will cease to exist in the next 50 years. Coral Reefs are threatened due to massive

global warming and greenhouse gas emissions

NOAA Coral Reef Watch Daily Skm Bleaching Alert Area 7-day Maximum (v3.1) 15 Mar 2022
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Satellite imagery shows the extent of coral reef bleaching.



NASA imagery showing
desertification in Mali




Lake Poopd, Bolivia, photo shows the progressive disappearance of the lake.




7 ways\Satellites Help Fight Climate Change

e == e
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air quality changes

O3 and st in ice and
Assess the poliaton permafrost

state of the conditions
ozone layer
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protecting it

; =<

Provide the
authorities

with scientific
data so that
they can make
the best possible
decisions for

the health of

our planet
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