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In this lecture:

Meteorological satellites: Features
History of meteorological satellites

Current state of the meteorological satellite system



 Are primarily intended to provide imagery

and environmental data for

- Weather analysis
- Weather prediction
- Cllmate change studles




Meteorological Satellites Should Provide

* Global or at least continental-scale coverage
 Weather processes have a typical size of several thousand km

» Continuous coverage

* Observations should be available everywhere, important for
model applications

* High temporal frequency, near-real time availability
e Critical when monitoring fast-developing atmospheric processes
* Needed to issue timely warnings



Interest to Meteorological
Satellites Data, Why ?

Global view at the world’s weather
processes

Many other practical applications
besides weather

Imagery available from multiple sources
Imagery is easy to understand
Data are free (mostly)

But you need to know what to get, where,
and how to process.
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A Little of History....



1950s — 1960s:
Beginning of satellite era
First weather satellites

US and USSR compete
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e Launched in 1957

e Contained internal temperature
and pressure sensors

* Stimulated Space Race

Sounding rocket launched at 1815 GMT on October 5, 1954 from White Sands, New Mexico

First Cyclone seen from space-

Pictures taken with cameras onboard
sounding rockets were the first images
of the Earth received from space




1957: Sputnik-1

* Launched in 1957

* Contained internal temperature and pressure sensors

* Stimulated Space Race
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1959: First
meteorological
experiment

The United States’ earliest attempts to see
Earth’s weather from space began in the 1950s.

Several experimental programs were developed
and, by 1959, the first successful meteorological
experiment made its way to space onboard the

Explorer VIl satellite.

The satellite weighed 41.5 kg, was 75 cm high
and 75 cm wide. Powered by solar cells, it also
carried 15 nickel-cadmium batteries around its
equator.

It transmitted data continuously through to
February 1961 and went dead on August 24,
1961.

U.S. Space Objects Registry

Explorer VII
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1960: First Weather
Satellite TIROS-1

TIROS Program (Television Infrared
Observation Satellite):

NASA early program to determine if
satellites could be used to study the
Earth.

Weighing approximately 270 pounds
and carrying two TV cameras and two
video recorders, the satellite provided
weather forecasters their first ever
view of cloud formations as they
developed around the globe.

Operated 78 days




1961: First Man in Space

VT - - The Bhuntsuille @Imw =

‘So Close, | uuuw
Yet So Far,| e
SighsCape| " |§

U.S. Had Hoped
Dwn Laun:_:h o

Soviet Offlcer

Orbits Globe
In 5-Ton Ship

Maximum Height Reached
Reported As 188 Miles

"""""

il o Lo
l|. .:r--..- duf i |r_|-||r.||u.|-;.I
I'~'mi BRAUN'S NEACTION:

To!faep Up, U,g_g_
“| Must Run Like Hell’




1965: First Global View with TIROS-9

* 450 photo images were combined to provide a complete view of the worlds weather
* Infrared imagery has become routinely available.
* This made possible getting pictures of clouds day and night



1966-1967: First Image from
Geostationary Satellite

36,000 km above the ground
Orbital speed = Earth rotation speed
Satellite remains over the same spot

e 1966 First full disk image of the
Earth (ATS-1)

e 1967 First color image of the
Earth with red, blue and green
cameras (ATS-3)

First color image of ATS-3



1969: First Moon Walk

July 21, 1969: Neil Armstrong and
Edwin Aldrin are first humans to walk
on the Moon

Apollo 11 Mission
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1969: First Sounding Instrument

Infra-Red Spectrometer (SIRS) onboard
Nimbus-3 (NASA, USA)

Observations in several infrared bands

Vertical temperature profiles derived

q E__ —
1o - ; g
| | 7 1
— B 4 ’ %
5 % L 1
/ - - i 1 ]
3 i i ! _i
‘“/<Q““"'- 5 - .
1800 - ] o — 1 —_;:J*::”'j |cc-u: | | 3
%{_ 200 Uﬂz FM|+IDD

Maximum sensitivity of SIRS Example of derived

spectral bands temperature profile



1969: Russia Launches Meteor Program

First Russian meteorological satellite in space
Preceded by three years of flight testing of experimental
satellites

Provides gray-scale pictures of clouds
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1970s:

 Operational use of satellite images
* New Sensors

 Europe and Japan join the “club”



1972: Scanning radiometers replace
video cameras (VHRR onboard NOAA-2)

* Equivalent of moving from film to digital photography

* Era of quantitative satellite observations begins



1972-1976: First microwave imaging
instruments on board

Microwave sensors can “see’
through clouds: all-weather
applications

Proved very useful for ice
mapping in the polar regions
Can be used to derive

temperature profile in the
atmosphere

SMMR onboard Nimbus-7:
1976-1989

February




1975: US launches
GOES satellite
series

* GOES: Geostationary
Operational Environmental
Satellite

 Continuous observations of
the Western Hemisphere

e 1 hourinterval
* 5spectral bands

* Found very useful for
tracking hurricanes and
tropical storms in Atlantic
and Pacific Oceans
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GOES 4-7 Lo GOES 13,14,15

" Vertical Vel I Simultaneous,
Profiling M independent imaging
= sounding

GOES-R Series

Improved spectral,
spatial and temporal
resolution in imaging

GOES 1-3 Lightning mapping
] ' w Improved space weather
m o monitoring




1977: Europe and Japan launch weather
satellites

v> EUMETSAT

Japan Aerospace
Exploration Agency

Geostationary meteorological
= satellites launched over
METEOSAT-1 e i Europe (Meteosat-1) and
over Far East (GMS)




Also in

197/0s:
Satellite
Images

usedin TV
weather
forecasts




1980s :
Multiple sensors on board
Broader application of data

India and China get in




1979: NOAA-6: first satellite with multiple
weather monitoring instruments onboard

Visible and infrared Imager
Infrared Sounder:
Microwave Sounder

Stratospheric Sounder

INFORMATION FROM
REMHOTE LOCATIONS

(NOAA-A)
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Observations in both visible, infrared and microwave bands allow for
all-weather monitoring of atmosphere and land surface.



1981 - : AVHRR

AVHRR/2: Advanced Very High-Resolution Radiometer

- Deployed onboard NOAA (USA) and METOP (EUMETSAT)
- Twice a day (day and night) global observations

- 1 km spatial resolution (local), 4 km global

- Five spectral bands, visible to infrared

- Snow, ice, surface temperature, vegetation , fires, oceans

- Used in climate studies
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Local data can be received = «imggs o sl
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AVHRR sensors continue to operate: Over 30 years of data !



India

1982: INSAT

India’s first successfully launched communication satellite

Meteorological applications
Geostationary orbit, at 74° E

Imagery in visible and infrared
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1988: FY1 (China)

China’s first successfully launched meteorological satellite

Polar-orbiting satellite

AVHRR-type 5-band scanning radiometer




1990s: Global coverage with
geostationary satellite data

With five geostationary satellites of USA,
Europe , India and Japan full global image is
available every three hours

> COMPOSITE 26 NOV 032 QOO GMT



2000s: MODIS Era

e Moderéte}Re-squt-lon Imaging Spectroradlometer (MODIS) NASA
[i% ! - Launched onboard Terra (1999 ) and Aqua (2002) satellites.

§¢ - 36 spectral bands covering visible to infrared spectral range

g - Up to 250 m spatial resolution, twice a day global observations

J - Over 30 land, atmosphere and ocean parameters derived routinely

. - Both mstruments are still operatlonal (~15 year of data)
i Lo . .




2010s: SNPP, VIIRS

SNPP: Suomi National Polar-orbiting Partnership satellite (launched in 2011)
- NOAA and NASA joint program
- Multiple remote sensing instruments including 22-bands VIIRS
VIIRS : Visible and Infrared Imaging Radiometer Suite,
- 22 bands visible to infrared, including day and night band
- 375 m spatial resolution, global twice a day observations

- Over 40 environmental products derived operationally
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2010s: Geostationary Satellite System:
Second Generation Finalized

Meteosat Second Generation (MSG), Eumetsat, (2002)
Himawari-8, Japan (2014)
GOES-R, USA (2016)

Constitute the second generation system of geostationary satellites
- Full disk images every 15 minutes (up to 1 min with GOES-R)
- 1-4 km spatial resolution.
- 12-14 spectral bands, visible to infrared.

- Multiple environmental product derived routinely



2010: South Korea’s Weather satellite

COMMS - geostationary weather and communication satellite
- Images in 5 bands up to every 8 min over South Korea
- Early detection of severe phenomena

- Monitoring of climate change and atmospheric environment




Weather Satellite System: Changing over time

More satellites, more advanced satellite instrumentation !



Current weather satellite observing system

The Global Satellite Observation System
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- 7-8 geostationary satellites
- Over 20 operational polar orbiting satellites
- Data and many derived products are available for free

The system is the result of cooperative efforts of multiple nations



SUMMARY

Meteorological satellites have been serving people for more than
50 years

Observations are performed from polar and geostationary orbits

Over time instrumentation on weather satellites has undergone
gradual improvement

Capabilities of current satellites allow to extend their application far
beyond weather

Many countries contribute to the global system of meteorological
satellites and observations by launching satellites and developing
iInstrumentation



Reading

 Remote Sensing Applications with Meteorological Satellites by W.
Paul Menzel,

https://cimss.ssec.wisc.edu/rss/benevento/source/AppMetSat06.pdf,
Chapter 1.




