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Monitoring weather and climate from space
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1) History of meteorological satellites
2) Satellite orbits & elements
3) EUMETSAT’s current satellites
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Where are you ?
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Motivation: number of weather disasters increases
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Source: EM-DAT: The OFDA/CRED International Disaster Database
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History of meteorological satellites
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1946: Rockets and Cameras
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October 24, 1946
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1957: Russia launches Sputnik-1

1957 - Russia launches
Sputnik-1, this was
unexpected and
encouraged the US
government to make
space exploration a

priority.

¢ EUMETSAT


http://www.geog.ucsb.edu/~jeff/115a/history/sputnik.html
http://www.geog.ucsb.edu/~jeff/115a/history/sputnik.html
http://www.geog.ucsb.edu/~jeff/115a/history/sputnik.html

1959: The first meteorological satellite

Explorer VII Satellite | "
P ¥ The first successful

meteorological experiment
conducted from a satellite, was

launched on Explorer VII on 13
October 1959. Explorer VII
carried an early version of a
radiometer designed to measure
Earth’s heat balance from a
satellite. The architects of the
- %% radiometer were the University
of Wisconsin's Verner E. Suomi
and Robert J. Parent.

¢ EUMETSAT



-‘ First weather satellite TIROS-1

|

e TIROS-1, first pure weather satellite

e 1964: Nimbus-1, Nimbus weather satellite program
begins

e ATS (Applications Technology Satellite), 1966, first
geostationary weather satellite

o Afterwards many TIROS, NIMBUS, ESSA, NOAA,
GOES, Meteosat etc.

When was the first real weather satellite launched ?



-‘ 1960: first weather satellite TIROS-1

|

e TIROS-1, 1 April 1960, first pure weather satellite

e 1964: Nimbus-1, Nimbus weather satellite program
begins

e ATS (Applications Technology Satellite), 1966, first
geostationary weather satellite

o Afterwards many TIROS, NIMBUS, ESSA, NOAA,
GOES, Meteosat etc.

When was the first real weather satellite launched ?



TIROS Satellite Model with Suomi Radiometers
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Polar Satellites 1965
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First complete view of the world’s weather (TIROS-9) Jan 1965
and first satellite in a sun-synchronous orbit !

1950 1970 1990 2010 2030
TIROS-1 TIROS-N NOAA 12-19  COSMIC  NPP 0Co
TIROS-9 NOAA 1-11 .!;laPs(())ﬁSS Wind Lidar

NIMBUS DMSP OSVW
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1969: first Russian weather satellite

iiedi]  EPAEY TN

The Soviet Meteor series of meteorological satellites were introduced in 1969,
preceded by three years of flight testing of experimental satellites
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2009: GOES-14 LAUNCH
Which was the first GEO satellite with a WV channel ?

 Launched on June 27, 2009 aboard a
Delta-1IV rocket from Space Launch
Complex (SLC) 37B at Cape Canaveral
Air Force Station, Florida.
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2011: Suomi NPP Satellite Launch
NPP = National Polar-orbiting Partnership

Ozone Mapping and
Profiler Suite (OMPS)

Clouds and the Earth’s
Radiant Energy System
(CERES)

Advanced Technology
Microwave Sounder (ATMS)

Cross-track Infrared

Sounder (CriS)

Visible Infrared Imaging
Radiomeater Suite (VIIRS)

* new instruments, on a new satellite
bus, using a new ground data
network

- replacement for the NOAA Polar
~ S SR Operational Environmental
o ey Satellites

VIIRS DNB Image (from M. Setvak) & EUMETSAT



Space-based global observing system: 1961-2009
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History of EUMETSAT (ESA) satellites

=N

Meteosat First Generation (first GEO satellite with WV
channel)

Meteosat-1.:

Meteosat-2: 1981
Meteosat-3: 1988
Meteosat-4: 1989
Meteosat-5: 1991
Meteosat-6: 1993

Meteosat-7: 1997, operational at 57.5E in support of the
Indian Ocean Data Coverage Service

When was Meteosat-1 launched ?



History of EUMETSAT satellites

MSG, Metop and Jason

Meteosat-8 (MSG-1): 2002
Meteosat-9 (MSG-2): 2005
Metop-A (Metop-1): 2006
Jason-2: 2008
Meteosat-10 (MSG-3): 2012
Metop-B (Metop-2): 2012
Sentinel-3: 2014
Jason-3: 2015

Meteosat-11 (MSG-4): 2015
¢ EUMETSAT



_" Which other important (meteorological)

satellites do you know ?

ERS-1: 1991, ERS-2: 1995
Terra: 1999, Aqua: 2002
ENVISAT: 2002

¢ EUMETSAT
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Satellite orbits & elements
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Satellite orbits

Satellite orbits may be classified by their altitude,
inclination and eccentricity

P? years = a® AU
< Planet P ——" Circular
) & ~g oroit
/ I Eliptical
[ | “'*‘ \ oriit
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P = time to complete orbit
@ = semi-major axis
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Ellipse focal
Geocentre point

Keppler’'s Laws
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Altitude

e High Earth Orbit (>35,786 km)

e Geosynchronous Orbit : GEO (35,786 km)
e Medium Earth Orbit (2,000 to 35,786 km)

e Low Earth Orbit: LEO (< 2,000 km)

« The higher the satellite the longer the period of its orbit

For circular orbit: tangential velocity v = sqrt(Gmg/r),
so v depends only on the altitude of the orbit (not on the satellite’s
mass)

¢ EUMETSAT



Inclination

« Inclination 0
degrees : On
equator

 Inclination 90
degrees: Directly

ORBIT PLANE

i=30°

- - %{ﬁ’% — EQUATOR — over pOIe
EEN T . Inclination < 90
degrees
74 e oen prograde orbit
e Inclination > 90
degrees

retrograde orbit

EUMETSAT
Image source: http://www.tpub.com/neets/book17/76.htm é



Geostationary Orbit : GEO

Distance from Earth: 35,786 km
(22,223 miles)

Speed: 11,300 km/h (7,000 mph)

Inclination O
degrees : On
equator
Speed: 1
rotation/24 hrs
Distance to

surface ~ 35,786
km

¢ EUMETSAT

Image source: http://www.daviddarling.info/images/geostationary_orbit.jpg



Medium Earth Orbit

Two medium Earth orbits are notable:
the semi-synchronous orbit (GPS satellites) and the Molniya orbit
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The Molniya orbit combines high
PUmEiou) inclination (63.4°) with high

eccentricity (0.722) to maximize
viewing time over high latitudes

0%—
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Sun-synchronous Orbit (Low Earth Orbit)

e A Sun-synchronous orbit is a geocentric orbit which combines
altitude and inclination in such a way that a satellite on that
orbit ascends or descends over any given Earth latitude at the
same local mean solar time.

e The surface illumination angle will be nearly the same every
time. This consistent lighting is a useful characteristic for
satellites that image the Earth's surface in visible or infrared
wavelengths.

¢ EUMETSAT



Sun-synchronous Orbit (Low Earth Orbit)

—— e Inclination
% slightly
37-7 retrograde
/ e Speed: One

o/ o

rotation per 90-
100 minutes

37'\ N\ Distance to

X surface ~ 600-
/ 800 km

The Orbit Plane
Rotates at the Mean
Rate of the Earth
About the Sun

EUMETSAT
Image source: http://spaceyuga.com/files/2010/04/orbital_plane.jpg é



Satellite Elements

The payload is all the equipment that a satellite needs to
do its job. This can include antennas, cameras, radar,
and electronics. The payload is different for every
satellite. For example, the payload for a weather
satellite includes cameras to take pictures of cloud
formations, while the payload for a communications
satellite includes large antennas to transmit TV or
telephone signals to Earth.

Fayload Elements

The bus is the part of the satellite that carries the
payload and all its equipment into space. It holds all the
satellite's parts together and provides electrical
power,computers, and propulsion to the spacecraft. The N
bus also contains equipment that allows the satellite to ') Pue Elomente
communicate with Earth.

¢ EUMETSAT



_" MSG Elements

SEVIRI aperture
(+ cover)

GERB

Sun and earth
Sensors

llllll

Solar array

Main engine

Where is the antenna to transmit the instrument data ?



Explorer VIl vs ESA’s ENVISAT
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EUMETSAT's current satellites
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-‘ Geostationary satellites

Pii11

Meteosat First Generation (MFG)
(Meteosat-7)

»Positioned over the Indian Ocean (57.5°E)
»3 Spectral Channels (VIS, WV, IR)

»Images every 30 Minutes

»>Lifetime 1997-2016

Which is the sampling (resolution) of the MFG channels ?



Geostationary satellites

Meteosat Second Generation (MSG) (Meteosat-8, Meteosat-9, Meteosat-10)
e 12 spectral bands, 3 km horizontal sampling, HRV channel 1 km

e Meteosat-9
e Positioned over 9.5°E

e Images every 5 minutes (Rapid Scan

Service) e Meteosat-8

e Positioned over 3.5°E

e Meteosat-10  Backup satellite

e Positioned over 0°E
e Images every 15 minutes

it A 58
MET9 VIS@86 2812-89-27 12:88 UTC & EUMETSAT —L E U M ETSAT




MSG Improvements: HRV (1 km sampling)

S OOR3E MSG-1 12 & TUW 03159 130000 00924 05236 @0, 50

MFG VIS Channel MSG Channel 12 (HRV)
& EUMETSAT




MSG Improvements: Vegetation
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MFG VIS Channel MSG Natural Colours RGB
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MSG Improvements: Show

MFG VIS Channel MSG RGB NIRl.GglERl\j/MFE_?,;/AT




MSG Improvements: Fires

Forest
Fires

20002 MSG- [of 2 AUG 03215 120000 00449 01562 00,33

MFG IR Channel MSG ChannellJR3.9
EUMETSAT




MSG Improvements: Aerosols (Dust, Ash, Smoke)

! . o RS

MFG IR Channel MSG Dust "
¢ EUMETSAT










MSG Improvements: Cloud Phase

MSG VI1S0.8 Channel MSG BTD IR8.7 — IR10.8
¢ EUMETSAT




MSG Improvements: Cloud Particle Size

Small
Ice
Particles

‘t’fjré

5 00O MSG-1 03251 120000 01107 00433 00.50

MFG IR Channel MSG Convection RGB
¢ EUMETSAT




.'j :
_‘ Which MSG channel'is this ?

MSG
- 8 September 2003
'y -y 12:00 UTC

= Ra
10001 MSG-1 b3 & SEF Q03251 120000 Olle3 004236 00,33 McIDAS
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MSG Improvements: Clouds at Night

ow

.

MFG IR Channel MSG Night Micro RGB
& EUMETSAT




EUMETSAT Polar System (EPS)

#?é‘g , S B Metop-A (in operation since 2007)

Metop-B (in operation since 2013)

L @ . carry imaging and sounding

| instruments

e direct broadcasting and data
collection capabilities

Partners:

v= EUMETSAT



[o— ] i3 'z-i:"g&-_ _ ] E E uxz’—u——;“_"' . - ..;\. L

Metop Orbit

N B+ ERLETTY

NOAA 14:00 hours Metop'9:30 hours

©The COMET Program

¢ EUMETSAT




Metop instrument payload

ASCAT

¢ EUMETSAT



Metop Improvements: frace gases — atmospheric
pollution (e.g. NO2)

L#z 2 EUMETSAT 'O: e |
Tropospheric NO, over Europe (from GOME-2)
Source: DLR / Ozone SAF

¢ EUMETSAT
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Metop Improvements: winds above polar regions

S | T

AVHRR
Winds from
4 June 2008
06:38 - 06:58 UTC

Ackermann, 2008

EUMETSAT




Instrument contribution to Numerical Weather
Prediction error-reduction

]
Q
c
1
o
©
o

In Situ

6 8 10 12

Forecast error-reduction contribution (%)

Forecast sensitivity to observations
24-hour forecast error-reduction contribution (%) of the components (types) of the observing system during September — December 2008.
(Source: ECMWF)

Which instruments have the largest contributions ?




Instrument contribution to Numerical Weather

Prediction error-reduction

03
GOES &
MTSAT B
MSG I
METEO- B
AMSRE BB
AMSUB I
MHS I
SSMI Il
GPS-RO I
IAS] I
AIRS I
AMSUA I
L. HIRS IS
Radar - sCAT I
MODIS &
METEO I
GMS I
GOES I
PILOT I
TEMP I
In Situ § PRIBU IS
AIREP I
SYNOP IS

2 4 6 8 10 12 14 16 18

Radiance

Forecast error-reduction contribution (%)

Forecast sensitivity to observations
24-hour forecast error-reduction contribution (%) of the components (types) of the observing system during September — December 2008.
(Source: ECMWF)

¢ EUMETSAT



Have a look at the online training libraries

Title Title
Dust Detection with M3G-SEVIRI RGE Products Dust Detection with M3G-SEVIRIRGB Products: 48 Exercises Welcome to EU MeTraIn
International training project sponsored by
Author(s)  Kerkmann, Jochen; Moreira, Nuno Description » POF Author(s)  Kerkmann, Jochen Description » PDF EUMETSAT with the objective to facilitate and
Last Update 16 Nowvember 2010 Audio No Last Update 16 Hovember 2010 Audio No increase the effective use of satellite data by
Language(s) Englizh Duration %0 min Languageis) Englsh Duration 120 min E R
Difficulty  Intermediate Category  Atmosphers Difficulty  Advanced Category Atmosphere
Download  Powerpoint with Loops (50 MB) Download Powerpoint with Loops (24 MB)
Links Operational Use of RGB Products (EUMeTrain) Links Operational Use of RGB Products (EUMeTrain) Search our Database
Detection of Dust with MSG (EUMeTrain) Detection of Dust with MSG (EUMeTrain)
Case Study Gallery (EUMETSAT) Case Study Gallery (EUMET SAT)
a®® '-", ! Title Title
f - ‘Sand and Dust Concentration Estimations with SEVIRI " Interpretation of Storm Top Features as Observed by Satelites
Aljth:r:s‘]« Govaerts, Vves Description  » POF Author(s)  Wang, Pao Description + PDF Latest news Recent Publications
Last Update 15 November 2010 Audio No Last Update 20 August 2010 Audio No
Language(s) English Duration §0 min Language(s) English Duration 60 min 18 Synoptic and Mesoscale Analysis of Satellite Images
Difficulty Advanced Category Atmosphere Difficulty Intermediate Category Atmosphere Jan
Download  Powerpoint (12 18) Download  Powerpoint with Loops (39 MB) Satellite course on the xwvtev;retet\wjiw of satellite imagery and its
e MODIS Acrosol Product (GSFC, NASA) e ed y:roducté Complies to WMO requirements

TOMS Aerosol Product (GSFC, NASA) www . e u m etsat. i nt

Detection of Dust with MSG (EUMeTrain)

» Eumetcal
The European Virtual Organisation for Meteorological Training

of satellite imagery and its

Eumetcal Radar course

completed
(22 Febusary 2011)

Eumetcal Radar Course final part, the classroom course,was held 14-18 February in Langen, Germany. Thanks for allthe instructors and (...) 18
Jan

Basic Satellite Meteorology < Feature 1 of 8 >
category: Courses
Course on the basics of satellite meteorology

= Call for Proposals: CALMet [X. 2011, Pretoria, South Africa

]
Since 1993, CALMet has been a forum to share experiences, expectations. and new ideas for applying emerging strategies for meteorology and hydrology education and
S www.eumetrain.org

= Eumetcal/EUMeTrain Basic Satellite Meteorology Course
The Basic Satellite Course will start with describing the various meteorolegical satellite systems operated by EUMETSAT and presently supplying data for operational use
The student will leam in )

= Announcing the IARI workshap

The Eumetcal Flash/SCENARI workshop will take place 12 -14 January 2011. The course will be run in the Deutschen Wetterdienstes (DWD) training facilities in Langen
Germany (20 km south of {_}
> EUNMeTrain on CALmet Online 24 November 2010 at 14 UTC -

CALMet Online Session 4: EUMeTrain on CALmet Online 24 November 2010 at 14 UTC Instructors: the EUMeTrain team Session Date: Online session 24 November 14
UTC Topic: EUMeTrain has gained ()

= Sixth Eumetcal Workshop 30 Nov - 2 Dec 2010 (WMO, Geneva)
The sixth international EUMETCAL Workshop will be held from 29 November - 2 December 2010 in Geneva, Switzerland, hosted by the World Meteorolagical Organization
(WMO). This Warkshop is aimed at ()

www.eumetcal.org & EUMETSAT



Extra slides (from Martin Setvak)

¢ EUMETSAT



Meteosat Second Generation (MSG) SEVIRI bands

Spinning Enhanced Visible and Infrared Imager

. Band 01 VIS 0.6 0.56 - 0.71 pm

. Band 02 VIS 0.8 0.74 - 0.88 pm

. Band 03 NIR 1.6 1.50 - 1.78 pm

. Band 04 IR 3.9 3.48 - 4.36 pm

. Band 05 WV 6.2 5.35-7.15 pm

o Band 06 WV 7.3 6.85 - 7.85 pm

. Band 07 IR 8.7 8.30 - 9.10 pm

. Band 08 IR 9.7 9.38 - 9.94 pm

. Band 09 IR 10.8 9.80 - 11.80 pm
. Band 10 IR 12.0 11.00 - 13.00 pm
. Band 11 IR13.4 12.40 - 14.40 pm
. Band 12 HRV 0.4-1.1pm

Reflected (backscattered) solar
radiance

Thermal emission

Reflected (backscattered) solar
radiance

Martin Setvak



Meteosat Second Generation (MSG) SEVIRI bands

Spinning Enhanced Visible and Infrared Imager

Pixel size (at nadir): 3 km (bands 1 —11), and 1 km (HRV)

Operational sampling every 15 minutes, full globe (except for HRV, and 5-min rapid scan — geographical subsets only).

. Band 01 VIS 0.6 0.56 - 0.71 pm
. Band 02 VIS 0.8 0.74 - 0.88 pm Visible and near-IR bands
. Band 03 NIR 1.6 1.50 - 1.78 pm
Microphysical bands
. Band 04 IR 3.9 3.48 - 4.36 pm
. Band 05 WV 6.2 5.35 - 7.15 pm
. Band 06 WV 7.3 6.85 - 7.85 pm Absorption bands
o Band 07 IR 8.7 8.30 - 9.10 ym
. Band 08 IR 9.7 9.38 - 9.94 ym
. Band 09 IR 10.8 9.80 - 11.80 pm
. Band 10 IR 12.0 11.00 - 13.00 pm IR window bands
. Band 11 IR 13.4 12.40 - 14.40 pym
. Band 12 HRV 0.4-1.1pm

Martin Setvak



A VRN

Advanced Very High Resolution Radiometer

NOAA POES (NOAA 15 - NOAA 19) satellites
EUMETSAT Metop satellites

Pixel size (nadir resolution): 1100 m; swath width ~ 3000 km

channel 1 0.58 - 0.7 pm VIS VIS 0.6

hannel 2 0.7 -1.0 NIR VIS 0.8
cha""el a 158 164 Hm NIR NIk e Reflected (backscattered) solar
chanhe . = 1. m . -

& radiance

channel 3B 3.5 -4.0 pm NIR IR 3.9
channel 4 10.2 - 11.5 pm IR IR10.8 Thermal emission
channel 5 11.4-12.5 pm IR IR 12.0

- used since 1978 (TIROS-N), presently 3" generation ... AVHRR/3

Martin Setvak



MODIS

Moderate Resolution Imaging Spectrometer

NASA EOS satellites Terra (1999) and Aqua (2002)

Reflected (backscattered) solar bands

. Central . .
Band Bandwidth Wavelength Pixel Size

0.620 - 0.670 pm

W;ﬂ:gs;;th Pixel Size
3785 pm U““|IH
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
9.73 1000 m
11.017 pm 1000 m
1000 m
1000 m

0.841 - 0876 pmn ( T 250 m
' 500 m
500 m

500 m

1000 m

1000 m

1000 m

1000 m

1000 m

1000 m

1000 m

1000 m

1000 m
0.931-09 ( T 1000 m
0.915 - 0.965 pm 09 1000 m Thermal emission only bands (27-36)

1
I
g
7
3
——
1
1
16
17
19




MODIS

Moderate Resolution Imaging Spectrometer

Pixel size (nadir resolution): 250 m, 500 m and 1000 m; swath width 2330 km

. Central . .
Band Bandwidth Wavelength Pixel Size

500 m
500 m
529 500 m NIR 1.6
2. 1141 pn1 500 m
1000 m
1000 m
1000 m
1000 m
1000 m
e R
1000 m
1000 m
g 1000 [
(0 - 0941 pm ( T 1000 m
0.915 - 0.965 pm 0.9352 pm 1000 m

1
I
g
7
3

—

=

1

—

—

NHHIH|

1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m
1000 m

IR 3.9

WV 6.2
WV 7.3
IR 8.7
IR 9.7

IR 10.8
IR 12.0

IR 13.4



| S e . - . SR
_.f _.f o) _} o/ (Visible Infrared Imaging Radiometer Suite)

Horiz Sample Interval
(km Downtrack x Crosstrack)

Nadir

End of Scan

Driving EDRs

Ltyp or
Ttyp

Signal to Noise Ratio

(dimensionless)

or NEAT (Kelvins)

Required | Predicted

Margin

VIS/NIR FPA
Silicon PIN Diodes

0.742 x 0.259

1.60 x 1.58

Ocean Color
Aerosols

44.9
155

352
316

483
827

37%
162%

0.742 x 0.259

1.60 x 1.58

Ocean Color
Aerosols

40
146

380
409

501
774

32%
89%

0.742 x 0.259

1.60 x 1.58

Ocean Color
Aerosols

32
123

416
414

573
747

38%
80%

0.742 x 0.259

1.60 x 1.58

Ocean Color
Aerosols

21
90

362
315

4382
586

33%
86%

0.371 x 0.387

0.80 x 0.788

Imagery

22

119

135

13%

0.742 x 0.259

1.60 x 1.58

Ocean Color
Aerosols

10
68

242
360

306
450

26%
25%

0.742 x 0.776

1.60x 1.58

Atmospheric Corr'n

9.6

199

279

40%

0.371 x 0.387

0.80 x 0.788

NDVI

25

150

212

41%

0.742 x 0.259

1.60 x 1.58

Ocean Color
Aerosols

6.4
33.4

215
340

467
4687

117%
37%

O
O
o

0.742 x 0.742

0.742 x 0.742

Imagery

6.70E-05

6

6.2

3%

PV HgCdTe (HCT)

0.742 x 0.776

1.60 x 1.58

Cloud Particle Size

54

74

109

47%

0.742 x 0.776

1.60 x 1.58

Cirrus/Cloud Cover

B

83

156

88%

0.371 x 0.387
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Swath width: 3000 km (% 56° from nadir)




