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Example: Meteosat third generation (MTG)

1
Background

The European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT) is currently operating three geostationary spacecrafts of the first generation Meteosat satellites at 0 degree (Meteosat-7), 10 degree East (Meteosat-6), and 63 degree East (Meteosat-5), along with the first satellite (Meteosat-8) of the Meteosat Second Generation (MSG). This first satellite of the second generation already provides about 20 times more observations than its predecessor. Meteosat-8 image data and products are broadcast in real time over Europe, Africa, the Eurasian and part of the American continent by a EUMETCast multicast service based on commercial Ku‑band and C-band services. Meteosat-8 is now the primary source of European geostationary observations and one of EUMETSAT’s key contributions to the Global Observing System (GOS) of the World Meteorological Organisation (WMO). As the MSG programme consists of a series of four consecutively launched satellites, it is expected that operational services will be delivered by the satellites of the second generation until around 2015, the currently required date for a third generation. Development of meteorological satellites require a very long lead time so that final decisions need to be taken within the next years in order to plan, develop, test and launch an operational system by 2015.

For this third generation MetSat satellites the repetition rate of measurements will be further increased (between 5 and 10 minutes, compared to 30 minutes for the 1st generation and 15 minutes for the 2nd generation). In addition, more instruments are foreseen and the number of spectral channels and the geographic resolution of the instruments will also be significantly increased, thus having a correspondingly higher frequency spectrum requirement especially for the downlink of the raw data from the observation instruments.

The currently allocated frequency spectrum of 200 MHz for the MetSat service at 18 GHz will not be sufficient to accommodate this requirement as it can be seen from the total bitrate estimation as detailed in Table 8.

It has been successful practice over many years to standardize meteorological applications on a world-wide basis in order to allow for international data exchange and cross-support between meteorological networks. It is expected that this will also be the case for the third generation meteorological satellite series so that other international meteorological institutions are expected to have similar requirements in the foreseeable future.

2
Preparatory activities for Meteosat Third Generation (MTG)

EUMETSAT and the European Space Agency (ESA) have initiated joint preparatory activities for the definition of the Meteosat Third Generation (MTG) geostationary system to be available in the 2015 timeframe as a replacement for the second generation satellites. The tentative planning for the definition and development of the MTG system is as follows: 

(
2001-2005: MTG phase 0: Definition and prioritisation of user needs, pre-phase A studies at instrument and system levels, and definition, trade off and pre-selection of possible mission concepts;
(
2006-2007: MTG phase A –System feasibility studies for selected mission concepts;
(
2008-2009: Phase B activities –in the frame of a MTG Preparatory Programme, approval processes for coordinated ESA and EUMETSAT MTG development programmes;
(
2010-2014: Development and on-ground testing of MTG system. 

Preparatory activities started in 2000 with an EUMETSAT post-MSG User Consultation process aimed at capturing the high-level needs and priorities that the EUMETSAT Customers and users foresee for the 2015-2025 timeframe. This process counted with the support of Application Expert Groups (AEGs) asked to share and document their vision on future operational services and information systems, concentrating on:

–
“Nowcasting (NWC) & Very Short Range Forecasting (VSRF)” defined in a very broad sense as “user-driven services using appropriate meteorological and related science to provide information on expected conditions up to 12 hours ahead”, covering inter alia air pollution, ocean, and hydrology at these timescales; 

–
“Numerical Weather Prediction” (NWP) on regional and global scales, including marine forecasting and emerging applications like extended range weather forecasting and seasonal prediction. 

Needs and priorities for observations relevant to the operational applications and services in the 2015-2025 timeframe were summarised by the AEGs and were presented and reviewed at the 1st Post MSG User Consultation Workshop. Two further dedicated workshops on “Climate Monitoring” and “Atmospheric Chemistry Requirements for Operational Applications” allowed consolidating the performance of the observations and the capabilities required to satisfy the needs. Observing techniques that could possibly fulfil the consolidated and prioritised user/service needs from a geostationary orbit position were then identified as result of the joint work done by the AEGs and Remote Sensing Experts (RSE).

Following such a selection procedure, a subset of observing techniques compatible with the geostationary orbit were identified and assessed through dedicated, in-depth support studies and extensively discussed at dedicated expert workshops. 

As a result five observation missions were identified for MTG:

–
three distinct imagery missions dedicated to operational meteorology, with emphasis on nowcasting and very short term forecasting:
i)
the High Resolution Fast Imagery (HRFI) mission;

ii)
the Full Disk High Spectral resolution Imagery (FDHSI) mission;

iii)
the Lightning Imagery (LI) mission; 

–
two sounding missions:
i)
the Infrared Sounding (IRS) mission focussed on operational meteorology, with some relevance to atmospheric chemistry;
ii)
the UV/Visible sounding (UVS) mission dedicated to atmospheric chemistry.
3
The MTG observation missions

3.1
The High Resolution Fast Imagery mission (HRFI)

The High Resolution Fast Imagery (HRFI) mission expands the spectral domain of MSG-SEVIRI High Resolution Visible (HRV) mission in.five channels, enhancing the temporal and spatial resolution requirements to 5 minutes and 0.5-1.0 km, covering one third of the full Earth disk.

The main objective of the HRFI mission is to support NWC and very short range forecasting of convection. This will be achieved through observations of cloud patterns, horizontal movement and vertical development of clouds, and micro-physical properties at cloud top. A second objective of the HRFI mission is to complement the MTG Full Disk High-Spectral resolution Imagery (FDHSI) and the Infrared Sounding (IRS) missions, providing more detailed, “targeted” observations over selected regions where active weather patterns are developing.

The HRFI will cover an area of 6( in the South/North or East/West direction and 18( centred at Sub-Satellite Point (SSP), variably placed over the Earth with a repeat cycle of 5 minutes or less. In addition, the mission will support rapid scans at shorter repeat cycles over areas of 6(x6( located at any position within view of the full Earth to monitor very rapidly developing phenomena.

Table 1 lists the spectral channels of the HRFI mission together with the expected signal dynamic range of the required radiometric and spatial resolution performance.

Table 1

HRFI spectral channels

	Channels



	Central wavelength
((m)

	Width

((m)
	Minimum signal
	Maximum signal


	Reference signal


	SNR / NEDT


	Spatial resolution



	HR-VIS 0.6
	0.64
	0.1
	1%
	120%
	1%
	10
	0.5 km

	HR-NIR 2.1
	2.295
	0.15
	1%
	100%
	1%
	10
	0.5 km

	HR-IR 3.8
	3.80
	0.4
	200 K
	350 K
	300 K
	0.2 K
	1.0 km

	HR-IR 7.3
	7.35
	0.35
	165 K
	290 K
	250 K
	0.5 K
	1.0 km

	HR-IR 11.0
	11.0
	1.0
	165 K
	340 K
	300 K
	0.2 K
	1.0 km


3.2
The Full Disk High Spectral resolution Imagery mission (FDHSI)

The Full Disk High Spectral Imagery (FDHSI) mission represents an enhancement of the MSG SEVIRI full disk mission, featuring high radiometric performances in a larger number of spectral channels from the visible up to the thermal infrared and full Earth disk coverage. This mission is also more demanding on temporal (10 minutes) and spatial (1 km - 3 km) resolution than the MSG SEVIRI mission. The FDHSI mission is composed of a core set of 15-channel and two optional sets of channels located in the visible (FD-OPT 1) and infrared (FD-OPT 2) parts of the spectrum.

The main objectives of the FDHSI mission are to support:

–
nowcasting and very short term forecasting;

–
numerical weather prediction at regional and global scales;

–
climate monitoring.

In the nominal imaging mode, the FDHSI covers the full Earth disk with a 10 minutes repeat cycle. A reduced scan mode is also proposed with a coverage equivalent to 1/3 of the full disk (18º E/W x 6º N/S) referred to as Local Area Coverage (LAC) at a shorter repeat cycle. The LAC can be variably placed over the Earth.

The core and optional spectral channels of the FDHSI mission are listed in Tables 2, 3 and 4. The FD-OPT 1 channels are dedicated to cloud top height determination by differential absorption in the oxygen A-Band. The FD-OPT 2 mission would be necessary on top of the Infrared Sounding mission for height assignment by CO2-slicing in the 14µm CO2 band at high repeat cycle.

Table 2

FDHSI spectral core channels

	“Core”
channels
	Central wavelength
((m)
	Width

((m)
	Minimum signal
	Maximum signal
	Reference signal
	SNR / NEDT
	Spatial resolution

	FD-VIS 0.4
	0.470
	0.02
	1%
	120%
	1%
	10
	1 km

	FD-VIS 0.6
	0.645
	0.05
	1%
	120%
	1%
	10
	1 km

	FD-VIS 0.8
	0.865
	0.04
	1%
	120%
	1%
	10
	1 km

	FD-NIR 1.3
	1.375
	0.03
	1%
	100%
	1%
	10
	1 km

	FD-NIR 1.6
	1.61
	0.06
	1%
	100%
	1%
	10
	1 km

	FD-NIR 2.1
	2.13
	0.05
	1%
	100%
	1%
	10
	1 km

	FD-IR 3.8
	3.8
	0.60
	200 K
	350 K
	300 K
	0.1 K
	3 km

	FD-IR 6.7
	6.7
	0.40
	165 K
	270 K
	250 K
	0.3 K
	3 km

	FD-IR 7.3
	7.35
	0.30
	165 K
	285 K
	250 K
	0.3 K
	3 km

	FD-IR 8.5
	8.55
	0.30
	165 K
	330 K
	300 K
	0.1 K
	3 km

	FD-IR 9.7
	9.70
	0.30
	165 K
	310 K
	250 K
	0.3 K
	3 km

	FD-IR 10.8
	10.8
	0.50
	165 K
	340 K
	300 K
	0.1 K
	3 km

	FD-IR 12.0
	12.0
	0.70
	165 K
	340 K
	300 K
	0.1 K
	3 km

	FD-IR 13.0+
	13.08
	0.40
	165 K
	300 K
	270 K
	0.2 K
	3 km

	FD-IR 13.9+
	13.91
	0.40
	165 K
	290 K
	250 K
	0.2 K
	3 km

	+Channels FD-IR 13.4/ FD-IR 14.0 will be discarded if option FD-OPT 2 is selected.


Table 3

FDHSI oxygen A-Band optional channels. SNR is at 3 km spatial resolution

	OPT 1
channels

	Central wavelength nm
	Width
nm

	Minimum radiance Wm-2sr-1µm-1
	Reference radiance Wm-2sr-1µm-1
	Maximum radiance Wm-2sr-1µm-1
	SNR at 
3 km
	Spatial resolution


	FD-OPT 1-1
	755
	5
	5
	100
	380
	150
	1 km

	FD-OPT 1-2
	761
	3
	5
	100
	380
	150
	1 km

	FD-OPT 1-3
	764
	6
	5
	100
	380
	150
	1 km

	FD-OPT 1-4
	775
	5
	5
	100
	380
	150
	1 km


Table 4

FDHSI 14 µm CO2 optional channels

	OPT 1
channels

	Central wavelength µm
	Width

µm
	Minimum signal

	Maximum signal

	Reference signal

	NedT


	Spatial resolution


	FD-OPT 2-1
	13.03
	0.15
	165 K
	300 K
	270 K
	0.2 K
	3 km

	FD-OPT 2-2
	13.33
	0.15
	165 K
	300 K
	250 K
	0.2 K
	3 km

	FD-OPT 2-3
	13.66
	0.15
	165 K
	300 K
	250 K
	0.2 K
	3 km

	FD-OPT 2-4
	14.07
	0.15
	165 K
	300 K
	250 K
	0.2 K
	3 km


3.3
The Lightning Imagery mission (LI)

The LI mission is intended to provide a real time lightning detection (cloud-to-cloud and cloud-to-ground strokes) and location capability in support to NWC and VSRF for forecasting of severe storm hazards and lightning strike warning. As lightning is strongly correlated with storm related phenomena like precipitation, hail and gust, a further objective of the LI mission is to serve as proxy for intensive convection related to ice flux, updraft strength and convective rainfall. Lightning can also serve as proxy for adiabatic and latent heating to be assimilated in global/mesoscale NWP models. With uniform day and night detection efficiency greater than 90% over large areas, a very complete lightning climatology could be generated. Finally, for atmospheric chemistry, lightning plays a significant role in generating nitrous oxides. The natural nitrous oxide budget is a matter of great uncertainty at this time, and long-term observations of one of its sources will prove valuable as the subject develops. The mission requirements of the LI are summarized in Table 5.

Table 5

LI mission requirements

	Coverage
	Disk of 16º shifted northward to cover high latitude regions

	Repeat cycle
	Continuous coverage day and night

	Detection efficiency
	> 90% for any individual flash

	Minimum detectable energy
	< 4 (Jm-2sr-1

	False alarm rate
	< 1 s-1

	Dynamic range
	4 – 400 (Jm-2sr-1


3.4
The Infrared Sounding mission (IRS)

The Infrared Sounding (IRS) mission has no direct MSG heritage but is related to the EPS IASI mission (from the user point of view). The primary objective of the IR Sounding (IRS) mission is to support Numerical Weather Prediction at regional and global scales, through the provision of:

–
Atmospheric Motion Vectors (AMV) with higher vertical resolution in clear air, to be extracted from the tracking of three dimensional water vapour patterns;

–
more frequent information on temperature and water vapour profiles.

The full disk AMV capability has the highest priority for global NWP, as this geostationary observing technique is unique for the extraction of three-dimensional wind fields in clear air. Infrared soundings with high vertical, horizontal, vertical/spectral resolution and temporal sampling of a fraction of an hour would also greatly enhance the National Meteorological Services’ (NMS) ability to initialise regional NWP models with more realistic information on temperature and moisture. The high temporal frequency achieved from the geostationary orbit would increase the likelihood of getting clear sky soundings over dynamically important regions as the North Atlantic. This could enable regional and global NWP models to better identify areas of rapidly developing atmospheric instability responsible for vertical motion, convection, and precipitation development.

The secondary objective of the IRS mission is to support together with the UV-VIS sounding mission, defined in Section 3.5 below, chemical weather and air quality applications. 

The IRS will cover the full disk with a repeat cycle of 30 minutes. The mission also asks for Local Area Coverage of 18(x6( variably placed on any part of the Earth disk at shorter repeat cycle. 

Table 6

IRS atmospheric sounder requirements
	IRS band


	Frequency range

cm-1
	Main contribution



	Resolving Power
(at centre frequency)
	NEDT
@ 280 K


	Spatial resolution



	IRS-0
	667-700
	CO2
	1 367
	-
	6 km

	IRS-1
	700-770
	CO2
	1 470
	0.2 K
	6 km

	IRS-2
	770-980
	Surface, clouds
	1 400
	0.24 K
	6 km

	IRS-3
	980-1070
	O3
	2 070
	0.2 K
	6 km

	IRS-4
	1 070-1 210
	Surface, clouds
	1 344
	0.3 K
	6 km

	IRS-5
	1 210-1 600
	H2O, N2O, and CH4
	2 248
	0.2 K
	3 km

	IRS-6
	1 600-2 000
	H2O and NO
	2 880
	0.2 K
	3 km

	IRS-7
	2 000-2 250
	CO, N2O
	3 400
	0.2 K
	3 km

	IRS-8
	2 250-2 400
	CO2
	1 860
	-
	3 km

	IRS-9
	2 400-2 500
	Surface, clouds, N2O
	1 000
	-
	3 km


3.5
The UV/Visible Sounding mission (UVS)

Soundings in the UV/VIS part of the spectrum are justified from the geostationary orbit for the tropospheric gases that have regional, diurnal, and sporadic behavior due to biological, photochemical, and even volcanic factors and therefore require more frequent and continuous observation than from low Earth orbits. Tropospheric gases may affect human health and security and therefore have significant relevance to nowcasting and forecasting of “chemical weather”.

From the MTG orbit, the emphasis and priority of the UVS sounding mission is therefore on frequent (less than 1 hour) observations of mainly O3, NO2, SO2 and H2CO. The combination of the MTG FDHSI, IRS, LI and UVS missions should allow to observe the diurnal cycle of atmospheric trace gases, including their spatial variability, horizontal transport, and potentially vertical exchange associated with weather and climate processes.

The UVS will cover with a repeat cycle of 30 min a Local Area Coverage of 18ºN/Sx6ºE/W to be placed anywhere within the full Earth (e.g. following daylight conditions). 

Table 7

UVS atmospheric sounder spectral channel requirements

	UVS bands

	Spectral domain
(nm)
	Spectral width
(nm)
	Application


	Spatial resolution


	UVS-1
	290-310
	0.4
	Trace gas retrieval notably stratospheric O3
	6 km

	UVS-2
	310-328
	0.4
	Trace gas retrieval notably S O2
	6 km

	UVS-3
	325-335
	0.4
	Trace gas retrieval notably O3
	6 km

	UVS-4
	335-360
	0.4
	Trace gas retrieval notably HCHO and BrO
	6 km

	UVS-5
	420-450
	0.4
	Trace gas retrieval notably N O2
	6 km

	UVS-6A
	752-757
	5
	Cloud detection, cloud properties, scattering height
	

	UVS-6B
	762-770
	0.06
	
	6 km

	UVS-6C
	772-777
	5
	
	


4
Total information bitrate and frequency bandwidth estimation

The five observation missions described above result in a total information bitrate to the user as outlined in Table 8 below. This required information bit rate needs to be encoded for sufficient error correction and detection capabilities for which a rate 1/2 convolutional code has been envisaged. In addition, a high rate (7/8) Reed Solomon block code may me required for frame error detection. The modulation scheme will have to be based on 8-phase binary shift keying (8PSK) as the currently often applied QPSK would result in bandwidths which cannot be transmitted within the expected allocated bandwidth of 300 MHz after WRC-07. Assuming a symbol rate of 740 Ms/s and 8PSK modulation would then result in a spectral main lobe of 493 MHz. Additional pulse shaping and/or filtering is then required to fit the signal within a bandwidth of 300 MHz. The theoretically minimum bandwidth with the additional Reed Solomon code would be 282 MHz. Extreme filtering however should be avoided as it results in significant losses. Therefore, 300 MHz of spectrum allocated to the MetSat service at 18 GHz would definitely be required. 

Table 8

Total information bitrate estimation

	Channel    #
	Resolution

(km)
	Repetition rate
(sec)
	No of channels
	Mpixels/
image
	bit/px
	Earth
Cov
	Mbits / image
raw 
	Compr
factor
	Mbits / Img
Compr
	PacktOVH (%)
	Information bitrate
Mbit/sec

	Imagery 1 and 2
	
	
	
	
	
	
	
	
	
	
	

	1
	HR 0.6
	0.5
	300
	1
	506.26
	16
	0.33
	2700.053333
	1
	2700.053
	5
	9.450186667

	2
	HR 2.1
	0.5
	300
	1
	506.26
	16
	0.33
	2700.053333
	1
	2700.053
	5
	9.450186667

	3
	HR 3.8
	1
	300
	1
	126.565
	16
	0.33
	675.0133333
	1
	675.0133
	5
	2.362546667

	4
	HR 7.2
	1
	300
	1
	126.565
	16
	0.33
	675.0133333
	1
	675.0133
	5
	2.362546667

	5
	HR 11.0
	1
	300
	1
	126.565
	16
	0.33
	675.0133333
	1
	675.0133
	5
	2.362546667

	1
	0.4
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	2
	0.6
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	3
	0.8
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	4
	1.3
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	5
	1.6
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	6
	2.1
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	7
	3.8
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	8
	6.7
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	9
	7.3
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	10
	8.55
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	11
	9.7
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	12
	10.8
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	13
	12
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	14
	13
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	15
	13.9
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778


	OPT1-1
	0.75
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	OPT1-2
	0.761
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	OPT1-3
	0.764
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	OPT1-4
	0.77
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	OPT2-1
	2.1
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	OPT2-2
	3.8
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	OPT2-3
	6.7
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	OPT2-4
	7.3
	3
	600
	1
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	0.393757778

	OPT3-1
	0.75
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	OPT3-2
	0.761
	1
	600
	1
	126.565
	16
	1
	2025.04
	1
	2025.04
	5
	3.54382

	
	
	
	
	
	3093.81
	
	
	34650.68444
	
	
	
	73.63270444

	Lightning mapper
	
	
	
	
	
	
	
	
	
	
	

	Band
	0.7774
	10
	60
	1
	1.26565
	20
	1
	25.313
	1
	25.313
	5
	0.4429775

	
	
	
	
	
	
	
	
	
	
	
	
	

	IR Sounder
	
	
	
	
	
	
	
	
	
	
	

	Band
	667-1210
	6
	1800
	1056
	3.51569
	16
	1
	56.25111111
	1
	56.25111
	5
	34.65068444

	
	1210 -2500
	3
	1800
	1944
	14.0628
	16
	1
	225.0044444
	1
	225.0044
	5
	255.15504

	
	
	
	
	
	
	
	
	
	
	
	
	289.8057244

	UV Sounder
	
	
	
	
	
	
	
	
	
	
	

	Band
	0.290 -0.450
	6
	1800
	550
	3.51569
	16
	0.33
	18.75037037
	1
	18.75037
	5
	6.015743827

	Total information bitrate (Mbit/sec):
	369.8971502
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