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2nd gutcome: Evaluation of satellite missions
- A step towards a Gap Analysis
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BACKGROUND
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CGMS Baseline for long-term mission continuity
(operational or «sustained»)

The baseline adopted by CGMS-39 (Oct 2011) includes:

*GEO imagery & IR sounding

*GEO lightning

*LEO SSO imagery VIS, IR & MW

*LEO IR, MW sounding

*Scatterometer missions for ocean surface winds

*Radar altimetry for ocean surface topography (constellation)
eRadio-occultation sounding (T, Q, TEC) (constellation)
*Radiation Budget (Broadband upward radiation and TSI)
*Atmospheric composition (contribution to...)

*High Res and Narrow-band VIS/IR (Vegetation, ocean colour)
*Multi-angle IR radiometry



In the CGMS High-level Priority Plan 2013-2017:

« Advancing the Architecture for Climate Monitoring»

Take an active role in building up the architecture as a
contribution to GFCS

Evaluate the CGMS baseline against the logical view
of the Climate Architecture

Extend GSICS and SCOPE-CM

Analyze long-term datasets , impact on climate applications
Establish priorities for multi-decadal ECV products
Contribute to creation of key FCDRs supporting many ECVs
Ensure systematic contribution to the ECV inventory
Integrated access to climate data records of CGMS members
Common approach to long-term data preservation

Work with CEOS

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014 Weather - Climate - Water



End to end Architecture for Climate Monitoring from Space

Climate Record Creation

Create and
Maintain
—®  Short/Medium

Applications Decision-Making

Term Climate Data
Records
) A2
Observations Operational
Climate Monitoring
Earth Environment s Earth Interim Climate
ense Eart Data Records Ad Reports L ) .
4> R - |
I Environment DeC|.S|on Maklng Decisions
J—’ (including
At Climate Data adaptation & ———> o1
Records mitigation policy
C.reat.e and and planning)
Maintain Long- A5
> term Climate Data
Records Long-term Climate
A3 Variability &
Climate Change
Analysis
A7

Create and Maintain
Higher-Lewel Climate

Information (e.g. CDR
analysis or model-

based reanalysis) Climate Information
AB Records

CGMS Baseline addresses only the sensing level (sensor, orbit, calibration)
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Evaluating the CGMS Baseline against the
logical view of the Architecture

Can the CGMS Baseline be a building block of the
Architecture ?

= Discuss relevance/suitability of the «Baseline missions»
to support generation of climate products

* Investigate the use of the Baseline to project long-term
availability of key climate capabilities

= Derive a preliminary gap analysis at sensor level

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014



CGMS Baseline, Climate Architecture
and ECV Product Inventory
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CGMS Baseline, FCDRs and ECV Product Inventory

ECV inventory shows large contribution of CGMS Baseline
missions: missions highly relevant for climate (record length)

However the way the CGMS baseline is defined is too generic to
inform the inventory on future capability for ECV production

Outcome of CGMS-41:

» Toreview the categorisation of missions in the CGMS Baseline (...)
(...) to support the high level mapping of future missions with
FCDRs (CGMS Action 41.42)

» To define a list of FCDRs that CGMS Members can commit to
provide on a sustained basis building on the CGMS Baseline (...)
to communicate to the CEOS-CGMS working group on climate
(CGMS Action 41.43)

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014



CGMS Baseline, FCDRs and ECV Product Inventory
(Cont.)

Architecture should give guidance on space segment evolution

Long-lead programme decisions should be informed by long-term gap
analysis

Product generation plans are not always defined 20 years ahead,
potentially involve many players

Long-term satellite plans better known at sensor level than at product
level

FCDRS (e.g. radiances) often support many different ECV products
FCDRs have their own value when assimilated in climate models

(CGMS 41.12) ...proposes to establish an inventory of FCDRs
in addition to, and in consistency with, the ECV product inventory

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014



Specification of FCDRs

The objective of this part of the study is to specify Fundamental
Climate Data Records (FCDR) that the CGMS baseline missions
can provide in support of the ECVs.

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014 14
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Table 6: Overview of Products — Atmosphere (From GCOS-154)

Fundamental Climate Data Product
. : Records required for Producj Numbers (IP
ECV Global Products requiring Satellite Generation Reference
Observations . :
(from pasT, ent and future Actions)
missions)
Surface Wind , . .
, , Passive microwave radiances and radar A1
Speed and Surface wind retrievals
Directi backscatter (A11)
irection
Estimates of liquid and solid precipitation, . : .
Precipitation derived from specific instruments and Passive microwave radiances A2
: ; Geostationary VIS/NIR/IR radiances (A6, A8, A9, A1
provided by composite products
Upper-air Upper-air temperature retrievals Passive microwave and IR radiances A3.1
, : . : A.3.2
Temperature Temperature of deep atmospheric layers GNSS radio occultation bending angles (A20, A21)
Upper-air Wind . :
Speed and Upper-air wind retrievals VISR |mgger_rad|ances A4
L Doppler wind lidar (A11)
Direction
. : : A.5.1
Total column water vapour Passive microwave radiances
, : . : A.5.2
Tropospheric and lower-stratospheric UV/VIS imager radiances
Water Vapour : : . A.5.3
profiles of water vapour IR and microwave radiances (A7, A21, A22
Upper tropospheric humidity Limb soundings AZé) ’ ’
Cloud amount, top pressure and VIS/IR imager radiances AG.1 A62
, : , : A6.3 A6.4
Cloud Properties | temperature, optical depth, water path and IR and microwave radiances AB5 AB6
effective particle radius Lidar ( A23 A2.4).
Earth radiation budget (top-of-atmosphere Broadband radiances A7
Earth Radiation and surface) Spectrally-resolved solar irradiances .
, ) . A.7.2
Budget Total and spectrally-resolved solar Geostationary multispectral imager (A14, A25)

irradiance

radiances

Carbon Dioxide

Retrievale of areenhotlice aacece <rich ac



Approach followed for each ECV observable from space

Candidate « FCDR »
ECV missions and specific Performance
in the sensor criteria
CGMS features
baseline
Baseline
. Feature x
->» Mission1 —>
Feature y Enhanced/
FeTTT T T I Alternative
ECV > Mission2 =--> | :
bommmmmmm- = Fallback
'- ————————— -y
ECV > Mission3 - ! :
products b .
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Upper air temperature

GCOS-154 | Baseline | FCDR and specific sensor feature Performance criteria

ECV & FCDR A 1D R spectra to co he CO, band 1M and m 1.1.1 |Baseline: IR spectra to cover the CO2 bands in MWIR and
MW radiances for fine coverage of the O, bands e

tive to mid- and high layers
sitive to the lower

50-60 GHz and if possible ~118 GHz —

FCDI - Radiometric accuracy NEAT < 0.2 K, SNR >100  feromsptec

nstead of spectrometer
e to poor spectral resolution

Pass] - Supporting channels around 23 GHZ (water e CO.bandsin VIR and
and ¥ vapour), and 37 and 90 GHz (window) s

temperature (and humidity)
GNSE

allback: R radiometry in about 20 narrow channels
- Coarse vertical resolution due to poor spectral resolution
angles ' MW radiances for filfesoverage of the Oz band(s) 50-60 GHz and possibly ~118 GHz | 1.3.1 |Basic: 10t0 15 channels in the Oz band 50-60 GHz, with
LEO MW - Well over 10 very-narrow channels in the 50-60 GHz band, less in the 118 GHz band supporting channels for water vapour correction (~23 GHz)
sou nder - Radiomgtric accuracy NEAT < 0.2 K, SNR > 100 _ and in window regions (~37 and ~90 GHz) _
- Supporting channels around 23 GHz (water vapour), and 37 and 90 GHz (windows) - For nearly-all-weather temperature sounding

ge monitoring
bending spectra " lincluding the CO, bands in MWIR and TIR

1.3.2 | Alternative: exploitation of the Oz band around 118 GHz,
with supporting water vapour and window channels
- More sensitive to the higher atmospheric layers

- M_ore affected by clouds, especially ice
Optimum: both O, bands 50-60 GHz and ~118 B i sporing vaer vt and icon

- Improved vertical resolution of the retrieved variable

GHz with supporting water vapour and window s capbity o vack e el of oveconslaon

the GNSS system during occultation
C h an n e | S - Capability to capture 200 to 700 events/day, depending on
whether tracking is performed both fore- and aft- or only

fore- or aft

- Improved vertical resolution of retrieved variable [z Eses s ereris o ciss

constellations (GPS, GLONASS, Galileo, Beidou)

tesh faei€DS-CGMS Working Group on Climate 5-7/03/2014 18



Sea Surface Temperature

baseline

LEO/
Multi-
spectral
VIS/IR
imagery

FCDR and specific sensor features

IR radiances to cover windows at 3.7, 11
and 12 mm

-Bandwidths < 1.0 mmat 11 and 12 mm, <
0.2 mm at 3.7 mm

-Radiometric accuracy NEDT < 0.1 K @
300 K

Performance criteria

Basic: split TIR window 11/12 mm
-Splitting the main TIR window enables correcting for water vapour contamination

Enhanced: addition of MWIR window at 3.7 mm
-The 3.7 mm window is more transparent and less sensitive to cloud contamination

Optimum: addition of split MWIR window 3.7/4.0 mm
-Splitting the main MWIR window enables correcting for CO, and air temperature contamination

GEO

Frequent IR radiances to cover windows at

IR radiances for frequent coverage of windows at 3.7, 11 and 12 mm

-Spitting the main TIR window enables correcting for water vapour contamination

-The 3.7 mm window is more transparent and less sensitive to cloud contamination

-Frequent coverage is useful for SST diurnal variations in coastal zone, and filtering from moving clouds

Fallback: missing the MWIR window 3.7 mm
-Less accurate surface temperature

3.7, 11 and 12 mm

advanC -Bandwidths < 1.0 mm at 11 and 12 mm, <
e 0.2 mm at 3.7 mm
VISIR  -Radiometric agcuracy NEDT < 0.1 K @
imagery 300K

g y -Image cycle <
LEO/IR IR spectra to co
hyper- around 3.7 and
spectral -Resolving pow!
sounding -Radiometric acc!

300 K

Baseline: IR spectra to cover window regions around 3.7 and 11 mm
-More numerous and more transparent windows available in spectrally resolved radiances
-Benefit of stretching the range from 3.7 to over 4 mm for CO, and air temperature correction

allback: IR spectra to cover the window region around 11 mm
tral resolution less effective in the TIR window where the water vapour contamination is due to continuum

GEO/IR . i H
wnins] Frequent IR radiances covering windows at 3.7, 11 & 12 UM |;.. <o moving clouds
hyper- ;
o] - Bandwidths <1.0 ym at 11-12 ym and <0.2 ym at 3.7 pym
some H -
setong] - R@diometric accuracy NEDT<0.1 K@300K
- Image cycle <30min Sl IIEEE
IR dual- reTeTesT el | 2 MM
angle view | and 12 mm.Viewing angles(nadir/45°) -Improved corrections for water vapour and other atmospheric effects by differential optical path depth
imagery DI<1.0at1l &12mm,<0.3at3.7 mm
-Radiometric acc.NEDT < 0.1 K @ 300 K
LEO/ MW radiances in the 6.3-7.3 GHz range at Basic: conical scanning, one frequency substantially lower than 7 GHz, 2 polarisations
MW 1 to 4 dual-polarised frequencies -All-weather capability, maximum sensitivity to SST in C-band, 2 polarisations needed to account for roughness
imagery, -Bandwidths Dn < 200 MHz . )
I — “Radiometyric accuracy NEDT < 0.5 K Enhanced: additional frequency / 2-pol slightly above 7 GHz

polarimetri

-The additional frequency mitigates the effect of electromagnetic interferences




First report in a nutshell
The 27-page report addresses:

RELEVANCE OF MISSIONS IN THE CGMS BASELINE TO SUPPORT THE GCOS ESSENTIAL CLIMATE VARIABLES
. . (ECVs) AND SPECIFICATION OF FUNDAMENTAL CLIMATE DATA RECORDS (FCDRs)
132 combinations of ECV and

Missions currently in the CGMS baseline (as of March 2014)
H H H GEO! VISR im TEG 1 IR hyper-speciral sounders VISIR radiometer
« Baseline missions » o e T e e
GEO jon MW imagers - composit tribution)
[ t HNan s iour and
Gl olution UV sounding r i High:
1 73 FCDR 'th 'f' 01 VISAR i Radio occultation IR dual o i
(( )) W I S p e C I I C The purpose of this study is to assess the relevance of these missions for supporting the Essential Climate Variables (ECV) defined for
Climate Observing System (GCOS). The current list of ECV's (see hitp./fgosic orgfios/MATRICES/ECYIECY -matrix him) is tabled as follows

S e n S O r fe a t u re S T — GCDS Essential Climate Variables (C\ﬂ (as of 23 January 2013) -
S River Di e
L re

275 classes of sensors to , =
produce these FCDRs T —

Permafost and seasonally frazen ground

re atur af Ares index (LA}

Water Vapour Sub-Surface Above Ground Biomass.

Wind Speed and Direction Beoe A I R | Fire Diisturba nce
Current Soil Moisture

Garbon Dioxi Nutrients Soil Carbon

Indicates which kind of FCDR can | Femme o —
be produced from CGMS Baseline

missions, and the impact of sensor
features on retrieval performance

Prepares the inventory of FCDRs
supported by CGMS baseline
missions (CGMS 41.12)

Click to open the WORD file

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014



Contribution to Gap Analysis

This second part of the study links the types of FCDR identified in the 1st
part with the OSCAR database (www.wmo.int/oscar/space).

It covers past®, current and planned missions, either operational or
sustained.

(*) Past missions were included if active in the 1990s and/or there is some
continuity between these heritage data and newer series.

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014 21
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OSCAR timeline of current/planned sensors with potential
capability (by design) to support a given variable

Example: sea level observations

Filter by Satellite or Instrument

Poseidon-3 asonz 6 |EIENESESESES

Poseidon-35 [N ] JASON:3  66° [ x [ x| x [ x| x| x|

Altimeter SWOT e X x| x| X
ALT (HY-2A HY-2A  06:00 desc x| x| x| x|

ALT (HY-24) HY2B  06:00 desc

ALT (HY-24) HY-2C  06:00 desc x| x| x| x|

ALT (HY-24) HY2D  06:00 desc

SRAL 2 High JASON- 66 ° X X X X X X X X
CSA

SRAL 2-High JASON- 66 ° X X X X X X X

SB

SRAL 2-High Sentinel- 10:00 desc X X X X X X X X
3A

SRAL 2-High Sentinel- 10:00 desc X X X X X X X X
3B

KaRIN J3-Medium SWOT 78- X X X X

SIRAL J-Medium CryoSat.-2 92° X X X X X

ATLAS J3-Medium ICESat.2 94° X X X X X X

AltiKa J-Medium  SARAL  06:00 asc X X X X X X

SWIM J-Medium CFOSAT 07:00 desc X X X X

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014



Approach followed for each ECV observable from space

Candidate « FCDR » Relevant
ECV missions with specific Perfqrm_ance Past/Present/
in the CGMS sensor criteria Future
baseline: features Missions
Baseline — | Sat/Instr
Feature x SIS
->» Mission1 —>
Feature y Enhanced —
Frmmm————— = Sat/Instr
ECV - Mission2 -»> ! :
bmm—— - ' Fallback
e———————— - a —> Sat/Instr
=> Mission3 => | _E

(39 ECVs) (132 missionsxECV) (173 « FCDR») (275 classes) > 2000 missions

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014 23



Missions with potential to provide following FCDR type:
Ku-band or Ka-band altimetric data

Specific Instrument Satellite(s) Agency Programmatics Instrument main characteristics
features Status Nature Launch EOL | Channel IFOV Swath
Basic ALT HY-2 Ato D NSOAS Current Cantinuous 2011 32022 2 m 16 km
Poseidon-3 JASON-2 CNES Current inuous 2008 32015 2 0 km 30 km
Poseidon-3B JASON-3 CNES Planned uous 32015 | 22020 2 30 km 30 km
& | Satellite =~ Channels
S peCIfI C [\ Historical Contin@ous 1998 )
featu reS \ GEOSat DoD Historical Continufs 1985 I F OV ) Swath
NRA ASA || St t I h ; 2 30 km 30 km
Poseidc InStrument NES a US, aunC : 2 30 km 30 km
RA ERS 1 and 2 ESA d ate & E O L 1 20 km 20 km
RA-2 Envisat ESA Historical Continuous 2002 2012 2 20 km 20 km
SSALT TOPEX-Poseidon CNES Historical Continuous 1992 2005 1 25 km 25 km
Enhanced SIRAL CryoSat-2 ESA Current R&D 2010 32014 1 1.94 km 1.94 km
SIRAL JASON-CS A&B,
SRAL Sentinel-3 A&B ESA Planned Operational 32014 32031 2 2.45 km 2.45 km
Alternative AltiKa SARAL CNES Current R&D 2013 32018 1 10 km 10 km
Development | SWIM CFOSAT CNES Planned R&D 32014 32017 1 18 km s.s.p. 180 km
KaRIN SWOT NASA Considered R&D 32020 32023 1 0.22 km s.s.p. 120 km

Joint CELVS-LGIVIS VWOrking Group on Ull

ale o-7703/2014




A snapshot of this second report

Results consolidated in one NE—— o
EXCEL table per domain: = == =2 g '
Atmosphere (~ 1100 records) - , e . =
Ocean (~ 260 records) = e : TarE
Terrestrial (~ 1200 records) e Sims
e e % %
|dentification of satellite @ | | [EE= - '
missions with programmatic e
status, period of availability, =
and main instrument :
characteristics
Sorted by performance class Click to open the EXCEL file

based on instrument design
features and orbit type

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014



Quality evaluation

A tentative quality index can be calculated from sensor design
characteristics ...however very questionable !

Quality depends on multiple criteria:
Uncertainty (Precision, Bias)
Spatial/temporal resolution
Data record length
Data record completeness
Stability over a decade
Actual dataset availability, maturity, and accessibility....

Quality assessment requires dedicated case-by-case analysis

To be evaluated against user needs: some lower quality can be
acceptable depending on how they are used

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014 26



Discussion

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014
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Gap analyses at both ends
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Conclusion

This study identifies types of FCDR and the potential to deliver such
FCDRs from past/present/future missions

Contribution to the FCDR inventory and Gap Analysis, however:
Sensor availability & adequacy are necessary but not sufficient
FCDR availability and maturity to be stated by agencies
Quality evaluation requires careful assessment

Long-term continuity:
Need to ensure consistency of climate records over time

As technology progresses, new generation sensors provide
different measurements

FCDRs should be evaluated with consideration of their
compatibility with relevant heritage instrument data records

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014
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Use of the term « FCDR »

Fundamental Climate Data Record (FCDR) denotes a well-
characterized, long-term data record, usually involving a series of
Instruments, with potentially changing measurement approaches, but
with overlaps and calibrations sufficient to allow the generation of
products that are accurate and stable in both space and time to
support climate applications e
Example: consistent series of calibrated radiances -~ e weme

1987 1980 1991 1993 1995 1997 1999 2001 2003

Thematic Climate Data Record (TCDR) denotes the counterpart of the
FCDR in geophysical space. It covers one geophysical variable.

In this presentation we will also use “FCDR” in a generic way for
“a certain type of FCDRs”

Joint CEOS-CGMS Working Group on Climate 5-7/03/2014 31

%%%%Ao



Table 7: Overview of Products — Oceans

(From GCOS-154)

Fundamental Climate Data

Records required for Produ Prod
ECV Global Products requiring Satellite . rating Numbers
Observations . Refere
(from past, current and future :
C Actio
missions)
Sea-surface Integrated sea-surface te_mperatyre_ Single and multi-view IR and microwave 0.1
analyses based on satellite and in situ . . |
Temperature imager radiances (04, 07, O
data records
Sea-surface Datasets for research on identification of . : 0.2
. : g Microwave radiances
Salinity changes in sea-surface salinity (012)
Sea-level global mean and regional , 0.3
Sea Level variability Altimetry (010)
Wave height, supported by other 0.4
Sea State measures of sea state (wave direction, Altimetry '
; . (016)
wavelength, time period)
: , Passive and active microwave and
Sea-ice concentration/extent/edge, AU )
Sealce supported by sea-ice thickness and sea- visible imager radiances, supported by 05
ice drift Synthetic Aperture Radar (SAR) (018, 019,
altimetry
Ocean colour radiometry — water leaving
radiance , , , 0.6.1,0.6..
Ocean Colour Oceanic chlorophyll-a concentration, Multispectral VIS imager radiances (015, 023)

derived from ocean colour radiometry

32




Table 8: Overview of Products — Terrestrial

From GCOS-154)

Fundamental Climate Data

ECV or . i
i Global Products requiring Satel Records requwed_ for Product mbers (IP-10
supporting . Generation
variable™ Observations om past, current and fut eference
past, curl : Actions)
Lake levels and areas of lakes in the . .
Global Terrestrial Network for Lakes (GTN- .VlS/NIR imager radiances, and radar T.11
Lakes L) imager radiances T.1.2
Altimetry (T8)
Snhow areal extent, supplemented by snow Moderate-resolution VIS/NIR/IR and T.2
Snow Cover water equivalent - . . . :
passive microwave imager radiances (T16)
(2 dDel‘i’r?g;?i;O”t'lg’ng";r%':)c'g[f and 100 9203 | High-resolution VIS/NIRISWIR optical | 1 5,
Glaciers and Ice by digital ? glac d I f ppd . imager radiances, supplemented by T-3.2
Caps v igital elevation mode’s for drainage microwave INSAR and along-track iy
divides and topographic parameters : : : (T17)
optical stereo imaging
Ice-sheet elevation changes .
. ! . Radar and laser altimetry, supplemented | T.4
Ice Sheets ;upplemented by fields of ice velocity and by:SAR, gravity (T20)
ice-mass change
Albedo Reflectance anisotropy (BRDF), black-sky Multispectral and multiangular imager T.5
and white-sky albedo radiances (T3, T24, T25)
Moderate-resolution maps of land-cover Moderate-resolution multispectral
tvoe VIS/NIR imager radiances T.6.1
Land Cover |_3|/|p h-resolution maos of land-cover tvpe High-resolution multispectral VIS/NIR T.6.2
9 . P yPe, imager radiances, supplemented by (T26, T27,T28)
for the detection of land-cover change radar
Maps of the Fraction of Absorbed . . . T.7
FAPAR Photosynthetically Active Radiation VIS/NIR multispectralimager radiances | 14 159 131)
. : . T.8
LAI Maps of Leaf Area Index VIS/NIR multispectral imager radiances (T3, T30, T29,T31)
Biomass R_eg|ona| and global above-ground forest Long-wavelength radar and lidar T.9
biomass (T32)
: T.10
Fire Disturbance Maps o_f burnt area, sypplenjer)ted by VIS/_NIR/SWIR/TIRmodgrate-resolutlon (T35, T36, T37,
active-fire maps and fire-radiative power multispectral imager radiances 738, T39)
Soil Moisture Research towards global near-surface soil- Active and passive microwave T.11
moisture map (up to 10cm soil depth) P (T13,T14)
High-resolution IR radiances from T 12

Land-surface
Temperature

Land-surface temperature records to
support generation of land ECVs

geostationary and polar-orbiting
satellites; Microwave radiances from
polar-orbiting satellites

(T5, T13, 123, T27,
T28)



Upper air water vapour

GCOS-154
ECV & FCDR

G

COS-154:
Passive microwave
radiances
UVIVIS imager
radiances
IR and microwave
radiances
Limb soundings

Baseline | FCDR and specific sensor feature Performance criteria
Spectrar - Resolving power AJTAX > 1000 = TTTE TIYTT SPECUAT TESUTUTOTT PTOVIUES TIYTT VETUTET
sounders - Radiometric accuracy NEAT < 0.2 K @ 280 K resolution of the retrieved variable

2.1.2 |Enhanced: spectral range extended to FIR
- The Far Infrared is sensitive to the higher troposphere
2.1.3 | Extreme fallback: radiometer instead of spectrometer
- Coarse vertical resolution due to poor spectral resolution
GEO/IR 2.2 | Frequent IR spectra to cover the H20 band 5-8 pm 2.2.1 |Baseline: IR spectra to cover the H20 band in MWIR/TIR
Sounding - Resolving power A/AL > 1000 - The high spectral resolution provides high vertical
(hyperspectral on - Radiometric accuracy NEAT < 0.2 K @ 280 K resolution of the retrieved variable
some locations) - Image cycle < 30 min - Frequent observation of water-vapour (and temperature)
profile enables stability change monitoring
2.2.2 | Fallback: IR radiometry in about 20 narrow channels
including the H20 band in MWIR/TIR
- Coarse vertical resolution due to poor spectral resolution
LEO / MW 2.3 | MW radiances for fine coverage of the H-O band around 183 GHz 2.3.1 |Basic: radiometry in the H20 band around 183 GHz, with
sounders - 3to 6 channels in the 183 GHz band, and supporting windows at ~90 and ~160 GHz supporting window channels
- Radiometric accuracy NEAT < 1 K, SNR > 100 - For nearly-all-weather humidity sounding
- Temperature information from Oz at ~ 54 or ~118 GHz, either built-in or from a co- - Temperature information from a co-flying sounder
flying instrument 2.3.2 | Optimum: H20 band and O2 band(s) ( ~ 54 and/or ~118
GHz) in the same instrument
- Integrated temperature/humidity sounding
MW imagers - 2.4 | MW radiances to cover the H20 band around 23 GHz 2.4.1 |Basic: conical-scanning imaging radiometer including the
some - One channel (1 or 2 polarisations) and at least one nearby window (2 polarisations) H20 band at ~23 GHz
polarimetric - For total-column water vapour over the sea
2.4.2 | Fallback: nadir-viewing channel and a nearby window
- Generally designed to support a radar altimeter
LEO/ 2.5 | NIR radiances in the H20 pot band (~935 nm) and/or y band (~1380 nm) 2.5.1 | Channels in the pot and y bands of water vapour
Multispectral - Bandwidths as narrow as ~20 nm (pot-band) and ~40 nm (y-band) - For total column and upper troposphere (and cirrus)
VIS/IR imagery - Radiometric accuracy: SNR > 100 2.5.2 | Channels in the pot band of water vapour
- For total column
2.5.3 | Channels in the y band of water vapour
- For upper troposphere (and cirrus)
GEO / Advanced [2.6 |Frequent NIR radiances in the H20 pot band (~935 nm) and/or y band (~1380 nm) [ 2.6.1 |Channels in the pot and y bands of water vapour
VIS/IR imagery - Bandwidths as narrow as ~20 nm (pot-band) and ~40 nm (y-band) - For total column and upper troposphere (and cirrus)
- Radiometric accuracy: SNR > 100 - Early detection of instability onset
- Image cycle < 15 min 2,6,2 | Channels in the y band of water vapour

- For early detection of water vapour growth in the upper
troposphere, and cirrus cloud formation
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