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WMO regularly reviews its Vision of future global observing systems to support weather,
climate and related environmental applications. The 2040 Vision of the WIGOS space-based
component systems is intended to provide a shared, high-level goal to guide the efforts of
WMO Member states and satellite operators in the evolution of satellite-based observing
systems. It is based on an attempted anticipation of user requirements in the WMO
application areas, and technological capabilities, in 2040. The Vision, to be developed and
finalized by 2018 under CBS auspices, will be based on a broad consultation of user
communities, WMO Technical Commissions, and space agencies.

This document provides draft v0.2 of the Vision, using an initial draft developed by the CBS
Expert Team on Satellite Systems (ET-SAT), input from a workshop held at WMO Secretariat
on 18-20 November 2015, and taking into consideration comments provided at WMO
meetings held in the January — April 2016 timeframe.

CGMS operators are invited to provide comments on the draft, by 8 July 2016. This will allow
for sufficient time to consider the comments in a new draft of the Vision to be endorsed by
CBS-16 in November 2016.

Action/Recommendation proposed: CGMS operators to provide comments on draft
v0.2 of the Vision for the WIGOS space-based components in 2040, by 8 July 2016.

Appendix A. Draft version 0.2 of the “Vision for the WIGOS space-based
component in 2040”

Appendix B. Review schedule for further development of, consultation on and
approval of the “Vision for the WIGOS space-based component in 2040”
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VISION FOR THE WIGOS SPACE-BASED COMPONENT IN 2040

1. The 2040 Vision of the WIGOS space-based component systems is intended to
provide a shared, high-level goal to guide the efforts of WMO Member states and satellite
operators in the evolution of satellite-based observing systems. It is based on an attempted
anticipation of user requirements in the WMO application areas, and technological
capabilities, in 2040. The “Vision 2040”, to be developed and finalized by 2018 under CBS
auspices, will be based on a broad consultation of user communities, WMO Technical
Commissions, and space agencies.

2. The draft of the 2040 Vision is developed through an incremental approach with
reference to the current baseline (and Vision for 20252. Developing the initial draft of the
“Vision 2040” was through an incremental approach with reference to the existing “Vision for
the Global Observing System (GOS) in 2025" (hereafter called “Vision 2025”) ), in
investigating what should be added, reinforced or improved, and what could be performed
differently in the future in order to best respond to user needs. The “Vision 2025" was
approved at the 14th Session of the Commission for Basic Systems (CBS-XIV, Dubrovnik,
2009) and is available in English, French, Spanish, Russian, Chinese, and Arabic at
http://www.wmo.int/pages/prog/www/OSY/gos-vision.html.

3. The Vision 2025 was developed in order to guide the evolution of global observing
systems in the coming decades, and the goals within it are intended to be challenging but
achievable. It covers both surface-based and space-based observing systems and is
intended to address the requirements for observations of all WMO programmes and WMO
co-sponsored programmes. It was written to take account of requirements for observations,
as documented by the WMO Rolling Review of Requirements (RRR) for observations in the
database of user requirements (now called “OSCAR/Requirements”), and of the perceived
key gaps between requirements and capabilities as documented in the Statements of
Guidance for those Application Areas covered by the RRR process. It also took account of
expected advances in observing technology as perceived at the time of writing.

4. The Vision 2025 has played a useful role. The current version of the Implementation
Plan for the Evolution of Global Observing Systems (EGOS-IP) is primarily a response to the
Vision 2025. The Vision 2025 has been used widely within the WMO community and in
discussions with partners, to provide a concise and easily intelligible statement of the types
of developments in observing systems that would best serve the needs of WMO Members.

5. The Vision 2025 has been used by the WMO Space Programme in its interactions,
on behalf of WMO Members, with space agencies through CGMS and other forums.
Although this has been very valuable, the role of the Vision 2025 for this specific purpose has
now become more limited, because of the long lead times for developing satellite
programmes. In this regard, 2025 is almost “tomorrow”, and space agencies are looking for
a longer term vision to motivate their future programmes and to guide their collective
response to WMO needs.

6. Following discussion at IPET-OSDE-1 and ICT-IOS-8 in April 2014, it was agreed
that a “Vision for the space-based component of WIGOS in 2040” (henceforth: “2040 Vision™)
should be developed.

7. An initial draft of the 2040 Vision was prepared by the CBS Expert Team on Satellite
Systems (ET-SAT), in consultation with CGMS, building on the outcome of a “WIGOS Space
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2040” workshop (Geneva, 18-20 November 2015) and additional input from the Inter-
Programme Coordination Team on Space Weather (ICTSW) .

8. The 2040 Vision is formulated based on two main elements: expected evolution of
space-based observing technology, and an anticipation of user needs for satellite-based
observations in the 14 application areas that are recognized and documented by WMO, by
2040.

9. It should be recalled that the current space-based observing system as described in
the Manual on WIGOS includes a constellation of advanced geostationary satellites, a three-
orbit constellation of polar-orbiting satellites supporting atmospheric sounding and other
missions, other operational missions on various orbits suited e.g. for altimetry or radio-
occultation, with a general principle of operational continuity and near real-time data
availability. Although there remain gaps and scope for improvement, this system is a solid
foundation underpinning the successful operation of the World Weather Watch and other
major WMO programmes.

10. The 2040 Vision addresses specifically the space-based components of WIGOS,
mainly because of the long lead times in space programme development cycles. It is clear
however that the space segment will be supplemented by the surface-based components of
WIGOS, for example to provide surface-based reference measurements, in the many
applications where both satellite and surface-based data are required, or for measurements
that cannot be achieved from space.

11. In addition, the 2040 Vision recognizes that satellite ground segments are critical
such that users can effectively exploit satellite missions, i.e., sufficient investments in
application development and user training; maintenance of efficient data dissemination
systems meeting user needs for timeliness and completeness; new approaches for data
processing, storage, and access (including big data analytics), given the increase in data
volumes; effective user-provider feedback mechanisms; and NRT access to operational and
R&D mission data when relevant.

12. There is now a complete draft of the “Vision for the space-based component of
WIGOS in 2040” (version 0.2) — see Appendix A. For this draft, comments received at the
following WMO meetings were taken into account: the Presidents of Technical Commissions
meeting on 19-20 January 2016, the 13" session of the Consultative Meeting on High-Level
Policy on Satellite Matters (CM-13, 28-29 January 2016), the CBS Inter-Programme Expert
Team on Satellite Utilization and Products (IPET-SUP-2, 23-26 February 2016), and the CBS
Inter-Programme Expert Team on Observing System Design and Evolution (IPET-OSDE-2,
11-14 April 2016). Appendix B contains a tentative schedule for the further development of
this Vision, for its review by various stakeholders and for its eventual approval.
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APPENDIX A
VISION FOR THE WIGOS SPACE-BASED COMPONENT IN 2040
DRAFT V0.2

Document Change Recor d

Date Status

12 Nov 2015| ET-SAT-10 Working Paper 3.1

21 Dec 2015| Moadifications based on input from ET-SAT-10 (17 Nov 2015), WIGOS $pace
2040 Workshop (18-20 Nov 2015, Geneva) and ICTSW (18 Dec 2015)

11 Jan 2016 | Revision based on comments by Chair IPET-OSDE and WMO Secretariat
(OBS/SAT)

13 Jan 2016| Corrections to mission tables for Tier 1 and 2

19 Jan 2016 | Additional comments by Chair IPET-OSDE

4 May 2016 | Revisions by Chair ET-SAT and WMO Secretariat

1. Introduction

This document describes a new vision of the space-based observipgnemts contributing
to the WMO Integrated Global Observing System (WIGOS) in 2040s Tiew vision
(henceforth referred to as the “WIGOS Space Vision 2040” or sifiMdyon”) is formulated
based on two main elements: expected evolution of space-based apsachimlogy, and an
anticipation of user needs for satellite-based observations in tapplidation areas that are
recognized and documented by W& ®y 2040.

The initial draft of the Vision was provided by the WMO/CBS Expezam on Satellite
Systems (ET-SAT) composed of representatives of space agencoesisultation with the
Coordination Group for Meteorological Satellites (CGMS), buildingtloa outcome of the
WIGOS Space 2040 workshopGeneva, 18-20 November 2015) and additional input from
the Inter-Programme Coordination Team on Space Weather (ICTSWYevision was
prepared based on feedback received from three sets of consukattm®/MO Presidents
of Technical Commissions meeting (19-20 January 2016), the Consultaetnlylon High
Level Policy on Satellite Matters (CM-13, 28-29 January 2016), andVviki® CBS Inter-
Programme Expert Team on Satellite Utilization and ProduetsTISUP-2, 23-26 February
2016). Additional iterations are expected as additional groups (espires a variety of
viewpoints, including the research community) are consulted, with anfginoviding a draft
version for formal consideration by the WMO Commission on Basste8ys, and eventually
endorsement by WMO Congress.

! http://www.wmo.int/pages/prog/www/OSY/GOS-RRR.html
2 http://www.wmo.int/pages/prog/sat/meetings/WIGOS%2040.ph{Presentations);
http://www.wmo.int/pages/prog/sat/meetings/docurskiigtofParticipants.pdfiist of participants)
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It should be first recalled that the current space-based obseywstgm as described in the
Manual on WIGOS includes a constellation of advanced geostationaljtesta three-orbit
constellation of polar-orbiting satellites supporting atmospheric sogratid other missions,
other operational missions on various orbits suited e.g. for aljimmetadio-occultation, with

a general principle of operational continuity and near real-tint@ a\ailability. Although
there remain gaps and scope for improvement, this system isldaoidation underpinning
the successful operation of the World Weather Watch and other major WMO programmes

The new Vision will thus be considered through an incremental apgpreitic reference to
the current baseline, in investigating what should be added, @dfor improved, and what
could be performed differently in the future in order to best respond to the needs.

The following main drivers of change are identified:

Emerging user requirements from new applications that are notlypartly captured
in the current Vision for 2025. Today, these are mainly related nwsmheric
composition, cryosphere, hydrology and space weather.

An increased need fora resilient observing system, with more apptis and services
routinely utilizing satellite data; this applies not only to eatbut also for example
to climate applications where the impact of potential gaps iolikerving system on
the continuity of climate time series is particularly severe;

Recent or anticipated advances in remote sensing technolodiitesatstem design
and satellite programme management, which will enable to coeetntly unfulfilled
performance requirements, implementation of currently experimestahewly
demonstrated techniques, and possibly alternative, more cost-effective approac

Changes in the satellite providers’ community that will involve mspace-faring
nations, increased maturity of satellite industry, and increagrggsure to
demonstrate benefit to cost of public satellite investment, andc® ¢ommercial
satellite initiatives.

This Vision addresses specifically the space-based componaMi&SaIS, mainly because of
the long lead times in space programme development cycles. &g aobve, it attempts to
address the evolving interests of WMO Members by moving beyondatigidnal WMO
focus on observations for weather applications by taking on more ofagh Eystem
viewpoint.

It is clear however that the space segment must be complemientéhe surface-based
components of WIGOS, for example to provide surface-based refererasirements using
a multi-tiered approach (i.e., a smaller number of high quality groitesl that are part of a
much larger network of stations that provide significant geograpbaverage), in the many
applications where both satellite and surface-based data areeceqand for measurements
that cannot be achieved from space. Just as this document considetfeelbotiteased need
and capability for space-based observations in the 2040 timefraniley sntreases must be
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considered for the surface-based components of WIGOS, which coeldiptty have some
significant differences in 2040 from the current capability.

In addition, satellite ground segments are critical such thaetsusan effectively exploit
satellite missions, i.e., sufficient investments in application deweént and user training;
maintenance of efficient data dissemination systems meetimgnasds for timeliness and
completeness; new approaches for data processing, storage, arsd(emteding big data
analytics), given increasing data volumes; effective user-geoveedback mechanisms; and
NRT access to operational and R&D mission data when relevant.

Since data management is an area under rapid technological develofiragraradigm of
satellite ground segment design will evolve over time. Consideratll also need to be
given to the availability of the radio frequency spectrum forlgateata downlink given the
increasing pressures associated with advances in telecommunications.

The Vision recognizes the need for flexibility that can support wipated areas of research
and application, in particular those cases where community memdergify and
demonstrate that observations thought to be useful for one purpose ¢bresgtronmental
parameters) can be applied, either individually or as a group,veryadifferent area of
application.

This Vision does not provide guidance regarding data policy.

2. General trends in user requirements

It is difficult to predict the requirements for satellitealat support of weather, water, climate
and related environmental applications in 2040. Nevertheless, for the @ufpdeveloping
the Vision, an attempt has been made to anticipate the evolution of user neetlendasad
consultation with users and general expected trends in the uatelifesdata; compared to
the present, it is expected that users will require in 2040:

« higher resolution observations, better temporal and spatial sampliagagey

< improved data quality and consistent uncertainty characterization ,

« novel data types, allowing insight into Earth system processes hitherto poddgstood,

« efficient and interoperable data representation, given the exporgotigh of data volumes.

These trends are reinforced by the growing role of integratederical Earth system
modeling that will serve many applications and cover a seamdege of forecast ranges.
More data streams are expected to be assimilated in nuhmeddaling frameworks, and this
more effectively due to improvements in Earth system processrsiadding, refined
assimilation methods, and better handling of observation uncertaintgult&eous
observations of several variables/phenomena, as well as multiple/atitses of the same
phenomenon will be beneficial to numerical weather prediction, to atmos, ocean, land
and coupled reanalyses, and to many other applications. Sustained toatrseivfathe ECVs
will provide the baseline for global climate monitoring and relatémate applications.
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Seasonal-to-decadal predictions will, among others, require higba@ution ocean surface
and sub-surface observations, such as of salinity, SST and seawed| as information on
the stratospheric state, solar spectral irradiance, and s@mture. Ocean applications will,
inter alia, require operational satellite-based observationseheal ocean variables that can
be measured from satellites, including ocean surface topographyp&an colour, sea ice,
winds and sea state. Nowcasting, severe weather forecadisagier risk reduction and
climate adaptation will particularly require impact-relatestag such as on precipitation,
temperature, sea level rise, ice formation and distribution, amdilswiManaging and
monitoring climate change mitigation as follow-up to the 2015 Pagigement will need
greenhouse gas and other carbon budget-related observations, asinfelinaation related
to renewable energy generation such as on winds and solar ireadigpdications related to
health and the environment will require all observations needed foheamical weather
forecast”, with variables characterizing atmospheric composidtothe forefront, such as
ozone, aerosols, trace gases, and atmospheric pollutants. Sanellifelsy a particularly
important role in supporting applications in the data-sparse PolawrBegnd provide insight
into changes in ice sheets, sea ice, and glaciers.

The need to maintain continuous data records for real time amddoalysis purposes calls
for robustness of the whole data chain: contingency plans need to eostirelity and
regularly assess and thus minimize the risk of sensor gapsiéieity of the radio frequency
spectrum that is critical for space-based sensing needs fweberved; data processing
infrastructures require protection against damage or intrusion thiaqpgopriate IT security
measures.

Rigorous error characterization, through intercalibration withreefee standards (on-ground,
in-orbit, and in space), will leverage the quality of the wheilstem. Measurement
traceability will also be a key for the use of future spa@sed observations for climate
monitoring and modeling, which also puts particular priority on ensuromgg-term
performance stability, comparability of new sensors with heritdgeasets, long-term
continuity of Essential Climate Variables, and generation and tEnng-preservation of
Fundamental Climate Data Records. Accuracy requirementsefierence standards should
consider the full range of research and applications for space lEasth Observations,
although decadal climate change observations are likely to domtimat@eed for high
accuracy.

Specific observations are required, already in the near terngvarad specific application
areas:

- limb sounding for atmospheric composition in the stratosphere and mesodphere
climate modelling;

- lidar altimetry in support of cryosphere monitoring, needed to sugporidw emphasis
of Arctic activities in particular;
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- hydrology, with the increasing importance of water resource gegment and flood
prevention, should benefit of lidar altimetry but should progressivelyo#xglavity
field measurements for operational monitoring of groundwater;

- SAR imagery and high-resolution optical imagery should be moresrmsgsitally
exploited for applications in the cryosphere, for example for heetsand glacier
monitoring, deriving refined sea ice parameters, snow propenidsparmafrost
changes;

- water cycle modeling will benefit of sub-mm imagery for cloud phase dmtect

- atmospheric radiation budget modeling will be improved through systemat
assimilation of multi-angle, multi-polarization radiances allayira better
specification of aerosols and clouds;

- the accuracy of surface pressure derived from NIR spectrpraed 3D fields of
horizontal winds from Doppler lidar should be assessed, with a viempmyve the
atmospheric dynamics in NWP models;

- finally, solar observations on and off the Earth-Sun line (e.glaihd L5), in situ
solar wind at Lagrange point L1, and possibly beyond, magneticrfieasurements
at L1 and GEO, measurement of energetic particles at GEO, drielOacross the
magnetosphere, will be needed on a fully operational basis to suppaviarning of
major space weather events.

It will be beneficial to invest in further development of forwagkrators (for model-based
simulation of observations) and, related to this, improved radiativefdransodels and

spectroscopic databases that are needed to enhance the utilityesfatbas in numerical

model frameworks.

The following sections describe trends in satellite systemgpagtammes. These, together
with anticipated user needs outlined above, have led to the formulatiba WIGOS Space
Vision 2040 that represents an ambitious, but at the same timsticeahd cost-effective
target (section 5).

3. Trends in system capabilities

It is anticipated that rapid progress on remote sensing techneitiggad to higher signal
sensitivity of sensors, which translates into higher spatiahpdeal, spectral and/or
radiometric resolution. However, progress will not only result daofing the same
measurements with better performance, but also from a betteof ube electromagnetic
signal by different ways:

- the remote sensing frequency spectrum used for optical measusewill expand in
both directions, towards UV and far IR, and wider use will alsmbde of the MW
spectrum, subject to adequate frequency protection;
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hyperspectral sensors will be used not only in IR but also ib¥he/I1S, NIR and MW
ranges, providing a wealth of information, opening new fields feeaeh and
generating a dramatic increase in data volumes and processing demand;

polarization of radiation can be further exploited, for example inh&yiact Aperture
Radar imagery;

combinations of active and passive measurements including bisi@disurements by
formation-flying spacecraft can be exploited;

radar scatterometry can be supplemented by GNSS-based reflectometry;

the radio-occultation technique can also be generalized, in usintgpadbfrequencies
(beyond the current L1, L2 and L5 GPS frequencies) to maximizeethgtivity to
atmospheric variables, and monitoring more systematicallyotn@sphere including
ionospheric scintillation.

Satellite observations are also determined by the choice of ambite diversity will be
possible in this respect, too, thanks to a wider community of spang fations, provided
that the overall planning can be optimized under the auspices of \WktOthe aim to make
the various satellite programmes complementary and interopdratiter than overlapping
and duplicating each other). The future space-based observimgmsghbuld rely on the
historical geostationary and low-Earth orbit sun-synchronous cotisteiabut also include
high eccentricity orbits that would permanently cover the Polaomeg low-Earth orbit
satellites with low or high inclination for a comprehensive sampinge global atmosphere,
and lower-flying platforms, for example with short-life nane8iaes serving as gap fillers. A
space station could be used for demonstration of new sensors, andpueitlap region of
space-based and surface-based observing systems, sub-orbital fligddtsans or unmanned
aerial vehicles will also contribute. Calibration references shbal an integral part of the
system, including Earth surface targets, in-orbit referetar@lards, and lunar observatories
to use the Moon as a transfer standard.

Using a diversity of orbits will improve sampling the Earthisvieonment and remove
sampling biases that a single source of measurement can intrachee will facilitate
simultaneous observations of several variables/phenomena, asswellltgple observations
of the same phenomenon, both with benefits to applications. Multiples @ritiitalso increase
the overall robustness of the system, but require a special efforteroperability (on the
provider side) and agility (on the user side). The diversity asimn concepts goes along
with a diversity in programmatic approaches: the oveyallesn should be composed of, on
the one hand, the classical series of recurrent large sapetiggrammes which provide a solid
and stable foundation with a visibility over two decades, and on the bémet, smaller
satellite programmes with shorter life cycles, more Behitscope, more experimental
payloads, and with faster, more flexible decision processes.

Data management and data access will remain a chall®reyethe coming decades, as
progress in information technology is constantly challenged by thetigrof data volumes

and the requirements for increasing timeliness of data delbserpany users. At the same
time, for building the historical record, long-term data pnestésn of these data must be
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managed. Higher connectivity and more providers of satellite @ata the question of
interoperability and IT security that must be addressed withhighyattention. Handling the
growth of data volumes requires an expansion of telecommunicationsitgapghrough
identified networks, cloud concepts or collaborative systems. For eea®DBNet (formerly
named RARS) is a collaborative, default-tolerant network usin@iteet Broadcast service
available for many satellite systems. DBNet is a cdsegfe complement or alternative to
more expensive ground station networks. A trade-off needs to be fetwelem exchanging
data and exchanging products derived from the data, which raisqadbion of where the
processing is performed, and how it is controlled. The prospect wibdied processing
using multiple data sources is critically dependent on considétatrepresentation, detailed
quality information, and comprehensive, standardized metadata. WMQi@saviframework
in the area of data management, for developing best practiddestiering cooperation with
the goal to achieve maximum overall efficiency and quality.

4. Evolving paradigm of satellite programmes

The space-based observing system will continue to rely on both opataind R&D
missions, which are pursuing different objectives and are optimined different priorities.
This is in no way an impediment: operational users are encouragedke use of R&D
mission data, and R&D missions may benefit of flight opportunities operational
programmes. Moreover, the transition process from mature resgmogrammes to
operational missions should be systematically supported and contmliemhsidering the
technological maturity (robustness, availability, affordabilityhe toperational maturity
(possible long-term and real-time service continuity), the uséuritya(evidence of a user
community and applications with demonstrated benefit), and orgamahtimaturity
(established structures and mechanisms for user-provider irdaract requirements, system
specifications, feedback, assessment of benefits, and funding schemes).

As the number of space-faring nations increases, it will befigastto aim at a wider
distribution of the space-based observation effort among WMO Memfdrs is an
opportunity, but with associated challenges: the need for arasiogly strong international
cooperation to avoid duplication of efforts and to ensure the interoperabilitall

components. While the WMO Space Programme is an overall framefsoriglobal

coordination, different models will be followed to implement trulyernational satellite
programmes: Dbilateral cooperation between agencies, inter-goveahimeeagional

organizations such as EUMETSAT and ESA, more flexible regional gmoges (e.g. a
potential future African Space Programme) or consortia undert@riaa with governmental
stakeholders (like e.g. the current DMC constellation or CLS-Argos).

Another evolution to be considered with attention is the evolving role otdhamercial

sector. While satellite industry has historically assumeal@a of contractor delivering a
system to the governmental customer, industry might act in elitfevays in the future: as
the implementing agent of the government to deliver data rather ye@ams; by sharing the
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financial and technical risk in a public/private partnership;npgiementing satellite missions
on a purely commercial basis, either by adding a mission as a payload hostwzhunexcial
telecommunication platform, or by designing an environmental satplogramme on its
own. These possible paradigm shifts could open opportunities to enlmenobdderving
system, thanks to the potentially high reactivity of some privatepanies. There are also
major risks associated with a changing role of industry wklobuld be anticipated, and
addressed with caution, in the following areas:

Limitations to exchange of data due to its commercializati®yltiag in overall less
availability of data;

Lack of publicly-available information on the detailed technicakiigations of the
system, resulting in loss of traceability and reliability;

Inability to participate in global coordination under the auspue®/MO, since a
private company has its own market objectives and cannot be bound bgantkee
international commitments as a governmental agency;

Risk that the political attractiveness and potential benefitoofmercial initiatives in
the short term undermine the decision processes and funding mechanisms aitong-te
national or regional programmes which are essential to meenalatregional or
global requirements.

Given these opportunities and threats, it is important to identifgdhditions under which
commercial initiatives addressing space-based observing systeadd make a successful
contribution to society.

There is a continuing need for governmental commitments by WM@bdes, implemented
by governmental agencies or any other government-designatsut, &g preserve the
possibility of coordinated, global optimization of the system,uidicly gap assessments and
contingency planning, international data exchange and interoperaipitigr WMO auspices.
WMO Resolution 40 (Cg-XIB provides a conceptual framework to define how public and
private data provision can complement each other: in order to ensungrawision of
“essential data” freely, Members must have governmental cootr@ WMO-coordinated
backbone observing system, while commercial operators could enhamcgystem in
providing “additional data”. Public/private partnerships may combingetitvwo aspects, for
instance, with a programme delivering a freely accessitdsefdial” service responding to
the specifications defined by the governmental authority, and an itugdit service
marketed by the commercial operator towards specific custonWwitout pretending any
coordination of commercial initiatives, the WMO Vision can have afizalkinfluence on
the provision of observations by commercial operators through settargllosystem aims
and priorities and highlighting the importance of data quality and interoperataitgards.

3 https://www.wmo.int/pages/about/Resolution40 enlhtm
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5. The Vision

Trying to outline the architecture of the space-based obsesystgm envisioned for 2040,
the first difficulty for space agencies is to anticipatel understand the user needs 25 years
ahead, and for users to anticipate the potential future capabilitre needed dialogue was
the motivation for the WMO WIGOS Space 2040 workshop held in November 201&w,Be
an outline is given of the possible configuration of the Vision. Rdtieer prescribing every
component, a balance has been struck between being specific enough to plemide
guidance on how to achieve a robust and reliable system, and bein@ @pgottunities and
initiatives that can currently not be anticipated. The proposed Visasists of 4
components:

1.A detailed specified backbone system, the basis for Membmrshdments, addressing
the vital needs for data critical to satellite applicationth vare-determined orbital
configuration and measurement approach. This specified backbone should as a
minimum include all the elements of the 2025 Vision and current CGMS baseline wit
a few necessary additions and improvements; it would ensure theclomgstability
of the system;

2.An equally important component to provide other critical data is difima more open
way, without predetermining the final orbital configuration or measarg approach,
in order to preserve the flexibility necessary to optimize ystem based on latest
demonstrated technologies and impact studies;

3.Operational pathfinders, and technology or science demonstratardsl e planned, to
pave the way for future evolution of the system beyond 2040 and alsfotm iuser
requirements beyond those that are currently recognized but whichemdgntified
by research and/or operational communities in the future;

4.The observing system should also take advantage of other contribofiovO
Members and third parties including governmental, academic or eosiah
initiatives, which could augment the backbone elements to provide nssentel” or
“additional” data.

It is worth noting that the grouping of observations into four component®t done to
represent sequential priorities (e.g., all component one observatioull e done before
any component two observations should be done). Indeed, the expectatioat ithe
observations listed under all components are important, and the magoeniié separating
them at this point is the sense of the strength of the consermutstiae optimal measurement
approach and the maturity of that approach (higher for component one thaymiponent
two). It is possible that over the intervening years betweenamu\2040, some observations
currently identified as being in component two could “graduatebtoponent one. Since the
expectation is that this Vision will be revisited well before 20dh@re should be ample
opportunities to reassess the assignment of observations to the indoodyabnents well
before 2040.
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Component 1: Backbone system with specified orbital configuration and measur ement

approaches

The backbone system, building on/enhancing current vision of the obseygtegnsshould

include:

Instruments:

Geophysical variables and phenomena:

Geostationary ring

Frequent multi-spectral VIS/IR imagery

Cloud amount, type, top height/temperature; widdofigh tracking cloud and watg
vapour features); sea/land surface temperatureipiteion; aerosols; snow cove
vegetation cover; albedo; atmospheric stabilitgsj volcanic ash

=

IR hyperspectral sounders Atmospheric temperature, humidity; wind (throughcking cloud and water vapour
features); rapidly evolving mesoscale features/lasd surface temperature; cloud
amount and top height/temperature; atmospheric ositipn (aerosols, ozone,
greenhouse gases, trace gases)

Lightning mapper Lightning (in particular clouddhoud), location of intense convection.

UV/VIS/NIR sounder Ozone , trace gases, aerosohidity, cloud top height

Low-Earth orbiting sun-synchronous core constellation in 3 orbital planes (morning, afternoon, early morning)

IR hyperspectral sounders Atmospheric temperange humidity; sea/land surface temperature; clonduant,
water content and top height/temperature; predipita atmospheric composition

MW sounders (aerosols, ozone, greenhouse gases, trace gases)

VIS/IR imager including Day/Night band Cloud amautype, top height/temperature; wind (high latgad through tracking
cloud and water vapour features); sea/land sutizroperature; precipitation; aerosols;
snow and ice cover; vegetation cover; albedo; gbmasc stability

MW imagers Sea ice; total column water vapour; ipitation; sea surface wind speed [and directign];
cloud liquid water; sea/land surface temperatwiénsoisture

Scatterometers Sea surface wind speed and dirps&arice; soil moisture

Low-Earth orbit sun-synchronous satellites at 3 additional Equatorial Crossing Times, for improved robustness and improved time

sampling particularly for monitoring precipitation

Other Low-Earth orbit satellites

Wide-swath radar altimeters, and high-altitudd, Ocean surface topography; sea level; ocean waghthdake levels; sea and land ice

inclined, high-precision orbit altimeters topography

IR dual-angle view imager Sea surface temperatfrelilmate monitoring quality); aerosols; cloud pesties

MW imagery at 6.7 GHz Sea surface temperaturen@dither)

Low-frequency MW imagery Soil moisture, ocean dglirsea surface wind, sea-ice thickness

MW cross-track upper stratospheric and Atmospheric temperature profiles in stratospherkrarsosphere

mesospheric sounder

UV/VIS/NIR sounder, nadir and limb Atmospheric casjtion including H20

Precipitation and cloud radars, in inclined orbifsPrecipitation (liquid and solid), cloud phase/ togight/ particle distribution/ amount,
aerosol, dust, volcanic ash

MW sounder and imager in inclined orbits Total cofuwater vapour; precipitation; sea surface wineedpfand direction]; cloud
liquid water; sea/land surface temperature; soistae

Absolutely calibrated broadband radiometer, | Broadband radiative flux; Earth radiation budgetak solar irradiance; spectral solar

and TSI and SSI radiometer

irradiance

GNSS radio occultation (basic constellation)

Atptoeric temperature and humidity; ionospheric etectiensity

Narrow-band or hyperspectral imagery

Ocean colegegtation (including burnt areas); aerosols; cloiaperties; albedo

High-resolution multi-spectral VIS/IR imagers

Lanse, vegetation; flood, landslide monitoring

SAR imagery and altimetry

Sea state, sea iceheets, soil moisture, floods

Gravimetry mission

Ground water, oceanography

Other missions

Solar wind in situ plasma and energetic
particles, magnetic field, at L1

Energetic particle flux and energy spectrum (Raaliestorms, geomagnetic storms )

Solar coronagraph and radio-spectrograph, af

L1 arSwlagery (Detection of Coronal Mass Ejections swldr activity monitoring)

In-situ plasma probes and energetic particle
spectrometers at GEO and LEO, and magneti
field at GEO

Energetic particle flux and energy spectrum (Raalestorms, geomagnetic storms)
c

Magnetometers on GEO orbit

Geomagnetic field at GEifude (geomagnetic storms)

On-orbit measurement reference standards fd
VISINIR, IR, MW absolute calibration

r
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Component 2. Backbone system — Open measurement approaches (flexibility to optimize
the implementation)

Instruments: Geophysical variablesand phenomena:

GNSS reflectrometry missions, passive MW, | Surface wind and sea state
SAR

Lidar (Doppler and dual/triple-frequency Wind and aerosol profiling
backscatter)

Lidar (single wavelength) (in addition to radar| Sea ice thickness
missions mentioned in Tier 1)

Lidar (DIAL) Atmospheric moisture profiling

Sub-mm imagery Cloud phase detection

NIR imagery CO2, CH4

Multi-angle, multi-polarization radiometers Aerospofadiation budget

Multi-polarization SAR, hyperspectral VIS High-réstbon land and ocean observation

GEO or LEO constellation of high-temporal Atmospheric temperature, humidity and wind; seallaurface temperature; cloyd

frequency MW sounding amount, water content and top height/temperatuneospheric composition (aerosols,
ozone, greenhouse gases, trace gases)

NIR spectrometry Surface pressure

UV/VIS/NIR/IR/MW limb sounder Ozone , trace gasastosol, humidity, cloud top height

HEO VIS/IR mission for continuous polar Sea ice; cloud amount, type, top height/temperatired (through tracking cloud and

coverage (Arctic and Antarctica) water vapour features); seal/land surface temperaprecipitation; aerosols; sno

cover; vegetation cover; albedo; atmospheric stghiires; volcanic ash

Solar magnetograph , solar EUV/X-ray imager Solar activity (Detection of solar flares, Coroidss Ejections and precursor events)
and EUV/X-ray irradiance, both on the Earth-
Sun line (e.g. L1, GEO) and off the Earth-Sun
line (e.g. L5, L4)

Solar wind in situ plasma and energetic particleSolar wind; energetic particles; interplanetary net field
and magnetic field off the Earth-Sun line (e.g.

L5)

Solar coronagraph and heliospheric imager off Solar heliospheric imagery (Detection and monipriof Coronal Mass Ejections
the Earth-Sun line (e.g. L4, L5) travelling to the Earth)

Magnetospheric energetic particles Energetic darigx and energy spectrum (geomagnetic storms)

Component 3. Operational pathfinders and technology and science demonstrators

Instruments: Geophysical variablesand phenomena:

GNSS RO additional constellation for enhancedAtmospheric temperature and humidity; ionosphegcteon density
atmospheric/ionospheric soundings, including
additional frequencies optimized for
atmospheric sounding

Radar and lidar for vegetation mapping Vegetation parameters, Above-ground biomass

Hyperspectral MW sensors Atmospheric temperatutenitity and wind; sea/land surface temperatureuclo
amount, water content and top height/temperatunepspheric composition (aerosol
ozone, greenhouse gases, trace gases)

i

Solar coronal magnetic field imager, solar wind Solar wind, geomagnetic activity
beyond L1

lonospherethermosphere spectral imager (e.g.
GEO, HEO, MEOQO, LEO)

lonospheric electron and major ion density

Thermospheric neutral density and constituents

This category of missions should include process study missmmghich the content and
duration would have to be determined on a case by case basis, depenplingess cycles
considered. Such missions could rely on a diverse range of platforonsingtance,
nanosatellites may be used for demonstration or science missimhspra contingency
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planning as gap fillers, without excluding the use of nanosatedlisesin Tier 2 missions. At
the other end of the platform size spectrum, the use of orbitatfpphs (comparable to the
International Space Station) can also be an option for demonstration or sciemngesniss

Component 4. Other contributions from WM O members and third parties

The observing system should also take advantage of other capainislesnented by WMO
Members and third parties, which could be governmental, e.g., acadeopctgr or
commercial initiatives, willing to exploit particular technical market opportunities. Such
capabilities could augment the backbone elements in providing morentiaSseor
“additional” data.

WMO would not pretend to coordinate these contributions, but could recomnaertrsis
and best practices that the operators may consider to comply with in ordelitatdatie user
uptake of such capabilities and maximize the chance that th@m&ided are interoperable
with the backbone system and provide a useful contribution to the community.
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DRAFT REVIEW SCHEDULE

Vision for the WIGOS Space-based Components in 2040

Version used | Review body Comment Period Remarks
V.20160119 PTC-2016 19-20 Jan 2016 Comments received
CM-13 21-29 Jan 2016 Comments received
EUMETSAT 29 Jan- 5 Feb 2016 | No response
V.20160119 IPET-SUP-2 23-27 Feb 2016 Comments received
V.20160119 Space weather task team | 12 Feb — 15 May Email by Secretariat on
of CGMS 2016 12 Feb 2016
V.20160119 WMO CBS IPET-OSDE-2 | 11-14 Apr 2016
WMO CBS ICT-10S-9 18-21 Apr 2016 Secretariat to
subsequently generate
V0.2, using all
comments received thus
far
V0.2 CGMS -44 20 May — 8 Jul Open for comments by
2016 CGMS before and after
CGMS-44; Secretariat to
subsequently generate
V1.0
V1.0 CBS-16 (23-29 Nov 1 Sep — 1 Dec 2016 | Secretariat to
2016) subsequently generate
V1.1
V1.1 WMO Members, Q1-Q2/2017 Letter by WMO
Technical Commissions, Secretary-General in Q1
Other user communities, 2017
ICTSW, CEOS and
CGMS Agencies
Joint ET-SAT-11/IPET- | 3-7 Apr 2017 To discuss status of

SUP-3 Meeting

Vision

70™ WMO Executive
Council

May/June 2018

To endorse final draft, for
submission to Cg-18

18™ World Meteorological
Congress

May/June 2019

To endorse Vision
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