Progress Towards Key Documents
CEOS Response to GCOS IP

Mitchell D. Goldberg
CEOS Climate SBA Coordinator
NOAA/NESDIS

SIT Technical Workshop September 13-14, 2011 in Arlington, VA



CEOS Task

* WP4200: CEOS Coordinated Response to new
GCOS-IP Due: September 2012

SIT Technical Workshop September 13-14, 2011 in Arlington, VA 2



GCOS IP 2010
Committee on Earth Observation Satellites

The 2010 edition of the Implementation Plan for the Global Observing
System for Climate in Support of the UNFCCC (IP-10) replaces a similarly
titled Plan (IP-04) which was published in 2004. Its purpose is to provide
an updated set of Actions required to implement and maintain a
comprehensive global observing system for climate that will address the
commitments of the Parties under Articles 4 and 5 of the UNFCCC and
support their needs for climate observations in fulfilment of the
objectives of the Convention.

This revised Plan updates the Actions in the IP-04, taking account of recent
progress in science and technology, the increased focus on adaptation,
enhanced efforts to optimize mitigation measures, and the need for
improved prediction and projection of climate change. It focuses on the
timeframe 2010-2015
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CEf g Example of the GCOS Actions
related to upper air

ECV - Upper-air Temperature

Specific microwave radiance data from satellites (Microwave Sounding Unit (MSU) and Advanced
Microwave Sounding Unit A (AMSU-A)) have become key elements of the historical climate record
and need to be continued into the future to sustain a long-term record. For climate applications, the
satellite systems must be operated in adherence with the GCMPs. Failure of an on-board AMSU-A
(or equivalent) instrument should be regarded as a strong driver to launch a new satellite in the
series. The new high-resolution infrared sounders such as the Atmospheric Infrared Sounder (AIRS),
the IASI (Infrared Atmospheric Sounding Interferometer) and the future CrlS (Cross-Track Infrared
Sounder) improve the vertical resolution of satellite-derived temperature soundings, which should
significantly improve the monitoring of temperature change. Atmospheric temperature sounding data
play an important role, along with radiosonde and aircraft data in reanalyses of temperature and other
upper-air variables. Radiosonde temperatures form an important climate data record in their own right,
albeit requiring careful homogenisation to account for instrumental and real-time processing changes.
Aircraft temperatures are also prone to biases for which adjustments need to be developed by
reanalysis centres.

Action A20 [A19 IP-04]

Action: Ensure the continued derivation of MSU-like radiance data, and establish FCDRs from the
high-resolution IR sounders, following the GCMPs.

Who: Space agencies.

Time-Frame: Continuing.

Performance Indicator: Quality and quantity of data; availability of data and products.

Annual Cost Implications: 1-10M US$ (for generation of datasets, assuming missions, including
overlap and launch-on-failure policies, are funded for other operational purposes) (Mainly by Annex-I
Parties).




refractive index that relate directly to temperatures above about 6 km altitude (where water vapour
effects are small). They provide benchmark observations that can be used to “calibrate” the other
- types of temperature measurement, and supplement the GRUAN in this regard. RO instruments are
flown on multiple low Earth orbiting satellites. The COSMIC (Constellation Observing System for

< \ GPS radio occultation (RO) measurements provide high vertical resolution profiles of atmospheric

59

Implementation Plan for the Global Observing System for Climate in Support of the UNFCCC
(2010 Update)

Meteorology, lonosphere and Climate) fleet of satellites provides real-time data and the GNSS
Receiver for Atmospheric Sounding (GRAS) instrument is the first of a series of operational RO
instruments. Real-time use of the data has been established and a positive impact on Numerical
Weather Prediction (NWP) has been demonstrated. Climate applications are being developed by
providing consistent time series of bending angles and refractivity profiles. The introduction of other
GNSS offers opportunities for further improvement in coverage of RO data.

Action A21 [A20 IP-04]

Action: Ensure the continuity of the constellation of GNSS RO satellites.

Who: Space agencies.

Time-Frame: Ongoing; replacement for current COSMIC constellation needs to be approved
urgently to avoid or minimise a data gap.

Performance Indicator: Volume of data available and percentage of data exchanged.

Annual Cost Implications: 10-30M US$ (Mainly by Annex-| Parties).
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==Z2  GCOS Satellite Supplement

e ..provides supplemental detail to the 2010 Update of the Implementation
Plan for the Global Observing System for Climate in Support of the UNFCCC
(GCOS-138, August 2010, hereafter called the ‘GCOS Implementation Plan’
or 'IP-10’) related to the generation of global climate products derived
from measurements made from satellites

News

Update of the Satellite Supplement — now open for public review
High-level requirements on the accuracy, stability and resolution of satellite-based datasets and
derived products in support of the GCOS ECVs were defined in 2006 and documented in the "Satellite
Supplement" (GCOS-107) to the 2004 GCOS Implementation Plan.

An 2011 Update of the Satellite Supplement is currently underway. The draft document is now opened
for public review from 9 May to 1 July 2011: Draft Document
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3.1.3. ECV Upper-Air Temperature

Data on upper-air temperatures are of key importance for defection and alfnbubon of fropospheric and
stratospheric climate change. Temperatures measured by high-gquality radiosondes are used as &
reference for satellife-derived temperatures bo characterize their errors and io assist in correclion of
biases. Upper-air temperatures are crucial for distinguishing the warnous possiole causes of climate
change and for the walidation of climale models, and they can polentially be used for improved
understanding of long-tarrm varnability in almospharnc circulation.

Top-of-aimosphere microwave radiances {e.g., from the Microwave Sounding Unit (M5U) and Advarnced
Microwave Sounding Unit & (AMSU-A]} hawve become key eblements of the hisioncal climate time series,
and their measurement needs fo be continued into the future to susiain a long-term record. The MSU time
sanes have been used for nearly bwo decades to estimate temperature tfrends. They are being continued
with data from AMSU-& and other microwave sounders. These time seres can be interpreted as deep
layer mean temperatures derived from linear combinations of microwave sounder brightness
temperatures. Laver-mean temperatures in the middle to upper siratosphere are inferred from the
Stratospheric Scunding Unif, 55U {15979-2008) and AMSU-A (1998 io present). Layer-mean temperatures
in the mesosphere can potentially be derived from the Special Sensor Microwave Imager SSMIS {2004 to
presant). The new adwanced infrared sounders, such as the Atmospheric Infrared Sounder (AIRS), the
Infrared Atmospheric Scunding Interferometer (LASI1}, and the future Crozs-Track Infrared Sounder {rlS)
improve the wverlical resciution and stability of satellite-derned termpearaiure soundings.

LGPE radie ccculiaton (RO measuremants of bending angle relate direcily to temperatures above about
gkm altitude {where water vapour effecis are amall). They provide benchmark coservations that can be
used io “caliorate” the cother types of temperalure measurement. GP5-R0 instruments are flown on
multiple low Earth orbiting satellites. The COSMIC {Constellaton Observing System for Meteorology,
lonosphere, and Climate) fleet of satellites provides realdime data, and the GMNSS Receiver for
Atmospheric Sounding (BRAS) instrument iz the first of a series of operaticnal GPE-RD instruments.
Feal-fime use of the dala has been established and a positive impact on Numencal Weather Prediction
[(MWP) has been demonstrated. Provision of a consistent ime series of bending angles is devaloping for
climate applications. The introduction of other GPS constellations {e.g., Galiles) offers cpportunities for
further improvements in coverage. Recent research has shown that the GPS-RO technique provides
information about botn the temperature and waler vapaur profile in the middle to lower traposphars.

Afmosphenc temperaiure scunding dala, along with radicsonde, GP5-RO, and aircraft dala alse play an
importani role in reanalyses of temperature and other upper-air variables. High spectral resciution infrared
radiances as proposed for the reference-type CLARRED mission can be used as anchor poinis for
reanalyses, calibraticn of other infrared radicmeters, and validation of climaie models.

Defailed global-acale analyses of temperaiure are best oblained from reanalysss tor many applications,
although retrievals of temperature profiles confinue te be used in climate research. In either caze, EGRRS.
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Product A.3.1 Upper-air temperafure retrievals

Target Requiremeants

. Horizental | Vertical Temporal -
Variable! Parameter Resolution | Resolution | Resolution Accuracy | Stability
Troposphernc temperaiure profile 25km Tkm 4h 05K 005K
stratosphenc temperature profile 100km 2km 4h 05K .05k

In addition to the temperature records denved from profile retnewval or reanalysis combining different
observations (satellites, wm sifw), it i necessary to provide independent salellie-based analyses of
ternperature for validating vanability and trends. These analyses are usually undertaken with an
understanding of the regiona of the atmosphere where saiellies can prowvide the most accurate

measurements {e.g., MSU-egquivalent radiances, GPS-RO analyses).

Product A.3.2 Temperature of deep atmospheric layers

Target Requirements

. Horizental | Vertical Temporal -
Variable! Parameter Resolution | Resolution | Resolution Accuracy | Stability
100km Hlkm 02K 002K
layears avarages
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Benefits

*  Monitoring and detection of tamperature trends and variability in the troposphera and stratosphera at
global and regional scales

*  Validation of climate model predictions

*  |nput to reanalyses

* Linkage with trends in surface air temperature

Currently achievable parformance

*  MSU trends im the froposphere show differances between differant dala products but are generally in
closer agreament with trends from newly homogenised radiosonde data than with trends computed
earlier from radiosondes

»  GPS5-RO accuracy within 0.1 K and has exceptonal stabilty, and already meets the target in the
upper troposphere and lower stratosphere

Requirements for satellite instruments and satellite datasats

ECGRRs of passive microwave and IR-based satellite data for use in reanalysis, tor example:
*  Ongoing provision of advanced IR scunder capability, such as AIRS, 1AS], and CrlS

*» Homogenized consisient reprocessing of TOVES / ATOVE daia record

* Use of other available stable sensors in orbit for determination of absclule biases and igtercalibration.
of operational satellites

EGRRs of past and fulure data records from passmve microwave and IR sounding and GNSS radio
accultation, for example through:
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Passne microwave and IR sounding from at least two satellites in low Earth orbit using instrurmenis

with spectral and scanning characieristics to provide global coverage and conbinuity with the past
record

A long-term constellation of GPS-RO measurements o continue the limited record established by
past and present missons

SSU FCDR for middle and upper stratospheric layer mean temperatures from 1979-2006

Calibration, validation and data archiving needs
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Differences in trends estmated from MSIWAMSYU radiances point to the need for improved
adjusiments for effecis of instrumental and orbital drifts and inter-satellite differences

Use of GPS-RO to valdate absciute accuracy of MEUWAMSLU mean temperatures

Development of Sl-traceable standards for absolute calibration of microwave instruments
Intercalbrated. HIRS using high gualily AIRS and |AS| and, in the fuiure, using Sl traceable
measuraments

Support for GRUAN and other ground-based cbservations for validation of future satellite data records
Use of GSICS bias-correction coefficients and bias-adjustment information from reanalysis for
oparational sounders (e.g., ML, ANMEU, HIFS, 55U}

Lise of NWHF io monitor sudden changes in measurement biases

Al:laq uacy/inadequacy of current holdings

[l N
S LS Py =

9

[

L

Some  uncertainty remams in MSUAMSU-based temperaiure trends, despite progress in
reconciliation with other estimates

Accuracy s ganarally adegquate for jplargnnual climate vanability

Work has started to put together GPS-RU dala as a climate data recerd
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Immediate action, partnerships, and international coordination

= Extend current microwave FCDRs with new sensors (e.g., ATMS, FY-3, S5MI5)

« Asggess the accuracy of S5MIS for upper stratosphere/lower mesosphere temperature trends

«  Ensure continuation of GP3-RO for reference temperature measurements (e.g., COSMIC-2)

« Construct an FCDR of bending angles from GPS-R0O data

«  Continue intercomparisons of advanced IR sounders, imagers, and, later CLARREQ if possible to
assess and monitor accuracy and stability of high spectral infrared radiance data.

* Produce FCDRs of HIRS radiances back to 1979 and VTPR back to 1972

«  Use GRUAN to provide reference temperatures

*  Coordination by SPARC, AOPC WGARQ, ITWG, IROWG, GEWEX Radiation Panel and GSICS for
calibration.

Link to GCOS Implementation Plan

{IP-10 Action A20] Ensure the continued derivation of M3U-like radlance data and establish FCDRs from
the high-resolution IR sounders in accordance with the GCMPs

{IF-10 Aclion AZ1] Ensure the continuity of the constellation of GNSS RO satellites

Other applications

= GP5-RO has potential for monitoring height of inversion layers (l.e., the fropopause and boundary
layer)
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GCOS satellite supplement

provides
Products, Target Requirements, Benefits

Rationale
Currently Achievable Performance

Requirements for satellite instruments and
data

Calibration, Validation and Archiving Needs
Adequacy and Inadequacy of Current Holdings

Immediate Actions, Partnerships and
International Coordination.
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CEOS Response:

e Reinforces the needs called out by the GCOS Satellite
Supplement

— Provides more detail on the deliverables, coordination,
activities and who will lead the effort.

— Calls out agency activities
— Calls out international coordination

* Caninclude additional activities not called out by
GCOS but may be considered important by CEOS.

* Provides to CEQOS, what can be achieved with current
funding and additional funding
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Approach (1/2)

e 47 Actions to respond to.

* |dentified domain leads (atmosphere, ocean, terrestrial)
— Goldberg — Atmosphere
— Dowell = Ocean
— Dwyer - Terrestrial

* Coordinate with CEOS working groups, CEOS virtual
constellations, and Climate related external groups (e.g.
SCOPE-CM, GSICS, WCRP, CGMS), and experts to develop plans
responding to the GCOS IP10 actions via templates

 We expect that the new CEOS response will help agencies to
plan their Climate Data programs and vice versa
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Approach (2/2)

Identify Subject Matter Experts(~3) for each GCOS-
IP action to develop response via common template

Identify existing coordination groups (eg. GOFC-
GOLD for fire) for vetting the response

Use input from the GCOS satellite supplement
WGC to review and provide input to templates

— Key activities should intersect agency climate programs

Use templates to develop the report

Report will be reviewed by Working Group on
Climate

Finalize report by September 2012
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@S  Status since Plenary/SIT

Committee on Earth Observation Satellites

Supported the update of the GCOS Satellite Supplement
Briefed GCOS AOPC, Feedback on 2 templates

Received 7 draft templates of 15 for Atmosphere
— Al1,A19, A21, A26, A29, A32, A34

Received 3 draft templates of 9 from Ocean
— 07,010, 015

Received 3 of 21 from Terrestrial
— T16,T29, T39

Leveling exercise underway (complete by June 15),

Actual completion was August 30

Goal to have 70% November, 100% in FebruaryéA
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Outcome of the Level
Exercise

Committee on Earth Observation Satellites

* My initial survey, was that a few were very good, and
a few was an echo of the GCOS supplement.

* Enlisted the System Engineering expertise of the SEO
to review all the completed templates and to
recommend a modified template so there would be
no confusion.

e We found T39 to be the best, and T39 was converted
to the new template and now we are ready to
complete the other actions.
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CEOS Climate Action Template - Describing activities for 2011 - 2015

GCOS Action T39

Action: Develop set of active fire and FRP praducts from the global suite of operational geostationary
satellites.

Whe: Through operatars of geostationary systems, via CGMS, GSICS, and GOFC-GOLD.
Time-Frame: Continuous,
Performance Indicator: Availability of products.

Annual Cost Implications: 1-100 USS [Mainly by Annex-| Parties).

CEOS Action XX:
= Lead CEOS Agency :
- Contributing agencies:
= Team Leaders: CEOS agency member, co-lead
+  Members:
* International Coordination Bodies:
Description of the Deliverable(s):
- Significance of the Dellverable(s):
= Accuracy requirements
Target: Planned: Threshold:
Stability requirements
«  Target: Planned: Threshold:
Herizontal resolution requirements
Target: Planned: Threshold:
= Vertical resolution requirements
+  Target: Planned: Threshold:
Data Requirements

Continuity of key data seis

+ New datasets potentially improving product over next 5 years
+  Key datasets for validation

- Science Requirements
+  Calibrationflnfercalibration

+ Intercomparsons

Key activities and time frames to meet deliverables {2011 - 2015).

What can be achieved with current funding?

What additional funding is recommended?

Supporting Material from GCOS-IP
ECV — Fire Disturbance

Fire disturbance on Earth is characterised by large spatial and temporal variations an multiple time
scales [diurnally, seasonally and inter-annually). By consuming vegetation and emitting aerosols and
trace gases, fires have a large influence on the storage and flux of carben in the biosphere and
atmosphere, can cause long-term changes in land cover, and affect land-atmosphere fluxes of energy
and water.

In general, fires are expected to become more severe under a warmer climate, depending on changes in
precipitation, At the same time, some ecosystemns, particularly in the Tropics and boreal zones, are
becaming subject to increasing fire due to growing population, econemic, and land-use pressures. The
amount of burned biomass in ecosystems can vary by an order of magnitude, espedially between wet
and dry years, and these strang year-to-year variations may influence the interannual change seen in
the global atmospheric CO2 growth rate,

Infarmed policy- and decision-making clearly requires timely and aceurate quantification of fire activity
and its impacts nationally, regionally, and globally. Burned area, active fire detection, and Fire Radiative
Power datasets together form the Fire Disturbance ECV, and the separate products can be combined to
generate improved information, e.g., mapping of fire affected areas to the fullest extent, including the
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Template: The CEOS Response to the GCOS implementation Plan & Satellite
Supplement {Describing 2011-2015 CEOQS Activities)

Threaghout the completion of this template, please bear in mind the GCOS IPY5S eartent associated with this aetion in its
entirely. These templates will compile to form a comprehensive, coordinated CEOS response 10 addressing the satellite Carth
abservalion needs discussed thoroughly in the TDS Imnpiementation Plan and Sateliite Supplesment [IP/55).

GCOS Action T39 [IP-D4 NONE]

Action; Develop set of active fire and FRP products from the global suite of operational geostationary
satellites.

Wha: Through operators of geostationary systems, via CGMS, GSICS, and GOFC-GOLD

Time-Frame: Continuous

Performance Indicator: Availability of praducts

Annual Cost Implications: 1-10M US5 [Mainly by Annex-| Parties)

CEOQS Agencies:
+ Leads:
+  Contributors:

Team:
* Leads:
+  Members:

International Coordination Bodies:

Relevant existing CEQS actions:

CEOS Deliverable(s) as related to this GCOS Action -
Please list all current and planned CEOS activities, outcomes, and defiverables that address the needs ideatified in the GCOS
|P|l'55 for this action, Describe gach one, including a briel recap of the significance of the deliverables’ rale in dimate
abservations {it is not nepessary to restate the content of the GOOS 1P/35). Elaborate or add any relevant content a8 necessary.
Please isp diseuss the needs that CEOS & not currently planaing to address, bat that CEOS agrees are important. Inclede
saullite-s.i‘instruments, pmdutls.n'pragramg. coardination, ete, mshingsurem'ull-p addregs the pantent aof GO0S IP‘p'SS soctiong
dusch & "Requirernents for catellite indtruments snd satellite datasens” and “Tmmediate actian, parr.ne-rshipe. and mternational
cagrdination”, ele.
+  Specific Deliverable #1:

Specific Deliverable #2
+  Specific Deliverable 43

Accuracy -
List the current, planned, and future acturacy cagabilities, if apnlieahl&, specific ta each of the defverables menticned above.

Discuss how they differ from that reguested in the GCOS IPS5, why, haw Lo get closer, and anynlannedjnu:enﬁal CEQS
activities addressing the discrepancies,

*  Fordeliverable 1
*  For deliverable 2
+  For deliverable 3

Stability -
List the current, planaed, and future stability capabilities, if apalicable, specilic to sach of the defiverables mentioned above.

Digcuss how they differ from that reguested in the GCOS IP/55, why, how to get claser, snd Sﬂy’ﬂl&ﬁﬁ&dfﬂd!&nﬁal CEQS
activities addressing the discrepancies,

*  For deliverable 1
*  For deliverable 2
*  For deliverable 3

Horizontal resolution -
List horieantal resalution capabilithes [current, planned, Tuture), if spplicable, specfic to each of the deliverables meantianed
abawe. Ditcuss haw they difler from that reque-s:ed i the GCOS IF'ISS, why, how gL cleder, mplanned{nb:entialcms
Aactivities adn‘ressing the discrepancies,
+  Fordeliverable 1

For deliverable 2

*  For deliverable 3

Vertical resolution -
List vertical resolution capabilities {current, planned, future], © applicable, specific to each of the deliverables mentoned abave.
Diseuss how they differ fram that requested in the GOOS IP/S5, why, how to get closer, anyg, planned/potential CEOS sctivities
atfdrassing the distrepancios,
+  For deliverable 1
*  For deliverable 2

For deliverable 3

Data & Science Requirements -
Disouss and respond to the da:a.n‘sdenoe requirements mentioned in the GO0S IP‘|I'SS a4 related 1o this GCOS action and the

relevant CEOS defverables. What does CEOS need in Lermd of data and science help, in order 1o accomplish these defiverables?
Wihy are they needed and wha can halp?

For deliverable 1
+  Fordeliverable 2
*  For deliverable 3

Planned activities/time frames to meet deliverables (2011 - 2015) -

Include resaurces/websites whene a reader might find mare infarmation on these activities, il passible.
+  For deliverable 1

*  For deliverable 2

For deliverable 3

Are the above activities sufficient to accomplish the GCOS action? If not, what is missing? What
additional activities in support of this GCOS action can be accomplished with additional funding?
Discuss|

+  For deliverable 1

*  For deliverable 2

+  For deliverable 3
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=
I‘Femp!ate: The CEOS Response to the GCOS Implementation Plan & Satellite
Supplement (Desecribing 2011-2015 CEOS Activities)

Throughout the completion of this template, please bear in mind the GCOS IP/S5 content associated with this action in its
entirety. These templates will compile to form a comprehensive, coordinated CEOS response to addressing the satellite Earth
observation needs discussed thoroughly in the GCOS Implementation Plan and Satellite Supplement [IP/SS).

GCOS Action T39 [IP-04 NONE]

Action: Develop set of active fire and FRP products from the global suite of operational geostationary
satellites.

Wheo: Through operaters of geostationary systems, via CGMS, GSICS, and GOFC-GOLD

Time-Frame: Continuous

Performance Indicator: Availability of products

Annual Cost Implications: 1-10M USS$ (Mainly by Annex-| Parties)

CEOS Agencies:
*  leads: NOAA
* Contributors: EUMETSAT

Team:

= Leads: Ivan Csiszar (NOAA NESDIS), Hans-Joachim Lutz (EUMETSAT), Prins (UW-
Madison CIMSS — consultant)

= Members: Christopher Schmidt (UW-Madison, CIMSS), Martin Wooster (Kings College,
London), Wilfrid Schroeder (UMJ/ESSIC)

International Coordination Bodies:

= GOFC-GOLD Fire Implementation Team

= Coordination Group for Meteorological Satellites (CGMS)

= Global Space-based Inter-Satellite Calibration System (GSICS)
= CEOS WGCV LPV

Relevant existing CEOS actions:
= No currently active relevant CEOS actions

CEOS Deliverable(s) as related to this GCOS Action -
Please list all current and planned CEOS activities, outcomes, and deliverables that address the needs identified in the GCOS
1P/55 for this action. Describe each one, including a brief recap of the significance of the deliverables’ role in dimate

observations (it is not necessary to restate the content of the GCOS IP/S5). Elaborate or add any relevant content as necessary.

Please alse discuss the needs that CEOS is not currently planning to address, but that CEOS agrees are important. Include
satellites/instruments, products/programs, coordination, etc., making sure to fully address the content of GCOS IF/SS sections
such as “Requirements for satellite instruments and satellite datasets” and “Immediate action, partnerships, and international
coordination”, etc.

= Specific Deliverable #1:

The deliverable is standardized long-term active fire and Fire Radiative Power (FRP, Watts or
/=) nraducts fram the alnbal suite of nneratinnal aenstatinnarv satellites

The active fire product provides information on the location of pixels containing fire activity and
associated metadata. Detailed metadata is crucial for the proper interpretation of active fire
products especially given the significant differences in the fire monitoring capabilities of the
global geostationary satellite systems. Metadata should include specifics such as: an indication
of the fire pixel confidence level; satellite and processing coverage regions; algorithm block-out
zones associated with viewing geometry, solar reflection contamination, and specific biomes;
data and algorithm anomalies and limitations; instrument saturation; an opaque cloud mask;
atmospheric attenuation information; and geo-location characterization uncertainties.

Fire Radiative Power (Watts or J/s) is the time derivative of the fire radiative energy, which is
proportional to the biomass consumed by the fire. Multiple FRP observations can in principle
provide estimates of total fire emissions (CO;, PM 2.5, etc.) through estimating time-integrated
Fire Radiated Energy (FRE).

Fire is a global phenomenon with large variability in both time and space. It is an important
ecosystem disturbance factor and contributes to atmospheric emissions on multiple time scales.
Active fires have a strong diurnal component and geostationary monitoring is essential for
providing a more complete view of regional, diurnal, seasonal, and interannual variability in fire
activity. Detection of active fires is also required by some burned area product algorithms.
Active fire information can serve as part of the validation process for burned area products and
diumnal information on emissions is vital for modeling applications. In recent years modelers
have shown interest in utilizing fire radiative energy/power to characterize emissions. One may
assert that the total FRE of a fire is directly related to mass consumed by the heat of
combustion, which can then be related to PM 2.5, CO, and other emissions.

Due to the disparity and inadequacy in regional and national fire reporting protocols, satellite
remote sensing represents the most suitable and cost effective method for consistent, long-term
regional and global scale monitoring. Over the past 10 years the use of geostationary satellites
for both diurnal fire detection and characterization has grown appreciably with applications in
hazards monitering, fire weather forecasting, climate change research, emissions monitoring,
aerosol and trace gas transport medeling, air quality, and land-use and land-cover change
detection. Current (GOES-E/-W/-South America, Met-8/-9, MTSAT-1R/-2, FY-2C/2D) and
future (Indian INSAT-3D, Russian GOMS Elgktro L MSU-GS, Korean COMS) operational
geostationary platforms will enable nearly global geostationary fire monitoring with significant
improvements in capabilities over the next 5-7 years (e.g. GOES-R, MTG).

The development of the Global Geostationary Fire Monitoring Network is coordinated through
the Global Observation of Forest and Landcover, Dynamics (GOFC-GOLD) Fire Mapping and
Manitoring Implementation Team (IT). The GOFC-GOLD Fire IT is organizing a meeting on
October 18-19 in Sfresa, ltaly, where the status of the network will be discussed. A separate
workshop hosted by NOAA/NESDIS is planned for Spring 2012.

= Specific Deliverable #2
= Specific Deliverable #3

Accuracy —
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Discuss haw they differ from that requested in the GCOS IP/SS, why, how to get closer, and any planned/potential CEOS
activities addressing the discrepancies.

= Fordeliverable 1

The accuracy of current and future global geostationary active fire and FRP products is
dependent on a variety of factors including spatial resolution, viewing conditions (e.g. viewing
angle, cloud coverage, solar contamination, etc.), calibration, noise levels and saturation levels
inthe 3.9 and 11 ym bands at higher temperatures, and multi-spectral data pre-processing
chains.

Although active fire products and FRP from the current global geostationary sensors are limited
by the relatively coarse resolution (4-5 km at sub-satellites point} in the 3.9 and 11 pm bands,
this will improve over the next five years. The requirements for next generation geostationary
sensors, such as the GOES-R Advanced Baseline Imager (2 km resolution) include a detection
rate of 50% for fires emitting more than 75 MW within a fire temperature range of 500 to 1200 K
and a mapping accuracy of 1 km (at sub-satellite point). Estimates of sub-pixel fire radiative
power are required to be within 50% of truth.

Further detailed analysis is needed to determine omission and commission errors and the
accuracy of the FRP retrievals against the requirements listed in the Satellite Supplement. This
wark needs to be done in coordination with CEQS WGCV LPV and _GQFC-GOLD Fire. The 5%
error of commission is potentially achievable on a global basis after algorithm improvements to
eliminate false alarms over previously burned areas whose size is comparable to the satellite
pixel. The 30% error of omission (on a per fire basis, compared to 30m spatial resolution
detections) is unlikely to be achieved to the pixel size and the large number of small fires below
the corresponding detection limit.

* Fordeliverable 2

= Fordeliverable 3

Stability -

List the current, planned, and future stability capabilities, if applicable, specific to each of the deliverables mentioned above.
Discuss how they differ from that requested in the GCOS IP/SS, why, how to get closer, and any planned/potential CEOS
activities addressing the discrepancies.

= Fordeliverable 1

Sensors used for fire detection and characterization need to be consistently and systematically
calibrated at the high end of the dynamic range. Sensor saturation levels need to be well known
and stable over time and sensor behavior at and beyond saturation needs to be properly
characterized; sensor artifacts need to be minimized or eliminated. The monitoring of sensor
behavior needs to be coordinated by GSICS.

= Fordeliverable 2
= Fordeliverable 3

Horizontal resolution =

ey p—— -

dbmre Discuss how they differ from that requested in the GCOS IP;’SS why, huw 1o get closer, any planned/potential CEOS
activities addressing the discrepancies.

= Fordeliverable 1

Haorizontal resolutions of next generation global geostationary fire products and FRP are on the
order of 2 km (at sub-satellite point). Therefore neither the active fire detection nor the FRP
product meets or is expected to meet the 1km horizontal resolution requirement listed in the
GCOS Satellite Supplement.

= Fordeliverable 2

*  Fordeliverable 3

1

List vertical resolution capabilities (current, planned, future), if applicable, specific to each of the deliverables mentioned above,

Vertical resolution =

Discuss how they differ fram that requested in the GCOS IP/SS, why, how to get closer, any planned/potential CEOS activities
addressing the discrepancies.

*  Fordeliverable 1

This is not applicable, since global geostationary active fire and FRP are land surface products.
*  Fordeliverable 2

= Fordeliverable 3

Temporal resolution =

List temporal resolution capabilities (current, planned, future), if applicable, specific to each of the deliverables mentioned
above. Discuss how they differ from that requested in the GCOS IF/SS, why, how to get closer, any planned/potential CEOS
activities addressing the discrepancies.

= Fordeliverable 1

For temporal resolution, the requirement is 6 hrs for active fire detection, which will be exceeded
by the 15-30min frequency of observations. For FRP, a separate 1-hr reguirement is listed,
which is likely to be met even if ~50% of the observations are obscured by cloud cover.

Data & Science Requirements =

Discuss and respond to the data/science requirements mentioned in the GOOS IP/SS as related to this GCOS action and the
relevant CEOS deliverables. What does CEOS need in terms of data and science help, in order to accomplish these deliverables?
Why are they needed and who can help?

* Fordeliverable 1

A global geostationary fire monitaring network is technically feasible but must be supported by
operational agencies to sustain the activity and produce standardized long-term data records
and derived active fire products and FRP of known accuracy. This requires commitment from
operational agencies for ongoing support of global geostationary fire monitering through
appropriate sensor design and application and subsequent ongoing characterization and
consistent validation programs. A major constraint with some of the current operational
geostationary sensors is low saturation in the 3.9 pm fire channel which severely hinders the
ability to detect and characterize fires during peak solar heating when many anthropogenic fires
occur.

The development community, implementation teams, and operational fire product producers
require the following information/data:

- near real-time access (< 5 minutes) to well calibrated and navigated full spatial resolution
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- detailed inform‘;ion on data pre-processing chains

indication of saturation of pre-aggregated detector samples in both the 3.9 and 11 pm bands
calibration of the 3.9 and 11 pm bands at higher temperatures

noise characterization at higher temperatures

- band-to-band co-registration information

- information regarding point spread functions.

Specifically, there is a need for minimum and ideally no smoothing or filtering of information
within the 3.9 pm band, and for detailed characterization of its behavior beyond 300K and up to
the saturation point. It is imperative that agencies provide detailed information on how
observations in this channel are pre-processed and converted to level 1 radiance imagery from
which fire products will be derived.

»  New datasets potentially improving product over next 5 years

The recent launch of the Korean COMS and Russian GOMS Electro-L MSU-GS platforms and
the expected launch of INSAT-3D in 2011 will enable nearly global fire monitoring with
unprecedented coverage of fire in Eastern Europe and Asia. These systems are somewhat
similar to the current GOES and Meteosat series in terms of fire monitoring capabilities and
limitations. We expect to see significant improvements with the next generation GOES-R
Advanced Baseline Imager (ABI, launch in 2015) and Meteosat Third Generation (MTG, launch
in 2017). Both of these missions have a fire manitering requirement and will include improved
spatial resolution (2 km) and 400-450K saturation in the 3.9 um band with enhanced diurnal
temporal monitoring.

In order to ensure that future geostationary sensors provide continuity from current products
and are capable of enhanced active fire detection and characterization, the fire monitoring
community should be inveolved in evaluating specifications for next generation operational
geostationary satellites and provide feedback to operational agencies on issues relating to data
access and pre-processing chains, saturation in the middle and long-wave IR window bands,
characterization of sensor behavior at high temperatures, navigation, band-to-band co-
registration, PSF implications, and calfval.

= Key datasets for validation

The international fire community has been working with the CEOS WGCV LPV in an effort to
standardize the validation of satellite fire products, specifically identifying the three-stage CEOS
Hierarchy of Validation as a good approach. Although various fire databases exist on the
regional and national level, they must be used cautiously due to inconsistencies in reporting
protocols and other discrepancies. The CEOS/WGCV/LPV subgroup is working to establish a
network of sites for long term validation of fire products. These sites must meet specific
selection criteria to ensure consistency, completeness, and accuracy in reporting.

To date geostationary active fire and FRP product validation studies have been limited in scope
due to the lack of adequate ground truth and limited funding and resources for aircraft validation
studies in various biomes and under different viewing conditions. Routine operational gal/val

30 m Landsat? ETM+, Terra ASTER, Landsat Data Continuity Mission OLI) and should be
automated (to the extent possible). Ideally, high spatial resolution instruments capable of
detecting the radiative power of a fire without the influence of sensor saturation should be
employed. This could involve over-flights of fires by airborne systems, for example, NASA
Ames (UAV), data from USFS over-flights, and dedicated over-flights by fire-dedicated airborne
systems (e.g. AMS, FIREMAPPER). This effort should be done in cooperation with the CEOS
WGCV LPV.

« Science Requirements

= Calibration/Intercalibration

For sub-pixel fire characterization fire algorithms reguire well-calibrated data from the cold (for
background and weak fire pixel signal assessment) to very hot brightness temperatures (for
strong fire pixel signal assessment). If calibration and noise (NEdT) on the hot end for the 3.9
and 11 pm bands are not well characterized, FRP will be suspect on the hot end. Current and
planned missions typically offer adequate calibration and noise information at lower
temperatures (<330K) but do not adequately address calibration and NEJT on the hot end
(=375K). The fidelity of global geostationary fire products can only be maintained with ongoing
calibration of the 3.9 and 11 um bands at higher temperatures and characterization of noise
levels at higher temperatures.

Characterization of sensor behavior beyond saturation is also needed. Experience with current
and previous satellite sensors has demonstrated spurious sensor output when the incoming
radiance exceeds the sensors’ saturation level. The spurious behavior is a conseguence of the
folding of the output count value, resulting in either a physically interpretable (but incorrect)
value below the saturation value, or in a near-zero value. In some cases saturated pixels can
result in a "stuck bit" effect that results in a false elongation of a fire signature along a scan line.
This was observed on the GOES-8 instrument and has also been documented in Met-8/-9
SEVIRI imagery in Europe and South America.

» Intercomparisons

global geostationary active fire and FRP products, it is necessary to characterize and
understand the differences between the sensors and their respective products. This will require
intercomparison studies with each other, higher resolution instruments (MODIS, ASTER,
Landsat, airborne systems), and ground truth.

= Additional Sensor and Data Issues

Additional work must be done to address the impact of pre-processing protecols on fire
detection and characterization. This includes smoothing that occurs as a result of
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georectification procedures and the methodology used to aggregate and flag saturated sub-pixel
detectors. Other issues that must be investigated include sensor specific band-to-band co-
registration and PSF implications for active fire detection and characterization of FRP.

*  Fordeliverable 2
= Fordeliverable 3

Planned activities/time frames to meet deliverables (2011 — 2015) -

Include resources/websites where a reader might find more infermation on these activities, if possible.

*  Fordeliverable 1

= NOAA NESDIS operations currently provides Wildfire Automated Biomass Bumning
Algorithm (WF_ABBA) active fire locations and FRP in various formats for GOES-E/-W,
Meteosat-9, and MTSAT-1. WF_ABBA fire masks and metadata have not yet been
released as part of the NESDIS operational fire product, although they are available from
UW-Madison CIMSS. The time frame for operational release is currently unknown.

*  EUMETSAT is implementing a global geostationary fire product.

* Provided the data are accessible in near real-time and well-calibrated/navigated, the
WF_ABBA will be adapted to COMS, GOMS Elgkirg L MSU-GS over the next 2 years.
Funding is being sought for the operational implementation of the extended product by
NOAA/NESDIS.

»  UW-Madison CIMSS has delivered the initial GOES-R ABI fire algorithm and will continue to
evaluate and update the algorithm

*  GOFC-GOLD Fire is planning a thematic workshop in Spring 2012, hosted by
NOAANESDIS.

* Fordeliverable 2
= Fordeliverable 3

Are the above activities sufficient to accomplish the GCOS action? If not, what is missing? What
additional activities in support of this GCOS action can be accomplished with additional funding?
Discuss.

*  Fordeliverable 1

= Additional funding is needed to complete the adaptation of the WF_ABBA to Korean COMS
and INSAT-3D and to adapt to GOMS Elektro L MSU-GS. Funding is also needed to
transfer to NESDIS operations.

» Funding is needed to develop and implement routine cal/val activities. This will require
timely access to ground truth data and higher resclution satellite data (Landsat, ASTER,
etc.).

* In order to create consistent fused global geostationary active fire and FRP products,
funding is needed to perform intercomparison studies.

Funding is needed to develop and implement consistent fused global geostationary fire
products.

= Fordeliverable 2

* Fordeliverable 3

Supporting Material from GCOS-1P: ECV - Fire Disturbance

Fire disturbance on Earth is gharacterised by large spatial and temporal variations on multiple time scales
{diurnally, seasonally and inter-annually). By consuming vegetation and emitting aerosols and trace gases, fires
have a large influence on the storage and flux of carbon in the biosphere and atmosphere, can cause long-term
changes in land cover, and affect land-atmosphere fluxes of energy and water.

In general, fires are expected to become more severe under a warmer climate, depending on changes in
precipitation. At the same time, some ecosystems, particularly in the Tropics and boreal zones, are becoming
subject to increasing fire due to growing pepulation, economic, and land-use pressures, The amount of burned
biomass in ecosystems can vary by an order of magnitude, especially between wet and dry years, and these strong
year-to-year variations may influence the interannual change seen in the global atmospheric CO2 growth rate.
Informed policy- and decision-making clearly requires timely and accurate guantification of fire activity and its
impacts nationally, regionally, and globally. Burned area, active fire detection, and Fire Radiative Power datasets
together form the Fire Disturbance ECV, and the separate products can be combined to generate improved
information, e.g., mapping of fire affected areas to the fullest extent, including the timing of burning of each
affected grid-cell. Estimates of total dry matter fuel consumption {and thus carbon emission) can be calculated
from these products. By applying species-specific emissions factors, emission totals for the various trace gases and
aerosols can then be calculated.

Fires are typically patchy and heterogeneous. Measurements of global burnt area are therefore required at a
spatial resolution of 250 m {minimum resolution of 500 m) from optical remote sensing, ideally on a weekly basis,
and, if possible with day of burn information. Detection of actively burning fires and measurement of Fire Radiative,
Power (FRP) is often adequately done at lower spatial resolutions (1 km), but the sensor must have mid- and
thermal-infrared spectral channels with a wide dynamic range to avoid sensor saturation. Active fires should be
detected from Low Earth Orbit satellites multiple times per day, with one of the measurements being located near
the peak of the daily fire cycle, and their FRP should be calculated. Some geostationary satellites allow active fire
and FRP data generation at coarser spatial resolutions as rapidly as every 15 minutes to provide the best sampling
of the fire diurnal cycle that may be required for certain applications (e.g., for temporal integration of FRP data to
estimate total carbon emissions; and to link to atmospheric chemistry models/observations).

The various space-based products require validation and inter-comparison. Validation of medium- and coarse-
resolution fire products involves field observations and the use of high-resolution imagery, in collaboration with
local fire management organizations and the research community. The CEOS WGCV, working with the GOFC-GOLD,
is establishing internationally-agreed validation protocols that should be applied to all datasets before their
release. A fully stratified sampling scheme (designated CEQS level 3) that adequately represents the nature of fire
activity over the globe is needed. The validation protocol for burned area products, based on multi-temporal
higher resolution reference imagery, is mature and has been documented. The active fire validation protocol
requires simultaneous high resolution airborne or satellite imagery, which is not readily available except for the
single%latform Terra MODIS/ASTER configuration. Therefore, an effective active fire and FRP validation protocol is
still under development.
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Summary

Committee on Earth Observation Satellites

CEOS has a significant task to respond to the latest GCOS IP

Excellent opportunity to engage the community to work
together in response to the GCOS-IP

Completed the leveling of the completed draft templates
(CEOS GCOS IP action plans) and provided feedback

Achieve critical mass - minimum 70 % of templates
completed by Plenary

— Significant all-day side meeting at CEOS plenary to review, with
domain leads, VCs, Working Groups, etc.
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CEOS Response to GLOS
Satellite Supplement

t: [Fwd: CEOS LPV Albedo comments - GCOS 107]

. Mitch Goldberg v

TA1M1 B:41 AM

: Carolin Richter v, GCOSJPO v, CEOS SIT Secretariat v, Stover, Shelley K. (LARC-E302)[STARSS |l Affiliate] », Jerome Lafeuille v, Barbara Ryan v, Killough, Brian D. (LARC-D2) v

Dear Carolin,

Hope all is well with you and the GCOS family. In addition to the comments you received from the CEOS Land Product Validation subgroup of the CEOS cal/val working group, attached are
comments from GSICS and the CEOS System Engineering Office (SEO0). The GSICS comments focused on the definition of accuracy.
Feel free to contact us for additional information. Shelly organized the comments from the SEO.

Best regards,
Mitch

Subject: CEOS LPV Albedo comments - GCOS 107

From: Gabriela Schaepman-Strub <gabriela.schaepman@ieu.uzh.ch>

Date: Thu, 30 Jun 2011 14:28:13 +0200

To: crichter@wmo.int

CC: Mitch Goldberg @noaa.gov, shojinski@wmo.int, "Nightingale, Joanne M. (GSFC-614.5)[SIGMA SPACE CORPORATION]" <joanne.m.nightingale@nasa.gov>, schaaf@bu.edu, gcosjpo@wmo.int, gcos@meteoschweiz.ch,
marie-claire@ greeningconsulting .co.uk, 'Gregory L Stensaas' <stensaas@usgs.gov>, dwyer@usgs.gov

Dear Caroline,

We herewith would like to provide our response to the open review process of GCOS 107 (satellite supplement) due on 1% July, regarding the Terrestrial Albedo ECV.

On behalf of the surface radiation focus area of CEOS LPV we are investing considerable tirﬁe and efforts to consolidate specifications and accuracy information of operational satellite-inferred albedo products, to coordinate international intercomparison and validation
[with in situ data networks such as BSRN) efforts, and advise and support the validation of new satellite products (e.g. GlobAlbedo, Geoland 2).

Given our role and experience we would like to make the following comments and recommendations:

1. We appreciate the efforts thus far to update the GCOS satellite supplement 2006 and fully support the general recommendations for extensive validation, intercomparison and reprocessing of long term records of albedo given its crucial role in the surface energy
budget.

Furthermore we strongly advocate support for in situ networks such as BSRN. However, in our perspective, the albedo part of the satellite implementation plan (version currently open for review) still does not reflect the current and future needs or targets of the

international climate user community. We therefore have added a number of suggested changes to the document in track changes (attached).

2. The suggestions (particularly with respect to the need for spectral measurements and more realistic temporal and spatial targets) are CRUCIAL to guarantee that the targeted albedo products and quality information will be available for climate modeling and for
monitoring the albedo changes relevant to climate forcing.

3. Given the role of CEQS LPV in coordinating intercomparison and validation, the time investment in providing comments to the previous and current satellite supplement, as well as the importance of changes needed from our perspective we hope that there will be
another opportunity to review the revised version before it is officially released.

4. We are open for any discussion on specifications or intercomparison and validation requirements, please just get in contact with us if required.
With best regards,
Crystal Schaaf and Gabriela Schagpman-5trub

Leads of the surface radiation focus area of CEOS LPV http://lpvs.psfc.nasa.gov/srad background. html
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Commit

- -

Accuracy:
Closeness of the agreement between the result of a measurement (single or
averaged product values) and a true (reference) value of the measurand.

Product accuracy is determined by total uncertainty of the product (often
determined by the root-mean square), which generally has a random and a
systematic component. Total uncertainty can be influenced by factors such as
spatial /temporal sampling, biases introduced by the retrieval method, biases
introduced by interpolation methods, calibration errors, geo-location errors, and
instrument noise. Total uncertainty can vary over space and time.

Recommend replacing with:
Uncertainty:

The uncertainty of the product often determined by the root-mean square has a
random and a systematic component. Total uncertainty can be influenced by factors
such as spatial/temporal sampling, biases introduced by the retrieval method,
biases introduced by interpolation methods, calibration errors, geo-location errors,
and instrument noise. Total uncertainty can vary over space and time. For products
representing large spatial and temporal domains, the random component can
approach zero, leaving the systematic component as the dominant source of the
uncertainty.
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(Total: 48)

Action CB [IP-04 GO

Action: Ensure continuity and over-lap of key satellite sensors; recording and archiving of all sateflite metadata; maintaining
appropriate data formats for all archived datas; providing data service systems that ensure accessibilty; underiaking
raprocessing of all data relevant o climate for melusion in integrated climate analyses and reanalyses, underiaking sustained
generaton of satellite-based ECY products.

Wheo: Space agencies and sabellite data reprocessing centres.

Time-Frame: Continuing, of high prorty.

Performance Indicater: Continuity and consistency of data records.

Annual Cost Implications: Covered in the domains.

Action C21

Action: Implement modem distributed data services, drawing on the expenences of the WIS as it develops, with emphasis
aon building capacity in developing countries and counktries with economias in fransition, both to enakble these countries fo
beneti from the large volumes of data available world-wide and to enable these countnes to more readily provide their data
to the rest of the world.

Who: Parties’ nafional services and space agencies for implementabon in general. and Parties through their suppor of
multinational and bilateral technical cooperation programmes, and the GCOE Cooperation Mechanism.

Time-Erame: Continuing, with particular focus on the 2011-2014 time period.

Performance Indicator: Volumes of data transmitted and received by countries and agencies.

Annual Cost Implications: 30-100M USS (90% in non-Annex-| Parties}.

Action AB

Action: Ensure continuity of satelite precipiiation producis.

Wheo: Space agencies.

Time-Frame: Conbnuous.

Performance Indicator: Long-term homogeneous satellite-oased global precipitation products.

Annual Cost Implications: 10-30M USE (for generation of climate products, assuming missions funded for other
operational purposes) (Mainly by Annex-1 Parties).

Action A11™ [IP-04 AT1)

Action: Emsure contnuous generation of wind-related products from AM and PM saielliie sgailammmelecs or egquivalent
abservations.

Who: Space agencias.

Time-Frame: Continuous.

Performance Indicator: Long-term saiellite observations of surface winds every six hours.

Annual Cost Implications: 1-10M USE (Mainly by Annex-1 Parties).

Action A1D

Action: Implerment and evaluate a satellite cimate calibration mission, a.g.. CLARRED.
Who: Space agencies (e.g.. NOAA NASA, atc).

Time-Frame: Ongoing.

Performance Indicater: Improwed quality of satellite radiance data for climate monitoring.
Annual Cost Implications: 100-3004 USE (Mainly by Annex-| Parties).
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Action AZ0 [ATDIP-04)

Action: Ensure the confinued dervation of M5U-like radiance data, and establish ECRHEs from the high-resolutiocn IR
sounders, following the GOMES.

Who: Space agencies.

Time-Frame: Conbinuing.

Performance Indicater: Quality and guantity of data; availakility of data and producis.

Annual Cost Implications: 1-10M US% {for generation of datasets, assuming missions, including overlap and launch-on-
tailure policies, are funded for other cperatonal purposes) (Mainly by Annex-l Parbes ).

Action A21 [AZ20HIP-04)

Action: Ensure the continuity of the constellation of GMEE RO satellites.

Who: Space agencies.

Time-Frame: Ongoing; replacement for current COSMIC constellation needs to be approved urgently o avoid or minimise
a data gap.

Performance Indicator: Volume of data available and percentage of data exchanged.

Annual Cost Implications: 10-30M USE {Mainly by Annex-| Partes).

Action AZ3 [(P-04 AZ2]

Action: Continue the climate data record of wvisible and infrared radiances, e.g., from the Intemational Satelite Cloud
Climatelogy Project, and include additional data streams as they become awailable; pursue reprecessing as a continuous
activily taking inte aceount lessons leamt from preceding research.

Who: Space agencies, for processing.

Time-Frame: Conbinucus.

Performance Indicator: Long-ierm availability of global homogenecus data at high frequency.

Annual Cost Implications: 10-300 USE (for generation of datasets and products) (Mainly by Annax-1 Parties).

Action A2d [(P-04 AZ3]

Action: Hesearch o improve cbservations of the three-dimensional spatial and femporal distribufion of cloud preperties.
Whe: Parties’” national research and space agencies, in cooperation with the WCRP.

Time-Frame: Continuous.

Performance Indicator: Mew cloud products.

Annual Cost Implications: 30-100M USS (Mainly by Annex-1 Parlies).

Action A2S5 [TFR-04 A24]

Action: Ensure continuation of Earth Radiabon Budget observations, with at least one dedicated satellite mission
operating at any one lima.

Who: Space agencias.

Time-Frame: Ongoing.

Performance Indicator: Long-term data availability at archives.

Annual Cost Implications: 30-100M USS (Mainly by Annex-l Parliss).

Action A2E6

Action: Establish long-term limb-scanning satellite measurement of profiles of water vapour, ozone and oiher imporant
species from the UT/LS up to 50 km.

Who: Space agencies, in conjunction with WMO GAW.,

Time-Frame: Ongoing, with urgency in initial planning to minimize datz gap.

Performance Indicator: Continuity of UT/LS and upper stratospheric data records,

Annual Cost imalicationg: 100-30088 UESE fincludimg mizsion costs’ Mainby 5w Arnee-l Parbest
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Action A2T

Action: Establish a network of ground stations (MAXDOAS, |idar FTIR) capable of validating =satellite remaote sensing of
the troposphera.

Who: Space agencies, working wilth exsbng networks and environmental protection agencies.

Time-Frame: Lrgeni

Performance Indicator: Availability of comprehansive validation reports and near real-ime monitoring basaed on the data
from the nebaork.

Annual Cost Implications: 10-200 USE {30% in non-Annex-l Parties).

Action A28 P04 AZ7T

Ac

Ac

Action: Maintain and enhance the WHKMLD GAW Global Atmospherc CO: and LCHs; Monitoring Mebtworka as major
contributicns to the GCOS Comprehensive Metworks for COs and CH..

Wheo: Parties’ national services, research agencies, and space agencies, under the guidance of WMD GAW and its
Scientific Advisory Group for Greenhouse Sases, in cooperation with the ADPC.

Time-Frame: Ongoing.

Performance Indicator: Datafliow to archive and analyses centras.

Anmanl Mok Inanliaofiane s 4008 | IOE FEAL (n oo A novooe | Dackbioce b
tion AZ2D

Action: Assess the wvalue of the dala provided by current space-based measurements of Ty and CH., and develop and
implament proposals for follow-on missons accordingly.

Whio: Partias’ ressarch institutions and space agencias.

Time-Frame: Urgent, to minimise daia gap folowing GOSAT.

Performance Indicater: Assessment and proposal documents; approval of consegueant missions.

Annual Cost Implications: 1-10M USE initially, increasing with implementation (10% in non-Annex-1 Parbes).

tion A32

Action: Continue production of sateliite czone data records {column, troposphenc ozone and czone profiles) suitable for
shudies of nlecannual variability and trend analyss. Reconcile residual differences bebweasen ozone dataseis produced by
different satellite systems.

Who: Space agencias.

Time-Frame: Ongoing.

Performance Indicator: Siatistics on awailability and quality of data.

Annual Cost Implications: 10-20M USE {Mainly by Annex-l Parbes).

tiomn A3Z3 IFP-O4 A549])

Action: Develop and implemeani a coordinated strategy bto monitor and analyse the distrbution of aercsols and aercsol
properiies. The strategy should address the definition of a GOOS baseline nebwork or nebworks for i affly measurements,
assess the needs and capabilities for operaticnal and research satelliie missions for the next two decades, and propose
arrangemenis for coordinated mission planning.

Who: Parties' matonal services, research agencies and space agencies, with guidance from ACPC and in coopearation with
WRO SAMW and AEROMET.

Time-Frame: Ongoing,. with definition of bassline in sifv components and satellite sirategy by 2011,

Parformance Indicator: Designation of GO0S baseline networkis). Sirategy document, followed by implementaton of
strategy.

Annual Cost Implications: 10-30MM USE (20% in non-Anmex-l1 Parties).

Ac

tiomn A4

Action: Enasure confinuity of products based on space-based measurement of the precursors (MO, 50w, HCHO and SO oin
particular) of ozone and aerocsols and darnve consisieni emission databases, seaking fo improve temporal and spatial
resolution.

Who: Space agencias, in collaboration with natonal envimonmental agencies and meteorolegical servicas.

Time-Frame: Reguirament has to be taken info account now in mission planning, to avoaid a gap in the 2020 timeframe.
Performance Indicator: Availability of the necessary measuraments, appropriaie plans for future missions, and darived
emission data bases.

Annual Cost Implications: 10-320M USE [10% in non-Anmex-I Parties).
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Action: Ensure coordinaton of contributions o CEOS Virtual Constellations for each oocean surfacse ECY, in relation to in aidw

ocean observing systems.

Wheo: Space agencies, in consuliation with CEDS Virtual Constellation teams, JOOMM, and GOOS_
Time-Frame: Contnucus.

Performance Indicaters: Annually updabed charts on adegquacy of commitments io space-based ocean observing system

from CEOS.
Annual Cost Implications: <1M USE (Mainky by Annex-1 Parbes and implementation cost covered in Actons below).

Action OF [iP-04 O]

Action: Continue the provision of best possible S5T felds based on a conbnuous coverage-mix of polar orbiting 1R and
geostattonary IR measuremenis. combined with passive microwave coverage., and approprnabe inkage with the
comprehensive in situ networks noted in O8.
Wheo: Space agencies, coordinated through CEOS, CGMS, and WMO Space Programma.
Time-Frame: Continuing.

Performance Indicator: Agresment of plans for maintaining a CEOS Virtual Constellaton for SST.
Annual Cost Implications: 1-10M USS (for generation of datassts) (Mainly by Annex-| Parties).

ion 040 [1P-04 ©12]

Action: Ensure continuous coverage from one higher-precision, medium-inclination altimeter and bwo medium-precision,
higher-inciination alfbmetars.

Who: Space agencies, with coordmmaton through the CEOS Constellation for Ocean Surface Topography, CGME, and the
WMO Space Programma.
Time-Frame: Continucus.

Performance Indicator: Satellites cperating, and provesion of data to analysis centres.

Annual Cost Implications: 30-100M USS (Mainly by Annex-1 Parlies).

B

ction 12 [IF-04 O18]

555,

Who: Space agencies, in collaboration with the ocean research community.
Time-Frame: Feasibility studies complete Dy 2014,

Performance Indicater: Reports in lerature and o O0OPLC.

Annual Cost Implications: 1-10M USS (Mainly by Annex-1 Parties).

Action: Research programmes should investigate the feasikility of utlizing satellite data 1o help resolve global fields of

Action 0415 IFP-04 O78)

Consteliation.
Wheo: CEOS space agencies, in consultation with 1000206 and GEOC.
Time-Frame: Implement plan as accepied by CEOS agencies in 2008,

agread anchives,
Annual Cost Implications: 30-100M USS (10% in non-Annex-1 Parbes).

Action: Implement continuity of ccean colour radiance datasets through the plan for an Ocean Colour Radicmeliry Wirlual

Performance Indicator: Global coverage with consistent sensors operating according to the MBS flow of data ko

Action 0419 FP-04 OZ23)

Action: Ensure sustained salellite-based (microwave, SAR, visible and [H) sea-ice products.

WCERP QI and JCOMB.
Time-Frame: Continuing.
Performance Indicator: Sea-ice data in International Data Centres.
Annual Cost Implications: 1-10M USE {Mainly by Annex-1 Parties].

Wheo: Parties’ national services, research pregrammes and space agencies, cocordinated throwgh the WHMO Space
Prograrmme and Global Crycsphere Watch, CGMES, and CEOS; Mational services for i s#fu systems, coordinated through
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Action 020 1F-04 O21)

Action: Docurmenti the status of global sea-ice analysis and reanalysis preduct uncerainty (via a guaniitative summary
comparnscn of sea-ice products) and to prepare a plan fo improve the products.

Who: Parties’ national agencies, supporied by WCRP (G and JCOMM Expert Team on Sea loe (ETSI.

Time-Frame: By end of 2011.

Paerformance Indicators: Peer-reviewed aricles on staie of sea-ice analysis uncertainty; Publicaton of intermatonalhy-
agreed sirategy to reduce uncarainiy.

Annual Cost Implications: =18 USE (Mainly Annex-1 Parfies).

[}ion 028 [IP-D4 0:29]

Action: Develop projects designed to assemble the i =ity and satellite daia info a composiie referance reanalysis datased,
and to sustain projects o assimilate the data inle medals in ccean reanalysis projects.
Who: Partias’ national ccean research programmes and spacs supported by WICHP.
Time-Frame: Confinuous.
Performance Indicator: Project tor data assembly launched, availability and scientific use of coean reanalysis producis.
Annual Cost Implications: 1-10M USS {10% in non-Annex-1 Farfies).

e

=
Action 081 [IP-04 03]

Action: Promote and facilifale research and development (new improved technologies in parbcular), in support of the
global coean cbserving system for climate.

Who: Parties’ national ccean research programmes and space agencies, in cooperation with G00S, GCOS, and WCRP.
Time-Frame: Continuing.

Perfermance Indicator: More cosi-effective and efficient metheds and networks; sirong research efforts related o the
observing systemn; number of additional E0Ws feasible for sustained observation; improved ulility of ocean climate
products.

Annual Cost Implications: 30-100M USS (10% in non-Annex-1 Parbes).

SIT Technical Workshop September 13-14, 2011 in Arlington, VA



Action TS

Action: Develop an expenmental evaporation product from existing networks and satellite observations.
Who: Parties, national services, research groups threugh GTHN-H, 1GWCO, TOPC, GEWEX Land Flux Panel and WCHP

Time frame: 2013-2015.

Performance indicator: Availability of a validated global zatellite product of total evaporation.
Annual Cost Implications: 1-10M USS {10% in non-Annex-1 Fariies).

Action TB [IP-04 T

Action: Submil weekly/monthly lake levellarea dala to the Inlemational Data Centre; submit weekly/monthly altimeter-
derived lake levels by space agencies to HYDROLARE.

Wheo: National Hydrological Services through WWMOD DHy. and other institulions and agencies providing and holding data;
space agencies; HYDROLARE.

Time-Frame: 90% coverage of available data from GTN-L by 2012,
Performance Indicater: Completeness of database.

Annual Cost Implications: 1-10M USS (40% in non-Annex-| Parties}.

Action T10 [IP-04 TE)

Action: Submit weakly surface and sub-surface water temperature. date of freeze-up and date of break-up of
lakes in GTH-L to HYDROLARE.

Wheo: National Hydrolegical Services and other institutions and agencies holding and providing data; space
BgENCIESs.

Time-frame: Continuous.
Performance Indicator: Completeness of database
Annual Cost Implications: =18 USE (40% in non-Annex-| Parties).

Action T13

Action: Develop a record of validated globally-gridded near-surface =soil micisture from satellites.

Who: Parlies' national services and research programmes, through GEWEX and TOPC in collaboration with
Space agencies.

Time frame: 2014,

Performance indicator Availability of glebally walidated soil moisture products from the early satelites wntil
oW,

Annual Cost Implications: 1-10M USE (10% in non-Annex-l Pariies).

Action T14

Action: Develop Global Terrestrial Metwork for Soil Moisture (GTHN-SM].

Who: Parties’ national services and research programmes, through KEWCOO, GEWEX and TOPC in
coltaboration with space agencies.

Time frame: 2014

Performance indicator: Fully funclional GTH-2M with a set of in sifu observaticns {possibly co-located with

referance network, cf. T3}, with standard measurement protocel and data guality and archiving procedures.
Annual Cost Implications: 1-100M USE (40% in non-Annex-1 Paries).
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[iption T16 [IP-04 T11]

Action: Ootain integrated analyses of =now cover ower both hemispheres.

and ACS
Time-Frame: Conbnuous.

Parformance Indicator: Awvailability of snow-cover producis for both hemispheres.
Annual Cost Implications: 1-10M USS (Mainly by Annex-1 Parties).

Who: Space agencies and research agencies in cooperation with WMO GCW and CHC, with advice from TOPC, ADPC

Action T20 [IR-04 T14)

Action: Ensure continuily of laser, altimeiry, and gravity sateliite missions adeguate o monitor ice masses
timeframes.

Who: Space agencies, in cooperabon with WCRP DI, and TOPC.

Time-Frame: Mew sensors to be launched: 10-30 years.

Performance Indicator: Appropriate follow-on missions agreed.

Annual Cost Implications: 30-100M USE [Mainly by Annex-l1 Parties).

over decadal

Action T23 [IR-04 T17]

Action: Implement operational mapping of seascnal scil freezelthaw through an infernational initiatve for
manitering seasonally-frozen ground in nen-permafrost regions.

Who: Parties, space agencies, national services, and MSIDC, with guidance from Intermatonal Permatrosi
Azsociation, the K0S Cryosphere Theme team, and WO GOW.

Time-Frame: Complete by 2013,

Perfermance Indicater: Mumber and quality of mapping preducts published.

Annual Cost Implications: 1-10M USS (10% in non-Annex-l Parties).

Action T24 [IR-04 TT4]

Action: Obtain, archive and make available in =iy calibraticn’validation messurements and co-locaied
albedo products from all space agencies generating such products; promaote benchmarking activities to
asaess the guality and reliabilily of albedo producis.

Who: Space agencies im cooperation with CEOS WGEEY.

Time-Frame: Full cenchmarkingl/intercomparnson by 2012,

Performance Indicator: Publication of inter-comparisonfvalidation reports.

Annual Cost Implications: 1-10M USE (20% in non-Annex-l Parties}.

Action T25 [IR-04 T21]

Action: Implemant globally coordinated and linked dala processing to retrieve land surace albedo from a
range of sensors on a daily and global basis using both archived and current Earth Observation systems.
Who: Space agencies, through the CGMS and WMO Space Programmea.

Time-Frame: Reprocess archived data by 2012, then generate continuoushy.

Performance Indicator;: Completeness of archive.

Annual Cost Implications: 1-10M USE [Mainly by Annex-l Paries)
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Action T2T [IR-04 T26]

Action: Generate annual preducts documenting global land-cover characteristics and dynamics at resolubons beteean
250 m and 1 km, according to inlernationally-agreed standards and accompanied by statistical descriplions of their
accuracy.

Who: Parties’ national services, research insttutes and space agencies in collaboration with GLCM apd. GOEC-GOLD
research partners and the GEQ Forest Carbon Tracking task team.

Time-Frame: By 2011, then continuously.

Performance Indicator: Datasei availability.

Annual Cost Implications: 1-100M USE {20% in non-Annex-1 Paries).

Action T28 [IP-04 T27]

Action: Generate maps documenting global land cover based on continuous 10-30 m land surface imager radiances every
b years, according te internatonally-agreed standards and accompanied by statistical descrnptions of their acouracy.

Who: Space agencies, in cooperaton with GCOS, GTOS, GOFC-GOLD, GLCN, and other members of CEDOS.
Time-Frame: First by 2012, then continuously.

Performance Indicater: Availability of cperational plans, tunding mechanisms, eventualhy maps.

Annual Cost Implications: 10-30M USE (20% in non-Annex-l Parbes).

Action T29 [IP-04 T2G/

Action: Establish a calibrationfvalidation netwerk of in sify reference siles for FAFPAR and LAl and conduct

systemnatic, comprehensive evaluation campaigns to understand and resolve differences beiween ihe
products and increase their accuracy.

Wheo: Parties' national and regional research centres, in cooperation wilth space agencies coordinated by
CEQS WY, Q205 and GTOS,

Time-Frame: Mebwork operational by 2012,

Performance Indicater: Data available to analysis centres.

Annual Cost Implications: 1-100M USS {40% in non-Annex-1 Parties).

Action T20 [IP-04 T30

Action: Evaluale the varicus LAl satelile producis and benchmark them against in sifu measurements to
arrive at an agreed operaticnal produck.

Wheo: Parties' national and regicnal research centres, in cocoperation with space agencies and CEOE
WGECY, GCOSTOPC, and GTOS.

Time-Frame: Benchmark by 2012,

Performance Indicator: Agreement on operaticnal proguck.

Annual Cost Implications: 1-10M USE {10% in non-Annex-I Parties).

Action T2 [IP-04 T28]

Actiom: Qperaiionalize the generation of FAPAR and LAl products as grnidded global products at spatial
resolution of 2 km or better ower time pericds as long as possible.

Who: Space agencies, coordinaled through CEOS WGCY, with advice from GCOS and GTOS.
Time-Frame: 2012,

Performance Indicator: One or more countnes or operational datz providers accept the charge of
generatng, maintaining, and disinbuting global FAPAR products.

Annual Cost Implications: 10-30M USS {10% in non-Annex-l Parties).




Action T32

Action: Develop demonstration dataseis of above ground biomass across all biomes.

Who: Paries, space agencies, nalional instifutes, research crganizations, FAD in associaton with GTOS,
TOPC, and the GOFC-GOLD Biomass Weorking Group.

Time frame: 2012,

Performance Indicator: Availabidity of global gridded estimates of abowe ground biomass and associated
caroon contant.

Annual Cost Implications: 1-10M USE (20%: in non-Annex-1 Parties).

Action T34

Action: Develop globally gridded estimates of terresinal carbon flux from in sifu obsarvalions and satsellite
products and assimilationfinversions models.

Wheo: Reanalysis centres and research ocrganisations, in assocation with national institutes, space agencies,
and FADNGTOS (TCO and TOPC).

Time Frame: 2014-2019.

Performance indicator: Availability of daila assimilation systems and global time seres of mapa of vanous
tarresiral components of carbon exchange (e.g., GPP, NEP, and MBP}.

Annual Cost Implications: 10-30M USE (Mainly by Annex-| Parties).

Action T35 1P-04 T22]

Action: Heanalyse the historical fire disturbance satellite data {18982 tx present).

Who: Space agencies, working with research groups coordinated oy GOFC-GOLD.

Time-Frame: By 2012

Performance Indicator: Esfablishment of & consistent dataset, including the globally available 1 km AVHRR data record.
Annual Cost Implications: 1-100M USE (Mainly by Annex-1 Parties).

Action T36 [IP-04 733]

Action: Continue generaticn of conaistent burnt area, active fire, and FRP products from bow orbit satellites, including
warsion inlercomparisons o allow un-biased, long-term recard development.

Who: Space agencies, in collaboration with GOFC-GOLD.

Time-Frame: Continucus.

Performance Indicater: Availakility of data.

Annual Cost Implications: 1-10M USE (Mainly by Annex-1 Parties).

Action T37 [IP-04 T3]

Action: Develop and apply validation protocol to fire disturbance data.
Wheo: Space agencies and research organizabons.

Time-Frame: By 2012.

Performance Indicater: Puklicaton of accuracy stabsbcs.

Annual Cost Implications: 1-10M USS (Kainly by Annex-1 Parties

Action T39

Action: Develop set of active fire and FRP products from the global suite of operational geastatonary satellites.
Who: Through operators of geostationary systems, via CGME, GSICE, and GOFC-GOLD.

Time-Frame: Continuous.

Performance Indicator: Availability of producis.

Annual Cost Implications: 1-100M USS (Mainly by Annex-1 Parties).
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< A D H
1 |Action Number Action Text Action Development Teams Community Feedback Groups
4 A8 Ensure continuity of satellite precipitation products. (F:’:c‘;gGConstellatlon, CGMS IPWG, GPM X-
A11 Ensure continuous operation of AM and PM satellite scatterometer
5 or equivalent observations. OSVW constellation
Implement and evaluate a satellite climate calibration mission,
i e.g., CLARREO
6 b : CLARREO and TRUTHSs Teams
Ensure the continued derivation of MSU-like radiance data, and
A20 establish FCDRs from the high-resolution IR sounders, following NOAA MSU/AMSU CDR Team, EUMETSAT,
r the GCMPs. IASI/AIRS/CriS Team, GSICS
A21 Ensure the continuity of the constellation of GNSS RO satellites.
CGMS International Radio Occultation
8 Working Group (IROWG)
Continue the climate data record of visible and infrared radiances,
e.g., from the International Satellite Cloud,{limatology Project,
A23 and include additional data streams as théy become available;
pursue reprocessing as a continuous activity taking into account
9 lessons learnt from preceding research. GEWEX
A24 Research to improve observations of the three-dimensional spatial
i and temporal distribution of cloud properties. GEWEX
A25 Ensure continuation of Earth Radiation Budget observations, with
11 at least one dedicated satellite mission operating at any one time. NASA Langley, GEWEX
Establish long-term limb-scanning satellite measurement of
A26 profiles of water vapour, ozone and other important species from
12 the UT/LS up to 50 km. 7.1 oo R
A7 Establish a network of ground stations (MAXDOAS, lidar, FTIR)
capable of validating satellite remote sensing of the troposphere. |CEOS WGCV ACSG (Bojan
13 Bojkov?), Jay Herman (NASA)
Maintain and enhance the WMO GAW Global Atmospheric CO2
A28 and CH4 Monitoring Networks as major contributions to the GCOS
14 Comprehensive Networks for CO2 and CH4. CEOS Carbon Task Force
Assess the value of the data provided by current space-based
A29 measurements of CO2 and CH4, and develop and implement
15 proposals for follow-on missions accordingly. CEOS Carbon Task Force
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