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CEDS
GCOS IP 2010

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



CEDS

e e IP Outcomes

e Specifically, the system proposed by the IP-10 will
meet UNFCCC needs by providing information to:

— Characterize the state of the global climate system and its variability;

— Monitor the forcing of the climate system, including both natural and
anthropogenic contributions;

— Support the attribution of the causes of climate change;
— Support the prediction of global climate change;

— Project the information provided by global climate models down to
regional and national scales; and

— Characterize extreme events important in impact assessment and
adaptation, and to assess risk and vulnerability.



CEDS

—— High Priority Issues

* The critical high-priority issues that should be
addressed by the Agents of Implementation,
including the space agencies, are:

— Continuity and improvement of key satellite and in situ
networks;

— Generation of high-quality global datasets for the ECVs;

— Improvement of access to basic satellite datasets and high-
quality global products;

— Enhancement of the participation of least-developed
countries and small island developing states; and

— Strengthening of national and international infrastructure



CEDS .
e (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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GCOS Action A20 I

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.
GCOS-IP
Time-Frame: Continuing.

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

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

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 CrIS (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.
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GCOS Satellite Supplement

3.1.3. ECV Upper-Air Temperature

Data on upper-air temperatures are of key importance for detection and attributon of tropospheric and
stratospheric climate change. Temperatures measured by high-quality radiosondes are used as a
reference for satellite-derived temperatures to characterise their errors and io assist in correclion of
biases. Upper-air temperatures are crucial for distinguishing the various possible causes of climate
change and for the validation of climate models, and they can potentially be used for improved
understanding of long-term variability in atmospheric circulation.

Top-of-aimosphere microwave radiances {(e.g., from the Microwave Sounding Unit (MSU) and Advanced
Microwave Sounding Unit A (AMSU-A)} have become key elements of the historical climate time series,
and their measurement needs fo be continued into the future to sustain a long-term record. The MSU time
senes have been used for nearly two decades to estimate temperature trends. They are being continued
with data from AMSU-A and other microwave sounders. These time series can be interpreied as deep
layer mean temperatures derived from linear combinations of microwave sounder brightness
temperatures. Layer-mean temperatures in the middle te upper stratosphere are inferred from the
Stratospheric Sounding Unit, SSU {1879-2006) and AMSU-A (1998 {o present). Layer-mean temperatures
in the mesosphere can potentially be derived from the Special Sensor Microwave Imager SSMI/S (2004 to
present). The new advanced infrared sounders, such as the Atmospheric Infrared Sounder {AIRS), the
Infrared Atmospheric Sounding Interferometer (IASI), and the future Cross-Track Infrared Sounder {Cr)S)
improve the verlical resclution and stability of satellite-derived temperature soundings.

GPS radic occuliation (RC) measurements of bending angle relate direcily to temperatures above about
Skm altitude {where water vapour effecis are small). They provide benchmark cbservations that can be
used io "caliorate” the other types of temperaiure measurement. GPS-RO instruments are flown on
multiple low Earth orbitng satellites. The COSMIC {Constellaton Observing System for Meteorology,
lonosphere, and Climate) fleet of satelites provides real-ime data, and the CNSS Receiver for
Atmospheric Sounding {GRAS) instrument is the first of a series of operational GPS-RO insiruments.
Real-ime use of the dala has been established and a positive impact on Numencal Weather Prediction
{NWP) has been demonstrated. Provision of a consistent tme series of bending angles is developing for
climate applications. The introduction of other GPS constellations (e.g., Galilec) offers opportunities for
further improvements in coverage. Recent research has shown that the GPS-RO technique provides
information about both the temperature and water vapour profile in the middle to lower troposphere.

Atmospheric temperature sounding data, along with radiosonde, GPS-RO, and aircraft data alsc play an
important role in reanalyses of temperature and other upper-air variables. High spectral resolution infrared
radiances as proposed for the reference-type CLARREO mission can be used as anchor poinis for
reanalyses, calibration of other infrared radiometers, and validation of climate medels.

Detailed global-scale analyses of temperature are best obtained from reanalyses for many applications,
although retrievals of temperature profiles continue te be used in climate research. In either case, ECRRs.



4 I Product A.3.1 Upper-air temperature retrievals
5
6 Target Requirements
Lk _
. Horizontal | Vertical Temporal ams
_Varlablel varmmeler Resolution | Resolution | Resolution lﬁcuracy St_abnlnty
Troposphernc temperature profile 25km ‘_Ikm 4h O.E_rK O.U§K
Stratosphenc temperature profile 100km 2km 4h 0.5K 0.05K
8 :
9 In addition to the temperature records derived from profile retrieval or reanalysis combining different

10 observations (satellites, in sifu), t is necessary to provide independent safelliie-based analyses of
1 temperature for validating vanabilty and irends. These analyses are usually undertaken with an
12 understanding of the regions of the atmosphere where saielliies can provide the most accurate
13 measurements {e.g., MSU-equivalent radiances, CPS-RO analyses).

14

15 | Product A.3.2 Temperature of deep atmospheric layers

16

17  Target Requirements

18

. Horizontal | Vertical Temporal .
Variable!/ Parameter Resolution | Resolution | Resolution Accuracy | Stability
100km 5km 0.2K 0.02K

layers averages

19
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Benefits
* Monitoring and detection of temperature irends and variability in the troposphere and stratosphere at

global ancg regional scales
* Validation of climate model predictions

* Input to reanalyses
* Linkage with trends in surface air temperature

Currently achievable performance

* MSU trends in the troposphere show differences between different data products but are generally in
closer agreement with trends from newly homogenised radicsonde data than with trends computed
earlier from radiosondes

* OPS-RO accuracy within 0.1 K and has excepbtonal stability, and already meets the target in the
upper troposphere and lower stratosphere

Requirements for satellite instruments and satellite datasets

ECDRs of passive microwave and IR-based satellite data for use in reanalysis, for example:

* Ongoing provision of advanced IR scunder capability, such as AIRS, IASI, and CrlS

* Homogenized consistent reprocessing of TOVS / ATOVS datia record

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

ECDRs. of past and fulure data records from passive microwave and IR sounding and CNSS radio
occultation, for example through:

SIT-26 — Frascati, Italy 24-25 May, 2011 10
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Passive microwave and IR scunding from at least two satellites in low Earth orbit using instruments
with spectral and scanning characleristics to provide global coverage and contnuity with the past
record

A long-term constellation of CPS-RO measurements to continue the limited record established by
past and present missions

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

Calibration, validation and data archiving needs

Differences in trends estmated from MSU/AMSU radiances point to the need for improved
adjusiments for effecis of instrumental and orbital drifts and inter-satellite differences

Use of GPS-RO to validate absolute accuracy of MSU/AMSU mean temperatures

Development of Si-traceable standards for absolute calibration of microwave instruments
Intercalibrated HIRS using high qualily AIRS and IASI and, in the future, using S| traceable
measurements

Support for GRUAN and other ground-based observations for validation of future satellite data records
Use of GSICS bias-correction coefficients and bias-adjustment information from reanalysis for
operational socunders {e.g., MSU, AMSU, HIRS, SSU)

Use of NWP to monitor sudden changes in measurement biases

Adequacyl/inadequacy of current holdings

Some uncertainty remains in MSU/AMSU-based temperaiure trends, despite progress in
reconciliation with other estimates

Accuracy is generally adequate for |pigrannual climate vanability

Work has started to put together CPS-RO data as a climate data record
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Immediate action, partnerships, and international coordination

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

Assess the accuracy of SSMIS for upper stratosphere/lower mesosphere temperature trends

Ensure continuation of GPS-RO for reference temperature measurements (e.g., COSMIC-2)
Construct an FCDR of bending angles from GPS-RO data

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

Produce ECDRs of HIRS radiances back to 1979 and VTPR back to 1972

Use GRUAN to provide reference temperatures

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

Link to GCOS Implementation Plan

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

[IP-10 Action A21] Ensure the continuity of the constellation of GNSS RO satellites

Other applications

GPS-RO has potential for monitoring height of inversion layers (i.e., the tropopause and boundary
layer)
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CE®S GCOS satellite supplement

provides
 Products, Target Requirements, Benefits

e Rationale
e Currently Achievable Performance

e Requirements for satellite instruments and
data

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

* Immediate Actions, Partnerships and
International Coordination.



CE®S
ST CEOS Response:

 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

e Can include additional activities not called out by
GCOS but may be considered important by CEOS.

* Provides to CEOS, what can be achieved with current
funding and additional funding



CE®S
EDS Approach (1/2)

47 Actions to respond to.

Identified 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



CE@S 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



CE@S Status since Plenary

mmittee on Earth Obzorvation Sateflites

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)

Goal to have 70% November, 100% in February



CEOS Climate Action Template - Describing activities for 2011 - 2015

GCOS Action A21 [AZ20 1P-04]

Action: Ensure the cont nuity of the constelation of GNSS RO satelltes
Who: Space agencies.

Time-Frame: Ongoing; repiacement for current COSMIC constellation needs to be approved urgently 1o awoid oe
minimize 2 data gap.

Performance Indicator: Volume of data ava able and percentage of datz exchanged.
Annual Cost Implications: 10-30M USS [Mainy by Annex | Partes).

- CEOS Action A20
- Lead CEOS Agency : NOAA
- Contributing agencies: NASA, EUMETSAT

- Team Leaders: CEOS agency members, Dave Ector (NOAA), codead: Axel von
Engeln (EUMETSAT)

=  Members: K. Halmlund, D. Klaes, C. Marguardt, J. Schmetz (EUMETSAT)

= International Coordination Bodies: International Radio Occultation Working Group
{IROWG) under Coordination Graup for Meteorological Sateliites (CGMS)

= Description of the Deliverable(s): Coninury in GNSE Radio Occukation (RO)
Atmospheric Profies avaiable for Noar-Real Time (NRT) use ana Ciimate

- Significance of the Deliverable{s):

Radio occukation (RO) measuraments provide high vertical resolubon profiles of
atmosphernc refractive index that relate directly %o temperatures abave about 6 km
altitude (where water vapor effects are smal). They also provide benchmark
obsarvations that can bo used {o "calibrate” other temperature measurement, ang
supploment the GRUAN in this regard - $he CLARREQ mission also includes a RO
receiver. A posifive impact in NW?2 models has been demonsirated, the data s /s
planned to be cperationaly azsimilated at all major NWP centers. |1 is expacied that
consi Sy ro-pr sed RO data will provide statistically significant emperature trends
in the vaper Yoposphere and siratosphere ance a record of about 15 years i available.
This is within reach and does call for a coordinated npproach o processing of RO data
in a consistent way. Presumably this cbjective i achicved bes: by data processing from
different sources in one processing centre. Full acoess to all avadable data i pacSoular

far NWP and Near-Real Time (NRT) access is not guar . More coardnation on
miemational lavel is required to assure high quality / availabiity of dota.

Accuracy reguirements:

Accuracy of RO profies depend on altitude, location {e,g. waler vagor vanability), and
the pracessing lovel Foe temperature, is < 1 K (€ km - 35 km).

Stability requiroments

RO is highly stable across platforms since i is based on a measure of tme.
Horizontal rescolution requirements

RO observations arg in limb viewing geomeiry, they average over some 100's of km.
Vertical resolution requirements

Up to about 0.1 km {limb scunding), is altitude dopend, genearally < 2km.
Timeliness requirements

NWP: about 2 hours, shorier latency is desirable, preferably < 1 hour, For ionospheric
roal ime apalications, latency should be around a fow minutes maximum,

Data Requirements
- Continuity of key data sets

Two main issues need % bo considered: (1) availability for NWP models that require
NRT data. (2) avalabilty for cimate manitoring and re-analysis projects, where data
latency is relaxed, but a consistently pr sed and re-pr d set = required.

Ceontinuous RO data s available from 2001 by CHAMP {prowided 180 - 200
cocultations per day, alroady showed a pasitive NWP impact). In 2006, COSMIC and
GRAS were launched, providing ~ 1000 occultations per day. These showed a larger
NW/P impac: and no sign of model saturation. COSMIC is howaver cioze to its end of
mission, currently about 1700 ltat are available {some from research
missians), GRAS is the only operatianal RO instrument, providing - 600 occukations.

Thare are several naw RO instruments, of can poientialy contribute %o the global
chsorving system but are often insufficiontly funded for NRT operations. The
implomentation of COSMIC-2 is also angoing, potenbdally with more satelitas in low
inclinaton oebits, or %0 use commaercial satellites (Irdium Next, Cicero)

Tha use of RC data for climate assessments, as well as for re-analysis projacts,
requires that all data is archived, including GNSS data. Expertise in tho continucus
re-procossing of these RO dota sets also needs o be maintained; this is in particular
problematc for research missions, where funding is often shorl termed.
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= New datasets potentially improving product over next 5 years

Impravements are coming from (1) increased number of available occultations, e.g.
with new GNSS and new RO receivers; (2) RO instrument updates: (3) better errce
charactenstcs, 2. dimensional operators, etc for use in NW?2 models.

- Key datasets for validation

RO instruments can best be validated (1) agains: other RC instruments; (2) against
madel data. For (1), there should ideally be a *reference” insirument providing high
gualkty data (Currently, GRAS can be considered a reference). Madel data allows to
vakdate all RO date and has a well established quality contral ! eror aszessmen:t.

- Science Requirements

RO data requires no calibration since it is basically a measure of time. However,
vakdastion / comparison o model data and other RC instruments is required.
Experiise for the pracessing, re-processing of all available RO data is essential.
Coardination amang RO pracessing centers for NRT use is also required.

- Key activitics and time frames to meet deliverables (2011 - 2015).

» Build up a ground s:ation network that assures data download from research
satelltes in NRT. Include low latitude stations for low inclinaton satellites.

« Support constellation of RC instruments; try %o include RC instruments on all
metearokgical Low-Earth-Orbit satellites.

= Assure avaiability of GPS data in NRT (and extend this to Galileo / others once
avaiable).

= Build up RO processing / re-processing expertise for all missions at several
centers warldwide to allow the generation of consisient data sets.

-  Funding

= Current funding covers operational missions (EUMETSAT's METOP satellites),
partly the US-Taiwan COSMIC.2 mission (awaiting US Government approval)
and also guite a few RC missions on rescarch satcllites. There is however a
need to secure funding for a sustained consisient processing of all data by one or
two centers, presumably operational ones. In addition NRT download and

processing ! dissemination activities are insufficiently funded for research
satelltes.



Sysfematic Observation Requirements for Satellite-based Products for Climate (2011 Update) —
Supplemental Details to the GCOS Implementation Plan — DRAFT version 1.1

Product O.6.1 Ocean colour radiometry — water leaving radiance
Product 0.6.2 Oceanic chiorophyll-a concentration derived from ocean colour radiometry

CEOS Climate Action Template - Describing activities for 2011 - 2015

GCOS Actlon 015 [IP-04 018]

Actlon: Implement contiruity of ocean colour radiance datasets through the pian for an Ocean Colowr
Radiemetry Virtual Constellation.

Who: CEOS space agencies, In consultation with 10CCG and GEO.

Time-Frame: Continuing.

nto agreed archives.

Annual Cost implications: 30-100M USS (10% in non-Annex-l Farties).

Perfor inci Ghobal o ge with consstent sensors operating according to the GIMPs; flow of data

« CEOS Action : AR.09.02a_, Ocean Colour Radiom etry Virtual Consteliation

+ Lead CEOS Agency : ECARC, NASA, JAZA (in future ESA and ISRO)

- Contributing agencies: Al OCR aperating agercies members of OCR-VC and I0CCE
«  Team Leaders: CEOS agency member, colead

- Members: as above

= International Coordination Bodies: Ccean Colour Radiometry Virtual Consiellation,
International Ccean Colour Coordinating Group

- Description of the Deliverable(s):

Ocean colbour radiance is the waveleng:h-dependent zolar energy capiured by an opSical sensor
looking at the sea surface. The spactral distnbution of the water-leaving radiance contains
information an the acean albedo and optical consbiuents of the sea water, in particular the
concentration of the phyioplankton pigment chlorophyll-a {a proxy for phytoplankion biomass).
Deriving ccean colour produsis is not casy because the waterleaving radiance signal is
relatively weak at the altitude of a satellite sensor (only 5.15% of incident solar radiation, the
remaining light having an atmosphenc arigin).

Ocean cobur radiometry (OCR) observations from space have revealed docadal-scale changes
in the ccean biosphere. Passive acean colour sensars observe only the first optical depth of the
ocean (40- GO m in the open coean to less than 1m in turbid coastal waiers). However, when
coupled with in situ observations and numerical models, these space-based cbservations
pravide a three-dimensional understanding of ocean processes, ther complexity, and their
interactions with other parts of the Earth system. Therein, enhanced in situ zamplng of ccean
calour and ecosystem vanables is a requirement and complement to satelite-based data.

NN O T OO
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The Fundamental Climate Data Record {FCDR) for ocean colour is the time series of
calibrated top-of-atmosphere (TOA) radiances which are then corrected for the atmospheric
caniribution to the signal, io abtain the water-leaving radiance suite from which data products
zuch as chiorophylla concentration are derived. The most important ocean colour ECV
products are the normalized water leaving radiances and chlorophyll-a concentration.
Other praducts are in development such as coloured dissolved organic matter and particulate
backscatter (used to estimate atal suspended material). OCR products are the anly
measzurements related to biological and biogecchemical processes in the acean that can be
routinely obtained at occean basin and global ocean scalkes. These products are used o assess
ocean ecosystem heakh and productivity, to undersiand the role of the aceans in the global
carton cycle, to manage living marine resources, and to quantify the impacts of climate
variabifty and change.

- Significance of the Deliverable(s):

«  Ocean colour products constitute the only satelize-derived varables of the marine blosphere.
The Ocean colour climate data record &5 fundamental for climate monkorng and identifying
trends of primary producers in the marine blosphere.

«  Quamification and monitoring of ccean ecosystemns through the use of Ocean Colour data In
ocean and ccosystem medels {including 2ssimiation)

«  Chicrophyll-a and derived products linked to carbon-cycling, Includng fluxes between the ccean
and the atmosphere.

«  Heating of surface layer through the absorption of solar Irradance, contriduting to mixed layer
depth dynamics

« New products providing synoptic Insight Inte phnytoplankton ccology such as Phytoplankton
functional Types (FAT)

« Etcological ndicators of the marine environment and mapaing of marine ecolegical provinces

«  Products of the distribution of coccolthophores in contridution to studies on ocean acid fication

- Accuracy requirements

«  Accuracy: 5% for water keaving radances (for the dlue and green wavelengths) and 30% for
chicrophyll in the concentration range 0.02-10 mg . m*-3 In Caze 1 waters. Panned, neat
generation, OCR sensors (e.g. PACE and ACE} aim 2t achleving improved accuracy {.e. < than 5%
for water ieaving radiance and 20% for chiorophyll “a* concentration). The OCR ECV time-series
will undoubdtedty denefit from this additional capability

« Target: 8%"* Planned:5%
water leaving radiance

Threshold (curren:): 5:15% - For

«  Target 30% Planned:30%
Chilcrophyll

Threshold (current): 30-70% - For

*this 5% recuirement s soedficaliv for the bise and ereen wavelenaths
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Stability requirements

- Target 0.5%* Planned:
leaving radiance

Thrashold (current): - For water

+  Target 2% Planned:
Chilcrophyll

Threshold (current): - For

Horizontal resolution requirements

«  Target d4km Planned: 4km  Threshold(current): diom
Vertical resolution requirements

« Target nla Planned: nfa Threshold: nfa
Observation Cycle requirements

- Target td Planned: 3¢ Threshold: 7d
Data Requirements

- Continuity of key data sots

#COR of appropriate mukispectral V& Imagery, derived from sensors with spectral and
radiometric characteristics which should be at 2 minimum of the same class as SeaWIFS
Sustained continulty of current provision of MOCIS and MERS-dass, followed by development
of a strategy based on advances deyond MODIS, MERS and SeaWIFS-class capabiities

Satelfie observations wikh higher resolutian and accuracy and mare spectral bancs from polar
orbiting anc geostatioracy satelites; impeoved capadbiity for ocean colour observations in cptcally
compiex (0.g. Ll and turdid } and freshwater systems

« New datasets potentially improving product over next 5 years

Where relevamt  pixelby-plxel uncertainty Informaticn should be attached to exch
measurement. This Is particularly relevamt for the products derived from the water leaving
radiances, where large spatial dfference are manifested.

« Koy datasets for validation

improve the network of in sity measurements for calidration purposes Including appropriate
planning and coordination ls requited to Improve the limited spatial coverage of In stu
measurements.

Agencies should contnue to support dlo-optical systems (e, MOBY, BOUSSOLE) for nstu
data collection to ensure 2pproprate vicarious calibration of spaceborne sensors.

Agencies should equally enable the mamtenance and expansion of Insiku measurement
networks {e.g. ASRONET-OC) providing standardised and spatialy dstributed time-series for the
validation of OCR ECV products.

A N B o o N Y RN

aag

&
X

Science Requirements
« Calibration/intercalibration

Promote the collection of comprenensve ghobally distributed In-situ blo-optical {doth Inherent
and apparent} properties of seawater constituents to support algorithm development and
assessment.

« Intercompansons

Marmonize the methodologies and protocols for the vicarous calbration of OCR sensors
Promote the augmentation the Arge profiing drifter network o Inciude the addtion of sensors
for cbserving the biobogial and Ight field variables In the surface cocean. Separate
configurations should be implemented for validation purposes and to Improve synoptic
nowledge on the 3D structure of the ccean biology and blogeochemistry.,

More Internaticnal collaboration on estadishing centralized data archive and distribution centers
for in sku data such as the ScaBASS and MERMAID systems.

turther steps should be taken to strengthen OCR data stewardship activiles for satellite OCR
data record Includng tools that provide casy access to multiple scurces of satellite and in situ
data. Tools should also de provided for the reguiar processing and analysis of combined data
sets

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

Define and Impiement an international initative to establsh an integrated network for sensor
nter-comparson and uncertanty assessment for Oczean Colour Radiometry.

G lidation and 1t of 3 globa! OCR ECV based on cross-calbeated OCR FCOR fom
mulpie satelites which should be merged to pravice an Essential Climate Variabie product of
waterJeaving radiances deginning with the visible spectrom

What can be achieved with current funding?

Contrizetions 30 OCR ECY data recced inchade current and commissioned polar-cebiting global
OCR satelite missions, particularly SeaWs S, MERIS on Ervisat, MODIS Agua, OCM-2 o0
Cceansat-2, OLCI on Sentine! 3A and 38, S5GLI on GCOM.C_ VIIRS on NPOESS.C! (and
possibly on NEF), anc future NASA and CNES instruments under consideration. Other
Instroments such as China's COCTS and Kerea's recenty launched GOC! on geostationary o
Qeosyrchroncus are aiso of considerable interest, and whilke these are nct coilecting global data,
a constelation of ocean colour raciometry on geostationary or geasynchronous platforms would
oe invaluabie for addressing the aforementicred concems In coastal and regional applications.

What additional funding is recommended?

Additional resource required to define and Implement an international Intiative to estabish an
ntegrated network for sensor inter-comparison and uncertanty assessment for Ocean Colour
Radiometry.

Additional resources reguited to sustain and cnhance wvicarlous calibration capabilzy. Alse
resources required to expand geographic validation capability {specifically in coastal regions e.g.
through the expansion of the AERONET-OC network.

There s no systematk consoldation of a glodal FCDR based on exdsting data from ScaWirs,
MODIS and MERIS {aithough programmes In this direction have started ¢ g ESA CC for OCR),
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[cEOS Climate Action Template - Describing activities for 2011 - 2015

GCOS Actlon T39 [1P-04 NONE]

Actlon: Develop set of active fire and *RP preducis from the giobal suite of operational geostationary
snelites.

Who: Through operators of geostationary systems, via CGMS, GSICS, and GOFC-GOLD.
Time-Frame: Continucus.
Performance incicator: Availabllity of preducis.

Annual Cost implications: 1-20% USS [Mainy by Annex-! Partles).

- CEOS Action XX:
- Lead CEOS Agency : NOAA
- Contributing agencies: EUMETSAT
+  Team Leaders: CEOS agency members, Ivan Csiszar (NOAA NESDIS), co-leads:
Hans-Joachim Lutz ?? (EUMETSAT), Christopher Schmidt (UW-Madison, CIMSS),
Martin Wooster (Kings College, London)
« Members: E. Prins (UW Madison CIMSS - consultant)
- International Coordination Bodies:
« GOFC.GOL2 Fire Implementation Team
« Coordination Group for Metecrolagical Satellites (CGMS)
« Global Space-based Inter-Satefite Calidration System (GSICS)
- CEOSWGCVLPYV
- Description of the Deliverable(s):

The deliveratle is standardized long-term active fire and Fire Radiative Power (FRP,
Waits or JVs) products from the global suite of operational geostationary it

The active fire preduct pravides infarmation on the location of pixels containing fire
activity and asscciated metadata. Detaded metadata is crucial for the proper
interpretation of active fire products especially given the significant differences in the fire
monitaring capabiities of the global geosiationary satelite systems. Metadata should
include spacifics such as: an indication of the fire pixel confidence level; satellite and
processing coverage regians; algarithen block-out zones associated with wewing

geameiry, solar reflection contamination, and specic biomes; data and algarithm
anomales and limitations; instrument saturation; an ocpaque cloud mask; atmaspheric
attenuation information; and geo location characterization uncertainties.

Fire Radiative Power (Watis or Jis) is the time derivative of the fire radiative energy,
which iz propartional to the biomass consumed by the fire. Multiple FRP cbservations
can in principle provide estimates of total fire emissions (CO:, PM 2.5, eic.) through
esbmating Sme-integrated Fire Radiated Energy (FRE).

Significance of the Deliverable(s):

Fire is a global phenomenon with large variabilty in toth tme and space. Itis an
impartant ecosystem disturbance factor and contributes to atmosphernic emissions on
multipie bme scales.  Acbve fires have a strang diumal component and geostationary
monitoring is essential for providing @ mare complete view of regional, diumal, seasaonal,
and interannual variability in fire aciivity. Detection of active fires is also reguired by
zome burned arca product algorithms. Active fire infarmation can serve as part of the
validation process for bumed area producis and divmal information on emissions is vital

deling applicat In t yoars modelers have shawn interest in utilzing fire
radiative energy/power to characterize emissions. Cne may assert that the otal FRE of
a fire is diroctly related to mass consumed by the heat of combustion, which can then be
rolated to PM 2.5, CO; and ather emissions.

Due to the disparity and inadequacy in regicnal and national fire reparting protacals,
zatellte remote sensing represents the most suitable and cost effective method for
consistent, long-term rogional and global scale monitoring. Over the pas: 10 years the
use of grostationary sateflites for both diurnal fire detection and characterization has
grown appreciatly with applicotions in hazards monitoring, fire weather farecasting,
dimate change research, emissions manitoning, acrosal and trace gas transport
modeling, air gualty, and land-use and land-cover change detection. Current (GOES-
/W, Met-8/.9, MTSAT-1R, FY.2C/2D) and future (indian INSAT-3D, Russian GOMS
Elekiro L MSU.GS, Korean COMS) operational geosiatianary platforms wil enable
nearly global geostationary fire monitoring with significant improvements in capabilities
aver the next 5.7 years (o.g. GOES-R, MTG).

Accuracy requirements

Although active fire products and FRP from the current global geastatonary sensors are
limited by the relatively coarse resolution (4.5 km at sub-satellites point) in the 3.9 and
1% pm bands, this will improve over the next five years. The requirements for next
generation geosiationary sensors (2 km resolution) include a detecton rate of 50% for
fros omitting more than 75 MW within a fire temperature range of 5800 to 1200 K and a
mapping accuracy of * km (at sub-satcllite point). Estimates of sub-pixel fire radiatve
power are roquired to be within S0% of truth.
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The accuracy of current and future global geostationary active fire and FRP products is
dependent on a vanety of factors including spatial resolution, viewing conditions {e.g.
viewing angle, cloud coverage, solar contamination, etc.), calibration and noise lovels in
the 3.9 and *1 um bands ot higher temperatures, and multi-spectral data pre-pracessing
chains.

Stability requirements

Sensor used for fire detection and characterization need o be consistently and
systematically cakbrated at the high end of the dynamic range. Sensar saturation levels
nead to be well known and siable over ime and sensor behavior at and beyond
zaturation needs {o be properly characterized; sensor artifacts need o be minimized or
eliminated.

Horizontal resclution requi ts

Horzantal requirements for next generation global g anary fire producis and FRP
are on the order of 2 km (at sub-satellite paint).

Vertical resolution requirements: This is not applicable, since global geostationary
actve fire and FRP are land surface products.

Timeli reqt 2 4

Global geosiationary active fire products and FRP must be made avaifable in near real
time with a maximum data fatency of approximately & minuies. Optimal latency is on the
arder of 1.2 minutes.

Data Requirements
« Continuity of key data sots

A global geostationary fire monforing network is technically feasible but must be
supported by operational agencies to sustain the aciivity and produce standardized
long-term data records and derived active fire producis and FRP of known accuracy.
Thiz requires commitment from cperational agencies far ongoing suppart of global
geostationary fire monitaring through appropriate sensor design and application and
subseguent ongaing characterization and consisient validation programs. A major
constraint with some of the current operational geostationary sensors is low
saturation in the 3.8 pm fire channel which severely hinders the ability %o detect and
characierize fires during peak salar heating when many anthropogenic fires occur.

The development community, implementation ieams, and aperational fire product
producers require the following infarmation/data:

- near real-time access (< 5 minutes) to well calibrated and navigated full spatial

a_;
ﬁ

resolution muiS-spectral global geostationary data

- detailed information an data pre-processing chains

- indication of saturation of pre-aggregated detactor samples in both the 3.5 and 11
pm bands

- calibration of $he 3.9 and *1 um bands at higher :emperatures

- 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 smaothing or fikiering of
infarmasion within the 3.9 pm band, and for detailed characienzation of #s behavour
beyond 300K and up to the saturation point. I is imperative that agencies pravide
detailed information on how observations in this channel are pre-processed and
converied o level 4 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 ElectreL MSU.GS
platforms and the expected launch of INSAT-3D in 2014 wil enable nearly global fire
manitonng with unprecedented coverage of fire in Eastern Europe and Asia. These
systems are somewhat similar io the current GOES and Meteosat senes in terms of
fire monfioring capabilities and Emitations. We expect o see significant
improvements with the next generation GOES R Advanced Bascline Imager (ABI,
launch in 2015) and Meteosat Third Generation (MTG, launch in 2017} . Both of
these missions have a fire maniiaring requirement and wil include improved spatial
resolution (2 km) and 400.450K saturation in the 3.8 um band with enhanced diumal
temporal monitoring.

In order to ensure that fuiure geostationary sensors provide cantinuity from current
products and are capable of enhanced active fire detection and characterization, the
fire moniioring community should be imvolved in evaluating specifications for next
generation operatonal geostationary satelites and provide feedback to operational
agencies on issues rolating o data and pre-pe ing chains, saturation in
the middle and long-wave IR window bands, characterization of sensar behavior at
high temperatures, navigatan, band-ta-band co-registration, PSF implications, and
calival

«  Key datasets for validation

The international fire community has been warking with the CEOS WGCV LPV in an

offor: to standardize the validation of satelite fire producis, specifically densfying the
three-ztage CEOS Hierarchy of ValidaSon as a good approach. Although varicus fre
databases exist an the regional and national level, they must be used coutously due

to inconsistencies in reporting protoccls and other discrepancies. The
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CEOSAVGCVILPV zubgroup is working to estatiish a notwork of sites for long term
vakdation of fire products. These sites mus: meet specific selection criteria o ensure
consistency, completeness, and accuracy in reporiing.

To date geostationary active fire and FRP product validation siudies have been
limited in scope due to the lack of adeguate ground truth and kmited funding and
resources for airoraft validation studies in various biomes and under different viewing
conditions. Routine operational calival should be based on comparisons of
geostationary fire products with high resolution data (e.g. 30 m Landzat? ETM+,
Terra ASTER, Landsat Data Continuity Mission OLI) and shauld be automated (to
the extent possible). Ideally, high spatial resoluSion instruments capable of detecting
the radiative power of a fire withous the influence of sensor zaturation should be
employed. This could involve aver-flights of fires by arbome systems, for example,
NASA Ames (UAV), data from USFS aver-fights, and dedicated over-fights by fire
dedicated airborne systems (o.g. FIREMAPPER). This effor: should be dane in
cooperation with the CEOS WGCV.

Science Requirements

« Calibration/Intercalibration

For sub-pixel fire charoctenzation fire algorithms require well-calibrated data from
the cold {far background and weak fire pixel signal assessment) to very hot
brighiness temperatures (for sirang fire pixel signal assessment). |f cakbraton
and noise (NEdT) on the hot end far the 3.2 and *1 um bands are not well
characterized, FRP will be suspect on the hot end. Current and planned
missions typically offer adequate calbraton and naise infarmation ot lower
temperatures (<330K) but do not adeguately address calibration and NECT cn
the hot end (>375K). The fidelity of global geastationary fire products can anly
be maintained with angoing calibration of the 3.8 and 11 um bands at higher
‘emperatures and characterizaSon of noise levels at higher temperatures.

Characterzation of sensor behavior beyond saturaton is also needed.
Experience with current and previcus sateliie sensors has demonsirated
zpunous sensor cutput when the ir ing radiance ds the 5’
zaturation level. The spuricus behavior is a consequence of the folding of the
output count value, resulling in either a physically interpretable (but incorrecs)
value below the saturation value, or in a near-zere value. In some cases
saturated pixels can result in a *stuck bit” effect that resukis in a false clongation
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 Eurcpe
and Scuth America.

« Intercomparnsons

The global suite of operatonal geostati Yy 5 are zimilar yet present
diverse and unique fire monitoring capabilities and limiations. In order o
develop consistent fused global geostationary active fire and FRP products, it is
necessary to characterize and understand the differences between the sensars
and their respeciive products. This will require intercompanson studies with cach
ather, higher resolution instruments (MODIS, ASTER, Landsat, airbome
systoms), and ground truth.

« Additional Sensor and Data lssues

Additional work must be done to address the impact of pre-processing pratocols
an fire detection and characterization. This includes smoothing that accurs as o
result of grorectfication procedures and the methadology used to aggregate and
flag saturated sub-pixel detectars. Other i that must be investigated
include sensor specific band-{o.band co.registration and PSF implications for
active fire detecbon and characienization of FRP.

Koy activities and time fr. to meet deli bles (2011 - 2015).

+  NOAA NESDIS operations curenfy provides Wikifire Automated Siomass
Buming Algonthm (WF_ABBA) actve fire locations and FRP in various farmais
for GOES-E/W, Metoosat 9, and MTSAT-2. WF_ABSA fire masks and
metadata have not yet been released as part of the NESDIS operational fire
praduct, althcugh they are available fram UW-Madizon CIMSS. The time frame
for operational release is currently unknown.

= EUMETSAT plans o implement a global geostationary fire product (27)

« Provided the data are accessiblke in near real-time and well calibrated/navigated,
the WF_ABSA wil be adapied to COMS, GOMS Ekektro L MSU-GS over the next
2 years.

«  UW-Madiscn CIMSS has defivered the inital GOES R ASI fire algonthm and will
continue to evaluate and update the algorithm.

What can be achieved with current funding?

« Inital adapton of the WF_ABBA o Korcan COMS and INSAT 3.D.

What additional funding is recommended?

« Additional funding is noeded to complete $he adapiation of the WF_ABBA 1o
Korean COMS and INSAT-3D and to adapt .o GOMS Elektro L MSU.GS.
Funding iz also needed to transfer 3o NESDIS operations.
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CE@S Summary

mmittee on Earth Obzorvation Sateflites

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

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

e Immediate need is to level the templates (CEOS GCOS IP
action plans) and provide feedback to the domain leads.

 Provide feedback to the GCOS satellite supplement

e 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.



(Total: 48)

Action CB [IP-04 C10]

Action: Ensure continuity and over-lap of key satellite sensors; recording and archiving of all satellite metadata; maintaining
appropriate data formats for all archived data; providing data service systems that ensure accessibilty; underiaking
reprocessing of all data relevant to climate for inclusion in integrated climate analyses and reanalyses, underiaking sustained
generation of satellite-based ECV products.

Who: Space agencies and satellite data reprocessing centres.

Time-Frame: Continuing, of high pronty.

Performance Indicator: Continuity and consistency of data records.

Annual Cost Implications: Covered in the domains.

Action C21

Action: Implement modern distributed data services, drawing on the experiences of the WIS as it develops, with emphasis
on building capacity in developing countries and countries with economies in iransition, both to enable these countries to
benefit from the large volumes of data available world-wide and to enable these countries to more readily provide their data
to the rest of the world.

Who: Parties' national services and space agencies for implementation in general, and Parties through their support of
multinational and bilateral technical cocoperation programmes, and the GCOS Cooperation Mechanism.

Time:Frame: 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 sateliite precipifation producis.

Who: Space agencies.

Time-Frame: Contnuous.

Performance Indicator: Long-term homogeneous satellite-based global precipitaton products.

Annual Cost Implications: 1C-30M US$S (for generation of climate products, assuming missions funded for other
operational purpeses) (Mainly by Annex-1 Parties).

Action A11% [iP-04 A11]
Action: Ensure contnuous generaticn of wind-related products from AM and PM satellite sgatierameters or eguivalent
observations.

Who: Space agencies.

Time-Frame: Continucus.

Performance Indicator: Long-term satellite observations of surface winds every six hours.
Annual Cost Implications: 1-10M USS (Mainly by Annex-1 Parties).

Action A19

Action: Implement and evaluate a =satellite cimate calibration mission, e.g., CLARREO.
Who: Space agencies (e.g., NOAA, NASA, etc).

Time-Frame: Ongoing.

Performance Indicator: Improved quality of satellite radiance data for climate monitoring.
Annual Cost Implications: 100-300M USS (Mainly by Annex-| Parties).
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Action A20 [A15 IP-04)

Action: Ensure the continued derivation of MSU-like radiance data, and establisn EC2Rs. from the high-resolution IR
sounders, following the GCNPs,

Who: Space agencies.

Time-Frame: Continuing.

Performance Indicator: Quality and guantity of data; availability of data and producis.

Annual Cost Implications: 1-10M USE (for generation of datasets, assuming missions, including overiap and launch-on-
failure policies, are funded for other operatonal purposes) (Mainly by Annex-l Partes).

Action A21 [A20 IP-04]

Action: Ensure the continuily of the consteliation of GNSS RO satellites.

Who: Space agencies.

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

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

Annual Cost Implications: 10-320M USS (Mainly by Annex-l Parties).

Action A23 [IP-04 AZ22]

Action: Continue the climate data record of visible and infrared radiances, e.g., from the International Sateliite Cloud
Climatology Project, and include additonal data streams as they become available; pursue reprocessing as a continuous
activity taking inte account lessons learnt from preceding research.

Who: Space agencies, for processing.

Time-Frame: Continuous.

Performance Indicator: Long-term availability of global homogeneous data at high frequency.

Annual Cost Implications: 10-30M USS {for generation of datasets and products) (Mainly by Annex-1 Parties).

Action A24 [IP-04 A23]

Action: Research io improve observations of the three-dimensional spatial anag femporal distribution of cloud properties.
Who: Parties’ natonal research and space agencies, in cooperation with the WCRP.

Time-Frame: Continuous.

Performance Indicator: New cloud products.

Annual Cost Implications: 3C-100M USS (Mainly by Annex-l Pariies).

Action A25 [iP-04 A24]

Action: Ensure contnuation of Earth Radiaton Budget observations, with at least one dedicated satellite mission
operating at any one time.

Who: Space agencies.

Time-Frame: Ongoing.

Performance Indicator: Long-ierm data availability at archives.

Annual Cost Implications: 30-100M USS (Mainly by Annex-I Pariies).

Action A26

Action: Establish long-term limb-scanning satellite measurement of profiles of water vapour, ozone and other important
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 te minimize data gap.

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

Annual Cost Implications: 100-300M USS fincludina mission costs) {Mainlv bv Annex-l Partes).




Action A27

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

Who: Space agencies, working with existing networks and environmental protection agencies.

Time-Frame: Urgenti

Performance Indicator: Availability of comprenensive validation reports and near real-time monitoring based on the data
from the network.

Annual Cost Implications: 10-20M USS {30% in non-Annex-l Parties).

Action A28 [iF-04 A27]

Ac

Ac

Action: Maintain and enhance the WMO GAW Global Atmospheric CO: and CH: Monitoring Networks as major
contributions to the GCOS Comprehensive Networks for CO; and CHx.

Who: Parties’ national services, research agencies, and space agencies, under the guidance of WMO GAW and its
Scientific Advisory Group for Greenhouse Gases, in cooperation with the AOPC.

Time-Frame: Ongoing.

Performance Indicator: Datafiow to archive and analyses centres.

Anmniial Mack lnanlinatinne: 410 A 1IOQ (EAM in nan Annav | Dadiael
tion A29

Action: Assess the value of the daia provided by current space-based measurements of CO. and CH., anc cevelcp and
implement proposals for follow-on missions accordingly.

Who: Parties’ research institutions and space agences.

Time-Frame: Urgent, to minimise data gap following GOSAT.

Performance Indicator: Assessment and proposal documents; approval of conseguent missions.

Annual Cost Implications: 1-10M USS initially, increasing with implementation (10% in non-Annex-| Partes}.

tion A32

Action: Continue production of sateliite czone data records {column, troposphenc ozone and czone profiles) suitable for
studies of ntemannual variability and trend analysis. Reconcile residual differences between ozone dataseis produced by
different satellite systems.

Who: Space agencies.

Time-Frame: Ongoing.

Performance Indicator: Siatistics on availability and quality of data.

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

tion A33 [iF-04 A51]

Action: Develop and implement a coordinated strategy toc monitor and analyse the distribution of aercsols and aercsol
properiies. The strategy should address the definition of a GCOS baseline network or networks for in sty measurements,
assess the needs and capabilities for operational and research satelliie missions for the next two decades, and propose
arrangementis for coordinated mission planning.

Who: Parties' natonal services, research agencies and space agencies, with guidance from ACPC and in cocoperation with
WMO CAW and AERONET.

Time-Frame: Ongoing. with definition of baseline in situ components and satellite strategy by 2011.

Performance Indicator: Designation of GCOS baseline network(s). Sirategy document, followed by implementiaton of
strategy.

Annual Cost Implications: 10-30M USE {20% in non-Annex-| Parties).

Action A34

Action: Ensure coniinuity of products based on space-based measurement of the precursors (NO;, SO.. HCHO anc CO in
particular) of ozone and aercsols and derive consisient emission databases, seeking o improve temporal and spatial
resolution.

Who: Space agencies, in collaboration with natonal environmental agencies and meteorological services.

Time-Frame: Reguirement has to be taken into account now in mission planning, to avoid a gap in the 2020 timeframe.
Performance Indicator: Availabilily of the necessary measurements, appropriaie plans for future missions, and derived
emission data bases.

Annual Cost Implications: 10-30M USE (10% in non-Annex-I Parties).
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Action: Ensure coordination of contributions to CEOS Virtual Consteliations for each ocean surface ECV, in relation to in siu
ocean observing systems.

Who: Space agencies, in consuliation with CEOS Virtual Constellation teams, JCOMM, and GCOS.
Time-Frame: Continucus.

Performance Indicators: Annually updated charts on adequacy of commitments to space-based ocean observing system
from CEOS.

Annual Cost Implications: <1M USS (Mainly by Annex-l Partes and implementation cost covered in Actions below).

i«perion O10 [IP-04 O12]

Action O7 [iP-04 O8]

Action: Continue the provision of best possible SST fields based on a contnuous coverage-mix of polar orbiting IR and
geostatonary IR measuremenis, combined with passive microwave coverage. and appropriaie linkage with the
comprehensive in situ networks noted in OB.

Who: Space agencies, ccordinated through CEOS, CCMS, and WMO Space Programme.

Time-Frame: Continuing.

Performance Indicator: Agreement of plans for maintaining a CEOS Virtual Constellaton for SST.

Annual Cost Implications: 1-10M USS (for generation of datasets) (Mainly by Annex-l Parties).

Action: Ensure continuous coverage from one higher-precision, medium-inclination altimeter and two medium-precision,
higher-inclination aitimeters.

Who: Space agencies, with coordination through the CEOS Constellation for Ocean Surface Topography, CGMS, and the
WMO Space Programme.

Time-Frame: Continuous.

Performance Indicator: Satellites operating, and provision of data to analysis centres.

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

Action 012 [IP-04 O18]

Action: Research programmes should investigate the feasibility of utlizing satellite data to help resolve globa! fields of
888.

Who: Space agencies, in collaboration with the ocean research community.

Time-Frame: Feasibility studies complete by 2014.

Performance Indicator: Reports in literature and to OOPC.

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

Action 015 [IP-04 018]

Action: Implement continuily of ccean colour radiance datasets through the plan for an Ocean Colour Radiomeiry Virtual
Constellation.

Who: CEOS space agencies, in consultation with IOCCG and GEO.

Time-Frame: Implement plan as accepted by CEOS agencies in 2009.

Performance Indicator: Clobal coverage with consistent sensors operating according to the GCMPs: flow of data into
agreed archives.

Annual Cost Implications: 3C-100M USS (10% in non-Annex-| Partes).

Action 019 [IP-04 023]

Action: Ensure sustained satellite-based (microwave, SAR, visible and IR) sea-ice products.

Who: Parties' national services, research programmes and space agencies, coordinated through the WMO Space
Programme and Global Cryosphere Watch, CCGMS, and CEOS:; National services for in sifu systems, coorcinated through
WCRP ClIiC and JCOMM.

Time-Frame: Continuing.

Performance Indicator: Sea-ice data in International Data Centres.

Annual Cost Implications: 1-10M USS (Mainly by Annex-1 Parties).
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Action 020 [IP-04 021]

Action: Document the status of global sea-ice analysis and reanalysis product uncertainty {via a quaniitative summary
comparison of sea-ice products) and to prepare a plan io improve the products.

Who: Parties’ national agencies, supporied by WCRP (JiC: and JCOMM Expert Team on Sea lce (ETSI).

Time-Frame: By end of 2011.

Performance Indicators: Peer-reviewed articles on stale of sea-ice analysis uncertzinty; Publicaton of internationally-
agreed sirategy to reduce unceriainty.

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

[ption 028 IP-04 029

Action: Develop projects designed to assemble the in situ and satellite data into a composite reference reanalysis dataset,
and to sustain projects to assimilate the data inio models in ocean reanalysis projects.
Who: Parties’ natonal ocean research pregrammes and space supporied by WCRP.
Time-Frame: Continuous.
Performance Indicator: Project for data assembly launched, availability and scientific use of ocean reanalysis producis.
Annual Cost Implications: 1-10M USS (10% in non-Annex-| Pariies).

e o)

o+
Action 041 [IP-04 03]

Action: Promote and facilitate research and development (new improved technologies in particular), in support of the
global ccean cbserving system for climate.

Who: Parties’ national ocean research pregrammes and space agencies, in cooperation with GOOS, GCOS, and WCRP.
Time-Frame: Continuing.

Performance Indicator: More cost-effective and efficient methods and neiworks; sirong research efforts related o the
observing system; number of additional ECVs feasible for sustained observation; improved utility of ocean cliimate
products.

Annual Cost Implications: 30-100M USS (10% in non-Annex-| Partes).
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Action T5

Action: Develop an experimental evaporation product from existing netwerks and satellite observations.
Who: Parties, national services, research groups through GTN-H, IGWCC, TOPC, GEWEX Land Flux Panel and WCRP

CIC,
Time frame: 2013-2015.

Performance indicator: Availability of a validated global satellite product of total evaporation.
Annual Cost Implications: 1-10M USS (10% in non-Annex-| Pariies).

Action T8 [IP-04 TG]

Action: Submit weekly/monthly lake level/area daia to the International Data Centre; submit weekly/monthly altimeter-
derived lake levels by space agencies to HYDROLARE.

Who: National Hydrolegical Services through WMO (CHy. and other institutions and agencies providing and holding data;
space agencies, HYDROLARE.

Time-Frame: 90% coverage of available data from GTN-L by 2012.

Performance Indicator: Completeness of database.

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

Action T10 [IP-04 78]

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

Who: National Hydrolegical Services and other institutions and agencies holding and providing data; space
agencies.
Time-frame: Continuous.
Performance Indicator: Completeness of database
Annual Cost Implications: <1M USE {40% in non-Annex-| Parties).

Action T13

Action: Develop a record of validated globaliy-gridded near-surface soil moisture from satellites.

Who: Pariies' natonal services and research programmes, through GEWEX and TOPC in collaboration with
space agencies.

Time frame: 2014.

Performance indicator Availability of globally validated soil moisture products from the early satellites until
now.

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

Action T14

Action: Develop Global Terrestrial Network for Soil Moisture (GTN-SM).

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

Time frame: 2014.

Performance indicator: Fully functional GTN-SM with a set of in sifu observations {possibly co-located with
reference network, cf. T3}, with standard measurement protocel and data quality and archiving procedures.
Annual Cost Implications: 1-10M USS$ (40% in non-Annex-| Parties).
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[tion T16 [IP-04 T11]

Action: Obtain integrated analyses of snow cover over both hemispheres.

Who: Space agencies and research agencies in cooperation with WMO GCW and CJC, with advice from TOPC, AOPC
and IACS

Time-Frame: Contnuous.

Performance Indicator: Availability of snow-cover producis for both hemispheres.

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

Action T20 [IP-04 T14)

Action: Ensure continuity of laser, altimeiry, and gravity satellite missions adequate to monitor ice masses over decadal
tmeframes.

Who: Space agencies, in cooperation with WCRP (i} and TOPC.

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

Performance Indicator: Aopropriate follow-on missions agreed.

Annual Cost Implications: 30-100M USE (Mainly by Annex-I Parties).

Action T23 [IP-04 T17]

Action: Implement operational mapping of seasonal scil freeze/thaw through an international initiative for
monitoring seasonally-frozen ground in non-permafrost regions.

Who: Parties, space agencies, national services, and NSIDC, with guidance from Internatonal Permafrost
Association, the IGOS Cryosphere Theme team, and WMO GCW.

Time-Frame: Complete by 2013.

Performance Indicator: Number and guality of mapping products published.

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

Action T24 [IP-04 T19]

Action: Obtain, archive and make available in sifu calioration/validation measurements and co-located
albede products from all space agencies generating such products; promote benchmarking activities to
assess the quality and reliability of albedo producis.

Who: Space agencies in cooperation with CEOS WCCV.

Time-Frame: Full benchmarking/intercomparison by 2012.

Performance Indicator: Publication of inter-comparison/validation reports.

Annual Cost Implications: 1-10M USS (20% in non-Annex-l Parlies).

Action T25 [IP-04 721]

Action: Implement globally coordinated and linked dala processing to retrieve land surface 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 Programme.

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

Performance Indicator: Completeness of archive.

Annual Cost Implications: 1-10M US$ (Mainly by Annex-I Parties)

32



Action T27 [IP-04 T26]

Action: Cenerate annual products documenting global land-cover characteristics and dynamics at resolutions between
250 m and 1 km, according to internationally-agreed standards and accompanied by statistical descriptions of their
accuracy.

Who: Parties’ national services, research insttutes and space agencies in collaboration with GLCN apd. GQEC-COLD
research partners and the GEO Forest Carbon Tracking task team.

Time-Frame: By 2011, then continuously.

Performance Indicator: Dataset availability.

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

Action T28 [IP-04 T27]

Action: Generate maps documenting global land cover based on continuous 10-30 m land surface imager radiances every
5 years, according to internationally-agreed standards and accompanied by statistical descriptions of their accuracy.

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

Performance Indicator: Availability of cperational plans, funding mechanisms, eventually maps.

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

Action T29 [IP-04 T25f"

Action: Establish a calibration/validation network of in sifu reference sites for FAPAR and LAl ancd conduci

systematic, comprehensive evaluation campaigns to understand and resolve differences beiween the
products and increase their accuracy.

Who: Parties' national and regicnal research centres, in cooperation with space agencies coordinated by
CEOS WGCV, GCOS and GTOS.

Time-Frame: Network operational by 2012,
Performance Indicator: Data avzilable to analysis centres.
Annual Cost Implications: 1-10M USS (40% in non-Annex-1 Parties).

Action T30 [IP-04 T30]

Action: Evaluate the various LAl satellile procucis and benchmark them against in sifu measurements to
arrive at an agreed operational product.

Who: Partes' natiocnal and regional research centres, in cooperation with space agencies and CEOS
WGCV, GCOSI/TOPC, and CTOS.

Time-Frame: Benchmark by 2012.

Performance Indicator: Agreement on operational procuct.

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

Action T31 [IP-04 T28]

Action: Qpearationalize the generation of FAPAR and LAl products as gridded global products at spatial
resolution of 2 km or better over time pericds as long as possidle.

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

Performance Indicator: One or more countnes or operational data providers accept the charge of
generating, maintaining, and distributing global FAPAR products.

Annual Cost Implications: 10-20M USS {10% in nen-Annex-l Parties).




Action T32

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

Who: Parties, space agencies, national instiiutes, research organizations, FAC in associaton with GTOS,
TOPC, and the GOFC-GOLD Biomass Working Group.

Time frame: 2012.

Performance Indicator: Availability of global gridded esiimates of above ground biomass and assocated
carbon content.

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

Action T34

Action: Develop globally gridded estimates of terrestnal carbon flux from in situ observations and satellite |
products and assimilation/inversions models.

Who: Reanalysis centres and research organisations, in association with national institutes, space agencies,
and FAO/GTOS (TCO and TOPC).

Time Frame: 2014-2019.

Performance indicator: Availability of data assimilation systems and global time series of maps of various
terrestrial components of carbon exchange (e.g., GPP, NEP, and NBP).

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

Action T35 [IP-04 732]

Action: Reanalyse the histerical fire disturbance satellite data (1982 to present).

Who: Space agencies, working with research groups coordinated by GOFC-COLD.

Time-Frame: By 2012,

Performance Indicator: Establishment of a consistent dataset, including the globally available 1 km AVHRR data record.
Annual Cost Implications: 1-10M USS (Mainly by Annex-1 Parties).

Action T36 [IP-04 T33]

Action: Continue generation of consistent burnt area, active fire, and FRP products from low orbit satellites, including
version intercomparnisons o allow un-biased, leng-term record development.

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

Time-Frame: Continucus.

Performance Indicator: Availability of data.

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

Action T37 [IP-04 T34]

Action: Develop and apply validation protocol to fire disiurbance data.
Who: Space agencies and research organizations.

Time-Frame: By 2012.

Performance Indicator: Publicaton of accuracy statstcs.

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

Action T39

Action: Develop set of active fire and FRP products from the globa!l suite of operational geosiatonary satellites.
Who: Through operators of geostationary systems, via CCMS, GSICS, and COFC-CGOLD.

Time-Frame: Continuous.

Performance Indicator: Availability of proeducis.

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

e D
Action Text

H
~Action Development Teams

Community Feedback Groups

AB

Ensure continuity of satellite precipitation products.

Cal WG

Precip Constellation, CGMS IPWG, GPM X-

1
4.
5

:A11

Ensure continuous operation of AM and PM satellite scatterometer
or equivalent observations.

OSVW constellation

6

A19

Implement and evaluate a satellite climate calibration mission,
e.g., CLARREO.

CLARREOQO and TRUTHs Teams

A20

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

IASI/AIRS/CriS Team, GSICS

NOAA MSU/AMSU CDR Team, EUMETSAT,

Ensure the continuity of the constellation of GNSS RO sateliites.

Working Group (IROWG)

CGMS International Radio Occultation

Continue the climate data record of visible and infrared radiances,
e.g., from the International Satellite Cloud,Climatology Project,
and include additional data streams as théy become available;
pursue reprocessing as a continuous activity taking into account
lessons learnt from preceding research.

Research to improve observations of the three-dimensional spatial
and temporal distribution of cloud properties.

Ensure continuation of Earth Radiation Budget observations, with
at least one dedicated satellite mission operating at any one time.

NASA Langley, GEWEX

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

Establish a network of ground stations (MAXDOAS, lidar, FTIR)
capable of validating satellite remote sensing of the troposphere.

CEOS WGCV ACSG (Bojan
Bojkov?), Jay Herman (NASA)

Maintain and enhance the WMO GAW Global Atmospheric CO2
and CH4 Monitoring Networks as major contributions to the GCOS
Comprehensive Networks for CO2 and CH4.

CEQOS Carbon Task Force

Assess the value of the data provided by current space-based
measurements of CO2 and CH4, and develop and implement

proposals for follow-on missions accordingly.
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