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EE§£ 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.

e 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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CEDS

Gt it 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.
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- High Priority Issues

e 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
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g&éﬁ GCOS Satellite Supplement

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

..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
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31.3. ECV Upper-Air Temperature

Data on upper-air temperatures are of key importance for detection and attribution of tropospheric and
stratospheric cliimate change. Temperatures measured by high-guality radioscndes are used as a
reference for salellite-derived temperatures to characterize their errors and fo assist in correciion of
bizses. Upper-air temperalures are crucial for distinguishing the waricus possible causes of climate
change and for the walidation of climate models, and they can polentially 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
Microwawve Sounding Unit A (AMSU-A)} have become key elements of the histoncal climate time series,
and their measurement neads fo be continued into the future fo sustain a long-term record. The MSU time
saenes have been used for nearly two decades to estimate temperature frends. They are being continued
with data from AMSU-A and other microwave sounders. These time series can be interpreled as deep
layer mean temperatures derwved from linear combinations of microwave scunder brightness
temperatures. Layer-mean temperaures in the middle to wpper stratosphere are inferred from the
Stratospheric Sounding Unit, S5U {1979-2008) and AMSIU-A (1998 io present). Layer-mean temperatures
in the mesosphere can potentially be derved from the Special Sensor Microwave Imager SSMUS (2004 to
presant). The new adwanced infrared sounders, such as the Atmespheric Infrared Sounder (AIRE), the
Infrared Atmospheric Sounding Interferometer (&SI}, and the future Cross-Track Infrared Sounder {Gr)S)
improwve the verical resclution and stability of satellite-derived temperalure soundings.

GPS radie ccculiaton {RO) measurements of bending angle relate direcily to temperatures above about
Skm sltitude {where water vapour effects are small). They provide benchmark cbeservations that can be
used lo "caliorate” the clher types of temperature measurement. GPS-RO instruments are flown on
multiple low Earth orbiting satelites. The COSMIC [Constellabon Observing System for Meteorology,
lonosphera, and Climate) fieet of sateliites provides realiime data, and the GMNSS Receiver for
Atmospheric Sounding (GRAS) instrument is the first of a series of operational GPS-RO instruments.
Real-time use of the data has been established and & positive impact on Numerncal Weather Prediction
[NWP} has been demensirated. Provision of a consistent time series of bending angles is developing for
climate applications. The introduction of other GPS constellations {e.g., Galiec) offers opportunities for
further improvemenis in cowerage. 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 temperaiure scunding data, along with radicsonde, GPS-R0O, and aircraft daia alse play an
important role in reanalyses of temperature and other upper-air variables. High spectral resclution infrared
radiances as proposed for the reference-iype CLARRED mission can be used as anchor peinis for
reanalyses, calibration of ether infrared radismeters, and validation of climaie models.

Detailed global-scale analyses of temperaiure are best oblained from reanalyses for many applications,
although retrievals of tamperature profiles confinue te be used in climate research. In either case, EGRRS.
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| Product A.3.1 Upper-air temperafure retrievals

. Target Requiremeants

. Herizontal | Vertical Temporal .
Variable! Parameter Resolution | Resclution | Resolution Accuracy | Stability
Trepospheric ternperature profile 25km 1km dh 05K 005K
Stratosphenc temperature profile 100km 2km Ah 05K 005K

']

Im additicn to the temperature records derived from profile retrieval or reanalysis combining different
observations (satellites, i sifw), it iz necessary lo prowide independent salellie-besed analyses of
temperature for wvalidating vanability and frends. These analyses are usuwelly underaken with an
understanding of the regiens of the atmosphers where saielliies can provide the most accurate
measurements {e.g., M5U-equivalent radiances, GP5-RO analyses).

| Product A.3.2 Temperature of deep atmospheric layers

Target Requirements

. Herizontal | Vertical Temporal -
Variable! Parameter Resolution | Resclution | Resolution Accuracy | Stability
100km Gkm 02K 002K
layars AVErages
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249 Benefits
a0 *  Manitoring and delection of Eamperature frends and variability in the troposphere and stratosphere ai
a1 global and regional scales
a2 *  Walidation of climate meodel predictions
a3 *  |nput to reanalyses
34 = Linkage with trends in surface air iemperature
a5
a8 Currently achievable performance
ar = MSU trends in the froposphere show difterences bebween different data products but are generally in
a8 closer agreemeant with trends from newly homogenised radicsonde data than with frends computed
a8 earlier from radiosondes
40 =  GPS-RO accuracy within 0.1 K and has exceplional stability, and already mests the target in the
41 upper treposphene and kower stratosphere
42
43 Requirements for satellite instruments and satellite datasets
44 EGDBRs of passive microwave and |IR-based satellite data for use in reanalysis, for example:
45 *  [ngoing provisicn of advanced IR scunder capability, such as AIRS, 1AS], and CrlS,
46 + Homogenized consistent reprocessing of TOVE / ATOWE daia record
47 = Use of other available stable sensors in orbit for determination of absclute biases and intersalibratinn.,
48 of operational zatelliies
449
50 EGREs of past and fulure data records from passive microwave and IR sounding and GMNSES radio
51 occultation, for example through:
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1 * Passwe microwave and IR scunding from af least twe satelites in low Earth orbit using instrumenis
2 with spectral and scanning charactenstics to provide global coverage and contnuity with the past
3 record
4 = A long-term canstellation of GPS-RO measurements to continue the limited record established by
5 past and present missions
g = SSU FCDH for middle and upper stratospheric layer mean temperatures frem 1979-2008
7
H Calibration, validation and data archiving needs
] = Differences in trends estmated from MESWAMSU radiances point to the need for improved
14 adjusimants for effects of instrumental and orbital drifts and inter-satellite diferences
11 = Usze of GPFE-ROD fo validate absciute accuracy of MEWAMEL mean temperatures
12 = Development of Sl-traceable standards for absolute calibration of microwave instruments
13 *  |obercalbreted HIRE usimg hegh guality AIRS and IAS] and, in the fulure, using 3l traceable
14 mieasu raments
15 = Buppert for GRUAN and cther ground-based cbservations for validation of future satellite data records
18 = Use of GSICS bias-correction coefficients and bias-adjustment informaton from reanalysis for
17 operational sounders {e.g., MELU, AMELU, HIRE, 55U}
18 =  ltze of NWP to monitor sudden changes in measuremeant biases
148
20 ﬁ.l:leq uacylinadequacy of current holdings
21 Some uncertainty remains in MELAMEU-based temperaiure Erends, despite progress in
22 reconciliation with other esfimates
23 *  Accuracy iz generally adeguate for inferannual climate vanakbility
24 = Work has stared to put together GF5-R0 data as a climate data record
25
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26 Immediate action, partnerships, and international coordination
27« Extend current microwave FCDRs with new sensors (e.g., ATMS, FY-3, S5MIS)

28 «  Asgess the accuracy of SSMIS for upper stratospheredlower mesosphere temperature trends

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

30 « Construct an FCDOR of bending angles from GPS-R0O data

31 «  Continue intercomparisons of advanced IR sounders, imagers, and, later CLARREO if possible to

32 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

34 «  Use GRUAN to provide reference temperatures

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

e
[}
L]

38 Link to GCOS Implementation Plan

39 fIP-10 Action A20] Ensure the continued derivation of MSU-like radiance data and establish ECORs from
40  the high-resolution IR sounders in accordance with the GCMPs

41 fIP-10 Action AZ271] Ensure the continuity of the constellation of GNSS RO satellites

43 Other applications

44 *  GP3-R0O has potential for monitoring height of inversion layers (i.e., the tropopause and boundary
45 layer)
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CE@S GCOS satellite supplement

s E— provides
 Products, Target Requirements, Benefits

e Rationale
e Currently Achievable Performance

* Requirements for satellite instruments and
data

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

e Immediate Actions, Partnerships and
International Coordination.
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SE§§ 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

e Can include 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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E.E@? Approach (1/2)

47 Actions to respond to.

e |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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CEO®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
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Cammitie aw Eevih Msoersalion Satsllies

Status since Plenary

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
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CEOS Climate Action Template - Describing activities for 2011 - 2015

GCOS Action AZ1 [AZ0 (P-04]

Actlon: Ensure the continuity of the constelation of GNSE RO satellfes.
‘Who: Space agencies.

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

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

Annual Cost implications: 10-30M USS (Mainly by Annex-l Partes).

+  CEDS Action AZ0
+  Lead CEOS Agency : NOAA

= Contributing agencies: NASA, EUMETSAT

+  Team Leaders: CEOS agency membars, Dave Ector (NOAM), ca-lead: Axel van
Engeln (EUMETSAT)

= Members: K. Halmlund, D. Klaes, C. Marguardt, J. Schmatz [EUMETSAT)

= International Coordination Bodies: Intematianal Radio Oocultation Warking Graup
{IROWG) under Caordination Group for Meteorolagical Satellibes (CGMS)

= D iption of the Dali }: Continuity in GNESE Radic Occukatian (RO)
Atmospheric Profies avadable for Near-Real-Time (NRT) use and Climate

- SBignificance of the Deliverablojs):

Radio occulatian (RO) measurements pravida high verlical resclution profiles of
atmospherc refractive index that relate directly fo temperadures abave about & km
altitude {whare water vapar effects are small). They also provide benchmark
abservations that can be used {o “calibrate” other temperature measuwrement. and
supplemant the GRUAN in this regard - the CLARREQ mission also includes a RO
receiver. A posifive impact in NWP modals has been demanstrated, the data iz Jis
plannad to be operationally assimilated at all major NWP contors. axpaciad that
cansistendly re-processed RO data will provida statistically significant iemperaiurs trands.
in the upper fropasphere and stratosphere ance a record of about 15 years is available.
This is. within reach and does call for a coordinabed approach 1o processing of RO data

in & consiztont way. Presumably this cbjective iz achieved best by data pracessing fram
diffarent saurces in one processing centre. Full access o all avalable data in parScular

for NWP and Near-Real-Time [NAT) access is nat guaranteed. More coordination on
international lavel is required fo assure high quality  availabiity of data.

Accuracy reguirements:

Accuracy af RO prafles degend on alibude, lacalion je.g. waler vanor vasiability), and
the pracessing level. For temperaturs, i is < 1 K (6 km - 35 km}.

Stability requirements

A0 is highly stabls across platforms since i is based on a moasure of Bme.
Marizantal resclution requirements

A0 chaarvatians ara in limb viowing geametry, they average over some 100's of km.
Wertical resolution reguirements

Up fo abaut 0.1 km {limb =ounding), iz alitude depond, genarally = 2km.
Timeliness requiremants

NWP: about 2 hours, shorier latency is desirable, prefierably < 1 hour. For ionospheric
real fime applications, latency should be around a few minules maximum.

Data Requircments
= Continuity of key data sets

Two main issues need to be considered: | 1) availability for NWP medels that require
MRT data: [2) availability for cimate maonitoring and re-analysis projects, whers data
lakency is ralaxed, but a consistontly processed and re-processod sot is reguired.

Continuous RO data is available from 2001 by CHAMP {provided 150 - 200
oocultations per day, already showed a pasitive NWP impact). In 2006, COSMIC and
GRAS ware launched, providing - 1000 occuliations per day. These showed a larges
NWP impact and no sign of model saturation. COSMIC is howaver closa to its end of
mission, currently about 1700 cocultations are available (some from research
missions). GRAS is the only aperational RO instrumand, providing - B0 occukations.

There are several naw RO instruments, all can potentially contribube to the global
chserving systom but ara often insufficiantly funded for NRT coerations. The
implemantation of SOSMIC-2 is also ongoing, potenfally with mono satelibes in low
inclinafian crbits, or fa use commarcial safaliftes (Iridivm-Mext, Cicerc)

The use of RO data far climate assessments, as well as for re-analysis projects,
requires that all dada is archived, including GMES data. Experiise in the continuous
re-processing of these RO data sets also needs o be maintained; this is in particular
problemafic for research missions, where funding is often shart fermed.
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= MWew datasets potentially improving product over next & yoars

Impravements. are coming from (1) increased number of available occultafions, e.g.
with now GNSE and new RO recaivers; (2] RO instrumend updates: (3} bedter error
characiensiics, 2.dimensicnal cperatars, ol for usa in NWP modsls.

- Koy dataseis for validation

RO insbruments can best be validated {1) agains! other RO instruments; (2] against
maded data. For (1), there shauld ideally be a “reference” instrument providing high

guality data {Cumently, GRAS can be considered a reference]. Madel data allows o
validate all RO dabte and has a well established quality candrol ! eror azsassmant.

= SBrionce Reguirements

RO dada requires na calibration since it is basically a measure of time. However,
valdation / comparison o model data and othar RO instruments is required.
Experiise for the processing, re-processing of all available B0 dada is essential.
Ceardinatian amang R0 pracessing cerders for NAT wsa is also requiced.

= Key activities and time frames to meet defiverables (20441 - 2018).

= Build up a ground statian nobaork that assures data download from resoarch
saballites in MAT. Include low latibude stations fiar low indinafion safellites.
«  Support consbellation of RO insbruments: try fa inclede RO instruments an all

metesrclgical Low-Earth-0Ork# satellites.

= Assure avaiability of GPS data in NRT [and exiend this to Galileo / ofhers once

avaiabls).

= Build up RO pracessing ! re-processing expertise for all missions at several
centers worldwide to allow the genaration of consistent data sets.

= Funding

= Currend funding covers operafional missions [EUMETEAT's METOP saiellibes),
partly the US-Taiwan COSMIC-2 mission [awaiting US Government approwal )
and also guite a few RO missions on research sadellibos. Thore is howewer a
need o secure furding for a sustained consisient processing of all data by one ar
two oenters, presumably operafional ones. In additian MRT download and
procassing ! dissemination activities ane insufficiantly funded for rasearch

=aballites.
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Sysfematic Observafion Reguirements for Satellite-besed Products for Climate (20411 Update) —
Supplamental Details to the GCOS Implementation Plan — DRAFT version 1.1

Product 0.6.1 Ocean colour radiometry — water leaving radlance
Product 0.6.2 Oceanlc chlorophyll-a concentration derived from ocean colour radiometry

CEOS Climate Action Template - Describing activities for 2011 - 2015

GCOS Actlan 015 [IP-04 018]

Actlon: Imalement cortirulty of coean calaur radiance dasasets through the plan for an Goean Calowr
Radiometry Virtual Constellation.

Who: CEOS space agencies, In consultation with IOCCE and GED.

Time-Frame: Continuing.

Perfarmance Glabal e with cansstent
imto agreed archives.

g according to the GEMPs; fliow of data

Annual Cost implications: 301008 USS (1% in non-Annex- Farties).

- CEOS Action : AR«3.02a_, Ocean Coleur Aadiom ebry Viruz| Constellation

+  Lead CEOS Agency - EGMRG. NASA, JAZA (in future ES& and ISRO|

= Confributing agengies: Al DCH operating agercles members of DCANE and IDCCE
- Team Leaders: CEOS agency member, colead

= Members: as abova

= International Coordination Bodies: Ccean Caleur Rediometry Yirwal Consicllation,
Infernational Coean Colour Coondinating Group

- Description of the Deli (s}

Ocean cokur radiance is the wavelengih-dependent salar sncegy capsured by an opfical sensar
locking at the sea surface. The spactml disiibution of the water-leaving radiance cantains
information an the scean albeda ard oplical consttuents of $ie sea water, in particular the
cancentration of the phyiaplankton pigment chlorophyll-a {a proxy for phyloplankion biamas
Deriving coran solour products is not casy because the waterleaving radiance signal is
molatively weak af the altitude of a satellite sensor {only 5-15% of incident solar radiaficn, the
memaining light having an atmosphoric ariging.

DOcean colour radiometry (OCR) obsarvations from space hawe revealed decadal-scale changes
in the cooan biosphere. Passive ocean colour sensors observe only the first optical depth of the
acean (43- B3 m in the open coean io less than 1m in tubid coaslal waiers). However, when
coupled with in sity observations and numerical madels, these space-based observations
pravide a three-dimensional understanding of ocean processes, $er complaxity, and their
interackions with other parts of the Earth system. Therein, enhonced in sy samplng of cccan
calour and ecosysiem varables is a reguirement and complement bo salelie-based data.

The Fundamental Climate Data Record {FCOR) for coean colour is the time series of
«calibrated top-of-atmosphere [TOA) radiances which ane then corrected for the atmespheric
cantriution to the signal, io ablain the waler-leaving radiance suite from which daia producis
such as chlorophylla concentration ane derived. The maost important ocean colour ECV
preducts are the normalized water leaving radiances and chlorophyll-a cancentration.
Oihier producis ars in dovalopment such as caloured dissolved organic mattar and particulate
backscatter [used o estimate iofal suspended material). OCR products are the anly
measuremanis relabed fo biolagical and biogecchemizal pracesses in the acsan that can be
routinely chtained a2 coran basin and global ocean scales. These products are used fo assess
acoan soosystem hoakh and productivity, to undersiand the role of the aceans in the global
warban cycle, ta manage fving marine resgurces, and to quandify the impacts of climate
wariability and change.

= Significance of the Deliverablels):

= Ooean colour praducts canstitute the only satelise-derived warkables af the marine biosphere.
The Cxean colour climate datw necord is fundamemmal for climate monkorng and identifying
trends of primary producers in the marine biasphere.

= Quaraification and monitering of ccean ecosystemns through the wse of Ocean Colour data in
cean 2nd ccosystem models fincluding assimiation)

= Chicrophyll-a and derived products linked to carben-cycling, including fluxes between the ccoan
and the atmasphere.

= Heating of surface layer through the absoration of sohr iradance, contributing o moed layer
depth dynamics

- Mew products providing synoptle Insight Inte phytoalanktan ecology such as Phyioplankbon
functional Types [FET)

«  Ecological indicators of the marine environment and mapaing of marine ecalogical provinoes

= Products of the distribution of coccodthophaores in contriaution to studies on aczan aciddication

- Accuracy requirements

= Accuracy: 5% forwater leaving radances (for the blue and green wavelengths) and 30% for
chicraphyll in the concentratlon range 8.02-10 mg . m*-3 in Case 1 waters. Fanned, next
generation, OCR sensers (e.g. PACE and ACE} alm 2t achleving improved accuracy [Le. < than 5%
for water leaving radiance and 20% for chiorophyll “a” concentration). The CCH ECY time-series
will undowdtedly benefit from this additional capabliity

= Targelk E%* Planined:5% Threshold {curmant): 5-15% - Far
water loaving radiance

= Targek 30% Plannad: 3% Threshold {curmant): 30-T0% - For
Ehiorophyll

*this 5% reguirement (s soecficalby for the biue and ereen waveleneths
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- Stability requirements

= Target 0.5%* Plannad: Threshold {curent): - Far water
leaving radiance

-+ Target 1% Plannad: Threshokd (curment): - For
Chicrophyll

= Harizontal resclution requirements.
= Targek 4km Slannad: 4km  Threshold{curentl: 4bm
= Wertical resolution requirements
= Target nia Plannaod: i Threshol: nfa
= Dbsereation Cycle requirements
= Target 1d Planmad: 3d Thrashold: 7d
= Data Requirementis
- Continuity of koy data sabs

= FCOR of appropriste mukispectral V& Imagery, derived from sensors with spectral and
radiomeiric characteristics which should be at a minimum of the same chass as SeaWIFS

= Sustamed continulty of current provisien of MODIS and MERZ-dass, followed by development
of a strategy based on advances deyond MODIS, MERS and SeaWliFs-rass capablities

= Sasoifin obsereations wiN highor rosolutian and accuracy acd mare spectml bancs from poiars
erbiting and grostatiorary satniiies; improved capabiity for ooean calour abseratons in cptically
compien o.g... coastal and lurbld waters) and freshwater systems

= Meow datasels patentially improving product ever nost 5 yoars

= Where releant plesbbyeplesl uncertainty information should be attached to each
measurement This |5 particulary relevant for the products derfved from the water leaving
radanoes, where large spatial dfference are manifested.

+ Koy datasels for validation

+  improwe the network of /in sity measurements for calibration purpozes including appropriate
alanning and coordination |s required to improve the limited spatial coverage of in s
mEasUrEmEnts.

- agencles should contnue to support bio-optical systems [eg., MOBY, BOUSSOLE) for inosiu
data collection ta ensure 2pprogriate vkariows calibration of spaccborne sensors.

= sgencies should equally enable the maimtznance and expansion of insfu measdrement
networks jeg. AERONET-GC) praviding standardised and spatialy disributed time-series for the
walidation of GCR ECV produwcts.

- Srionce Roquirements
= Calibrationfintercalibration

= Pramate the coliection of comprehensive globally distrisuted In-situ bla-aptical (soth inherent
and apparent} properties of seawater constituents to suppor: algorithm development and
assessmenk.
= Inkorcomparisons

- “ammonize the methodologies and protacals for the vicarious calbration of 908 sensars

- Promote the augmeriation the Argo profling drifter network fo Include the addion of sensors
for chserving the biobgkal and Ight field variables In the surface ocean. Separate
configurations should be implemented for walidation purposes and to Improve symoptic
tnowledge on the 30 structure of the ccean biology and blogeodhemistry.

+  Mare Intematiceal collaboratian on estanishing centralzed datn archive and distibution cectens
%or in sRu data such as the SeaBASS and MERMAID systems.

= Further steps should b= mken to strengihen OCA data stewardshin acthities for satellite OCR
data record Including tools that orovide easy access to multiple scurces of satellite and in situ
data. Tools should also be prosided for the reguiar processing and anadysis of combined data
sets

= Key activities and time frames to meet defiverables [2011 - 30156

= Define and Implement an international inftative o establish an integrated network for senser
niter-comparson and uncertaimty assessment for Ocean Colour Sadlometry.

«  Cansolidation and assessment of a glaba! GCR ECV based on cross-calbrated OCR FCOR fom
muRipe satellRes which should be menged to provics an Essential Climate Vanabie product of
water-loaving radiances Soginning win the visiblo spectrem

= 'What can be achieved with current funding?

+  Gontritions sa OCR EGY data recerd Inclsdo curent and commissioned polar-cebiting global
ACR satelite misskans, particulark SeaWES, MERIS on Ervisat, MODISAgua, OCM-2 oo
Oceansat-2, OLC! on Sentingd 3A and 28, 5GLI on GCOM-C. VIIRS on NPOESS-CY (and
Eessibly on NEF], ans future NASA and CNES Instrumants under consderaton, Ouner
Instrsmonts such as Gronars COGTS and Koroa's recandy launchod GOCH on geastationary o
@EOEITChIONGLS 31 2is0 of comsiderablo Intorost, and whik thoso aro no <oilocting global data,
a constelation of acean colour mcicmeiry o goostationary or geasynchronous alatior s would
oo Imwaluaizos dor addressing the aforemenSoned cancems in coastal and regional applications,

= 'What additional funding is recommended?

« Additional resource required to define and Implement an imternational Intlative to estabdsh an
ritegrated network far sensar inter-comaarkson and uncertainty assessment for Gcean Caolowr
Radiometry.

= Additional resources required to sustain and enfance vicarious calibration capabilay. Alse
resgurces required to expand peographis validation capability {specifically in coastal regions e.g.
through the expansian of the AERONET-OC network.

= There is no systemati consolidation of a global FCDR based on existing data from SeaWirs,
W05 and MERIS {aithough programmes In this direction hawe started e.g. B34 C00 for GCR,
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|ICEDS Climate Action Template - Describing activities for 2011 - 2015

GCOS Actlon T38 [IP-04 NONE]

Action: Develop et of active fire and 58P preducts fram the giobal suite of aperational geastaticnary
satelites.

Who: Through operators of geostationary systems, vis CEMS, G51C5, and GOFC-GEOLD.
Thme-Frame: Continuous,
Performance indécator: Availability of preducts.

Annual Cost implicatians: 1-10M USS [Mainy by Annex-1 Partles).

« CEOS Action XO(:
- Load CEOS Agoncy - NOAA
= Contributing agencies: EUMETSAT
«  Team Leaders: CEDE agency members, bean Csiszar (NOAA NESDIS), co-leads:
Hans-Joschim Lutz 77 [EUMETSAT), Christopher Schmidt [UW-Madison, CIMSS),
Mardin Wacster [Kings Collage, Landan)
= Membars: E. Prins (LW-Madison CIMSS - consulbani)
= lInternational Coordination Bodies:
= GOFC-GOLD Fire Implementation Team
« Coordination Group for Matecrolagical Satellites (CGME)
= Ghobal Space-based Inter-Satelite Calbration System [GEICE)
« CEOEWGCVY LPY

= Description of the Deliverable(s):

The delverable is siandardizad lang-term active fire and Fire Radiative Power (FRP,
‘Watts or J5) products from the global suite of oporational gecstationary satellitos.

The active fire produst provides infarmatian on the locafion of pikals cantaining fine
activity and asscciated metadata. Dedailed metadata is cnocial for the proper
interaretason of sctive fire preducts especially given the significant éffcronces in the fire
manifaring capabiites of the global geasiatianary satallie systoms, Motadata should
include spacifics such as: an indication of the fire pixel confidence level; satellite and
procassing cowarage rogians; algarithm block-oul zanes associated with viowing

geametry, salar reflecticn camamination, and specific biomes; data and algarithm
anamakes and limitations; mstrument saturation; an apaque chud mask: atmaspharic
atterualion infarmation: and goo-location characterization uncertaintics.

Fire Radiative Power (Watts or Jis) is the time derivative of e fire radiabive anergy,
which is propartional to the biomass consumed by e fire. Muliple FRP chservations
can in principle provide estimates of total fire emissions {C0:, FM 2.5, eic.) thraugh
astimating Sme-integrated Firo Radiated Snargy (FRE]

Significance of the Dy

Fire is & global phanomonon with large variabilty in both me and space. Itis an
impartant ecosystem disturbance factor and contributes to abmosphernc emissions on
multipia tme scalos.  Ackiva fires hava a strang divmal component and gecstationary
manitaring is assendial far praviding & more complete view of regianal, diumal, seasanal,
and interannual variability in fire activity, Detoctian of aclive fires is also required by
some burned area product algarithms. Active fire informatfion can serve as part of the
walidation precoss for bumed arca products and divmal information on emissions is vital
for medeling applicafions. In racent years modelers have shawn inferest in ulilzing fire
radiative energyioower ta charactarize emissions. One may assert that the iatal FRE of
a fire is directly relaied fo mass cansumed by the heat of combustion, which can then be
relatad to PM 2.5, CO; and ather amissions.

Due to the disparity and inadaguacy in rogicnal and national fire reparting predocals,
satalife remoie sensing represents the most suitable and cost effective method for
cansistent, long-term regicnal and ghobal scale monionng. Ower the past 10 years the
use of goostalionary sateliites far both diumal fire detection and characterizafon has
grown approciably with applications in hazards manitoding. fire weather farecasting,
dimate charge research, crnissions monitoning, aerceal and face gas franspart
modaling, air guakty, and land-use and land-cover change detoction.  Cumrent [GOES-
S0, Met-B58, MTSAT-1R, FY-2C/20) and fubure [indian INSAT-3D, Russian SOMS
Elekiro L MEU-GE, Korean COMS) aperational gecstadionary platforms wil enable
nearly glabal gecstafionary fire monitoring with significant imgrovements in capabifiies
aver the next 5.7 years (g GOES-E, MTG)L

Accuracy reguirements

Akhaugh active fire products and FRP from the current global geastafionary sensars are
fimited by tha rolativaly coorse resalution (4-5 km at sub-satellites point) in the 3.9 and
14 pm bands, thiz will improva over the next five yoars, The requiremants for nest
generation goostadianary sonscrs (2 km rosolutian) imclude o detecSan rate of 50 far
fires omiting more than 75 MW within a fire temperature range of 500 1o 9200 K and a
mapging accuracy of * km [at sub-sateflite point).  Estimates of sub-pixel fire radiative
power ane requined to be within 0% of truth.
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The accurscy of currant and future global geostaticnary active fire and FRP products is
dependent on a varisty of factors inchuding spatial resalution, viewing condiicns {e.g.
wiewing angle, cloud coversge, solar contamination, afc.), calibration and noise levels in
tha 3.9 and 11 um bands at higher iemperatures, and multi-spectral data pre-pracessing
chains.

= Gtability requirements

Sensor weed for fire detection and characterizafion need to be cansistently and
systematically cafbrated ot the high end of the dynamic range. Sensar saturation lavels
nead bo be well known and siable aver ime and sensar behavior af and beyand
saturation noeds io ba propedy charactarized: sonsee artifacks need fa be minimized ar
aliminated.

= Harizontal resclution requirements

Horizontal requirements far nod generation global gecstatianary fire products and FRP
are an the crder of 2 kem [at sub-satellite paint).

= Vertical resolution requirements: This is not applicable. since global geostationany
active fire and FRP are land surface producis.

+  Timeliness roquirements:

Global geasiationary active fire products and FRP must be made avadable in near real
time with a masimum data fatency of approximately & minufes. Opdimal latency is on the
arder of 1-2 minubes.

« Data Requiremenis
-+ Continuity of key data sats

A global gaostaticaary fire manioring network is toskaically foasibl but must be
supparted by cperalional agencies fo sustain the aciivity and praduca slandardizad
long-tarm data records and desived active fire producis and FRP of known accuracy.
This requires commitmeant from cacrational agencies far angoing suppart of global
geostationany fire monitaring through approprinte sonsor design and application and
subseguent cngaing charactarization and consisient validation grograms. A major
constraint with soma of the curnent operatianal geostationary sensaors is law
saturation in the 3.8 pm fire channel which severely hinders the abiliy o detect and
characiedize fires during peak salar heating whan many anthropagenic fires oocur.

The dewclopment commuridy, implementation icams, and operational fire predusct
producers require tho following information/data:

+ near realdime accass (< 5 minutes) b well calibrabed and navigated full spatial

resolution mulS-spesiral global gecstationary data
detailed informalion an data pre-processing chains
- indication of zaturation of pra-aggregatad datackar samples in bath the 3.5 and 11
o bands
- calibration of the 3.5 and 91 um bands at higher temperatures
= noise characterization at higher temparaiures
band-ta-bard co-regisiration information
- irformation regarding point sproad functicas.

Speciially, thare is @ meed for minimum and ideally ne smacthing o Jikering of
infarmastian within tha 3.0 wm band, and for detailed characienzation of &
bayond 00K and up &5 ke saturafion point. | is imparative that agenci
daotailed information on how ohsarvafions in this channal ars pre-pracessed and
converied %o level ¥ radiance imagery from which fine praducts will be desived.

+ New datasels palentially improving praduct cwer nexd 5 years

Tha recent launch of the Korean COMS and Russian GOMS Electro-L MSU-GS
platforms and the expected launch of INSAT-3ID in 2011 wil enable nearty global fire
manitoring with unprecedentad coverage of fire in Eastern Eurape ard Asia. These
systems are somewhat similar o the current GOES and Metsosa! senes in terms of
fire manfioring capabiliies and Emikations. We expect ia see significant
improvemnents with the next generation GOES-R Advanced Basefine Imager [ABI,
launch in 2015} ard Maotoosat Third Genoration (MTG, launch in 2017} . Both of
these missions have a fire maniaring requirement and wil include improved spatial
resolutian (2 km) and 400-450K saturation inthe 3.8 um band with enhanced dismal
temparal monitaring.

I arder ba cnsure fhat future goostaticnary sensars provide cantingity fram currant
praducts and are capable of anhancad aclive fire detection and characferization, the
fire manitcdng community should be mvolved in evaluating specifications for next
paneration operafional geastaionary satefitas and provide feedback 1o eoerational
agencies on issues relatng 1o data access and pra-processing chains, saturation in
the middie and long-wave IR window bands, characterization of sansor bohavior at
high terperatures, navigafian, band-fa-band co-registration, PSF implications, and
calval

= Koy datasels for validaton

The international fire cammunity has boen warking with the CEOZ WGECY LPVin an
effiort to standardize the validation of satelite fire producis, specifically idenifying the
three-stage CEOS Hiorarchy of ValidaSan as a good approach. Although varicus. fire
databases exist an the regianal and national level, fiey must be used couliously due
to inconsistencies in reporting protocols and ofher discropancies.  The
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CEDSMNGECVILPY subgroup is working to eslablish a nebwark of sites for b
valdation of fire produ The: = must meot spacific soleclion critaria
consistancy, complatanaess, and oo

o SNSUNS

racy in reqoring.

To dale geostationary active fire and FRP product validation siudies have been
limied in scope due ta the lack of adeguate ground truth and Emited funding and
resources for aircraft validadion studies in various biomes and wnder different viewing
conditions. Routine operational calival should be based on compasisons of
goostationany fire produsts with high resalution data [2.9. 30 m Landsat? ETM+,
Tesra ASTER, Landzat Data Condinuity Missicn OLI) and shaukd be sufomated {to
the extont possible). kdeally, high spatial resalufon instruments capable of detecting
the radiative power of a fire without the influsnce of sansor saturatian should be
employed. This cauld involva aver-fights of fres by arbome systoms, for axample,
HASA Ames (UAW), data fram USFS aver-fights, and dedicated aver-fights by fire
dedicated airborno system .- FIREMAPPER). This effor! should be done in
cooperation with fie CEQS WECY.

= Ecionce Requiremants

=« Calibrationidntercalibration

Far sub-pixel fire choracterization firs algarithms require well-calibrated data from
the cold {far background and weak fire pical signal assessmant] b very hot
Brighiness temperatures (for sirang fira pixed signal assessmeat). If cobbratan
and noise {NE4T) an the hot and for the 3.8 and 41 um bands are not weil
charactarized, FRP will be suspest ontha hot end. Curent and planned
missions fypically affer adequate calbrafon and na
‘emperatures (<3I0K) but da nod adegquaicly address calibration and NEJT on
the hat ead (+3755). The fdoiity of ghobal geastabionary fire products can anly
be maintained with angoing caliradion of the 3.5 and 11 pm bands at higher
temperatunes and characterizafian of noise levels at higher temperatures.

ormatian af lower

Characterization of sensar bahavior bayond sal is also nocded.
Exporionce with curent and provicus satalli nsors has demansiraied
sounous sensor outpet when the incoming radiance cxceeds the sonsars'
saturatian level. The spuricus behavior is a consequence of the folding of the
auiput cound value, resuling in sither a physically intenpretable (but incormect)
walua befaw the saturation value, or in a near-zare value. In some cases
saturated pixels can resullin a "shuck bit” effect that resuks in o false clongation
af a fire signature along a scan fine. This was cbserved on the GOES-&
instrumant and has alsa been documented in Meb-8/9 SEVIRI imagery in Eurcpe
and South America.

Infercomparnsans

The global suite of operafonal geostalionary sensars are similar yot prescat
diverse and uniqua fire monitoring capakbdiies and limitations. In ceder 2

slent fused glohal gecstationary active fire and FRP praducts, it is
necessary ta characterize and understand the diferences between the sensars
and their respective products. This will require intercompanisan studies with sach
ather, higher resalution instruments (MODIS, ASTER, Landsai, aifbome
systems), and ground truth.

Mdditional Sensor and Data lssues

MAdditicnal work must b done to addross the impact of pro-processing pratocols
an fire detestion and characterization. This includes smoothing that occurs as &
[ of goorocificaion procoduros and methadology used to aggregate and
dag saturaled sub-pixal datactars. Dther issuas that must be investigated
include sensor spocific band-to-band co-regisiration and PEF implications far
active fire dotection and characterization of FRP.

Key activitios and time frames to mest defiverables (21 - 2045).

= NOAA NESDIS cperations curendy provides Wikifire Automaied Biomass
Buming Algorithim (WF_ABBA) ackive fire localions and FRP in various formais
far GOES-ELW, Mefoosat-9, and MTSAT-2. WF_ABBA fire masks and
melndata have not yet bean released as part of the NESDIE operational fire
praduct, althcugh they are available fram UW- Madizon CIMZS. The time frame
dor aperational roloase is curmendly unknown.

*  EUMETSAT plans fo implement a ghbal geastationary fire product {77)

= Provided the data are accessible in near real-time and woll-calibraiedinavigated,
the WF_ABSA will be adapied to COMS, GOMS Elekiro L MSU-GS aver the next

2 yoars.
= UW-Madison CIMES has defivered the inital GOES-R A fre algorithm and will
continue ko evaluate and update the algodthm.

‘What can be achioved with current funding?
= Inital adapSan of the WF_ABBA io Korean COMS and INSAT 3-D.

‘What additional funding is recommended?
= Addilional funding is needed o complate the adapiafion of the WF_ABSA io
Koroan COMS and INSAT-JD and to adapl o GOMS Elekbro L MSU-GS.
Funding i= also neadad bo ransfer to NESDIS operations.
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CEDS Summary

Camitios w Bt Mssersalion Salliies

e 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

 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.

SIT-26 — Frascati, Italy 24-25 May, 2011 24




(Total: 48)

Action CB [iP-04 C10]

Action: Ensure continuity and over-lap of key saielliie sensors; recording and archiving of all sateflite metadata; mainiaining
appropriate data formats for sll archived data; providing daia service systems that ensure scoessibility; underiaking
reprocessing of all data relenant o climate for inclusion in integrated climaie analyses and reanalyses, underiaking sustained
generation of zatellite-based ECV products.

Who: Space agencies and satellite data reprocessing centres.

Time-Frame: Continuing. of high prianty.

Performance Indicator: Continuity and consistency of data records.

Annual Cost Implications: Covered in the domains.

Ac

Ac

tion C21

Action: Implement modem distributed data services, drawing on the experiences of the WIS as if develops, with emphasis
on building capacity in developing countries and countries with economies in transition, both 1o enable these countries fo
benefit from the large wvolumes of data available world-wide and to enable these countnes to more readily provide their data
to the rest of the world.
Who: Parties' national services and space agencies for implementabon in general, and Parties through their support of
multinational and bilateral technical cooperation programmes, and the GCOS Cocperation Mechanism.

: Continuing, with particular focus on the 2011-2014 time period.
Performance Indicater: Yolumes of data transmilled and recaived by countries and agencies.
Annual Cost Implications: 30-100M USS (90% in non-Annex-|1 Parties).

tion AB

Action: Ensure confinuity of satelite precipilation producis.

Who: Space agencies.

Time-Frame: Conbnuous.

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

Annual Cost Implications: 10-30M USS (for gereration of climate products, assuming missions funded for ather
operational purpeses) (Mainly by Annex-1 Parties).

Ac

tion A11¥ [IP-04 AT1)

Action: Ensure contnuous generabion of wind-related products from AM and PM saielliie sgalfprpmeters or eguivalent
observations.

Who: Space agencies.

Time-Frame: Continuous.

Performance Indicater: Long-term satellite observations of surface winds every six hours.

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

Action A19

Action: Implement and evaluate a zatellite cimate calibration mizzion, e.g.. CLARRED.
Who: Space agencies (e.g.. NOAA NASA, atc).
Time-Frame: Ongoing.

Perfermance Indicater: Improved gualily of satellite radiance data for climate monitoring. 25
Annual Cost Implications: 100-3008 USS (Mainly by Annex-| Parties).
Action A20 [A10 (P-04)
Action: Ensure the confinued derivation of MSU-like radiance data, and establish EQRREs from the high-resoluticn IR
sounders, following the GEMPs.
Who: Space agencies.
Time-Frame: Continuing.
Performance Indicater: Quality and quantity of data; availability of data and products.
Annual Cost Implications: 1-10M US$ (for generation of datasets, assuming missions, including overiap and launch-on-
failure policies, are funded for other operational purposes) (Mainly by Annex-| Parties).
Action A21 [A20 IP-04]
Action: Ensure the continuily of the constellation of GNES RO satellites.
Who: Space agencies.
Time-Frame: Ongaing; replacement for current COSMIC consiellation needs to be approved urgently to avoid or minimise
a data gap.
Performance Indicator: Volume of datz available and percentage of data exchanged.
Annual Cost Implications: 10-30M USS (Mainly by Annex-| Parties).
Action A23 [iP-04 AZ2]
Action: Continue the climate data record of wisible and infrared radiances, e.g., from the Internalional Satelite Cloud
Climatclogy 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 AZ3]
Action: Research o improve observafions of the three-dimensional spatial and termporal distribufion of cloud properties.
Who: 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 A25 [iIF-04 AZ4]
Action: Ensure conbinuation of Earth Hadiabon Budget obserations, with at least one dedicated satellite mission
operating at any one time.
Who: Space agencies.
Time-Frame: Ongoing.
Performance Indicator: Long-term data availability at archives.
Annual Cost Implications: 30-100M USS (Mainly by Annex-1 Pariies).
Action AZ26
Action: Establish long-term limb-scanning satellite measurement of profiles of water vapour, ozone and ciher important
species from the UT/LE up to 50 km.
Who: Space agencies, in conjunction with WMO GAW,
Time-Frame: Ongeing, with urgensy in initial planning te minimize data gap. 26

Parformance Indicator: Continuity of UTILS and upper stratospheric data records.

Annual Cost Implications: 100-3008 USS fincludinag mission cosis) {Mainkv bv Annex-1 Partes?.




Action AZT

Action A28 [IP-04 AZT]

Action: Establish a network of ground stations (MAXDOAS, |idar, FTIR) capable of walidating =atellite remote sensing of
the troposphera.

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

Time-Frame: Lrgent

Parformance Indicator: Availability of comprahensive validation reports and near real-tima moniforing based on the data
from the nebwork.

Annual Cost Implications: 10-208 USE [(30% in non-Annesx-| Parties).

Actior:  Mainiain and enhance the WMO GAW Global Almospherc C0: and CHy Meonitoring Nebworks as major
contributions to the GCOS Comprehensive Networks for &0 and CH..

Whio: Parties’ naticnal services, research agencies, and space sgencies, under the guidance of WMO GAW and its
Scientific Advisory Group for Greenhouse Gases, in cooparalion with the AOPC.

Time-Frame: Ongoing.

Parformance Indicator: Datafiow to archive and analyses cantras.

Amnnl Pack baoliooticme: 40 TR 1IOE FEAM in nan Ao | Dacdieeh

Action A29

Action A32

Action: Assess the value of the data provided by curmrent space-based measurements of COw and CH., and dewvelop and
implement proposals for follow-on missions accordingly.

Who: Parties’ research institutions and space agencias.

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

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

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

Action: Continue production of sateliite czone data records {column, troposphenc ozone and oczone profiles) suitable for
studies of inkerannual variability and tremd analysis. Reconcile residual differences bebtwesen ozone datasels produced by
different satellite systems.

Wheo: Space agencies.

Time-Frame: Ongoing.

Performance Indicator: Siatistics on availability and quality of data_

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

Action A23 P04 A1)

Action: Dewvelop and implemeant a coordinaied strategy to monibor and analyse the distribution of aercsols and aercsol
properiies. The strategy should address the definition of a GCOS baseline network or nebaxorks for in sity measurements,
assess the needs and capabilities for operational and research saielliie missions for the next two decades, and propose
arrangemenis for coordinated mission planning.

Who: Parties' national services, research agencies and space agencies, with guidance from ACPC and in cooperation with
WO GAaW and AERONET.

Time-Frame: Ongoing. with definition of basaline in siu components and saiellile sirategy by 2011,

Performance Indicator: Designation of GCOS baseline networki(s). Sirategy document, followed by implementation of
stratagy.

Annual Cost Implications: 10-30M USE (209% in non-Annex-| Parties).

Action A34

Action: Ensura coniinuity of products based on space-based measurement of the precursors (NO:, SC0., HCHO and COiin
particular) of ozone and aercsols and derive consisieni emission databases, seeking io improve temporal and spatial
rasolution.

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

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

Annual Cost Implications: 10-30M USSE {10% in non-Annesc-i Parties).

27

Action: Ensure coordinaton of contributions ko CEOS Wirtual Consteliations for each oocean surface ECV, in relation to in siw
ocean observing systems.

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

Time-Frame: Continugus.

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

Annual Cost Implications: <10 USE (Mainky by Annex-| Partes and implementation cost covered in Actons below).

Action O [iF-04 OG]

{Blion 010 {IP-04 O12]

Action: Continue ithe prowvision of best possible 85T fields based on a continuous coverage-mix of polar orbiting IR and
geostatonary IR measuremenis. combined with passive microwave coverage. and appropriate linkage with the
comprehensive in situ nebworks noted in O8.

Who: Epace agencies, ceordinated through CEOE, CGMS, and WMO Space Programme.

Time-Frame: Continwing.

Performance Indicater: Agreement of plans for maintaining 2 CEOS Virtual Constellaton for S8T.

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

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

Whe: Space agencies, with coordination through the CEOQS Constellation for Ocean Surface Topegraphy, CGMSE, and the
WMO Space Programme.

Time-Frame: Continwous.

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

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

Action 012 P-4 O18]

Action: Research programmes should investigate the feasibility of utlizing =atellite data to help resolve global 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 QOPC.

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

Action 015 IP-04 O18]

Action: |mplement continuity of ccean colour radiance datasets through the plan for an Ocean Colour Radiomeiry Virdual
Constellation.

Who: CEOS space agencies, in consultation with [IOCC6 and GEO.

Time-Frame: Implement plan as accepled by CEOS agencies in 2008,

Performance Indicator: Global coverage with consistent sensors operating according to the GOMPs: flow of dala into
agreed archives.

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

Action 019 P-04 023

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

Who: Parties' national services, research programmes and space agencies, coordimated through the WMO Space
Programme and Global Crycsphere Watch, CGME, and CEOS; Mational services for in siu systemns, coordinated through
WCRP QLG and JCOMR,

Time-Frame: Continuing.

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

Annual Cost Implications: 1-10M USE (Mainly by Annex-1 Parties).
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Action 020 1P-04 O21]

Action: Document the stalus of global sea-ice analysis and reanalysis product uncertainty {via & quaniiative summary
compariscn of sea-ice products) and to prepare a plan to improve the products.

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

Time-Frame: By end of 2011,

Performance Indicators: Peer-reviewed aricles on stale of sea-ice analysis uncertainty; Publicaton of internatonally-
agreed sirategy to reduce uncariainty.

Annual Cost Implications: <10 USE {Mainly Annesx-1 Parties).

i'illiun 028 [IP-04 O20]

Action: Develop projects designed to assemble the in sitv and satellite data info a composite reference reanalysis dataset,
and to sustain projects to assimilate the dats infe models in ccean reanalysis projects.

Wheo: Parties’ natonal ocean research programmes and space supporied by WCREP.

Time-Frame: Conlinuous.

Performance Indicator: Project tor data assembly launched, availability and scientific use of ccean reanalysis products.
Annual Cost Implications: 1-10M US$ (10% in non-Annex-l Parbes).
e my

=
Action 041 [IP-04 03]

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

Who: Parties’ national coean research programmes and space agencies, in cooperation with G008, GCOS, and WCRP.
Time-Frame: Cantinuing.

Performance Indicator: More costeffective and efficient methods and nebworks; sirong research efforts related fo the
observing system; number of additional EQVs feasible for sustained cobservation; improved wtility of ocean climate
products.

Annual Cost implications: 30-100M USS (10% in non-Annex-1 Parbies).
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Action TS
Action: Develop an experimental evaporation preduct from existing netwerks and satellite observations.
Wheo: Parties, national services. research groups through GTN-H, IGWCO, TOPC, GEWEX Land Flux Panel and WCRP
Time frame: 2013-2015.
Performance indicator: Availability of a validated global satellite preduct of total evaporation.
Annual Cost Implications: 1-10M USSE {(10% in non-Annex-1 Parbes).
Action T8 [iP-04 TE[
Action: Submit weakbyw'monthly lake levelfarea data to the Intemational Data Centre; submit weeklymonthly altimeter-
derived lake levels by space agencies to HYDROLARE.
Who: National Hydrological Services through WWO Hy. and other institulions and agencies providing and holding data;
space agencies; HYDROLARE.
Time-Frame: 90% coverage of available dats from GTM-L by 2012,
Performance Indicator: Completenass of database.
Annual Cost Implications: 1-10M USS (40% in non-Annex-| Parties).
Action T10 [1P-04 T8/
Action: Submit weekly surface and sub-surface water temperature, date of freeze-up and date of break-up of
lakes in GTH-L to HYDROLARE.
Who: Mational Hydrolegical Services and other institutions and agencies holding and providing data; space
agencias.
Time-frame: Continuous.
Performance Indicater: Complaeteness of database
Annual Cost iImplications: <18 USS (40% in non-Annex-1 Parties).
Action T13
Action: Develop a record of validated globally-gridded near-surface soil moisture 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 globally validated soil moisture products from the early satellites until
now.
Annual Cost Implications: 1-10M USS {(10% in non-Annex-| Parties).
Action T14
Action: Develop Global Terrestrial Nebwork for Soil Maoisture (GTN-SM).
Who: Parties’ national services and research programmes, through 1GWCO0, GEWEX and TOPC in
collaboration with space agencies.
Time frame: 2014,
Performance indicator: Fully functional GTH-SM with a =et of in sifu observations {possibly co-located with
reference network, cf. T3}, with standard measurement protocol and data guality and archiving procedures. 30

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




Action T20 [IP-04 T14]

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

Who: Space agencies and research agencies in cooperation with WMO GCW and GG, with advice frem TOPC, AQOPC
and IACS

Time-Frame: Cantinuous.

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

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

Action: Ensure continuily of laser, aliimelry, and gravity sateliite missions adequale to monitor ice masses over decadal
timeframes.

Who: Space agencies, in cooperaton with WCRP CliC, and TOPC.

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

Performance Indicator: Appropriate follow-on missions agreed.

Annual Cost Implications: 30-100M US% (Mainly by Annex-| Parties).

Action T23 [IP-04 T17]

Action T24 [IP-04 T15]

Action T25 [IP-04 T21]

Action: Implement cperational mapping of seasonal scil freeze’thaw through an international initiative for
manitoring seasonally-frozen ground in non-permafrost regions.

Wheo: Parties, space agencies, national senvices, and NSIDC, with guidance fram Internatonal Permafrost
Aszociation, the IGOS Cryosphare Theme team, and WMO GOW.

Time-Frame: Complete by 2013,

Performance Indicater: Mumber and quality of mapping products published.

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

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

Wheo: Space agencies in cooperation with CEQS WGCW.

Time-Frame: Full benchmarkinglintercomparison by 2012,

Performance Indicator: Publication of inter-comparisonivalidation reports.

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

Action: Implement globally coordinated and linked dala processing to refrieve land surface albedo from a
range of sansors 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 continuousty.

Performance Indicator: Complataness of archive.

Annual Cost iImplications: 1-10M US$ (Mainly by Annex-1 Parties)
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Action T27 [IFP-04 T2E]
Action: Senerste annual products documenting glebal land-cover charactaristics and dynamics at resolutions bebtween
250 m and 1 km, according to internationally-agreed standards and accompanied by statistical descriplions of their
accuracy.
Who: Parties’ national services, research institutes and space agencies in ceflaboration with GLEN apd, GREC-CGOLD
research partners and the GED 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 Parlies).
Action T28 [IP-04 T27]
Action: Generate maps documenting global land cover based on continuous 10-30 m land surface imager radiances evary
5 years, according to internationally-agreed standards and sccompanied by statistical descriptions of their accuracy.
Who: Space agencies, in cooperation with GCOS, GTOS, GOFC-G0LD, GLCH, and other members of CEOS.
Time-Frame: First by 2012, then continuously.
Paerformance Indicator: Availability of cperational plans, funding mechanisms, eventually maps.
Annual Cost Implications: 10-30M US$ (20% in non-Annex-| Parbes).
Action T29 [IP-04 T24/
Action: Establish a calibrationfvalidation netwerk of in sifu referance sites for FAPAR and LAl and conduct
systematic, comprehensive ewvaluation campaigns to understand and resolve differences between the
products and increase their accuracy.
Who: Parties' national and regional research centres, in cooperation with space agencies coordinated by
CEDE WGCV, GCOS and GTOS.
Time-Frame: Nebwork operational by 2012,
Performance Indicator: Data available to analysis centres.
Annual Cost Implications: 1-10M US$ (40% in non-Annex-| Parties).
Action T30 [IP-04 T30
Action: Evaluate the varicus LAl salellile producis and benchmark them against in sify measurements to
arrive at an agreed operational product.
Who: Partes' national and regional research centres, in cooperation with space agencies and CEOE
WECY, GCOSTORC, and CTOS.
Time-Frame: Benchmark by 2012,
Performance Indicator: Agreement on aoperaticnal product.
Annual Cost Implications: 1-10M USE {10% in non-Annex-I Parties).
Action T2 [IP-04 T28]
Action: Qoerafionalize the generation of FAPAR and LAl products as gridded global products at spatial
regsolution of 2 km or better ower ime pericds as long as possibla.
Who: Space agencies, coordinated through CEOS WGCV, with advice from GC0S and GTOS.
Time-Frame: 2012,
Performance Indicator: One or more countres or operational datz providers accept the change of
32

genarating, maintaining, and distributing glokal FAPAR products.
Annual Cost Implications: 10-20M USE (10% in non-Annex-| Parties).




Action T32

Action: Develop demonstraiion daiazeis of above ground biomass acrosas all biomes.

Wheo: Parties, space agencies, nalional instiiules, research organizations, FAD in association with GTOS,
TOPC, and the GOFC-GOLD Biomass Waorking Group.

Time frame: 2012,

Performance Indicator: Availability of global gridded estimates of above ground biomass and associated
carbon content.

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

Action T34

Action: Develop globally gridded estimates of terresinial carbon flux from in sifu observations and satellite |
products and assimilationfinversions models.

Whio: Rieanalysis centres and research organisations, in association with national institutes, space agencies,
and FADVGTOS (TCO and TOPC).

Time Frame: 2014-2049.

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

Annual Cost Implications: 10-20M USS (Mainly by Annex-| Parties).

Action T35 1P-04 7327

Action: Reanalyse the histerical fire disturbance satellite data (1922 to present).

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

Time-Frame: By 2012.

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

Action T3E [1P-04 T23]

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

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

Time-Frame: Continuous.

Parformance Indicator: Availability of data.

Annual Cost Implications: 1-10M USE (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 organizatons.

Time-Frame: By 2012,

Performance Indicator: Publication of accuracy stabstics.

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

Action T39

Action: Develop set of active fire and FRP preducts from the global suite of operational geosiationary sateilites.
Who: Through operators of geostationary systems, via CGMS, GEICS, and GOFC-GOLD.

Time-Frame: Continuous.

Performance Indicator: Awailability of proeducis.

Annual Cost Implications: 1-10M USE (Mainly by Annex-1 Parties).
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< | A D | H
‘1 |Action Number  |Action Text | Action Development Teams Community Feedback Groups
4 | AB Ensure continuity of satellite precipitation products. E:wGConslellatlon, CEMSIENG, GEM X
| Al Ensure continuous operation of AM and PM satellite scatterometer
3 or equivalent observations. OSVW constellation
| Implement and evaluate a satellite climate calibration mission,
s e.g., CLARREO
6 9. ' CLARREOQ and TRUTHSs Teams
Ensure the continued derivation of MSU-like radiance data, and
AZ0 establish FCDRs from the high-resolution IR sounders, following NOAA MSU/AMSU CDR Team, EUMETSAT,
réfl the GCMPs. IASIVAIRSICrS 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,
AZ3 and include additional data streams as th&y become available;
pursue reprocessing as a continuous activity taking info account
9 | lessons learnt from preceding research. GEWEX
Research to improve observations of the three-dimensional spatial
10 fica 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
AZ6 profiles of water vapour, ozone and other important species from
12 | the UT/LS up to 50 km. ACC, ......
A2T Establish a network of ground stations (MAXDOAS, lidar, FTIR)
capable of validating satellite remote sensing of the troposphere. |CEOQS WGCW ACSG (Bojan
13 | Bojkov?), Jay Herman (NASA)
Maintain and enhance the WMO GAW Global Atmospheric CO2
AZB and CH4 Monitoring Networks as major contributions to the GCOS
14 | Comprehensive Networks for CO2 and CH4. CEDS Chrbon etk Forcs
| 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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