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November 28, 2012
Opening Remarks
Dr. Lucia Tsaoussi, Earth Science Subcommittee JEE28cutive Secretary, opened the meeting. She

began by welcoming two new members, Dr. J. MarsBiadipherd of the University of Georgia and Dr. S.
Prasad Gogineni of the University of Kansas. ES8bers Ms. Kathleen (Kass) Green and Dr. Gregory
Jenkins were participating by phone.

Meeting Charge
Dr. Byron Tapley, ESS Chair, reviewed the agendaekplained that the data center presentation to be

given that afternoon was important, but a portibthe briefing would have to occur at a later tirHe.

also noted that ESS had had a teleconference hvthé members received a briefing on the National
Research Council’'s (NRC’s) mid-term review of NASAZarth Science Division (ESD) Decadal Survey
(DS). At the time of the teleconference, the disausof the review was deferred until this meetifg.
suggested by some of the Subcommittee membergravius meeting, the agenda included additional
time for discussion.

Earth Sciences Division Update
Dr. Michael Freilich, Director of ESD, presentedupuate on Division activities.

On-Orbit Constellation and Science Update

The research missions have not changed sinceshE$s meeting. Many of the 16 missions are old, an
most involve international cooperation. Dr. Frdilicoted four changes in the on-orbit constellatidre
Suomi National Polar-orbiting Partnership (NPP) veasched in October 2011. NASA launched
Aquarius in June 2011. With the Agency’s Frenclirgas, NASA moved the Jason-1 down to a lower
orbit and began a new mission. Finally, CloudSatlwen having some battery difficulties. It is now
operating on about 10 percent battery power, anpawer configuration has been re-optimized to mequ
about 55 percent of the available data. It is naekion the “A-Train.” The Quick Scatterometer
(QuIkSCAT) is also having battery problems, whickrevbeing addressed at the time of the meeting.

Every 2 years, ESD conducts a Senior Review in lwttie Division takes a look at all of the missions
that are close to or beyond their baseline lifetifiee Review determines how the mission operations
budget will be allocated among the active missams which missions, if any, are appropriate for
termination. The upcoming Review will follow thensa process as the previous Reviews. Other parts of
the government that use data from ESD’s researsbioms will have an opportunity to participate in a
Needs Panel and formally present their needs apidiextheir uses of the missions to the Review pane
Dr. Freilich explained that when another agencyesito rely on a NASA mission that has never been
intended to be permanent, it is the other agermywblem to solve; NASA maintains the prerogative to
shut down the mission. NASA has never actuallydabés situation, however. The Federal government
initially funds the missions for a research purp@ssst that, useful data from the missions became a
added value for the taxpayers.
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Dr. Freilich next gave a brief update of the A-Tirabnstellation. He noted that CloudSat was dropped
out of the A-Train while NASA was working on itsyer problems. Another mission joined the A-Train
in June, the Japanese Space Agency (JAXA) GConWd AFTrain demonstrates the advantages of
constellation flight over long periods of time anith integrated data from the various missions,
expanding their capabilities and products.

In answer to a question, Dr. Freilich noted thatelkpected lifecycle for the Aqua mission, whicthis
oldest mission in the A-Train, depends on fuel #redsatellite’s continued ability to maintain itssgion
in the orbit. Current information indicates thatdtuld last about another 10 years, substantiaiyphbd

its original design life. Aqua is a multi-instruntenission, so there is the question of the continue
function of its individual instruments and how mamgrrant keeping the mission on the A-Train orbit.
The Polarization and Anisotropy of ReflectancesAtmospheric Sciences coupled with Observations
from a Lidar (PARASOL) mission had been on the A&ifirout was moved to a lower orbit.

Dr. Freilich presented a couple of science hightighising the JAXAGreenhouse gases Observing
SATellite (GOSAT), investigators were able to makace-based observations of megacity carbon
dioxide, an analysis of which has been publishe@dophysical Research Letters, a peer-reviewed
journal. The Orbiting Carbon Observatory 2 (OCQO¥i23sion will be capable of making substantial
carbon dioxide measurements that were developedefinéd using GOSAT data and algorithms. JAXA
in turn used the OCO-2 work to further calibragenteasurements from GOSAT. The measurements can
detect human-induced changes over a small distaheecollaboration between JAXA and NASA has
been strong and substantive.

Another science highlight had to do with the daterf the Tropical Rainfall Measuring Mission (TRMM)
satellite and Suomi NPP, as applied to Super-S&andy. NASA makes its data available to
investigators and others, particularly under tmeurhstances of a weather event like Sandy. TRMM too
unique and frequent measurements of the stormtgpitation, and NASA made those measurements
available to the Federal Emergency Management Ag@fiEMA), first responders, and others. TRMM
indicated that the greatest precipitation occuaesr the ocean. Suomi NPP provided mission agencies
with important data on Sandy-induced blackoutsrirarea with fewer means of measuring the effdcts o
the storm, these data could be even more crifided.NPP information is also available quickly. kyn

be valuable to do a retrospective study to detegrhow the data were used.

Venture Class Update
ESS and the DS panel advised ESD to pursue thk ®artture (EV) class program, which is a science-
driven, Principle Investigator (PI) led, competdiy selected, cost- and schedule-constrained, adgul
solicited, orbital and suborbital class of missidngestigations, and instruments. ESD subsequently
established Venture Class with three separatetsion strands:

» EV-1: suborbital/airborne investigations of 5 y&eduration;

* EV-2: small complete missions, Class D, with Srgadevelopment; and

* EV-Instrument: spaceborne instruments for flightMissions of Opportunity (MoO), with 5

years for development.
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ESD put out solicitations and made selectionslithade strands. For EV-1, ESD solicited in 2009,
selected five missions in 2010, and launched treerfiissions in 2011. Solicitations will take plamea
4-year cycle. Solicitations for EV-2 went out in12Q and will also be issued on a 4-year cycle. rEsalt
of this solicitation was the Cyclone Global NavigatSatellite (CYGNSS), a constellation of eight
micro-satellites, which was selected in July 2Q@aZF-ebruary 2011, ESD solicited for the EV-
Instruments strand. The selection was just madieof ropospheric Emissions: Monitoring of Pollatio
(TEMPO) mission taking a geostationary hosted paykm make measurements related to air quality.

ESD allowed proposals up to the point of cost qairgt While the Division selected one mission for
each science area, that was not by design. Thetioewas to select the best proposals, which igtwh
happened. Submissions spanned the spectrum; theacdid not weigh any science area more than the
others, though Dr. Freilich had told Congress thatselection could be tailored to evolving scieince
the future if desired. He had expected to see magosals, but noted that they are costly, repteggen
significant up-front investments. Some potentiakistigators might prefer to use their time and fuimd
other ways. ESD was happy with the selected prdpasal did not to select any that were less thaat wh
the Division sought. This is not a field in whidtete is a great deal of expertise at the Pl lexedlding
large spaceborne missions. NASA saw this with E&(#iorbitals, most of which went to the centers,
which had the ability to manage big investigatitret other investigators could then join. The key t
Venture class is to prove that this program witidrce solicitations on a regular basis, which méakes
fairly simple to manage. The next round of solioitas is due soon, and is on schedule and funded.

EV-1 is going quite well, with four of the five iegtigations scheduled to have completed at least on
sustained field campaign by early 2013. The leaduma of the investigations is AirMoss, but it masv
acquired the science data as designed, and hasatechp difficult engineering development phase.

The three EV strands are separate and were nadiedieto build on each other. Previously, ESS
discussed with ESD the best way to implement thgnam, which led to the three separate strands.
However, it is important to note that, with a $90lion cap on EV-Instrument and a $100-150 million
cap on EV-2, it is not a small stretch for thosesdnproposals are not selected to join in with lzarot
mission or solicitation. As for keeping discipligdyalance, the program will always provide a small
sample size. Dr. Freilich does not see the valwlding on more requirements that will constraimivh
ESD can select. This is really a Pl-led competiyiaelected program in Earth Sciences, which iathro
and he would like to see how it works.

Other Missions

The Cyclone Global Navigation Satellite (CYGNSShiv a non-NASA center and is taking slightly
longer than anticipated due to contract issueswkat close to being settled. CYGNSS uses GPS and
reflections from the sea surface as part of arrtetifctake multiple measurements from multiple liges.

It can measure wind speeds and various surfacaaeaistics on the eye walls of hurricanes. In teafh
class, itis a Class D, with a cost cap and soghks ri

The TEMPO mission will measure air quality. Thigilosted payload in Geostationary Orbit (GEO);
TEMPO will be a programmatic pathfinder to usingliéidnal hosted commercial payloads from GEO.
The $90 million cap was written in fixed year dodland, as is true for other missions, the misiods
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must be spent in real years, not spent in a siygge. NASA has yet to fly a mission on a hosted GEO
and must determine how to do so.

Budget

Dr. Freilich next discussed ESD’s budget approacthstatus. He had nothing new to report on theaFisc
Year 2013 (FY13) budget, which was still with Coegg. ESD is committed to maintaining a balanced
program that advances Earth System Science, sspgaptications development, provides needed global
space-borne measurements, develops the next geneshtechnologies, and is coordinated with
activities of other agencies and internationalnen.

A chart illustrating ESD’s recent budget historglitates that there is stability between FY12 amd th
likely FY13 budget, which is important and positi@x. Freilich expects that Congress will approve a
budget close to what the President is seeking.d#edrthat the front page of NASA’s budget submissio
mentioned ESD. In answer to a question, Dr. Fitetigid that it is too soon to determine if the iotp
Hurricane Sandy would have any effect on the bydgetigh that could appear in succeeding years.
While ESD is operating under a Congressional Résolthis is not a bad thing since the proposed
budget was flat to begin with. ESD’s total budgealimost $1.8 billion. It was tracking much lowerthe
previous administration.

Orbital flight portfolio

ESD’s orbital flight portfolio for the next 10 yesis both full and realistic. Between the timelod t
meeting and 2014, ESD will launch five missionsg anFebruary 2013 and four in 2014. These include
the Landsat Data Continuity Mission (LDCM), whiclillee the first to launch. At the end of November,
it had just come out of final environmental te3tise Global Precipitation Mapping (GPM), a joint
mission with JAXA, is on schedule to launch a ylater, in February 2014, though that date couldenov
up a bit. The official commitment date is June 20Q€0-2 is a recovery mission slated to go up ip Ju
2014. Stratospheric Aerosol and Gas Experimenntéfnational Space Station (SAGE-III/ISS) is an
instrument designated for the ISS that will launcAugust 2014 in conjunction with NASA’s Human
Exploration and Operations Mission Directorate (HHHQ) and the European Space Agency (ESA). ESD
will get the benefit of a satellite and launch wéipaid for by others. The Soil Moisture ActivesBiare
(SMAP) mission will launch in October 2014 andhs first of the Decadal Survey (DS) Tier 1
systematic missions.

These five missions are all very far along in depetent. The next missions to launch, starting ib620

are Ice, Cloud, and land Elevation Satellite 2 aE2), CYGNSS, Gravity Recovery and Climate
Experiment Follow-on (GRACE-FO), and others. OC@3-8n instrument for which the Jet Propulsion
Lab (JPL) found an affordable ride and a platfattme, ISS. This is important, as there was neverdgéiu
for a launch vehicle or satellite. This allows E@Dmove it forward now, and resolves the diurnaley
issue. The fundamental science comes from beirggtalily over a reasonable portion of Earth’s
population and have successive measurements. O€@-@andard 3-year design mission, and there will
be overlap.

In the area of continuity, Dr. Freilich explaindtt ESD is trying to solidify that the field neddsg-
time series, and that the Agency has a scienceratipe to minimize gaps that speaks to having orbit
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overlap. In the FY11 budget, ESD was asked spadifito identify some areas in which it wanted to
invest NASA funds to address pressing gaps foriiwoity issues. Prior to that, there was the peroapt
that NASA did single missions and left the Natio®akeanic and Atmospheric Administration (NOAA)
and the U.S. Geological Survey (USGS) to make liemm measurements in those areas. This approach
led to gaps. The way ESD promoted the OCO-2 regavession was as a robustly spared mission with
enough parts for another instrument. That resut€CO-3, which was thoroughly reviewed before it
went to the Office of Management and Budget (OMBn years from now, NASA will have a number
of missions taking CO2 measurements.

Dr. Tapley asked for confirmation that NASA’s pamitis that it takes measurements if they are
important, and the Agency is also permitted to fingartner to take them over. Dr. Freilich agreding
that NASA is not prohibited from having a long-teseries. The Agency may or may not have Landsat in
the future. In answer to a question, he said tH@aCiO-2 were to fail, ESD does not have the funds o
time to develop a replacement. The instrument gak &t diurnal changes because the ISS goes through
all the day times.

ESD is working out the acquisition strategy for soofi the future missions, but Dr. Freilich was abt
liberty to discuss that topic further. There areaadages to having the science definition teamlaviai
for a smooth transition, depending on the acquoisititrategy. No one on the teams will be forcibly
recused if the acquisition strategy has competjtiveions.

The L-band Synthetic Aperture Radar (SAR) missfondt the same as Deformation, Ecosystem
Structure and Dynamics of Ice (DESDynl). L-Band Si&Rimilar to the DESDynl radar, which was not
funded. ESD had a choice between waiting for thatling or finding an L-band SAR mission that
addresses portions of DESDynl. This choice accdonthe later launch date. OMB told ESD to excise
DESDynl from the budget, but let the Division keefunding wedge as long as it did not perturb &st r
of the program. The DESDynl radar was projectecbit $1.2 billion.

There are no launches between 2017 and 2020. S hiecause ESD has attempted to reinvigorate its
mission portfolio to drive the science and hasaanr for unidentified missions. The portfolio incasl
some costly missions, especially ones in developmérere they are accounting for the entire avéalab
budget. The DS estimate that by now ESD would e $2 billion in 2007 dollars did not occur, and
its estimates of costs were understated. ESD threrefiust come up with a program that is informed by
DS priorities, responds to the Administration, & ckalistic about the budget.

Dr. Tapley noted that had the budget followed ttgegdpojections, it would now be up to $2.4 billion.
There were a number of other cost mismatches battheeDS and the reality of running the Division.
The executive branch gave orders to reframe sortteeahissions in terms of costs, for example. Dr.
Tapley repeated that ESD has been successfuldahirs freserving funds for L-band SAR, and was
prohibited in the FY12 budget from perturbing thetrof budget for the SAR. Pre-phase A, the casts a
projected as being in the $800 million range.

The Advanced Composition Explorer (ACE) was a Pienission not included in the DS. The Pre-
Aerosol, Clouds, and ocean Ecosystem (PACE) miseimorporates portions of ocean color, and
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possibly aerosols. The order of the missions refleadat fits and Administration priorities. Dr. High
would be delighted if someone came up with a lost&AR that could launch sooner. If it happens, the
S-band will be a contribution from an internatiopattner. The Division is reviewing the qualitytb&

NPP satellite products, including ocean color,Hmihas been told that it is still too early to asse

Dr. Jean-Bernard Minster asked to have Tier 2 wimssbroken out from those of the climate initiative
Dr. Freilich identified GRACE and PACE as beingtasrthe climate continuity initiative, as well as
White House priorities. OCO-2 as recovery and SAlB&re climate continuity missions. ACE is in
early reformulation.

The question ESD has been grappling with in regattle orbital portfolio is that of launch vehicles
which have been acquired for all but two orbitasions. Regarding EV-Instrument missions, NASA’s
responsibility is to find a host for the instrumeibhelps when the proposer demonstrates thecdif§i or
ease of getting an instrument into orbit. As itwbjle they are not required to identify a specfartner

or mission for the instrument, proposers must spedlke ease of accommodation. A unique orbit, for
example, would have lower evaluation scores. Wdnilénstrument may sit on the ground if NASA
cannot find a launch vehicle or mission, the EMmsient Announcement of Opportunity (AO) explains
that there may be a hiatus between instrumentetgliand the launch and operations. Therefore, the
proposers must provide cost estimates for gettinguggh those years. NASA has an ongoing activity
with providers to define a set of interface chaggstics that will make instruments more readily
accommodated.

Technology highlights and investments

In the technology area, the focus remains on futussions. In the previous year, ESD sent up many
instruments for their initial flights, and some a@v active in the Airborne Science Program (AZR).
Freilich discussed the aircraft used in this progeand issues surrounding the authorization to fly.
Especially with the Global Hawk program, ESD ismung experiments that benefit from a high range but
are primarily over global air space. Federal AgatAdministration (FAA) rules make it easier to fig

the west coast than the east coast. Unmanned Ai8ystem (UAS) vehicles are not as inexpensive as
many people think they are. FAA considers NASAgaalresponsible user, but that does not make the
program easy.

International Space Station

The ISS is an international lab that ESD is using variety of ways. The focus is on whether the
Division can use it to make the needed measurenaentsf so, is ESD supporting the analyses tahise
measurements for its scientific purposes? Theréhaee categories of instrumentation on ISS: ptejec
that are already there, projects that are plaraedijnstruments approved and funded by ESD. The
Hyperspectral Imager for the Coastal Ocean (HIC@3 sent up in 2009, and ESD is funding some
analyses. ISERV is a straightforward digital canserd telescope.

Planned instruments are funded by HEOMD, with Smevission Directorate (SMD) input on their
usefulness. HEOMD would like to make ISS as usa$ubossible and has a budget to do some of this
work. There is a push to turn ISS into a natioahl The reason HEOMD comes to ESD with proposed
projects instead of asking ESD for proposals ha®twith funding exposure. ESD never uses the word
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“requirement” for these projects, because useaifwlord would turn the proposed project into a fogd
issue that could perturb the Division’s entire naegortfolio. HEOMD has a process, and ESD wamts t
leave it as it is. The ISS budget ends soon, thaalgh of extension are already occurring. ESDeiiigg

a good deal from the HEOMD proposals; the Divigioes not pay for launch vehicles or spacecraft in
these situations, and HEOMD does a good job.

The Inspector General (IG) has talked to him aletSS. Dr. Freilich told the I1G’s office that tieas
nothing they could do to make the ISS better. Thésdn’s exposure is now small, the need is
nonexistent, and the benefits are large. Therdiiaf that no one is using the ISS, but SMD ikimz a
good investment of resources there. Word needsttowg about this.

ESD Programmatic Summary: 2007 - 2013

The DS came out in 2007. At that time, ESD had imissunder development, but only one had a
realistic launch date with a realistic budget. & recommended reinvigorating the on-orbit
constellation and launch legacy missions, andE3® to preserve program balance, do 15 missions in
three tiers, implement the Venture class, use A&irease the budget 30-40 percent, and implement
missions using NASA institutional capabilities whideing cost effective. This was a lot.

Thus far, ESD has launched five of its seven legmisgions, though two of the five had launch vehicl
failures. The remaining two legacy missions willdgh within 15 months. The Division also developed
climate initiative at the direction of the Admimistion, and three of its missions will launch in20A

mix of additional missions will launch by 2020. E&Bs gone from launching a mission every couple of
years to launching more than one per year, thougtetare gaps and clusters. In addition, the @iNisi
increased flight times by factor of 2.5. The Vestalass has proven to be larger than the DS aatadp
ESD’s budget has gone up, though not to the l@emmended in the DS. When NRC looked at this,
the Council found that NASA responded favorably agdressively to the DS, and has made significant
progress over the past 5 years.

Discussion with SMD Associate Administrator
Dr. John Grunsfeld, SMD Associate Administratom@al the meeting for a discussion with ESS
members.

The Earth science part of the SMD portfolio is vemportant. As an astronaut looking at Earth from a
unique perspective for many years, he saw a lotagbr changes, and he now wants to help facilitate
better decisions about our planet. SMD is still itiwg the FY13 budget and looking at the fiscalfcli
Meanwhile, the Agency has submitted an FY14 butlgitpushes a strong science agenda. Because of
the Federal budget issues, there is more of a detayusual on budget discussions this year.

The SMD mission selections are exciting. Over thet B years, people can expect new entrants ieto th
space launch market. NASA has an important rokdincating and informing its stakeholders in
Congress, working with the Administration, interagtwith the science community, and more. NASA
does what it does because the taxpayers thinkntgertant. The science community has a big impact
the dialogue with the public, but they can do mé@re.Grunsfeld asked ESS members to encourage
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scientists to talk to their neighbors, schools, mumity groups, and parents about the issues and the
exciting science being done at NASA.

Discussion

Dr. Steve Running told of speaking to a graduatdesit at Carnegie Mellon who attended a talk about
science by a NASA representative at the schooldippolicy program. That speaker said nothing dbou
Earth science until the student asked a questioen E it was not the right person from NASA, itedo

not speak well to the stature of Earth scienceABA

Dr. Tapley said that he is looking at data procesaind storage, and wondered about the advisability
moving to something more cloud-driven. Dr. Grurdfedid that the Federal government is requiring tha
systems move to the cloud. From a science comppgngpective, that falls within the realm of SMD.
NASA moves from treating its science data centera science facility to an IT infrastructure fagilat
great peril. Yet SMD should review the optimal agtructure for science. The concern is about trgati
as a commodity that is beyond scientist control.

Dr. Shepherd noted that he is the President-efabecAmerican Meteorological Society (AMS), where
the concern is with getting science into the fiblcdbugh meetings. Dr. Grunsfeld agreed that this is
critical. He added that contrary to the impressi@any people have of Albert Einstein, he collabatate
with an enormous number of scientists. Traditionatience meetings have been an opportunity ta,lea
exchange information, and collaborate. Howeveot afl jet fuel is burned getting people to and fritra
meetings, and he would like to see a better way@m&ASA has experimented with its Astrobiology
Institute using Adobe Connect, which enabled virtneetings of various sizes, from dozens to a few
hundred participants. In the end, however, peogieogter things, not the satellites or missions.
Therefore, the focus must remain on the people.

Earth Sciences Division Update continued

NRC mid-decade review

Dr. Freilich resumed his presentation by discus#iegindings of mid-decade review, in which the®IR
assessed ESD progress since the 2007 DS. OveeaNIRC evaluators liked what ESD was doing and
recognized the Division’s efforts. Dr. Freilich fewed seven specific findings, addressing the Rinis
efforts, the suborbital program, allocation of #wailable funds, the EV program, alternative plaifs,
international collaboration, and the Applied Scen@rogram. All seven findings were positive.

Issues
Dr. Freilich identified three categories of isstmsed by ESD:
* Launch vehicle cost and availability;
* The capabilities of the airborne program; and
» Budget issues, including sequestration, “fiscdf'dlieals, and others.

Regarding the budget, Dr. Freilich was not suretwttauld happen. Sequestration, if it were to occur,
would take away 8.5 percent of the ESD budget.Dikesion’s approach is that when these external

10
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perturbations occur, if they can be handled by $oaythem on a single mission, ESD will attempt to
deal with them completely by excising that portasrihe program. In other words, if the cost ofragi
mission were equal to the amount of the deletedduESD management would review it. However, the
gut reaction would be to take away the missionlaade the rest of the portfolio intact. This woblart

the program, but given ESD’s imperative for balaaid revitalization of the observing constellatithat
is the approach. Dr. Freilich invited ESS to disctiss approach if they disagreed with it.

There are many negatives to re-optimizing and nefumds around in the various programs. First, ESD
does not want to get into the situation of doingvesy much because the Division cannot put upibted
flights and launches. This happened in 2006. Sedbisdvery tempting for Congress to say thatéhier
plenty of optimizing to do, then give ESD mone)stody that but not implement anything. Third, delay
make the overall costs for individual missions gaduamatically, and Earth scientists then do notlge
data they need. This is why ESD will handle anymdl perturbations with focused solutions.

In addition, this approach allows the Division bm# its sponsors the impact of budget cuts. ESDidvou
be saying, in effect, “We had Mission X before, aoav we no longer have it.” This is in contrast to
letting stakeholders think that not much happenethking fewer proposals, or the like, then Coegre
believing that the budget cut does not seem likigygroblem and trying to cut more. ESD managers
have spent a lot of time thinking about this. Hauldcappreciate ESS advice, but noted that the Divis
does have to make the decisions. Otherwise, OMBoogress will do it for them. As for how far any
cuts might go into the future, that is up to Cosgre

Delays do not play out well. The interim reportdrefthe DS, as well as the DS itself, stated tisid E
had an observing platform on the verge of collapse. Division must move forward to advance the
science. This is needed for credibility. NOAA moveswvard broadly and slowly, which makes it hard
for that agency to point to accomplishments thstifiyits budget. Delays increase overall budgets
because not having funds at the right time is extliaarily costly. The Global Precipitation
Measurement (GPM) mission was confirmed around 1f8%xample. In 2006, it still did not have a
launch date, and NASA spent significant funds @véry year. Then the costs went up, and the choice
was to drop the low inclination orbiter or delay@t missions. ESD chose to drop the orbiter.

Dr. Tapley suggested that ESS might want to writecammendation or finding endorsing the proposed
approach. Dr. Freilich noted that he took a hypixthecase so that they could act on it by turntngto
real principles. There are many hypothetical situest available.

Dr. Freilich next addressed the issue of launchcles) presenting a chart with data for small-, imed,

and intermediate-class launch vehicles. A numbénese have been certified and could be used fbr ES
missions. CYGNSS, for example, qualifies as a smasion and could use any of five possible launch
vehicles. The Pegasus has been flown, as has thasTdL, though the latter has not flown succesgful
for a while. Small Falcons and the Athena are eatdmade right now, and the Pegasus manifest is
rather bare; CYGNSS is the next Pegasus missids.gbies beyond the loss of Delta 1l and the cost of
the Evolved Expendable Launch Vehicle (EELV) cl&SD is asked to come up with innovative ways of
obtaining data, but the data are acquired fromespaad that means getting into space. The national

11
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capabilities and requirements make it difficulteldd international launch vehicles requires a waive
which is hard to obtain.

Ethics Briefing
The Subcommittee had its annual ethics briefing.

Subcommittee Discussion

Because Dr. Freilich was called away, Dr. Tapl@ktop the issue of the NRC mid-decade review in his
place. He sought an ESS response to the mid-deaguiat, either as findings or recommendations. Dr.
Tapley identified four specific NRC recommendatiomsevisit, with at least one requiring some
discussion.

Dr. Running noted that although the NRC findingatltbe Research and Application (R&A) program
was that the investment was healthy, ESS has oeivexl any information on the program. He would
like to know the success rate on proposal subrmssior. Tapley replied that ESS used to get that
information and can ask for it again. He was no¢ $iow ESS would evaluate the success ratio, given
that the community is large. There was a presemtatn the activities going out from R&A onward,
which identified a healthy output. Dr. Tsaoussinped out that there is very little that is not soiped by
R&A. Dr. Tapley said that he would ask for a brigfion the program statistics. Funding informatian c
be pulled from the budget, but the question is twiethe funds are being used in the best way.

Pre-formulation Workshop Report

Dr. Stephen Volz, ESD Associate Director for Fligmbgrams, discussed the Division’s flight program
pre-formulation progress. He explained that mis$iming does not present a complete picture, as
support comes from many different sources.

Pre-formulation is part of the flight program arateunts for about 10 percent of mission costs. NASA
has seven project lifecycle phases, from Pre-PAdkeough Phase F. Currently, ESD has a portfdiio o
15 missions in Phases E and F, the operations hBsere are 13 missions in Pre-Phase A, whicheis p
formulation. At any given time, most missions viié in these three phases, but most mission casts ar
incurred in Phases A through D. All of the missionsv in Phase F are legacy missions, while the Pre-
Phase A missions include 12 DS missions and 1 tdipian mission. There are only two unlaunched
legacy missions. Venture class missions begin Rithse A and do not go through pre-formulation.

The primary pre-formulation mission study objecthas been to prepare mission concepts to move into
the various development phases. Concepts in prediation are subject to a great deal of documenntati
and a number of assessments and other activities phase requires both rigor and discipline. The
program meets with each mission team about oneag sgnd presents them with their direct budget for
the year and the probable budget for the next yigse program does not commit to a 5-year plan bsrau
the world in which these missions operate is nat pinecise. Budget changes happen, other ESD
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activities come up, and technology changes or @glVhe result is that something that might hawnbe
attractive 3 years ago is now outdated. In additBMD or NASA policy may change.

Every year, Dr. Volz's team conducts a review talfinission concepts that are affordable, present th
right level of risk, and produce the right scierf€er different sizes of missions, there are diffiere
processes and thresholds of reliability and perfoe.

For strategic missions, the objective is to ensliaethe complete mission concept is mature before
proceeding into formulation and development. Thislves investments in technology, development of
community consensus on the science scope, invastigaf mission concepts, and development of cost
and schedule assessments for missions that fitnvtiile programmatic constraints. The program laad f
these activities is shared by Flight Programs,lfE8dience Technology Office (ESTO), and R&A.

The challenge is how to plan without a long-terrmogitment. ESD’s first commitment is to missions
already in formulation, development, and operatfidre Division also focuses on continued execution o
the EV line, including regular and frequent callke Division has allocated resources to provide the
greatest benefit with limited funds. Dr. Volz pressd a graphic depicting ESTO investments. Research
investments are harder to quantify; he gave sorampbes of R&A support.

Dr. Volz reviewed accomplishments and critical égdrom 2007 through 2010, noting where mission
study activities occurred from 2008 forward. In 20the DESDynl and Climate Absolute Radiance and
Refractivity Observatory (CLARREO) missions werdaleed, while GRACE, SAGE I, and a number
of other missions moved forward. That same yearthav@lory launch failure, as well as the earthguak
that devastated Japan and affected activities inDhWIAXA was a partner.

ESD began pre-formulation work in 2008. Since thka,Division has learned the following lessons:

e Sustained investments have enabled ESD to grathiss&on study teams into formulation, and
have progressively improved the understanding @fémaining mission concepts;

* Mission readiness has been assessed for all @t Tier Il and Climate Continuity mission
concepts;

» The budget for strategic missions allows for 1-2dgrations per year, with a mix of small and
large mission investments;

» International partnerships are a key element ohttesion implementation approach;

* While not all access to space issues have beeadsdhere are promising new options; and

* Responses to Earth System Science Pathfinder (B&S®Jre AOs are providing good
instrument and measurement candidates.

While some funding is done through Research Oppiti¢s in Space and Earth Sciences (ROSES),
much of the funding is directed to the most capablger. There are science working groups reprieggnt
many different disciplines and weekly teleconfeemthat develop research proposals that his team
assesses internally. From those, he gets an idehaifneeds to be done.

Mission concepts have matured, allowing for moegifile implementation approaches, such as those
used in GEO-CAPE and CLARREO. ESD is looking atay for those missions that could be split and
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flown in other ways, like miniaturization or opéaats on the ISS. In most cases, the Division is not
limited by technology readiness or mission cona@ptaturity — more money would allow ESD to move
forward. Some DS mission concepts with multiple sogaments can go to distributed solutions. The
ESSP AO selections allow for measurements to beupdrthat otherwise might not be affordable. The
ISS program pays for some ESD instruments.

There are new opportunities and challenges. Ambaget is that ESD must manage mission science when
the mission might combine a Venture piece and amalement. The Division also needs to adapt to the
increasingly significant role of the ISS in Eartiemice. In fact, the ISS could be a bridge platféom

proving future measurement concepts, and curremilyages the data stream back to Earth.

Data Center Study/ESD Data Centers

Dr. Martha Maiden, Program Executive, Earth ScidData Systems, discussed NASA'’s Earth Observing
System Data and Information System (EOSDIS), anrterehd system with data flowing from the

satellite to the user. This distributed informatiatwork is enabled by an open data policy andaipser

with the data archives.

EOSDIS was initiated in 1990 and operational by4198 the system, data start with mission operation
and data acquisition, move through a distributiamction, and finally become accessible to usersa Da
from international archives are physically brouightnot just linked. For that and other data thatrzot
totally NASA'’s, EOSDIS has set up a way for NASAdstigators to get the data from the Agency. ESA
has built a port into the NASA data-house, and NAA done the reverse. The Agency’s investigators
prefer to get data from NASA, in part because tB& BErchives are difficult to access.

The system was not perfect at the beginning, bi8BIS has much more capacity now. If data are lost,
the group will find it, but that rarely occurs. TB®S Clearing House (ECHO) is NASA’s middle layer
between Earth science data and users via a semwer@ed architecture. There are other data hofding
and search capacities allowing investigators tedadta on Earth system science. There can be user-
defined specialized clients to give data usersssct®data and services. The scale is due to NAB4de
repository of satellites, so that EOSDIS holds delizers many different products.

An external advisory panel reviewed EOSDIS in 2085and developed a vision and recommendations.
The resulting system costs 30 percent less tharigmsy, is closer to science needs, has goodfates,
and is easily upgraded. Continuous evolution invesits are about 10 percent of the multi-mission
operations budget. ESS previously discussed ansegr&EOSDIS.

Dr. Maiden presented a list of vision goals devetbfor 2015, along with their status. Most were
complete. She noted that there are different metlogies for back-up storage among the data centers.
The archive holdings are being peer reviewed fiargific merit. Where there are data sets thahate
being used, the policy is to keep them for 6 manths

Discussion
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Data Storage and Archiving. Dr. Minster noted that there were large datathetisno one ever looked at.
These took up much storage, and there becamelmtter ways to access those data. In light of this
situation, he was interested in any process for m@ew of data holdings. Dr. Maiden replied thias
inexpensive to put these products online. EOSDMad keeps data at Level 2 and above, but discards
recalibrated data. This was done with a workingigrof scientists who spoke to their colleagues. Her
team is also going back to old archives and haarbdgitizing old pictures of the Arctic and Antticc

In response to a question about the possibilityaking with the National Archives for long-term
archiving, Dr. Maiden noted that her group hadteththat on an experimental basis due to mutual
interest. The managers at the National Archiveg lmdler priorities, and wanted EOSDIS to archive in
place and have a certification process, which Ug&Sdone. The EOSDIS interest is in managing the
data for Earth science communities.

Dr. Tapley observed that an important capabilitthes coming charge to look at what one might do to
move data into a distributed system. Most of thesentation was about data, but there has beenraonce
about where and how to hold it. Dr. Tsaoussi addatiwhen the NAC Information Technology and
Infrastructure Committee (ITIC) comes forward t@kin the proposed study and what is being
discussed at NASA in terms of data storage foistience centers, it will be important for ESS to
understand what is needed for operations in th@seicommunity.

Control of Data. Dr. Maiden said that it does not matter wheredda are if they are well-structured and
well-managed. However, the issue is if the dataoarthe computer of a person or group that does not
know how to manage it for science. The cloud hasetstructured to allow the flow of metadata to
scientists. Those who want to do data analysis aedictured data system that is managed for@eien
data, rather than having it in one big bin. Shes@néed some slides showing metadata flows, whieh ar
machine-to-machine. Looking at the Earth sciencasmeements, it is clear that the data go dirently i
the data centers right away. On Pl-led missioresPis might post their own data. Those data enter
EOSDIS at the end of the mission life.

Her team track how much data and which data arg, bsg they aggregate users rather than tracking
individual users. They also do a comprehensiveesymwhich has a good response rate. EOSDIS is
highly rated, above the U.S. government average.slinvey provides comprehensive information on the
system’s strengths and weaknesses, and that iniomia used as a management tool.

If the data were kept in the cloud, there wouldbecerns about security. Dr. Maiden understood from
ITIC Chair Dr. Larry Smarr that he thought thaalifthe data were together, scientists could come u
with new questions to ask. She had heard thafTthenig-range planners are thinking in terms of dath
science. If all the data were put together, shensasure that the structure would be compatibté adl
the scientific activities.

Dr. Tapley asked what would happen if EOSDIS ditpfysically store data but continued to direct its
management. Dr. Maiden explained that the OfficthefChief Information Officer (OCIO) has been told
to use less power and consolidate data centers nfdikes sense for writing checks. However, if tihese
lot of computing going on and that moves, it catddvngrade the quality of the data. Dr. Minster
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suggested contacting the Centers for Disease GamtdoPrevention (CDC) and the University of
Pittsburgh, which are also addressing these is3ihey. have the same need to preserve privacy. Dr.
Maiden explained that when she hears examplescogss, she thinks of the need to share data. The
cloud can make data more sharable, but EOSDISadatalready available. The purpose of having it in
the cloud would be to allow one to look at it cotleely.

Dr. Tapley thought that the issue was determinfggldgic of the various types of access needed for
compatibility. The data do not need to be in alsisgurce. The cloud is a variety of servers any\aag
EOSDIS already has that. Dr. Anna Michalak addatlittine cloud is just hardware. She did not seeathis
being that different from the decision to have NA&Acommercial providers make launch vehicles.
NASA wants to focus on what NASA does best, andsstvethis decision in the same way. Could a
private company build a system that could offer WA&SA science now has? Yes. Is that the best
choice? This is not clear, but the cloud is not icelg

Updating Data Control. Dr. Moghaddam said that in looking ahead, it mightoutdated to separate the
data system from the computational aspect, andgittrmake sense to co-locate all the science
information, which is something to consider in theger run. Dr. Maiden explained that if the SMAP
data were all together, it would be SMAP-concenffiuis was the system her group was advised to
pursue. Another data point was that a study was darthe cloud. That study found that for someone
using his or her computer 70 percent of the timmore, cloud computing does not pay. It only wdiks
less intensive use.

Dr. Michalak said that they were really discusdimg next system, and that two systems from nove, dat
will be in the cloud. Dr. Moghaddam agreed, notimat Google handles more than NASA and remains
fast. Eventually, the Agency might want to go th&e Tapley observed that the question of wheee th
data reside is less important than the intelleataatrol of the data. He needs high performance.

Dr. Maiden added that NASA does have a represeatgting to the White House meetings on high
performance computing but is not involved in resbaug the area because NASA is a user, not a
provider. Dr. Minster expressed concern about sdl sets, which get lost. NASA has solved tlsatds
by having giant files in some areas, and smakfitea collection. Dr. John Christy said that hentsa
older data, because he wants to characterize farat as far back as possible. He wondered if NASA
could be the Google of the Earth, allowing peojie him to see what has happened in a particulat: sp
Dr. Maiden said that this is something USGS woikd to be able to do, but it is out of NASA’s
purview.

Dr. Tsaoussi explained that ITIC wanted a recomragod about replacing the NASA science
infrastructure with new hardware. The hardware igdihe, but the science programs are not seryed b
OCIO taking over science IT operations. SMD managgrhas said the science data systems are part of
the science programs and are needed to suppanteci€herefore, scientists need to weigh in on what
the recommendations really are. There is a progosal data center study, and ITIC wants ESS to
provide guidance or principles on the essentiailessurrounding Earth science and the community’s
needs. It may be necessary to do a teleconferemicd MC at some point, but Dr. Maiden gave ESS a
good background.
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Dr. Judith Curry said that this was an issue ofifigity to take advantage of emerging capes inDT.
Moghaddam added that ESS also needed to addreswjthe science process with the data archives. If
the data are collocated or managed in unified vtayi]l be more efficient. She asked Dr. Maidemdr
group interfaced with the IT program. Dr. Maideplied that she does. Earth Science’s small access
program uses things developed at a low TechnolagpdiRess Level (TRL) and matures them to operate
as part of the data system.

Dr. Michalak agreed with Dr. Maiden, but said tela¢ would state it differently. If data are locaited
different places, they can be anywhere. The proldecnrs when there is a need to download from
multiple sources. If there is an attempt to yanta@avay from users, they will get defensive. Thoke
keep it locally will opt to do so because that lsatvmakes them most comfortable. She thought tiat t
was too big of a problem for ESS to address. Sksed stating what they would need if the data were
moved to the cloud. That is what they needed toepto those considering a change.

Earth Science Data Needs. Dr. Running pointed out that the data sets Eanmgists deal with are
research data sets that generate a lot of usetiausdt is important to realize that this is ©ahned data
and that people need assistance in using it. (pleYaasked if there might be a commercial vendor
capable of taking this on. Dr. Maiden said that thas a difficult question to answer, but she soguk
that it might not work. NASA has a large contradiwviRaytheon Corporation to do ECHO, for example.
If the decision were made to go to the cloud, afath center, rather than refreshing the hardwasaldv
let it decommission and go to the cloud. NASA hagide area network that goes to the data centers. D
Tapley advised having that discussion with Dr. Syreard noted that this topic will be discussed by
members of the community.

Dr. Maiden explained that NASA designed EOSDISrasrad-to-end system before there was even an
Internet. Things happen quickly in IT, and settiqga roadmap is difficult. Things change, and to
commit to only one way of doing things is not right

Dr. Moghaddam asked Dr. Maiden about her visiorptdting the algorithms on an open source

platform. Dr. Maiden replied that the policy isdieare source code for validation. Scientists adi@not
want to do that, and it was noted that many donagsit to get involved at this level of working witbde.
NASA tries to encourage collaboration, however, Badng open source code is one way to do that. The
original EOSDIS concept had all of the processirgide the data centers, but some of the sciennestea
came in at lower costs, which is how the share@ sydtem was born.

Dr. Tsaoussi said that the IT team wants to undedsthe needs of different communities.
Astrophysicists might have different needs fromtkacientists, for example. So it is important tow
each community’s issues. SMD wants every subcoreentti help develop guidelines for the future ITIC
study. If this is turned over to NRC or some ottpeup, the right people might not be involved.

Dr. Tapley asked if the Science Investigator-ledcBssing Systems (SIPS) were considered modeling

activities. There is a large modeling activity dadr or five modeling centers. Dr. Tsaoussi was not
aware that modeling was seen as being part offtlizdtudy, though it could be. Dr. Tapley explained

17



NAC Earth Science Subcommittee November 28-29, 2012

that that is a larger data storage distributiordpot, producing information that must be stored and
assessed. Dr. Running observed that different caomties and teams use modeling and model outputs at
different levels of intensity. It was noted thatiaareasing number of analysis projects go thrahgh
centers, and that ESD has two super-computer cethigtr Pls visit in order to do data analysis.

ITIC Briefing and Future Approaches. Dr. Tapley suggested that ESS could not do muate mvithout

the ITIC briefing. They will have the briefing amtbve forward. ESS would also receive a report on
security analysis. There is some data analysisgi@mputation-intensive, and some of this is done
through the data centers. Much of the computativenisive work is done with the Pls. Dr. Siegel dske
if it would be help the planning efforts for ESSdo an exercise in looking at a blank sheet of pdpe
Maiden said that it would be useful to have cldgectives for a study, such as save money, use E®SD
data in conjunction with other data, and so on. &ofithis has been done within the science communit
Her team is also looking at some systems for mgivdeessing and data.

Dr. Minster observed that saving money is a goagstjon that is hard to answer in IT. It is posstbist

a new approach might save money. He had no stemlip@is about the cloud, but noted that it might be
standard in a few generations of IT. Dr. Tapleygasged that NASA might not want to lead in thisaare
as costs can be worse than expected. Dr. Michaldk!sat ESS must set its criteria, then gave an
example of where the criteria were wrong. She advisoking broadly when setting criteria.

Dr. Maiden explained that there is a team at thédaad Space Flight Center (GSFC) that is very
interested in NASA science, including Earth sciefideey know the contents of the data system, they a
excellent in dealing with observations, and ithisit job. They are implementers, and they manade an
provide funds to the data centers. There is a iltlyeof people who make decisions. The systems
architect makes sure the pieces all play togetheaae easy to find. They are real data centedsdan

not present a single solution for all situationbjch is important to understand.

Dr. Curry observed that the system works in terfrdata management, but there is still a problerh wit
the data information piece, especially for the nesearch user. She wondered if the whole efforhimig
be overwhelmed by the intense user. Dr. Maidenagxpt that the current term is “fit for purpose 4tB
quality is in the eye of the beholder. One of ta@sons NASA is going to 1ISO9115 is that it has a
strengthened quality level and is more robustwaiig the Agency to better address uncertainty.dbéit
people want different things. Applied science wat#ta fast. Often, investigators must use
documentation that is separate from the data.i$kis area in which her group is trying to catch up
President Obama said that people should be alglettdata, but she felt it was also important te teére
in how that is accomplished. In some areas, thig@quire a lot of work, but NASA needs input from
many different people. Dr. Curry thought that tletrtarget audience is a level down from the sigemnt
not necessarily the “man on the street.” Dr. Maidgreed that there are people who can use datiobut
not know that EOSDIS has it. Ms. Kathleen Greerisaizhighlighting the “added value user,” as they
get the data out to decision-makers, like brokers.

There was additional discussion about the needye Br. Smarr’s presentation, as it was not cldetw

he would be seeking. It was possible to develdpdirfg from the information ESS did have, specifica
with the questions the Subcommittee wanted answéned saoussi said that Dr. Smarr had already
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given presentations to the Heliophysics Subcoma(ifitéPS) and the Astrophysics Subcommittee (APS).
She thought the two presentations seemed veryeiitérom each other. She distributed the APS
presentation, because that seemed more similanab BSS would need. It was still possible that Dr.
Smarr would tailor a presentation to ESS. She atltl#dhe ESS discussion was more extensive ttan th
of either HPS or ESS. She thought that was a pesitecause they would benefit from having more
direction rather than less.

The meeting adjourned for the day at 4:58 p.m.
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November 29, 20 12

Session Overview
Dr. Tapley reviewed the meeting objectives fordag, and advised reviewing budget balance and kaunc

requirements, at a minimum. This meeting did noluide a presentation on the Joint Polar Satellite
System (JPSS), in which some ESS members are etvohthough ESS had not yet had a briefing from
Dr. Smarr about the IT study, they might want to qut a cautionary statement. Finally, they had not
fully discussed the findings and recommendatiorth®fmid-decadal review.

Airborne Science Program Strategy/Overview/NeanrTksues
Dr. Freilich was unable to join the meeting thag,dso Dr. Jack Kaye, Associate Director of ESD trel

R&A lead, sat in for him. Along with Mr. Bruce Taglge discussed ASP. Dr. Kay explained that airborne
science can help enhance the satellite programidang a path to space and ways to learn abouhEart
via a platform that carries many instruments. Theverlap between serving satellites and learning
something about Earth. Airborne applications previdxibility in obtaining the right observing

platform, which can be difficult with satellitesh& people who work on the aircraft get good career
training and contacts, whether for airborne orlbtevork.

Dr. Kaye showed the program’s budget history, rptivat the 2009 was particularly good, due in frart
the stimulus program. He also described curreraluitipes of the aircraft, along with funding legel
Some aircraft are fully funded, while others ardiply funded, reimbursable with partial ASP fungj
and fully reimbursable. The fully reimbursable aot in the core program. An example is a partial
funding arrangement with the Grumman Corporationyhich NASA and the company split the costs
and usage time equally for two aircraft. Thereoisis tension regarding access, but that is worked
through. The access formula could be revised irittuee so that each organization has its own aircr
instead of sharing two.

Dr. Kaye said that it is easy to talk about platfey but ASP emphasizes sensors, systems, and @sople
well. The goal is to advance the science. The systaake the aircraft good flying laboratories. The
airborne campaigns now are much more advancedhlesnwvere 20 years ago. Air crews and
management are based at a number of NASA centsisuinent integration build and operations
expertise are at Ames Research Center (ARC), alaihgmission management, flight request system and
web presence, and education and public outreach.

There is not much interest in the tiny Unmanneda&fehicles (UAVS), though individual programs
might. Mr. Tagg noted that the universities arend@ome UAV work. In terms of qualified pilots, the
program keeps 14 at Johnson Space Center (JS&) §den Flight Research Center (DFRC), 4 or 5 at
the Wallops Flight Facility, and another 4 or Stred Langley Research Center. NOAA has qualified
pilots as well, and is interested in some of ASitjects.

Flying the Global Hawks requires 13 people on do8F mission and 26 on 24-hour mission. Because
crew need a day off, there must be 33 people ¢otal back-to-back mission. This does not include
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scientists, mission scientists, or back-up crew.@&ugineni noted that the training is extensive it
be factored in. He thought the crew numbers weremmims and suspected that the numbers for actual
missions were higher.

While the Global Hawks and other aircraft are fyjithe ground crew does not do a lot, but they are
essential for take-off and recovery, they put indgw shifts, and there is a crew chief in the cdnmom.
This staffing configuration could be optimized het. Currently, Wallops is more expensive than
Dryden, but ASP is trying to build up the Wallopaft It is expensive to deploy Global Hawks.

Dr. Kaye presented a graphic of the airborne sei@ncraft and their relative endurance and raktye.
Tagg pointed out that the Falcon and Sherpa weatedadithin the last year, and provide much needed
flexibility. Dr. Kaye explained that ASP flight hmihave increased a lot since 2009. Much of thikies

to the IceBridge, which accounted for many hour8dh2. ASP is also tracking hours better, which may
account for some increase. As for the budget impfitte hours increase, Mr. Tagg explained thagehe
aircraft have capacity that is not well-defined.PAfeinds the crew, and did increase funding with the
ramping up phase, but that has leveled off. ASHose to maximum capacity on several levels. Dyeka
added that ASP has tried to enable cross-traimingifots, which could lead to economies of scale.

Dr. Kaye and Mr. Tagg presented the following tegiar discussion:

. Can increased demands for airborne science ddézton be met with current funding?
. How do we capture science capacity across th@éygeéncluding outside providers?

. What caused the Southeast Asia Composition, ClGlichate Coupling Regional Study
(SEAC4RS) issues and delay?

. What is the best use of unmanned systems?

. Should ESD invest in small unmanned systems?

. How do we manage the fleet, including retire raift?

Dr. Siegel asked how much is spent on fuel, ovaetiand travel to get personnel to the right plitre.
Tagg said it was roughly $5 million for IceBridgeae, and there was $30 million for infrastructure.
Some of this comes from the various programs, amtevASP does not actually track all the hourlysiee

it is possible to determine it. Dr. Kaye explairibdt the SEAC4RS campaign was to have been based in
Thailand, but the Thai parliament did not respanthe NASA timeframe. Therefore, the project is now
looking at Singapore, where it is more expensigenach as three times more than in Thailand.

The UAVs and UASes are not technically unmannedheg are well-staffed and the staff must be paid.
They account for much atmospheric chemistry andigBy Scientists want comprehensive measurements
that are accurate and traceable, which leads tehipeavier sensors, which is a limitation on UAVs
However, there are other uses for UASes.

There is a disincentive to retire aircraft. The WBis being set aside in case anyone needs ihdohe
was using it. The CD-8 will require $4 million irr&ivy maintenance after 2013. It presents a good lab
that is easily deployable. If NASA disposed ofntlehad to reconstitute it, the cost would be $60-10
million, and that would take a lot of time. Someloése vehicles have useful holes and inlets tieat a
well-suited for likely uses. It is therefore haodliét go of them since they provide versatility €T3
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needs new wings after another 1,000 flight houns. Mgg added that the Sherpa is bigger, and has bo
a longer range and a bathroom, which importanafyone flying for 8 hours.

Dr. Kaye said that keeping all of the aircraft ifidigely will take more program resources, probasly
the expense of something else. Dr. Minster askeat wicosts just to keep an aircraft in a hangar. M
Tagg said that those were the costs given alongsidabilities. Those costs incorporate maintenancde
related personnel costs.

Mr. Tagg asked for ESS input on the following qicest:

. What should the program be?

. What is the right mix of assets and technologyetlgpment?
. What are the best metrics to meet ESD requiresfent
Discussion

Mr. Tagg said that ASP would be amenable to anpeddent review. A lot of the hours flown can be
attributable to training time or travel time. Ag fwllecting data in transit, they already do sahthat.

Mr. Tagg noted that for IceBridge, the Pl is vepgsific about when the data collection starts. PHis

at the maximum for power, weight, and ports. A swannof science outcomes was available by mission.

Dr. Minster observed that with the ability to tekecraft anywhere on the planet, he could imagine
transits designed to turn into portions of sciemigsions, including those that follow the grouretkr of
satellites. Dr. Tapley added that the analoguledtd lot of ocean data were picked up by shipsaimsit.
So if an aircraft is going to fly certain hoursetuestion should be whether there is somethirtgctira
be done beyond running the aircraft from Point tint B. Dr. Kaye said that atmospheric scientists
this type of thing, and it is possible that fliglat® already catching satellite overpasses. Howéwere
might be additional possibilities.

Dr. Kaye asked whether, given the increase inqiat$ and sensors, ASP should be thinking about more
applications to oceanography. Dr. Siegel explathat, as an oceanographer, he would not try teeforc
this, as the ocean is dynamic and moves quicklg. NASA oceanography program must be on the
water. When Dr. Minster suggested adding a hyputhie?2 hours to a flight in order to collect addital

data, it was noted that to do that, someone muosegs the data, put it in the archives, and anatlyze
There would have to be other elements involvedhtuee that the added time offered value. Dr. Siegel
pointed out that ESS members were concerned Mlitigfdown time if there is a need, use, or funding

Dr. Kaye showed a map of the 2005-2012 airbornepeggns across the globe, noting that flights seldom
travel over Russia or China. While the French, agnathers, have similar campaigns operating and
planned, the size and range of the NASA platforensl to exceed what others have. The U.S. size and
scope exceeds that of the international parthesaee more comprehensive and capable. He and Mr.
Tagg described some of the U.S. inter-agency worledvith NOAA, DOD, NSF, and others. There is a
lot of coordination at the inter-agency level, @athe of the aircraft assets are exclusive to NASHAne
operations have constraints, however.
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It was noted that NASA works with the Forest See((ES) in support of wildfire activities, using
airborne sensors. There are questions about titg afithe sensors and whether NASA and the FStwan
to continue. There is an effort to facilitate tegcluyy transfer in this area.

Other issues include the following:

* The Global Hawks were oversold and have under-elediy;

* Manned aircraft may require less staffing than ummea aircraft;

» Maximum capacity is not well established at theteen; but ASP is close to its maximum
capacity;

» ESD instrumentation strategy raises the questidoafto go from thénstrument Incubator
Program (IIP) to the Airborne Instrument Technoldggnsition (AITT) to becoming a real data
collection asset.

Global Hawks. Dr. Gogineni observed that it will take time ta ¢ge Global Hawks to the right level, but
it is important to target specific applicationsttban be done with them. Mr. Tagg replied thatlihdget
for that is limited. Mr. Tagg presented a chatirig the Global Hawks’ limitations. Among these vias
fact that the payload must be distributed througtioel aircraft. Dr. Tapley was surprised by somé¢hef
limitations. Mr. Tagg explained that these are “limve” aircraft, and he was not sure ASP had enough
reliability data. The Global Hawks are a relialitetaft that go a long distance, but they werereatly,
expectations were set too high, and too much was dath them too soon. It would be good to have a
program assessment. Many scientists want to usltdiml Hawks, but ASP also makes platform
suggestions. The Global Hawk flies at high altitade is the closest thing ASP has to a sateltiis. |
also long range and can cover more ground fromemigp.

Dr. Jenkins if there had been any feedback fronstience community comparing the P-3 to the Global
Hawks. Mr. Tagg said that there was not, but nttatithe P-3 provides more flexibility on preparing
payloads. Dr. Kaye added that the Global HawksthadER-2 are the most closely related. The ER-2
flies a bit higher than the Global Hawk, thoughhwigss range. However, it has a greater payload
capacity and it can use the Sun, which the Glolzallicannot.

Earth Venture Class and other missions. Although ASP is prepared for the next EV, theefarancial

and time limitations, and concerns about persorified.expectations on the proposals are rather Mgh.
Tagg said that he must be ready to determine dgp&ben proposals come in. Regarding the question o
whether selections are based on resources or pesoare based on science, Dr. Kaye explained tBBt A
might select fewer missions and invest in platfqring relies on the structure of the budget. Oygitag
missions should not be a problem. Dr. Moghaddane gla® example of AirMoss, where it was found that
the existing G3 could not handle it as expectedhasircraft was oversubscribed. She suggestédhilsa
be handled at the beginning of the process. Drekayeed that the AirMoss situation could have been
handled better. ASP must look at all the missiondeivelopment, and provoke the investigators takthi
more clearly ahead of time in order to identifyitheeds. There is a budgetary cushion to provide
nimbleness.

Dr. Kaye said that there is less flexibility witlv& than previously. Most of the campaigns havebaean
multi-year, though there are more of those now.@ry asked how many good proposals are turned
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down due to lack of facilities, and which discigare most affected by this. She also asked if W&
supporting projects with marginal science payoff. Kaye explained that the EV-1 had some good
science ideas that were not well implemented assld&citing science ideas that were well implentknte
There are other issues, like field campaigns wtrerdunding limitations are in the overall programs
ASP cannot always fund the campaigns like the Rragtid when it had deployable dollars. Another
factor is that of logistics and personnel time. Ourry suggested that flying less might make meress
because a lot of the data that are collected drarmadyzed. Her faculty spend a lot of time in fileéd,

but funds for analysis are less available. She wedlif the funding is skewed toward field work.

NRC DS Midterm Review
Dr. Tapley next discussed how to frame the resptmgee review. Dr. Freilich’s information indicalte

that the flight programs in 2007 had a budget @ual$1.45 billion. In addition to DS missions, the
climate initiative was moved forward with OCO, SAGEMAP, and seven additional missions funded to
launch by 2020. The budget increases have nothedd$ goals, and there were additional costs
associated with the OCO reflight and Glory faillE&D has completed most foundational missions. The
NRC review noted that the budget did not materadind that mission costs exceeded those anticipated
the DS. Among the reasons for the cost escalatuene higher launch vehicle costs and lack of launch
vehicle access. DS “irrational exuberance and omssieep” presented cost issues with CLARREO, for
example. Some of the missions were more challernizg anticipated and others envisioned synergies
that were not readily achievable. Dr. Tapley ndted there were recommendations on partnering with
NOAA, which has had its own problems. RegardingSIH8r example, there were problems within
NOAA and its decisions on measurement continuitgniiprograms were underfunded, some of which
were mentioned in the DS.

Dr. Tapley thought the most significant assessmastNRC's finding that NASA responded favorably
and aggressively to the DS, given the budget sita@nd other limitations. NRC supported the Earth
Venture class program, noted the flexibility broulgh alternative platforms and flight formationsda
acknowledged the positive development of intermatigpartnerships. NRC also praised the progres$s wit
the Applied Science Program (ASP), stating that NASs enhanced that program while maintaining
healthy investment in R&A.

Additional findings that were problematic includ®©NA'’s greatly diminished ability to implement the
baseline and recommended program, and the laadiable, affordable, and predictable access toespac
The latter finding was specific to launch vehiclasgd NRC stated the need for a medium class launch
vehicle in order to secure programmatic robustness.

Dr. Tapley next reviewed the recommendations. Tisedtated that ESD should interpret DS estimates
of mission costs as an expression of the relagivel lof investment that the DS committee believed
appropriate to advance the intended science, amddshpportion funds accordingly, even if all oéth
desired science objectives for the mission mayeaichieved. The second recommendation was that
ESD should implement its missions via a cost cairstid approach, requiring that cost partially diyfu
constrain the scope of the mission such that teatisience and applications objectives can becaell
within a reasonable and achievable future budgsias.
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A discussion of costs followed, with Dr. Tapley ebsng that ESD gets both optimistic funding nunsber
and realistic numbers. Dr. Running added that wigewas on a DS panel, they never did any kind of
detailed cost analysis. Dr. Gogineni said thatdefound more realistic costs modeled independently
and they were much higher than the DS figures.CEmeers also had realistic numbers. Dr. Tapley
thought that the figures in the DS might come irt fram the science community, which sometimes does
not distinguish well between needs and wants. Heeabwith the first recommendation. Regarding the
second recommendation, he thought it better t@gefssion into orbit rather than not flying it dit &SS
previously supported this recommendation, but hetadto confirm that.

The third recommendation is that ESD should esthlaicross-mission Earth system science and
engineering team to advise NASA on execution oftfuad suite of DS missions within the
interdisciplinary context advocated by the DS. Running was not sure he agreed. With single mission
now not under the scope of a separate committe@abanot sure where this was done. Dr. Siegel said
that the manifest of what is going forward includleithgs that were new to him, and it was not clear
where advice was going. A NASA representative érpldithat the flight to ISS was an opportunity that
came along suddenly. A NASA priority is to fly paglds on ISS, and given the launch vehicle situation
and ISS expense, these are golden opportunitieE81a cannot turn down. It was also explained that
OCO-3 is an extension of OCO-2, which only hasya& mission.

Dr. Siegel noted that the systematic review couddk@rthings more complicated. Dr. Michalak noted,tha
in general, it is not clear if there is a commarstematic process for making these decisions. ét also

not clear whether such a process should involve @$8me other group. In the case of OCO-2 and
OCO-3, the concern was more about the processathghing. She understood why the opportunity for
the flight to ISS was taken, but the community waprised by it. She wondered if ESS should have
input into the process to make sure it is done.vigll Tapley pointed out that that could occur tesw

the NRC panel and the ESD director. Dr. Tsaougsliaéned that the recommendation advocated a panel
that would have to be legally set up to providalfek that the Agency could consider. That would be
under NASA, not NRC.

Dr. Moghaddam said that this bordered on the pmaew process, and she was not sure how useful such
a panel or committee would be. Her interpretati@as #hat this group would select missions to go
forward, which might not be desirable. Dr. Taplbgught that the tasks ascribed to the cross-diseaipyl
advisory group were done by single-purpose groDpsSiegel said that he was on one of the latted, i
was brief. As he read through the NRC text, he santinued discussion about keeping scientists
reasonable on costs, and he was not happy with that

Dr. Gogineni did not see how the new panel wouldresk the fact that cost estimates are off, althdeg
understood that to be the panel's purpose. Dr. Rgrthought this was redundant to what already
happens. Dr. Christy added that when the DS fastecout, it said that all these of measurements wer
needed, but the second recommendation said net itmplementation of any one subvert the rest. Dr.
Tapley observed that much the experience has bgashing the envelope on the science, but
sometimes the science is best served by less jmreciger a longer timeframe. Dr. Kaye explained tha
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the DS gave continuity missions to NOAA and singissions to NASA. This cast NASA as the
innovator and provided little focus on continuitytside of NOAA.

Dr. Running noted that the point on whether to itor& improving a sensor or keep continuity is alsvay
being debated. The crosswalk to the next sensmmetimes an issue, and sometimes continuity ts bes
served by not going to the next state of the agt. Green wondered if this discussion needed mor, ti
perhaps at the next meeting. She has heard this déscussed at NASA a lot. As science depends more
and more on sensors, the scientists want moredsgland she did not think the balance existedBret.
Siegel observed that the nation’s science depem®AA for continuity, which is a problem because
NOAA's continuity is an issue.

Dr. Tapley said that while ESS could endorse trg fiwo recommendations, it did seem that Ms. Green
was right in advising more time to think about aistuss the third recommendation. Dr. Curry asked
what others thought of skeleton missions versusernomplete missions. Dr. Tapley thought that
depended on NASA's focus. The process studiesxdreneely important, and serious climate work
requires long-term measurements. Dr. Curry saitivthiée that may be true, there are not many viemb
required with climate. NOAA is useful with the clate data record, but the community does not present
coherent, practical program. Dr. Running advisedraus review of the array of data products.

Dr. Christy said that there had been a review oBAand NOAAs programs about 15 years ago. Dr.
Minster cautioned against creating unintended auresgces. Continued measurement of the same points
would not necessarily equate to stable costs, wdocid go up. Dr. Shepherd gave a best-case example
of precipitation trends, in which the data recardontinuing while the field also advances techgiels.

Dr. Tapley said that in considering budget issitasas not clear that science is best served bygitie

best possible on each measurement.

Ms. Green said that another issue is that while NASI say the Agency wants continuity of
measurement to go to another agency, Congressndbesvays trust other agencies as much as itstrust
NASA. This means that if NASA does not do the aumty measurements, they might not get done. It is
an institutional issue. Landsat is an example. Hiesident gave that to the Department of Intebot,
Congress gave it to NASA. Dr. Running pointed tiatt the issue is the continuity of the data record
rather than the instrument. He would like to setriniment capabilities evolve, but the existing elien

data records must be kept in mind. Compatibilitglafa is an important consideration in developieg n
sensors. Dr. Curry agreed, citing an example d&f tdcompatibility.

Dr. Tapley determined that the recommendation woeihdain under consideration until the next meeting.
The fourth recommendation was for NASA to ensuesatailability of a highly reliable, affordable
medium-class launch capability. The fifth stateat tikonsistent with available budgets and a bathnce
Earth observation program from space that is bargtie DS recommendations, NASA should consider

increasing the frequency of EV stand-alone/spasedaissions.

Dr. Siegel thought the fifth recommendation seepresnature. No one knows if the system works,
because there are not yet any data. Dr. Moghadddedahat this has to come at a cost, so incredsang
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EV missions would necessitate reductions elsewklaralternative would be to implement some original
DS missions through competing EV missions. Dr. Rugsaid that he would not endorse it without
knowing what is given up. Dr. Tapley agreed th&trimation on the track record is necessary, ardl sai
that ESS would put this recommendation on holda@mdinue to monitor the EV missions.

Dr. Tapley said that ESS also needed to discusSubeni NPP mission, where the specific instruments
are noted. There are five altogether, and NOAA usk four. Only one has already flown in spacer&he
is a question about the actual science yield. Togeb issue is with JPSS after NPP. The budget is a
concern, as is the number of instruments. Theatssthe question of what NOAA will do. Calibration
and validation issues remain, and this is all vergertain.

There was discussion about what the options watk,aANASA representative stating that NASA cannot
control this situation. Dr. Shepherd said thatsheri a NOAA advisory board that met the previouskve
and had a presentation related to this issue. Tihene independent review team report now available
NOAA is doing a gap risk study. Dr. Tapley askech o be the liaison, which Dr. Shepherd agreedto d
if there is no conflict of interest. He emphasiteat he did not speak for NOAA. Dr. Running obsérve
that he had been on that same advisory board, elievéd that NOAA does not feel it has ownership of
climate data records. Dr. Tapley said that that mwgortant to know.

Dr. Running said that every sensor should be loaitespecifically, and while JPSS must keep goinig, i
important to distinguish which sensors are justrigsting research tests and which contribute toiogg
data flows. This will come up at some point dudtdgeting. Dr. Tapley asked Drs. Running and
Shepherd to write something on the scope of thel@ma. ESS will hold that as the action on this ¢opi

Without knowing the budget, it is hard to addrdssissue on program balance. Dr. Tapley thoughag

in good shape, though he knew that there were gothe community with concerns about the balance of
the flight program and the delay in the microwavssion, although the latter is in the queue. Deg8l

said that he saw balance but not continuity, ansluvesure how to articulate that as part of therfuala
discussion. Dr. Tapley suggested calling out caiitrregarding JPSS, and Dr. Running agreed tcewrit
something.

It was noted that there was nothing specific albatiral hazards, although “societal benefit through
applications” might cover that. There is also aueswith the technical program, and the gap between
outcomes and actual instruments. Dr. Kaye expresseckrn that the instruments cannot be kept going.
The presumption is that they will go into R&A, libait remains to be seen.

Applied Sciences Advisory Group
Ms. Green and Dr. Lawrence Friedl, of ESD’s Appl#&dence Program (ASP), discussed the Applied

Sciences Advisory Group (ASAG). ASAG is a Congresally mandated group advising ASP.

ASAG is still building its membership. At a receneeting, the Group discussed Earth sciences data
access, data latency, assessment of the ASP gapatding program, applications value in satellite
missions, market research for water resourcescgtigins, and grand challenges. The recently inttedu

27



NAC Earth Science Subcommittee November 28-29, 2012

Application Readiness Levels (ARL) range from Btand have proven to be extremely valuable in
evaluating the applications. The annual performayuoag for 2012 was more than achieved. Two thifds o
the applications increased at least one ARL, 40gmrincreased by at least two levels, and 23 perce
increased by at least three.

Findings at the meeting include that applicatiolay @ pivotal role in the migration of NASA Earth
science results into operational decision-makirdy@her end uses, and that applications are dritica
the continued support of ESD. Ms. Green gave so@mples of applications that had migrated into the
real world. Dr. Shepherd said that some sciergisgtdooking at Tropical Rainfall Measuring Mission
(TRMM) observations of Hurricane Sandy, noting thlegptics will ask if this was used in an applicas
mode. The NASA graphics looked like they were depell after the fact. Ms. Green said that she will
bring additional information next time.

One of the more specific ASAG findings was thatAtitl_s are very effective in evaluating the sucaafss
applications projects and for tracking the mignatd NASA science into operational decision-making.
The program should consider tracking publicatiansvall. There is a need to track data users and the
applications in order to understand their needghbtblogies are needed for determining the valubef
applications and to identify approaches for commmainng that value to the public. Determination of
benefits and the value of applications is an urebintellectual and fundamental problem.

ASP is productive and effective, with many examplesuccess. However, key positions are not
permanent or are vacant, and this needs to bessddteThere are also some very interesting
organizations that understand NASA science andaranulate solutions, so ASP should establish that
kind of translation through those groups to getdat more used and more institutionalized.

ASAG developed the following recommendations:

1. Increase consideration of applications in missiammping. This is very important in
communicating the value of NASA Earth science.
2. ESD should pursue research that develops methddsltmdetermine the value of applications.

This is the most important recommendation, Ms. Gsed.

NASA should quickly staff the Disasters Program ager position as permanent.

4. The responsibilities of the Distributed Active Aiahl Centers (DAACS) should be broadened to
include providing access to pre-launch test datapplications research supporting mission
development.

5. ASP should better characterize users and granteolyak in the applications areas, which can
enhance applications planning and users’ engagemerission planning.

6. ASP and other ESD programs should work togethdet@lop and implement methods for
tracking data users and their applications to bettderstand user needs and requirements.

7. ASAG strongly encourages ASP to fill the vacant Gamications Manager position.

8. ASAG encourages the Program to diversify its comigations and outreach approach by
providing ways for the community to showcase susitgspplications.

9. ASAG encourages ESD to make more use of ASP’s AriRejport and ASP’s successes.

w

Discussion
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Dr. Siegel said that since two-thirds of the agilans had advanced through the ARLs, he wondered
how technically calibrated they were. Perhaps mias too many and they only needed six. Ms. Green
thought that some of the groups might have beert@mubin their initial assessments. Dr. Friedl
explained that initially, ASAG was trying to helpviestigators understand how to judge themselves. He
agreed there was some gaming of the system s@lhatould look good. ASAG would like to run this
for another year or two, then assess it again.el'aes criteria for the ARLSs, but they first allows o
assess themselves, then an associate at NASA ethevassessment.

Dr. Minster said that the mission of the DAACSs tstdbute the prelaunch test data has been a
requirement from the first day. Ms. Green thouglat tould be a perception problem. Dr. Freidl added
that regarding access to data sets, NASA is makieglata available to early adapters of SMAP, which
Dr. Tapley thought might be too early. Dr. Runnégplained that before launch, a PI has very little
confidence in his or her algorithm and does nottwgrassed around by being posted on a DAAC. Dr.
Tapley agreed that the prelaunch test data shatlohclude just anything that is being done.

He added that the first recommendation was a ptiiatDr. Freilich had mentioned, but it does resra
to be universally applied. He wanted to know ifpifssion implementation, applications were brought
at the same time as the science team. Dr. Fradltisat ASAG had discussed the EV program and the
role of applications. Dr. Moghaddam pointed out t¥s are highly cost capped, which meant that the
addition of applications would lead to giving uprsihing else. Ms. Green said it should be parhef t
decision process.

Dr. Tapley agreed with the second recommendatiginDb. Siegel was unclear on its intent. He asked
whether it meant that ASP would determine the valugpplications research for the public, or thnt t
research agenda would reflect the value of infolonab the public. When told it was more the latiad
involved methodologies for communicating the vahe asked how they might use a satellite to fotecas
a hurricane. He had compared operating with anldowtita given asset, which led to a dollar value. Ms
Green said that the recommendation advised commitimgcprocesses that people value along with that.

Dr. Tapley agreed with the third recommendationrimied that it depended on resource availabilig. H
also agreed with the fourth recommendation. Dedtmoted that NASA has decided to restructure
ASAG as an advisory committee, though it will con to maintain its status as subordinate to E&®8, a
will have a member on the Subcommittee.

Findings and Recommendations

ESS members were given Dr. Running’s piece on mtsdhe Subcommittee would like to define for
climate continuity. Dr. Tapley asked them to reamver, and he would incorporate their comments ant
draft. Similarly circulated was Dr. Minster’s draft the health of ESD and measurement products. Dr.
Tsaoussi was to send out additional paragraph®¥iew. Dr. Tapley wrote an analysis of the balaoice
the program, in which he noted that the data cersieould stay as they are for now, adding thaueifd is
ever a decision to change, ESS wants to proteticgroperties.
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The airborne program presented the potential pnolédated to partnering on SAAs. ESS also wanted to
understand the cost benefits through an extermedwe Dr. Siegel said that this should be simianhat
was done with the satellite program. He volunte¢oedrite a recommendation on that. Dr. Tsaoussi
explained that ASP has a fixed budget line in #s®arch program. The other R&A funding depends on
the campaigns that are done in a given year. Ssmempeted, some is not. Some of the funding is
steady and some is not. The funds are not avaitalile campaigns across all of the programs. Téte la
two fiscal years are not necessarily representative@ important to be more flexible, especiallittw

flight hours. It would be possible do a retrospeetio see how much of that is competitive, however.

Dr. Tapley said that there was, in general, agreémeh the mid-decadal review, with the caveat tha
ESS is still looking at the cross-disciplinary anehture class recommendations.

There was additional discussion about the poteotied ESD would experience in the event of
sequestration, and whether to cut the budget adistior horizontally. Dr. Tapley said that it seritde
wrong message to make it appear that the cut dmuttbne without pain, but he thought ESS should at
least discuss what might be cut. This could be daméeleconference once they had more information.
Dr. Gogineni offered to write something about thetosersus benefits of UAV operations, and would
write a recommendation that the program be reviewed

There was discussion about the scheduling of tkemeeting. Dr. Tsaoussi offered to poll the mermaber
She added that NASA had received nominations far B8S members, as four members were about to
rotate off. She would look at the dates they wieréeave and see if it might be possible to meé&iree
then, though that would not determine the next mgetate.

Adjourn
Dr. Tapley thanked the meeting participants andwadied the meeting at 2 p.m.
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