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2009 NASA Earth Science Senior Review

Purpose: Determine which of the reviewed missions warrant continued
operation and how much funding each should receive.

Missions involved: ACRIMSAT, Aqua, Aura, CALIPSO, CloudSat, EO-1,
GRACE, ICESat, Jason-1, QuikSCAT, SORCE, Terra, and TRMM (i.e., 13
missions, all beyond their prime mission lifetimes).

Period covered: FY2010 — FY2013, with funding results for the last two
years considered preliminary.

Proposal requirements: science section, technical/budget section,
appendices providing a data product inventory, budget spreadsheets,
references, and a list of acronymes.
Key Dates:
— March 24, 2009, proposals due to NASA Headquarters (HQ).
— May 12-14, 2009, meeting of the Senior Review Panel (Aqua
presentation May 13).
— September 1, 2009, letter received from Mike Freilich (Director for
Earth Science, NASA HQ) regarding the Senior Review results.

— September 24, 2009, Aqua response provided to NASA HQ.



Aqua

Senior Review Proposal

oo 7’».0?6;{}0'1»«:; -
x\ . SENIOR REVIEW,2009 ;
§, % OFTHE MISSION o:gam‘zu NS 73

Dp 5
d : A
\ «
e ~




AQus Serey Revon b |

Tadle of Contents
Execelive Seenmny 3 25 Seeminy of Programssanc Elementy 13
2009 Aqua Senior Review P et iy v 09
q | lomodactica sod Paylcad 5
11 lanodectien . 3 3 Techacal Budger Secton 29
Table Of Contents 1.2 Paytosd .. 3 31 Techascal Swmws of e Spececradt. Tustruments.
121AIRS . ¢ d Grevod Systens b
122AMSRE & 3.1.1 Spaceczaft Seatun 29
123IAMSU ¢ J12AIRS Staten .. 30
124CERES 6 313 AMSR-E Seatens .. 31
125HSB 7 314 AMSU Seaten . 31
12eMODIS T 3.1 5 CERES Stres L}
FI6HSE St 32
3 Soweace Secnon . T 31 7MODES S W2
2 1 Casvest Scuence Obpoctives . 7 31 B Groend System States ... 32
1 2 Receat Scxence Accompiabnests . § 319 Flighn Operatiozs Cont Pexfeemance and
211 Pebdcanca and Deaa Ditnbution Statutics Cost Reducnon lutiatives . M
. . 5 B 110 Muoseon Life Expectancy 35
112 Amosphenc Compoution 9 3110 Bad of Life Appeoach 33
223 Wester 10 3 2 Badget Nactatnve .. 36
2 2 4 Carbom Cycle sod Econyatens 11 3.2 1 Misseon Costrauation 36
225 Water sod Energy Cycle 12 3.2.0.1 Misuca Opersticas .. 36
2 2 6 Chmate Varabikty and Chasge 14 1282 AIRSAMSL 37
2.2 7 Bach Sarface aad Iatence 14 123 ) AMSEX b3
2 ¥ Contridetion of Aqua to Naticaal Obpecaves JJIACERES 9
Appbed Sarence 16 32135MODIS . 40
231 Wewber Forecanimg 16 3.2.0.6 Progect Soatace Mmapoment 40
2 3.2 Aprcultaral £ fcwacy ] 122 InKied Support = 41
‘ ‘ 233 Auw Qualsty H 31221 Scwace lovesaganorded Procesung
234 Avatica 15 Sytec 41
13 5 Carton Masagement 18 3221 EOS Progect Strence Office . 41
13 6 Coavinl Managersent 13 33 EfMowncy Metne . 4]
137 Drsaster Masagensen 13
1 3 E Ecobopeal Forecastmg 19 4 Acknesledgmenn 0
239 Enmegy Managerment . 19
23,10 Hosselazd Secunty 9 Appendix A Agus Dats Prodect Summary 4
2311 Iavauve Species 1%
1312 Public Health 19 Appendis B Budges Spoeadiieets [sepacine file] b )
3315 Water Masagement i’
2 4 Receat Progress and Plazned Contizued Appendix € Aczoayms sad Other Abbrevastions S
. . Prodectica of the Core Data Prodexes ... 19
241 AIRSAMSUHSS Scyence Teams .. 19 Appendie D References «
24T AMSREE Scwace Team a2
JALNCERIS Scowace Team J) Appeodix I Eapresciag Data Tables a0l Fapaes 68

24 4 MODIS Scwnce Team 26



Compelling Aspects of the Aqua Proposal

* Strong science
— Four productive science teams (AIRS/AMSU/HSB, AMSR-E, CERES, and MODIS).
e Over 600 publications using Aqua data in each of the last two years.

e QOver 7,000 citations to publications using Aqua data in each of the last
two years.

— Significant contributions to each of NASA’s six interdisciplinary Earth science
focus areas (especially the first five).

— Role in extending many key climate data records.
* Many contributions to National Objectives/Applied Science
— Many Aqua data products being used in weather forecasting.

— Contributions to each of NASA’s 12 Applied Science Program Elements.

— Value of the Agqua data to the U.S. Forest Service, USDA, EPA, FAA, NOAA, DOD,
USAID, USGS, U.S. Coast Guard, Dartmouth Flood Observatory, Washington
Volcanic Ash Advisory Center, Alaska Volcano Observatory.

* Healthy spacecraft and instruments
* Enough fuel to last at least through 2018
* Cheap to continue relative to the initial investment



May 13, 2009 Meeting with the Senior Review Panel

* Excellent panel, chaired by Steve Ackerman.

* \Very nice opening and closing compliments from
the Panel regarding the Aqua mission and the
proposal.

* Presentation centered on answering 8 sets of
guestions provided ahead of time by the Panel.



Question Set #1

“... present your optimal proposal budget; describe the
additional work which will be funded ..., and justify the
additional budget requested. ”

Abbreviated Answer, p. 1:
‘Optimal’ Additions for Mission Operations (ESMO) and AIRS/AMSU

ESMO: Additional funds for FY10 to complete key security upgrades to the
ground systems.

AIRS/AMSU: 2.1 FTE/yr to enhance the AIRS CO, product, to produce

AIRS mid-troposphere CO,
concentrations (ppm) for July
2003 (from Mous Chahine and
the AIRS Science Team).

364 370 376 382



AIRS/AMSU Mid-Tropospheric CO, Product
September 2002 — July 2008
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(animation from Mous Chahine, the AIRS Science Team, and the NASA GSFC Scientific Visualization Studio)



‘Optimal’ Additions: AMSR-E, CERES, and MODIS

 AMSR-E: 0.6 FTE/yr to increase the Team Leader Science Computing
Facility (TLSCF) staffing to 2 full-time people.

 CERES: 1.75 FTE/yr to return the CERES Data Management Team to its
level of staffing prior to funding cuts begun in FYO0S8, increasing the
efficiency of CERES data processing.

« MODIS: 0.75 FTE/yr from Aqua and 0.75 FTE/yr from Terra for the MODIS
Rapid Response effort, to bring to full funding the sole Rapid Response
scientist and add 1.0 FTE for software development (website redesign,
vector imager processing, etc.).

Ash plume, Chaiten volcano,
Chile, 5/28/08



Question Set #2

“... The AMSU instrument has experienced anomalies ... it is
unclear how AIRS product quality and accuracy would be affected
by the loss of AMSU ... Could AMSR-E provide a similar role as
AMSU in the production of AIRS retrievals? ”

Abbreviated Answer

* Several studies indicate that AIRS-only results show only minor degradation
versus the AIRS/AMSU Version 5.0 algorithm (see plots).

 AMSR-E would not be able to replace AMSU because of not viewing the same
air mass at the same time and viewing angle.  Layer mean RMS Temperature ¢C)  Layer Mean BIAS
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Question Set #3

“... the shortwave channel on CERES FM-4 ceased to operate properly
in 2005 ... Does this failure affect continued product generation,
product accuracy and the full range of variable retrievals? ... which of
these two modes (cross-track or rotating azimuth) is currently used
and does this activity perform synergistically with CERES on Terra? ”

Abbreviated Answer

— The failure of the FM-4 shortwave (SW) channel has no effect on
continued product generation, product accuracy, or the full range of
variable retrievals.

— Aqua’s FM-3 is operating in cross-track mode.
— There is no effect on the synergistic Terra and Aqua measurements.



Question Set #4

“There are currently 36 core MODIS products ... Most of these
products are listed at stage Il maturity; there are also two
provisional products and eight other products at stage | maturity.
Are there specific plans to bring these products to stage lll
maturity during the proposed mission continuation? ”

Abbreviated Answer

Three slides were shown, one providing definitions of four levels of
validation (provisional and stages 1, 2, 3) and the other two listing each of
the MODIS data products, with their current level of maturity and eventual

final level of maturity. For most, the validation activities are funded through
ROSES.



Question Set #5

“The AMSR-E and CERES core product algorithms are listed in the
proposal as mature; does this mean that the resulting products ...
require algorithm maintenance only? Can more detailed
information be provided ...? ”

Abbreviated Answer

Details were provided on the maturity level of each of the AMSR-E and
CERES data products, many of which were listed as having reach Stage 3
maturity. However, for many of the products, algorithm refinements
continue to be made, necessitating more work than ‘algorithm
maintenance only’, the primary exception being the CERES Edition 2
products.



Question Set #6

“... the minimum staffing request (60 FTE/yr) for CERES is roughly

twice the level requested for MODIS. Why? ”

Abbreviated Answer

CERES is a Pl instrument, and hence the
CERES Senior Review budget includes
support for an integrated instrument-
algorithm-validation science team
covering all CERES data products (Levels
1-3).

In contrast, MODIS is a Facility instru-
ment, with Level 2 and 3 algorithm
improvement and validation funded
separately through ROSES.

Workforce (FTE+WYE)

CERES Workforce History

Year



Question Set #7/

“The budget request for AIRS/AMSU for science algorithm
development and processing is significantly higher (9.8 FTE/yr) than
other Aqua instruments. Why isn’t this covered through ROSES ...?
The AIRS/AMSU team is requesting an additional 2.1 FTE/yr to
enhance the utility and achieve quality retrievals of CO, in the
stratosphere and boundary layer; how is this request different from
the proposed science algorithm development activities? ”

Abbreviated Answer

Terminology differences were explain- o AIRS FTE's Actuals and Planned Since Launch
ed. The relevant funding for the AIRS
Project is for science integration, test-
ing, and validation (4.6 FTE/yr) and soft-
ware and data operations (5.2 FTE/yr).

Maintenance of the mid-tropospheric AIRS CO, product is part of the in-
guide budget. Nine activities (channel selections, retrieval optimization,
etc.) were listed for the development of CO, products for the stratosphere
and near surface, as part of the ‘optimal’ effort.




Question Set #8

“There are large differences in the number of publications, data
users, and data volume downloads between MODIS and other Aqua
sensors. There are many potential reasons for these differences,
including the broad range of products and user communities
addressed by MODIS. However, are there other reasons ... ? ”

Abbreviated Answer

The MODIS science team is by far the largest.
The MODIS publication numbers cover Terra as well as Aqua.

The Terra MODIS has been operating since February 2000, whereas no
AIRS or AMSR-E was in space until May 2002.

The CERES science team is focused on long-term climate information,
whereas the MODIS team also has a considerable focus on much shorter-
term events.

MODIS has the highest resolution of the Aqua instruments, allowing local
details that have generated great interest and usage, e.g., for imagery of
forest fires, dust storms, and phytoplankton blooms.



Senior Review Panel Report: Aqua Results

* Both the Science and National Interests Panels gave Aqua their highest ratings
(‘Outstanding’ and ‘Very High Utility’ respectively).
* Many very complimentary statements were included. For example:

— “Continuation of the Aqua platform and data series is critical for continuity of many
Earth system data records ... NASA should undertake any and all efforts necessary to
sustain this irreplaceable mission.”

— ‘.. the proposed Aqua mission continuation plan is robust with no apparent
weaknesses.”

— The in-guide budget was “at a bare bones level”.
e Several suggestions were made.

— Add CH, to the AIRS/AMSU core product list.

— ldentify the root causes of any operator errors.

— Redouble efforts to make the AIRS/AMSU and AMSR-E data available and useful to
the broader scientific community.

— Document MODIS Rapid Response product quality and usage guidelines, and have
the MODIS Rapid Response Team work directly with the NASA Applied Sciences
Program Director.

* Funding recommendations: Fund at the requested ‘optimal’ level with the sole exception
of funding the AIRS/AMSU CO, enhancement efforts only for the first two years, shifting
the effort to ROSES funding after FY2011.
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*  Submitted September 29, 2009
* Key outreach components
— Dynamic Planet
— ViewSpace
— S'COOoL
— AIRS Outreach
— Aqua Vodcast Series
— Earth & Sky Radio Show
— E/PO budget (over half is for AIRS E/PO)
— Collaborations with the other EOS E/PO efforts Obama and the Dynamic Planet, 11/23/09

* Accepted December 2009, with revisions needed
only in the AIRS section.




Earth & Sky Aqua Radio & Podcast Series
(available as podcasts at http://www.earthsky.org)

* 90-second radio program, and 90-second and 8-minute podcasts.

e Completed interviews, with radio broadcast dates
— Claire Parkinson, on Aqua, September 7, 2009.
— Mous Chahine, on AIRS CO,, September 14, 2009.
— Lorraine Remer, on MODIS aerosols and public health, October 26, 2009.
— Norman Loeb, on CERES climate data records,November 30, 2009.
— Chelle Gentemann, on AMSR-E ocean studies, December 14, 2009.
* Upcoming interview of Graeme Stephens on the A-Train.

— AboutUs Parmners Press Contact Subsorie [

Lorraine Remer tracks airborne dust from
outer space
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Earth & Sky Aqua Radio Series: L. Remer
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Agqua Update

- Over 7.5 hugely successful years so far.

* Spacecraft nominal.

e Statusofto

Abrupt power supply drop from 28 Vto 0.8 V
in the Actuator Drive Module (ADM).

First major anomaly for AIRS since launch.

Voltage

Tremendous job by Mission Operations and
the AIRS instrument operations team (IOT) in
immediately addressing the problem.

Instrument restarted January 19-20; now (figure from the AIRS 10T)

S0 gF BRIoR IR

AMSR-E nominal except motor current and torque spikes since 5/2007.
AMSU nominal except failure 11/2007 of Channel 4.

HSB failed 2/5/2003.

Both Aqua CERES nominal except failure 3/30/05 of the shortwave
channel on FM-4.

MODIS nominal.



A-Train Update

PARASOL exited the A-Train, December 2, 2009.
Glory launch date no earlier than November 11, 2010.

Japan’s Global Change Observation Mission — Water (GCOM-
W) launch no earlier than November 2011.

Possible Orbiting Carbon Observatory (OCO) replacement
mission (following the failed February 2009 attempted
launch), no earlier than 2012.




