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Outline

« Global Modeling and Assimilation Office (Who am [7?)
* Observing System Simulation Experiments (OSSESs)
« The Aerosol Clouds, Convection, and Precipitation (ACCP) Mission Study

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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Global Modeling and Assimilation Office (GMAO)

« GMAO IS NASA’s Earth System Modeling and Analysis group
« Responsible for development of the GEOS (Goddard Earth Observing) Model

GEOS APPLICATIONS

Weather Analysis and Prediction

Subseasonal-to-Seasonal (S2S) and

b‘ -~
Decadal Prediction ‘w ‘b@ w sl T
200-km GEOS 100-km GEOS 50-km GEOS 25-km GEOS -

Multi-decadal Reanalysis (MERRA-2) FoE FRE ”"f

: : 9"*%; ’ .;;«% “é’ 53
National Climate Assessment ORI M W

Observing System Simulation
Experiments (OSSEs)

Simulated IR Brightness Temperature [K]

GMAO Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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GEOS Model Architecture

 GEOS is a hierarchy of ESMF components
* An infrastructure for building GEOS applications
« The MAPL layer interface to ESMF provides an

ExtData

GWD

abstraction of software issues including:
» Generic Initialize/Finalize/Run
« Simplified hierarchy (creation of child
components)
» 10O Layers (Asynchronous file server output) — Atmosphere
* Regridding transforms (grids and tiles)
» Profiling (Performance and Memory)
* Input (ExtData) / Output (History) .
« Architecture permits flexibility Physics
*  NWP configuration
» S2S configuration (seasonal, w/coupled ocean) |
« CCM configuration (advanced chemistry) RAD Moist Sfc
« CF configuration (full chemistry NRT o
forecasting)
* NR configuration (high resolution for OSSEs)
« CTM configuration (offline met fields) Lake = Land  Salt
\
Veg Catch

All these configurations use the same core model
components

Global Modeling and Assimilation Office

CAP
|
GCS (Root) History
‘ |
GCM Analysis
| |
Data Atmo Ocean Atm Ana Ocn Ana
CICE MOMS5 Wave Data Sea |
D i ‘
ynamics OBio ORad  DataOcn
\ ‘ ‘
Turb Chem DataDyn FV3 FV3Per FV  Aries
\
GAAS ECCOH TR AChem
Landice ~ GoCData - GoCart - MAM - CARMA
PChem - GeosChem - GMI ~ StrChem

gmao.gsfc.nasa.gov
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GEOS Analysis System Brings Together the Earth Observing Systel

Observations Assimilated in the GMAO GEOS-5 Analysis at 0000 UTC on 10 Dec 2014

Infrared Radiances

21:00;00

Microwave Sounder Radiances

GM Ao Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov 5
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Field Mission Support

GM AO MISSION SUPPORT
Schedule

o Winthor Analyses and Forerasty Global Modeling & Assimilation Office
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** Green Text are Current Missions
CARODb (Cloud Aerosol Rain Observatory) — Thru Sept 30
OCO-2 (Orbiting Carbon Observatory)

P T MOSAIC (Arctic Climate Study)
CAMP2EX (Cloud — Aerosol — Monsoon - Web support only) to Oct. 31

https://fluid.nccs.nasa.gov/weather

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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GEOS Model Architecture

 GEOS is a hierarchy of ESMF components

* An infrastructure for building GEOS applications C‘,\P
« The MAPL layer interface to ESMF provides an | | _
abstraction of software issues including: ExtData GCS (Root) History
« Generic Initialize/Finalize/Run | |
- Simplified hierarchy (creation of child et il
components) | |
+ 10 Layers (Asynchronous file server OUtpUt) IAU Atmosphere Data Atmo Ocean Atm Ana Ocn Ana

* Regridding transforms (grids and tiles)

» Profiling (Performance and Memory)

« Input (ExtData) / Output (History) | 1 nn
« Architecture permits flexibility Physics Dynamics OBio ORad  DataOcn

*  NWP configuration

» S2S configuration (seasonal, w/coupled ocean) | : | | | |

« CCM configuration (advanced chemistry) RAD Moist Sfc GWD Turb Chem DataDyn FV3 FV3Per FV  Aries

« CF configuration (full chemistry NRT | |

) SW Lw
forecasting) CAAS . ) Chem
* NR configuration (high resolution for OSSEs)
« CTM configuration (offline met fields) Lake  Land  Salt  Landice GoC Data - GoCart - MAM - CARMA
\
Veg Catch (

All these configurations use the same core model PChem - GeosChem - GMI -~ StrChem

components

Global Modeling and Assimilation Office

gmao.gsfc.nasa.gov
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GEOS Aerosol Assimilation and Forecast

GMAO

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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GEOS-CF: Full Chemistry NRT Forecast

20180722_1507z

GMAO Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov 9
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O.S.S.E

* Observing System
« Simulation
* Experiment

« Traditionally: OSSEs evaluate potential impact of new observations on a weather
forecast (Hoffman and Atlas, 2016; BAMS)

 Fundamentally: OSSEs quantify information in a future observing system

Model-based OSSE

A framework for numerical experimentation in which
observables are simulated from fields generated by an
earth system model, including a parameterized description
of the observational error characteristics.

Simulations are performed in support of an experimental goal.

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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The “E” in OSSE

[ Sampling Studies

[ Retrievals ]—\ OSSE

Accuracy

Climate Diagnostics Forecasting }‘
Skill

Wx

(e

Experlment K[ Wx
Data Assimilation }—
‘ AQ

[ Inverse Modeling

Obs Impact

Accuracy

Global Modeling and Assimilation Office

gmao.gsfc.nasa
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The Validation Imperitive

As with any simulation, OSSE results apply to new instruments only to the degree they
have been validated with existing legacy instruments.

OSSE credibility is first determined by carefully comparing a variety of statistics that can
be computed in both the real and OSSE simulated contexts.

OSSEs need to be validated as a System

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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Elements of an OSSE System

_ Global
Forecasting PR

Regional

Analysis ]—{Applications — }_ L T
Retrievals | New Instruments Complexity [ Aerosols
l Chemistry
Diagnostics

Sensitivity ]-{ Applications ]———— Radiances
\—{ Simulator }

Improvements || egacy Instruments X | Retrievals
: : . . ke Physical
Calibration/Validation Error Modeling }_
. auw l Statistical

Legacy Instruments

Global Modeling and Assimilation Office
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GEOS Global 7 km Nature Run (G5NR)

G5NR is a non-hydrostatic
free-rrunning simulation

7/ km resolution

72 layers

30 min timestep

1.5 years

Includes GOCART

aerosols, O3, CO, and
CO,

GMA Global Modeling and Assimilation Office

gmao.gsfc.nasa.gov 14




G5NR Validation

2006-07-01 00z

Compared to long-term datasets

* Monthly mean observations

« Reanalysis: MERRA & MERRAero

« Multi-model Statistics: e.g. AeroCom

CALIOP Att Backscatter 532 nm, lat : (0, 30), (Jul)
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Elements of an OSSE System
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GEOS Instrument Simulator

a) Actual RGB composite b) Simulated RGB composite

« Detailed radiative transfer
calculation in the presence of
clouds, aerosols, ice, etc.

* Apply instrument characteristics

« Create Simulated Observables:

 top of the atmosphere
polarized radiances

* backscatter

* efc.

Wind et al., 2013 and 2016

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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AOD OSSE For Smoke over Brazil

Simulated MODIS Granule

g

Real Comparison of Retrieved Simulated Comparison of
AOD and Observed Ground Retrieved AOD and Model
Truth Ground Truth
2"_1 L I B B I B /1 =i W0 —_ -
I — y=(-0.089:0.066) + (1.25:0.27)x )/ B
— R=0.92 —
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& R o 20f ]
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gm —] e 15} |
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= 05| .
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00 05 10
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GEOS-5 truth AOD

Wind et al., 2013 and 2016
Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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GEOS Instrument Simulator

Aerosol Extinction Uncertainties Aerosol Backscatter Uncertainties TOA REFLECTANCE 2006072700z 550nm 050
T 4 \ ;
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measurements measurements 0.45
3t 3
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Global Modeling and Assimilation Office
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Decadal Survey for Earth science and applications from space

US science community (National
Research Council - NRC) provides long-

term guidance for NASA'’s Science e ¢ .
Mission Directorate (SMD) Thriving on Our Changing Planet

A Decadal Strateqgy for Earth Observation from Space

NRC identifies and prioritizes
 leading-edge scientific questions and
« observations and

» funds required to answer them

« in the Decadal Survey (DS) for Earth science
and applications from space.

https://science.nasa.gov/earth- . SCIENCES
e National

science/decadal-surveys #FarthDecadal i ENGINEERING
EDICINE

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov


https://science.nasa.gov/earth-science/decadal-surveys
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GMAO

THE IMPORTANCE OF EARTH INFORMATION

Earth-observing satellites provide critical information about our planet. This information
supports a hroad range of societal needs and enables the scientific discovery.required to
meet those needs, making us all healthier, safer, and more efficient.

Herping PLan Our Day

300 billion ~ e
weather forecasts e ) 1 / + mllllon

used by Americans - >
. Americ. s use

every year B
= internet-hased
mapping services

Americans rely on sophisticated Earth information throughout their everyday
lives, from weather forecasts to navigation applications in their cars. Satellites
are the original sources of much of the data.

ProtecTING OuR HEALTH

O of ﬁo ﬁ?ld’s population
6, 5 mill ion e is at risk from malaria.

premature deaths from by il Satellite observations of temperature,
air pollution around the vegetation, and rainfall help predict

world every year - | the spread of mosquito-borne
'l illnesses like malaria, Zika,

and West Nile Virus.

Earth-observing satellites

track the concentration of

harmful pollutants across the
country, providing air quality data
for rural areas without ground-based
monitoring systems and measuring
the effects of air quality regulations.

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov

Keepring Us SEcure

7= F“«,:.:
The estimated value of NASA and-
NOAA information services to the U.S.
Navy's operational effectiveness is >

SZ billionper year.

The U.S. Navy and other U.S. defense agencies partner with NASA and NOAA to use
satellite data, to access operational services, and to leverage their scientific progress.

MiticaTting NATURAL DisASTERS

Extreme weather and fires have cost the federal government

more than $ 350 bi II i0n over the pastdecade.

Satellite measurements play a critical role in tracking the paths of
hurricanes and wildfires so that we can warn populations at risk,
assess the damages, and avoid future costs.

Ensuring REsource AVAILABILITY

Advanced technology, including many types of Earth information,

will unlock up to $ 1.6 tl’ iI I i On in economic savings

for energy generation and use by 2035.

Satellite observations can also help ensure water availability, which
is particularly important to the 20% of the world now living in areas
of water scarcity.

21
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GMAO

Designated Program Elements

Ocean Chlorophyll
 —

Sep 2017

L
2005 Melt Extent

B 1992 Melt Extent
™, 2.000m Elevation

Changes in glaciers and ice sheets

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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1960
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1,078.15 feet on July 31, 2015

7

T T T T
1970 1980 1990 2000

Evolving characteristics of terrestrial
vegetation and aquatic ecosystems

187GHz 187Gz
vert

107Nz 2_’0*141 43:40:48

Alterations to surface characteristics and landscapes Impacts of changing cloud cover and precipitation
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Designated Observables Proposed Budgets

== NASA ESD Total Flight Budget
$1,000 Program of Record
Program of Record + Next Decadal Recs

$900
Recommended Program:
$800 Clouds, Convection, & Precipitation
$700 W Aerosols ESAS maximum
E B Surface Characteristics Science/Applications Summary Candlda;:xz:cs:rement cost
¥ $600
5 B Surface Deformation Aerosol properties, aerosol vertical profiles, and cloud Backscatter lidar and multichannel/multi- CATE Cap
= properties to understand their effects on climate and air angle/polarization imaging radiometer flown
g $5°° - Mass Change quality together on the same platform $800M
5=
- Coupled cloud-precipitation state and dynamics for Radar(s), with multi-frequency passive CATE Cap
= 5400 Bl Earth System Explorer 3 monitoring global hydrological cycle and understanding microwave and sub-mm radiometer
‘J;' contributing processes including cloud feedback $800M
]
O Bl Earth System Explorer 2
$3°° ass Change Large-scale Earth dynamics measured by the changing Spacecraft ranging measurement Est Cap
B Earth System EXp'OI’EI’ 1 mass distribution within and of gravity anomaly
between the Earth’s atmosphere, oceans, ground water, $300M
$200 Incubation Program = sheets
Surface Biology and Earth surface geology and biology, Hyperspectral imagery in the CATE Cap
n - Geology ground/water temperature, snow reflectivity, active visible and shortwave infrared,
5100 Bl Venture ContanIty 2 geologic processes, vegetation traits and algal biomass multi- or hyperspectral imagery in the thermal $650M
IR
Bl Venture Continuity 1 L Surface Earth surface dynamics from earthquakes and landslides | Interferometric Synthetic Aperture Radar Est Cap
: | Deformation and to ice sheets and permafrost (InSAR) with ionospheric correction
S' Change $500M

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 =

National Academies of Sciences, Engineering, and Medicine. 2018. Thriving on Our Changing Planet:
A Decadal Strategy for Earth Observation from Space. Washington, DC: The National Academies
Press. https://doi.org.10.17226/24938.

Global Modeling and Assimilation Office

gmao.gsfc.nasa.gov
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Multi-Angle Polarimeters
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High Spectral Resolution Lidar (HSRL)

Transmission vs. Frequenc
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(aerosols and molecules) 1.0
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14f ' ' ' ] R B 2 3 .
120 Aerosol ] Frequency Offset (GHz) 141
1ol Molecular Backscatter ! 1.2}
Backscatter 1.0f
0.8 532 nm
() .
0.6 From Telescope :\ 80% |°:,I,:e 0 pMT |Molecular ::
0.4 e .
o2 ] 20% Channel 04
0.0 L 0.2
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Frequency Offset (GHz) -2 -2 0 1 2 3
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532 nm
Particulate Iodine vapor filter
Channel absorbs photons. Only a
IRERISSNE S O vty S fraction of the molecular
1.2F 1 .
10} ] backscatter is measured
0.8_ (elgl’ 50°/o)l
0.6}
0.4}
0.2}
0.0

-2 -2 - 0 1 2 3
Frequency Offset (GHz)
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Designated Observables Proposed Budgets

== NASA ESD Total Flight Budget
$1,000 Program of Record
Program of Record + Next Decadal Recs

$900
Recommended Program:
$800 Clouds, Convection, & Precipitation
$700 W Aerosols ESAS maximum
E B Surface Characteristics Science/Applications Summary Candlda;:xz:cs:rement cost
¥ $600
5 B Surface Deformation Aerosol properties, aerosol vertical profiles, and cloud Backscatter lidar and multichannel/multi- CATE Cap
= properties to understand their effects on climate and air angle/polarization imaging radiometer flown
g $5°° - Mass Change quality together on the same platform $800M
5=
- Coupled cloud-precipitation state and dynamics for Radar(s), with multi-frequency passive CATE Cap
= 5400 Bl Earth System Explorer 3 monitoring global hydrological cycle and understanding microwave and sub-mm radiometer
‘J;' contributing processes including cloud feedback $800M
]
O Bl Earth System Explorer 2
$3°° ass Change Large-scale Earth dynamics measured by the changing Spacecraft ranging measurement Est Cap
B Earth System EXp'OI’EI’ 1 mass distribution within and of gravity anomaly
between the Earth’s atmosphere, oceans, ground water, $300M
$200 Incubation Program = sheets
Surface Biology and Earth surface geology and biology, Hyperspectral imagery in the CATE Cap
n - Geology ground/water temperature, snow reflectivity, active visible and shortwave infrared,
5100 Bl Venture ContanIty 2 geologic processes, vegetation traits and algal biomass multi- or hyperspectral imagery in the thermal $650M
IR
Bl Venture Continuity 1 L Surface Earth surface dynamics from earthquakes and landslides | Interferometric Synthetic Aperture Radar Est Cap
: | Deformation and to ice sheets and permafrost (InSAR) with ionospheric correction
S' Change $500M

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 =

National Academies of Sciences, Engineering, and Medicine. 2018. Thriving on Our Changing Planet:
A Decadal Strategy for Earth Observation from Space. Washington, DC: The National Academies
Press. https://doi.org.10.17226/24938.

Global Modeling and Assimilation Office

gmao.gsfc.nasa.gov
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Science Links Beteween A & CCP

|. Cloud Nucleation Il. Aerosol Removal and Redistribution

Precipitation

Aerosols Development

e /] -

‘.- Redistribution *+ -

0". A \.c’
'\ <\
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0 « N e o "
\' - \ ¢, = ‘o (Y v‘ ® . -\
” ¢ 0 y = ‘. ? " \ L .\‘0| 00 o
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Global Modeling and Assimilation Office
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Earth Science Division . .

StUdy Management Team (S MT) Program Executive (Tahani Amer), Program Scientist (Hal Maring), Program Applications Lead (John Haynes) ’ S&lence_tgomm un |ty
» Overall Leadership and | ommittee

Management of Study and »Independent

. Study Management

Delivery of Study Report — Study Coordinator (Moran/GSFC Assessment of SATM

» Community Engagement Resources Deputy Sty Cordnato (Broun/ 550 Partner Management Board »Independent
. P t eputy Study Coordinator (Trepte/LaRC) |- = === Irons (GSFQ), Y LaRC '

> Assessmer_]t of .AI’Ch IteCt.U re? (onﬁgurar('zicczjrﬁ\;lr.:\:gement Deputy Study Coordinator (Vane/JPL) o Frie)dl 8:?)9 . QSAS\ esﬁéna%gtngf BSeC rl]eerf]l%eb

> Cost Estimation & Validation Schedule Management Study Lead (Terek/MSFC) Conp]r% nitv of User y

3 2 Study Lead (Hoffman/GRC) u y Sers
> Prog rammatic Risk Study Lead (Spackman/ARC)
» Other Programmatic Factors J . .
Science /Applications Leadership Team systems Engineering Team S¥Stems Engineeri ng
‘ Wi I?a ?li'VS:C?r\j'V”?(GSFSC) s Hynes/Piepmeier/Dorion (GSFC), Im/Cesarone (JPL), eam (S ET
Science/Applications " etersen (SF) Kéceigeerr{b(:;zne(zsm ' Science casbane/Litefbrice/Khione L2A0) > Definition of
L r hl / - MacLeod/Triana (MSFC), Yoshida (Aerospace) ArChlteCtu res

> S:ﬁr?ltl%n 2fTSe;renn ng&LT) — Science Impact Team CCZ':::;I:Z | Subjet:tI Matter Internlational >ﬁsshe'?sr?ent Of

A plications Traceability @A) e aiLL (o-chairs: ArchitectureJ Expert Engineering || Contributions rchitectures

8 denH su), ibrari o
atrices | Applications Impact Team Vagar;?chzi\lle();o(\/va) ) Hbrries ! Experts (ICEs) > TeCh nOIOgy Read INESS
> ésseshsm_entI (\)/f thebLIJtiIity of the Kirschbaum (GSFC), Omar (LaRO) » Technical Risk
eophnysical variapies in ; ;
: A - | International Science & .
Meeﬁng Each ObjeCtIVG Applications Team (ISAT) Independent (ostﬁ;l:]icl:::ii/klskAssessment Value Framework Team
»Development of

Science & Applications Impact e e Standa?d and

Teams (SIT and AIT)

Architecture Studies SyStemath A ,prOaCh tO
» Assessing the Science & ‘ ’

GSFC/JPL/LaRC/MSFC/GRC SCIenCG, App |Cations,

Applications Value of _ | and Programmatic
Architectures gSmence Quality of L —| ! ! EVaAl.JtaUOﬂS of el
Each ATC_hIteC ure wrt Meetmg Large and Mefllum ’ DlstrlbutedSlpaIISat ‘ Program of Record ’ Sub-Orbital 5 rchitectures to acl itate
GeophySICaI Varlables) Observatories Constellations 5 Down-Select Decisions

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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ACCP Science Objectives

@ Low Cloud Feedhack il

@ High Cloud Feedback

© Convective Storm Systém

O Cold Cloud & Pre

@ Aerosol A on and Air Quality ="
ﬂerosol Processmg, Removal and Redlstrlb

rosol Direct Effect and Absorption
0 Aerosol Indlrect Effect
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A-CCP Science and Applications Traceability Matrix

Objective 1 Low Clouds =
Goal 1 Cloud Feedbacks <
Objective 2 High Clouds
Storm Dynamics mm== Objective 3 Convective Storms
Goal 3 Cold (.Zlcl)ud.and e Objective 4 CoId‘C‘Iouc‘:I and Consolidated -
Precipitation Precipitation Processes : Consolidated
Geophysical
r . Observable
Variable
.. 0 Tables
Objective 5 Aerosol Attribution and Tables
; Air-Qualit
Goal 4 Aerosol Processes /
Objective 6 Aerosol Processing, PoR Missions
Removal, Redistribution
PoR
Objective 7 Aerosol Direct Effect and ngzgﬁ:;al
Goal 5 Aerosol Impacts on Absorption
Radiation
Objective 8 Aerosol Indirect Effect -

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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be Measured

SATM Traces Objectives to Geophysical Variables (GVs) to

S a L CR | Geophysical Variables (1 of 2) o
Q|l<|8 Objectives <|g|a| o | utilityScore Qualifiers
o & . .
< Minimum Enhanced
.
o o . .
-:-:u 05 Aerosol Attribution and Air Quality v 4.2 Aerosol Extinction (Total & Non-Spherical) \Fﬂif?;eNlR
o Minimum: Quantify optical and microphysical aerosol
l:l:l properties in the PBL and free troposphere to improve v s| W) 5.0 Aerosol Optical Depth gVI to SW;';L
o process understanding, estimates of speciation, aerosol Gy
| P g .
R emissions a!nd predictions of near-surface particulate v m Aerosol Absorption Optical Depth UV & VIS
o concentrations. Column, PBL
|
N q g
.:.:. Enhanced: Characterize changes in vertical profiles of v 4.4 Aerosol Fine Mode Optical Depth Column, PBL
:.:.: optical and microphysical properties over space and time J W) 36 Aerosol Real Index of Refraction Column, PBL
.:.:. in terms of 3D transport, spatially resolved emission
:.:.: sources and residual production and loss terms. v 4.8 Aerosol Non-Spherical AOD Fraction Column, PBL
- . . VIS & NIR
n \ 4.2 Aerosol Extinction to Backscatter Ratio
Column, PBL
Approach (1 of 2) v 4.8 Aerosol-Cloud Feature Mask
General Approach \ (V) N/A Planetary Boundary Layer Height
a) Use ACCP measurements to estimate aerosol speciation using the following - -
v N/A Environmental Temperature Profile
approaches:
1) Optimal estimation algorithm using as prior aerosol state from an v N/A Environmental Humidity Profile
assimilation system that incorporates the aerosol PoR
2) Empirical aerosol typing based on clustering of aerosol optical properties Approach (2 of 2)
b) Inverse calculations used to assess impact on emissions, and through revised
emissions impact on forecasts of near-surface particulate concentrations Role of Sub-orbital — cal/val variable retrievals, validate process interpretation, advance process
¢) Model sensitivity studies, validated by ACCP data, used to gain insight into understanding with enhanced property measurement. Linking of optical to chemical aerosol properties.
process parameterizations. . o . New and Improved
d) Complement and where possible expand on existing climate data records. . . . . .
. . o - . a) Significant improvements of key aerosol variables (vertically/spectrally resolved aerosol absorption
Examine inter-annual variability of aerosol emissions, optical properties and . . .
. lobal A and extinction, fine mode fraction over land, etc.)
impact on global AQ. b) Improved global emissions and near surface aerosol characterization, with benefits for AQ analysis
Role of Models — primary tool to integrate observations, test understanding & and forecasts.
examine impacts and feedbacks.

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov

GMAO
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SATM Specifies GV Uncertainty & Resolution

: Desired Capability
Consolidated .
. ) Science Examples of Observables Enabled
Geophysical Variables . .. Scales
Objectives| Range |uncertainty Notes Apps
(4 of 17)
XY z T | Swath
Minimum Enhanced IMPORTANT: Desired Capabilities and Observables are preliminary. Click here for additional information.
ANC.z Aerosol Number . 08 10-1(_)00 50% 1km 235
Concentration Profile cm?®
2km 100 km | Multi-angle radiance (UV,VIS), multi-angle DOLP -
Multispectral radiance UV (aerosol absorption) & VIS
(AQD, fine mode aerosol over water) - SWIR (surface 1,3,4,5,7
Aerosol Optical Depth 03, 05, 06, +0.02+0.05*A properties and cirrus screening) (12,13,
AOD.¢ (Column and PBL) 07 08 0.03-4 oT | 14 for inferenc
£ 1km 300km | Swath refers to column; Nadir for PBL e of PM from
O7: column only AOD)
08: PBL only
Aerosol PM2.5 Concentrati 20-150 +1-20-25%
APM25 €roso .5 Concentration 05 ug/m? -20-25% 12,13, 14
(surface)
Aerosol Real Index of 5km
ARIR.¢ ) 05, 06,07 1.33-1.7 +0.025 I
Refraction (Column and PBL) 1km
|
01,04, 07 0.0-1.0 0.1 22]0 NA |, Nadir
M
PoR: ABI, AHI, etc.; VIIRS
ACF Areal Cloud fraction 100 - * Lidar
* | Nadir ]
m # Polarimeter
08 0.0-1.0 0.1 NA |,
2{2,? M{ 100 kmt

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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Architecture Segment Libraries

Instrument Library

rf

Radio.

.

* Other Library Components
» Spacecraft buses
Launch vehicles

Ground systems
Mission operations
Suborbital campaigns
Science team

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov

j

o

W, Ka, Ku, scanning,
Doppler

W, Ka, scanning,
Doppler

W, Ka, nadir, Doppler

W, Ka, nadir, Ka
Doppler

W, Ka, nadir, no
Doppler

Ka, Ku, scanning, Ku
Doppler

Ka, Ku, scanning, no
Doppler

W, scanning, Doppler
W, nadir, no Doppler
Ka, nadir, Doppler

Ka, scanning, no
Doppler

Ka, nadir, no
Doppler

Ku, nadir, Doppler

Ku, scanning, no
Doppler

11,19, 24, 37, 89,
166, 183

11,19, 24, 37, 89

24, 31, 55, 89, 166,
183

19, 24, 34
118, 183
87,164, 174, 178, 181

118, 183, 240, 310,
380, 660, 880

883
183
183, 326
670

220, 680 GHz/
8.6, 11, 12 microns

91, 118, 183, 205

Radiometer channels
in GHz

532 bs, 1064 bs

532 bs, 1064 bs

355 HSRL, 532 HSRL

532 bs, 1064 bs

532 HSRL, 1064 bs

355 HSRL, 532 HSRL,
1064 bs

355 HSRL, 532 bs,
1064 bs

1064 bs

532 bs, 1064 bs

bs=backscatter
HSRL=High Spectral
Resolution Lidar

14 channels, 5 angles

14 channels, 5-9
angles

Hyperspectral, 1 angle

Hyperspectral, 5
angles

10 channels, 60
angles

11 channels, 60
angles

12 channels, 60
angles

15 channels, 60
angles

9 channels, 255
angles

Channels in VIS,
VNIR, SWIR

LWIR, 3 channels

VIS/NIR/SWIR,
hyperspectral

LWUV/VIS/NIR/SWIR,
hyperspectral

LWIR/FIR, 8
channels

LWIR=Longwave
infrared
LWUV=Longwave
ultraviolet
VIS=visible
NIR=near IR
SWIR=Shortwave IR
FIR=Far IR

Small satellite capable sensors indicated in bold.
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Preliminary Architecture Costing

Architecture costs include EVERYTHING for
the lifetime of the mission:

* Instrument
 Research and Development

* Integration
« Cal/Val

« Spacecraft

* Launch Venhicle

* Ground Segment
* All people/labor

« 30% Reserves

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov

COST (SM)

]
) @
(=}

ARCHITECTURE REFERENCE DESIGNATOR

5.0

45

4.0

35

3.0

2.0

1.5

1.0

&

QUALITATIVE SCIENCE BENEFIT SCORE (AVG)
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Architecture 8G

SSG

Radar12
Ka/W, Ka Doppler,
nadir only, microsat

S_Polar07
35 kg, V, VNIR-SWIR Pol; .5%
DOLP; 550km Swath; 60/10
angles

S_Lidar09
532 backscatter, 1064
backscatter, 4500 Hz, 5/3
mJ, 0.6 m

S-Radio09b
183.3 SSB FI-DC-7GHz, 325.5
SSB FI-DC-10Gzh, small, 35kg

&£ s-Radio10
670, H&V-pol,
cubesat (1.3 kg;

8W; TRL 6 by 2024)

GPM Orbit: Tropics & mid latitude coverage with diurnal
cycle, complements and extends capabilities of GPM
» Coupled cloud and precipitation profiling (including
extremes) in
context of GPM swath
» Coincident convective dynamics
* Improved capability for snowfall mapping
 Diurnal information on biomass burning aerosols from
major source regions and on major pollution hotspots

SSP

Radar12
Ka/W, Ka Doppler,
nadir only, microsat

S_Polar07
35 kg, V, VNIR-SWIR Pol; .5%
DOLP; 550km Swath; 60/10
angles

S_Lidar05
532 HSRL, 1064 backscatter

S-Radio07
118(8 channels), 240,
310, 380(8 channels),
660, 880, cubesat, 3kg

S-Spec03
21kg, Nadir LWIR/FIR, Limb
LWIR

Polar Orbit: Global coverage, higher fidelity aerosol

measurements

« Critical for cloud feedbacks, high latitudes

» Nadir-only active data on convective storms, cold clouds &
precip

» Measurement of thin ice clouds

 Vertically-resolved aerosol microphysics and speciation

 Better insight into aerosol processes & impacts on radiation

* Enhanced spatial and temporal sampling with two satellites

gmao.gsfc.nase

<atellite

» Global measurements with diurnal information at mid and lower latitudes
o2« High fidelity aerosol measurements on polar satellite anchors algorithms on GPM-orbit
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OSSE Framework &

Model surface and aerosol Simulated Truth Noise
characteristics a (total extinction) +| & xax12%
(GEOS Nature Run)
l B (total or attenuated) +| & xBx5%
Intensity (1) +| & x1x3%
Instrument Simulator
Stokes Q + | & x I x0q (6DoLP =0.5%)
Stokes U +| & xIxoy (cDolLP =0.5%)
“True” Observation I
* Retrieved
True” V, RMS Errors in V* PSD* GRASP
PSD, n & k V*, PSD*, n* & k* 1* & K+ Retrieval
Loop over satellite orbit

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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Observation definition

]

GRASP algorithm structure

Forward model:

| simulates observations flar) for a

given set of parameters aP

a® flar), etc.

Observation definition:

Viewing geometry, spectral
characteristics; coordinates, etc.

Observations: f*

fk Numerical Inversion:
| stat. optimized fitting of f* by

flaP) under a priori constraints

<€

Single scattering sphere/spheroid LUT
(Dubovik et al. 2006)

<«—— Successive orders of scattering RT code

(Lenoble et al. 2007)

Inversion settings:

Figure adapted from

ar- final

Retrieved parameters:
af—describes optical properties

Global Modeling and Assimilation Office

- description of error Af*;
- @ priori constraints

N

Multi-term least squares fitting
(Dubovik et al. 2000, 2004, 2008)

gmao.gsfc.nasa.gov
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Polarimeter Simulated Measurements and Fits

" r _ _ _ _ Measured
R:;f:\:: § Dark Line indicates noise-free Retrieved
0.12 A 0.4 - simulated values
011 N=56 noise perturbations
0.3 -
A=0.55pum
o 0.10 -
e
S
O
= 0.2 4
T 0.09 -
0.08 -
0.1 -
0.07 -
Measured
0.0 - Retrieved
-60 —40  -20 0 20 40 60 T T T - - ' - . : : . ,
—-60 —40 —-20 0 20 40 60 0.0 0.5 1.0 1.5 2.0

viewing zenith (°) . .
viewing zenith (°) Backscatter (Mm~1sr-1)

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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Uncertainty Estimates for Architectue 8G

~ fails to meet target exceeds target .
Simulation Retrieved Value
. ::Trutb" on n'" trial AOD A =0.55 m —
——
1 N l { : _—0 oo
%k =on [ |7 2, X=X S5A ———
T e —C—*+
Target Uncertainty _ HSRL Lidar s o o
| = Pol + HSRL . pmmm——

B Po| + Bscat

o
' I °

Total Aerosol Optical 0,=0.02 +

Depth 0.051 P :
Single Scattering Albedo  ogsa = 0.03 MpeL _E“_.— ° &
Lidar Ratio 0s=0.25S
Real Refractive Index o, = 0.02 AODpg ' .——.——‘
SSAPBL '——._—'__.
—
‘10! 100 10

normalized 1/o (>1 meets target)

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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Scoring the Science Benefits of Architectures

Utility: degree to which Geophysical Variable (GV)
addresses the objective if it were measured

perfectly.
Science Utility of GV X Qualgiit‘)/ec:‘f GV
Benefit — for Objective Meacarements
Score N =
GVs SALT
(for Objective) ( )
Quality: degree to which measurements provide the
Similar to approach outlined on Continuity of NASA Earth desired geophysical variable. OSSEs inform the
Observations from Space report (NAS 2015) quality assessment.

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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Science Is Only One Part of the Overall Value Assesment

Science

Assessment

Applications

. Assessment
Science
Applications Traceability Matrices
Programmatics
Architecture Study
Assessment
Instruments
-/
ﬂ Design Centers

Capability Library

Launch Vehicle

Rideshare Opportunities

Assessment

Assessment

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov

Science & Applications Activities

» Definition of Science & Applications
Traceability Matrices

» Assessing the Science & Applications
Benefits of Measurement Architectures

» OSSEs play a critical role assessing the
Science Benefit scores of Architectures

Value Framework

Mission Concept N

Key Fnding 1
Key Finding 2
Key Finding 3
Key Finding 4
Key Finding 5

Key Finding 6

Application Benefit Scores

Programmatic Key Findings

VF Baseball Cards
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Summary

Developing new satellite missions takes a large multi-disciplinary group of people
* It's alot of work!

NASA is trying to use OSSE frameworks to quantitatively evaulate science benefits of
new mission concepts

«  GMADO provides high resolution nature runs and instrument simulations to support mission
studies

The lidar + polarimeter architecture concept is promising, and preliminary assesments
show that it meets several GV target uncertainties

This is all a work in progress...stay tuned

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov

If any of this sounds interesting, you should consider working with us!
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Internships (NIAMS) https://intern.nasa.gov
— Fulltime (40 hr/wk)
— Paid
— High School: $3.7K for 6 weeks
— Under Grad: $7.3K for 10 weeks
— Grad: $9K for 10 weeks

— No vacation (federal holidays only)

— Requirements : _—
) EVERY DAY YOU ARE A PART OF A BIGGER MISSION, A BIGGER PLAN, SOMETHING THAT YOU NEVER THOUGHT YOU
— Full-time enrolled student WOULD BE CAPABLE OF ACHIEVING.” ~ ISABELLA (INTERN). AMES RESEARCH CENTER

— 3.0 GPA
— College start dates can depend on academic schedule

— Part-time internships during academic year are now available at GSFC

— Application
— Students apply to individual projects, and mentors select from students
who apply to their posted research opportunities
— You can apply to more than one project with only one application
— Summer 2020 Deadline is March 8

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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Summer Internship Opportunities at NASA @

« ARC

« 88 summer projects posted
« Examples

« Optical Sensing for Planetary Exploration

* Development of Chem/Bio Sensors for Space Application
« Airborne Remote Sensing of Particles

* Urban Air Transport Research and Development
« GSFC (including GISS)

« 280 summer projects posted
« Examples

Spanish Language Journalism, Multimedia, and Social Media

Falling Snow Estimates from Ground Based Sensors
« Cybersecurity

Flexible Cloud Masks from Space-borne Lidar

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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Science Mission Directorate—"FINESST”

* Awards about 100 Fellowships a year (funds will double in FY20)
* Applications go through NSPIRES
* Deadline in February

Office of STEM Engagement—"NASA OSE Fellowship Activity 2020”

* Awards about |0 Fellowships a year
* Requires yearly 10-week research experience at a NASA center each year of fellowship
* All funding is for students who attend a minority serving institutions

Both

* Fellowship supports cost of graduate education for up-to-3 years; each call has a different funding cap
* Applicants write a research proposal
* Proposal reviewed externally

My Tips
* How does your project contribute to NASA’s goals, and use NASA assets!?

* Tell a good story and “sell” — proposals aren’t just papers written in the future tense!

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov




