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* |nitiate an Integrated Global Constellation for the future
e The domestic and international interest in ACCP is extremely high
 There are exciting opportunities to explore in adding to ACCP
e “Build it and they will come...”

* Maintain NASA leadership in the development and implementation of the radar and lidar
measurements to do novel and transformative Science

e NASA Backscatter Lidar flown in space as well as High Spectral Resolution Lidar (HSRL) and multi-
frequency Doppler Radars flown on many successful, airborne missions define present capability and
inform development plan for ACCP space flight

* Work collaboratively with other agencies as the leader of the US science investigations and applications
to make exciting advancements for Applications

e Build on relationships established during previous spaceflight and airborne campaigns and from
ACCP community applications needs assessments (conducted in concert with the RTI Innovation
Advisors)



After having...
» looked at over 100 Architectures using our Extensive Instrument Library of Instruments
* had the world’s experts perform simulations to quantitatively score Science Benefit
o completed rigorous designs for spacecraft to accommodate payload suite building blocks

o completed rigorous cost exercises including NICM, CEMA Parametric Analyses and had them
independently assessed via Peer Review and Aerospace

e stood up Independent Technology Readiness Assessment (TRA) Boards to assess the Risks
associated with our instruments

 all while maintaining our Value Framework principles

e and continuously engaging with the independent Science
Community Committee and incorporating their feedback...

e the science and applications teams were able to develop a priority
scheme

* the management team could use to optimize the Architectures
within cost constraints and identify descopes and opportunities
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89 Instruments
37 Radars
10 Lidars
15 Radiometers
13 Polarimeters
6 Spectrometers
8 Other (e.g. Cameras)
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 We are very excited to show you the Top 3 Architectures

 We are very pleased to report that the Science Team, Independent Science Community
Committee, the Study Management Team and NASA Center Partner Management Board
(PMB) leadership all agree on a singe recommendation to HQ...

e The recommended architectures provide multiple breakthrough technologies that will
answer fundamental questions about how microscopic particles interact in the
atmosphere to fuel severe storms, impact air quality, and influence our changing climate

* In this era of increasing weather and air quality extremes, the recommended
architectures provide unique observations to reveal complex global processes

 ACCP will enable decision making that impacts people around the world, from short-term
crises to long-term plans. It will advance:

e Weather Forecasting, Climate Modeling, Air Quality Prediction, Disaster Monitoring



Top Candidates for Final 3 Architectures—Programmatic Factors Cost, De-Scopes & Risk
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Architecture D1A stands above the rest offering the benefits of Constellation science, opportunities for Earlier Science at lower initial cost,
and potential opportunities for additional International Collaboration
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Study Plan & PrOCESS IOESEIRCLIAE
‘s Observin sterm Architeetures

Filters: Qualltatlve Science Beneflt Scoring and Initial Cost Estlmates

AECD.
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Filters: Science Value vetted with community team;

and Risk and Cost Assessments
~100 Potential Options

e Large number of . .
constellations with Large 12 Feasible Options

Completed 8 Months Early:
Ready To Recommend 1
Architecture and

To Move To Pre-Phase A

to Small Sats required to  « Refine Science Scoring
accommodate with OSSEs (3) pRtei::)cr)\rsn'Il'Tc‘)el-rI‘SEd —
InSEIEpEEE e Refine Cost with _ .
e Perform building-block parametric- and analogy- ° nghgst Science Value
level design center based models Within Cost

sessions (JPL, LaRC, e Instrument Technical e Quantified Risk

MSFC, GSFC) Readiness Reviews e Programmatic Factors
e [dentify primary drivers Quantified Risk

and iterate against SATM e Programmatic Factors ; ; ©

June 2019 Sept 2020 Jan 2021 Original Plan: Summer 2021
@/ FY22: Start Pre-Phase A’

1 Recommended

Option to HQ

RFI #1 — General call for Instrument Capabilities

RFI #2 — Specific call for
instrument technical
information
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JPL Team-X Design Session
Summer 2019

SATM Review Feb. 2019 Meeting with French Team
GSFC Feb. 2020
@ Washington, D.C



April 2019 Full Community
Workshop Pasadena, CA

Applications Workshops July 2019

Sub-Orbital Workshop March 2020

Modeling Workshop November 2020

Applications Transportation Workshop November 2020
Multiple Community Forums via Web-Ex

<




Greg Carmichael and Sue i
SCC Co-Chairs




Global Observations of Vertical Motion
Global Profiles of Aerosol Properties

Co-Located Dynamics, Microphysics and
Aerosol Characteristics

Evolution of Cloud and Aerosol Processes
5. Diurnal Cycle of Clouds and Aerosols
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3. Storm Organization,
Structure, and Longevity
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Distribution of the maximum height of 40 dBZ (km) (after Zipser et al. 2006).
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e Why do storms over equatorial Africa produce less rainfall than those over equatorial
America even though they have higher cloud tops, more lightning and are more intense?

e Why are storms so severe over Argentina but not over southern Africa or Australia?

@( ACCP Aerosol, Clouds, Convection, and Precipitation Study



ACTCD

e Our high-resolution cloud-resolving
numerical models have been found at
times to overpredict vertical motions

e Implications for our global climate model
parameterizations

* Global measurements of vertical
motions in clouds

e Address W-4 in the DS: “Why convective
storms, heavy precipitation, and clouds

?” - . I | : I I : ]
occur when and where they do: 0 . 10 15 20 o5 30
Vertical Velocity [m s™]

e Evaluate our numerical models thereby
improving prediction Simulated v_ertical ve_Iocity (symbols / dots) compared with
Doppler-derived vertical velocity (solid curve) for the same

case study (Varble et al 2014)
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e High-resolution profiles of aerosol properties, including absorption and types = better
guantify warming and anthropogenic contributions to forcing

e Aerosol observations in the boundary layer - advance our capabilities of identifying
anthropogenic aerosols and links to human health

e Simultaneous measurements of aerosol and precipitation processes > better
understanding of removal and redistribution processes

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study



Bureau of Meteorology

Lightning

Downburst i

change
and latent
heating LCL
o ® ‘o www.bom.gov.au
o . . . . . .
o® ®°g The storms developing in association with recent fires

GL demonstrate links between vertical motion, aerosols, cloud
and precipitation processes
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e Aerosols, cloud particles, vertical motion
and radiation are integrally linked

e Global, CO-LOCATED simultaneous
measurements of aerosols, cloud
particles, vertical motion and radiation
—> significantly enhance our
understanding and prediction of CLOUD Sodratts lf
PROCESS ES droplets and vapor

el

e

and Growth

e Obtain critical complementary Raindrops form
observations of vertical motion and Cloud Droplets
aerosol and cloud processes below cloud
and in the BL N
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e Evolution of stratocumulus clouds
between open and closed cells, and
the impact of ship tracks on the
cloud system

e To understand the vertical motions
within these shallow cloud systems,
as well as how the aerosol plumes
and cloud structures rapidly evolve
and interact over short timescales
we need to make observations on
short time intervals

2021-01-05 12:50:20Z
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We need simultaneous co-located observations of the vertical motions, cloud, aerosols and
radiation, throughout the diurnal cycle.
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Global Observations of Vertical Motion
Global Profiles of Aerosol Properties

Co-Located Dynamics, Microphysics and
Aerosol Characteristics

Evolution of Cloud and Aerosol Processes
5. Diurnal Cycle of Clouds and Aerosols

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study
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High Level ACCP Science an
Applications
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Scott Braun



ACCP Public Benefits for Storms:

First ever global view of thunderstorm vertical air motions
and precipitation properties in severe storms, enabling
operational weather communities to better understand and
predict storms

ACCP Public Benefits for Air Quality

Unprecedent information on aerosols, enabling better
understanding and prediction of the types and properties of
aerosols that can be detrimental to people's health

ACCP Public benefits for Climate

Novel estimates of coupled vertical air motion, clouds and
aerosol properties that will support sub-seasonal to seasonal
(S2S5) and climate modeling communities to better assess
future hydrometeorological extremes




AELP ACCP and the IPCC A
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Satin a Agroiimaticn st Specn Acmimcdilion

EXPLORE

COMNSENSUS STUDY REPORT SCIENCE 2020-2024

THRIVING onour
CHANGING PLANET

A Decadal Strategy for Earth Observation from Space

Earth Science

MASA Earth Science unlocks the mysteries of our planet, exploring, discovering, and
responding to the need to understand our planet's interconnected systems, from a global
scale fo minute processes. This knowledge and understanding serves the fundamental
need to improve our lives on Earth, advancing this frontier for all humanity. NASA pursues
both curiosity-driven and practically focused Earth science because our ability to thrive on
our home planet is undeniably tied to our scientific understanding and predictive capabiiity
of its dynamics and phenomena.

MASA Earth Science explores our rapidly changing world, where natural and human
factors interact, following an interdisciplinary, Earth systems approach that examines the
interplay among the atmospheric, ocean, land, and ice systems. Using the
recommendations of the 2017 NASA Earth Science Decadal Survey, Thrving on Our
Changing Planet a Decadal Strategy for Earth Observation from Space, as a compass,
NASA Earth Science is developing the observing systems that will answer the most
important science and application questions of the next decade across the following focus

areas.
Coupling of the water and energy cycles — \/
Ecosystem change _ /
Extending and improving weather and air qualily forecasts
Reducing climate uncertainty and informing societal response — \/
Sea-level rise
Surface dynamics, geological hazards and disasters




W-6 (I): Air Pollution Processes
and Trends.

W-9 (I): Role of Cloud
Microphysical Processes.

W-10 (I): Clouds and Radiative
Forcing.

C-5 (I-VI): Aerosols and
Aerosol Cloud Interactions.

Very Important
Important

C-8 (I): Causes and Effects of
Polar Amplification.




EoD Decadal Survey SCI an
Questions Related to A

C-2 (M1): Climate Feedback and
Sensitivity.

Radiative Forcing Terms

W-4 (M1): Convective Storm _ {

(S

Formation Processes. > . greenhouse gases
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Processes and Distribution. - iy Stratospherio

waler vapour

Human activities

Surfaca albedo

—6 of the most
damaging years in A S k. -
I ast d e Cad e o g s / -:: - 1 ; - MMI‘LCHIUG .

=
[sp]

[ Diroct effoc

=
]

affect

Linear contrails

Total nat
human activities

-2
Radiative Furcin

Number of Billion
Dollar events per year




(%]
c
2
)
(%]
5]
>
g
)
(O]
c
.2
O
)
)
o

—Overarching Goal: Characterize the Role of Aerosols, Clouds, &
Precipitation in Weather, Climate, and Air Quality Prediction

W-4 Convective Storm Processes

ACCP at a Glance

W-5 Air Quality Processes
and Distribution

C-2 Climate Sensitivity,
Cloud Feedback, Aerosol Forcing




ACCP at a Glance
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W-4 Convective Storm Processes

W-5 Air Quality Processes C-2 Climate Sensitivity,
and Distribution Cloud Feedback, Aerosol Forcing

DS Science Questions




Global Large-scale
Air-quality Transport

Large Scale Processes

Condensation . .
Nucleation, Condensation

Emissions Collision/Coalescence
Humidification == Precipitation

Collision/Coalescence
Riming/Freezing

Precipitation (Chemical Transformations)
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W-4 Convective Storm Processes

C-2 Climate Sensitivity,

W-5 Air Quality Processes
and Distribution Cloud Feedback, Aerosol Forcing

DS Science Questions




Measurement Needs

Vertical Motion Global Large-scale

Aerosol Properties
Cloud/Precipitation Properties
Radiative Fluxes

Cloud & | I8, Air-quality Transport
Precipitation Properties 7, ¥
Rainfall Extremes

Latent Heating

Aerosol Microphysical

Large Scale Processes

Condensation i . . . and Radiative Properties ) )
- Nucleation, Condensation

Emissions Collision/Coalescence
Humidification == Precipitation

Collision/Coalescence

Riming/Freezing
Precipitation

(Chemical Transformations)
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W-4 Convective Storm Processes

C-2 Climate Sensitivity,

W-5 Air Quality Processes
and Distribution Cloud Feedback, Aerosol Forcing

DS Science Questions




Measurement Needs

Vertical Motion Global Large-scale

Cloud & | I8, , Air-quality Transport
Precipitation Properties X ¥
Rainfall Extremes

Aerosol Properties
Cloud/Precipitation Properties
Radiative Fluxes
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ACCP science requires active profiling
measurements that likely will be absent from the OPEN MESOSCALE CELLULAR CONVECTION
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ACSD Appllcatlons for Socie
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 ACCP and the PoR (CERES, Libera)

* The transformative nature of the
ACCP approach

* Heritage, Maturity &
opportunities

“
Broadband fluxes v v
Spec03 & SpecO4
‘cloud’ scale rad fluxes v U X p— Longwave Spottaske
(thermal IR)  (Solar)
Property dependences (‘kernels’) v/ [ (X) Feritage PREFIRE EarthCARE
of method,
measurement TIRS CLARRElo PF



The ACCP approach ton neasure cloud & aerosol radiative effects
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Distinguish radiative effects of clouds and aerosol separately.

e Requires fluxes identified on the scale of clouds and spaces
between them (order 1km)

* The PoR cannot resolve these effects on this scale but offers a
large-scale constraint

e Quantifying the influences of clouds and aerosol on climate
forcings and feedbacks requires quantification of changes in
‘radiation’ due to changes in ‘cloud’ and ‘aerosol’ distributions
and properties — these sensitivities are expressed as ‘kernels’

Spectral measurements offer a transformative and tightly
constrained way of quantifying these Kernels from obs

@- ACCP Aerosol, Clouds, Convection, and Precipitation Study



e
—— r.n— = ey

h.
Y T s T

The ACCP approach to derive LW fluxes will draw dlrectly from PREFIRE which in turn has significant heritage from
applications of sounders (see AIRS example).

The ACCP approach to derive SW fluxes at the cloud scale draws directly from the EarthCARE approach. Spectral
measurements are an essential constraint and CLARREO PF provides an ideal opportunity to develop & mature it.

Spectral observations to quantify ‘kernels’ draws in part from the significant heritage in cloud and aerosol property
retrievals of MODIS and other spectral measurements.

Broad band reconstruction examples from spectral

All{clenﬂcloud ocean)

Required Features
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E —
£ som=oarizoz  MODIS SW,~ AIRS LW example + 1.5 Wm™2
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Figure 7. Histogram of differences between AIRS-derived
Observed upward SW flux@TOA (Wm™) OLR and CERES OLR for all individually collocated ATRS
CE RES SS F and CERES clear-sky fooiprints over the tropical oceans in
2004, In total 1.076 million collocated footprints are

identified. The mean “is 0.67 Wm ~ and the standard
@ ACCP Aerosol, Clouds, Convection, and Precipitation Study deviation is 1.52 Wm
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The nex

t slide adds further.support.for the approach
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olved measurements
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Example of Measurements

Aerosols decrease direct

2
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diffuse iradiance —— measured below gap

clear-sky run

/ direct+diffuse: below cloud gaps

—
i

clouds enhance irradiance

diffuse: below clouds
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MODIS Abmosphers Bands
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7 Spectra dramatically
£ o reveal separate
£ . dependencies on
T properties typically
L hidden in broadband
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Wavelength (o

S e e B

Schmidt et al.,
2009, GRL

Also

Song et al., 2016
Atmos.Chem Phys

— x=optical depth & cloud amount

OR x=|iguid or ice water Eath
ax = x=particle size & profile

x=cloud top height

@- ACCP Aerosol, Clouds, Convection, and Precipitation Study

~— ___Xx=phase Stephens et al., 2021; ACCP special
issues Frontiers Remote Sens



A Value Framew
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* The ACCP Value Framework enables scientists and engineers across multiple NASA centers, academia, and
international partners to collaborate in defining and evaluating candidate observing system concepts

e A structured, traceable, and transparent approach
to be responsive to a complex decision landscape:

e 8 science

objectives
e 14 applications
e Multiple

programmatic
considerations

Multi-

N ..
Objective
Decision
2 Science
(e Aerosols Communities

*CCP

eDifferent
communities and
priorities, leveraging
synergies

N\

)

\Y )Y
Alternatives

Many
Stakeholders

L

(Lidars Polarimeters
Radiometers

\

Radars

Spectrometers

Cameras
Mission-level

Trades )

*6 NASA Centers
*4 International
Partners

*Academia

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study

* A holistic approach that informs the decision-making
process:

Comprehensive examination of all elements of the decision
space to enable trade-offs (science, applications,
programmatic factors, cost, and risk)

Common terminology to enable productive conversations
across a large, diverse group

Data-driven, consistent evaluations augmented by
structured expert judgement

Independent team firewalled from LaRC that facilitates but
does not provide input into the assessment
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trategficA

Systems Engineering Team

¢ Risk Review Board

Science Leadership Team

Science Impact Teams
Science Community Committee

e Technology Readiness Assessments

Utility quantifies how important a Geophysical
Variable is to addressing a Science Objective

Quality quantifies how often an architecture
meets the SATM uncertainty targets

Science Benefit Score combines Utility and
Quality scores while accounting for Sampling

CEMA
Aerospace Corp.

¢ Cost estimates

’ Programmatic
Factors

Applications Team

5 differentiable attributes
75 applications in 4 thematic areas

e 7 Programmatic Factors

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study

For each architecture under
consideration:

* The assessment is
performed consistently

* Objective assessments
are prioritized

e Checks and balances are
implemented

e All data sources are
archived and linked to
summary products



Architecture P2

Analysis Su

s
E

— T

Applications Benafit

Architecture P1

Programmatic Factars

Anolications Benefit

Architecture D1A

Proerammatic Factors

Applications Banefit
CCP Wodeling & Fovecasting: 575 5% T, Climaie
‘Water Resources & Hydromet Disesters: agreufiues, hydro madsling,

Applications Benefit

Programmatic
Factors

Descopes

Reserves

ACCP-DTA

Instrumentation Highlights

Instrumentation Highlights

55P-1 Dada=13E

Architecture Instrumentation
Highlights

Science, Applic




Arlindo da Silva




THRIVING 510
CHANGING PLANET

Aedn Lt r Bans s suatne Feylpury

Science

Relevant Decadal Survey Themes
» Climate Variability & Change (A&CCP)
» Weather and Air Quality (A & CCP)

» Hydrology (CCP)

\

Applications (O} Traceability Matrices

Instruments

Spacecraft

Launch Vehicle

Rideshare Opportunities

— Assessment

Capability Library

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study

Architecture Study

Design Centers

~— Assessment

Programmatics

- Assessment

Cost J

©  Assessment

Risk ]

= Assessment

Observing

System

Simulation
xperiments

Provide the quantitative
framework for the
Science Assessments

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

d Fundamentally: OSSEs quantify information in a future observing
system

- ACCP considers a Spectrum of OSSEs:
v" Retrieval OSSE
v Sampling OSSE
O Forecast/reanalysis OSSE
O Process OSSE




" Science
Benefit
~ Score

>

>

(for each Objective/
Science Questions)

Similar to approach outlined on Continuity of NASA Earth
Observations from Space report (NAS 2015)

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study

Utility: degree to which Geophysical Variable (GV)

(&

addresses the objective if it were measured perfectly.

/

a N

o= Utility of GV
— for Objective
- J
GVs (SALT)

-

(&

Quality of GV
given
Measurements

~

/

(SIT)

-

assessment.

-

Quality: degree to which measurements provide the
desired geophysical variable. OSSEs inform the quality

~

/




a As implemented in ACCP, the Quality Score is a measure of
Operational Efficiency.
> given opportunities to observe on a given orbit, the Q-score of a GV is

the percent of retrievals that satisfy the uncertainty requirements called
for in the SATM.

 The basic Science Benefit Score is average Operational Efficiency

Science v of
. m— Utility of GV
BenE‘flt for Objective

Score

Quality of GV
given
Measurements

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study



- Being a process-oriented mission, it is important that the scoring
process captures whether the phenomena of interest are
appropriately sampled

2 ACCP Sampling Scores builds on the basic Science Benefit scores of
the previous slide:

« N a O : O
Samphng — Adeq.uate Sufficiency of
— Salr“'nptllnglof Quality Samples
Score a.‘ uTa! on given orbits
0 ) \ Variability ) \ )

(Orbits,Payload) (Can Orbit capture (Function of Utility x Quality)
Natural Variability?)



ACCP Science and Application Traceability

Matrix (SATM) defines:

Minimum Science = Threshold Science

Enhanced Science = Baseline Science

iiii
-----

nnnn
e

| 01 Low Clouds
. Minimum: Determine the sensitivity of boundary

| layer bulk cloud physical and radiative properties to
. large-scale and local environmental factors
including thermodynamic and dynamic properties.

Enhanced: Adds to Minimum cloud microphysical
o properties and enhanced bulk cloud
1| properties.

(]
lllll
-----

:. Q1 - Convective Storm Processes
:j Q2 - Air Pollution and Distribution

| Q@3- Climate Sensitivity and Feedback
[ﬂ Minimum Scores / Enhanced Scores)

/, J — Polar

w ACCP Aerosol, Clouds, Convection, and Precipitation Study

e - - o —— —

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Inclined

>
- Threshold



1.8

1.6

1.4

1.2

ACCP Study Threshold

0.8

Relative Capability
=

|
0.6 o
04 Similar to Existing Capability o ®
0.2
0 e o
0.0 500.0 1000.0 1500.0 2000.0
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Cost (MS, early model)

2500.0
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The Charter of the SIT-A... as it has evolved

SIT-A Team Members and Tasking

Active & Passive Aerosol Remote Sensing; Complexities Addressed

SIT-A Architecture Evaluation Approach: Workflow and Methodologies
Complementarity with Lidar Working Group Activities

Quality Scores and Additional Outcomes

U OO0 0 0 0 0O

SIT-A major findings
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The Charterﬂ of the SIT-A has evolved!

........

J “... to quantitatively evaluate retrieval uncertainties for aerosol Geophysical Variables, to

compare them to SATM requirements, and to translate them into Quality Scores that can be
used in the Value Framework, highlighting relative performance differences between

instrument combinations”.
) Final approach also included expert elicitation.
Quality = Fraction of retrievals that
provide uncertainties or

errors within SATM
requirement

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study

~

&

Quality of GV
given
Measurements

~

J

(SIT)



SIT-A Team members represent most NASA
centers and Universities involved in ACCP,
plus various international institutions!

Names in bold: Team leads at their institutions and/or
Study Team (expert assessment team) members

& US participants

J International participants

First Name Last Name Institution
Susanne Bauer GISS
Sharon Burton LaRC
Brian Cairns GISS
Patricia Castellanos GSFC
Eduard Chemyakin LaRC
Pete Colarco GSFC
Arlindo da Silva GSFC
Reed Espinosa GSFC
Richard Ferrare LaRC
Connor Flynn U. Okla.
Lan Gao U. Okla.
Michael Garay JPL
Robert Holz U. Wisc.
Meloe Kacenelenbogen ARC
Olga Kalashnikova JPL
Seiji Kato LaRC
Osku Kemppinen GSFC
Rob Levy GSFC
Xu Liu LaRC
Marcela Loria U. Okla.
Richard Moore LaRC
Ed Nowottnick GSFC
David Painemal LaRC
Kathleen Powell LaRC
Jens Redemann U. Okla.
Snorre Stamnes LaRC
Tyler Thorsen LaRC
Travis Toth LaRC
Mark Vaughan LaRC
Dave Winker LaRC
Feng Xu U. Okla.
John Yorks GSFC

First Name Last Name Affiliation
Adam Bourassa Univ. of Saskatchewan
Marjolaine Chiriaco IPSL
Flavien Cornut CNRM, Aerosols
Juan Cuesta LISA/Univ. of UPEC, French coPI for ACCP-Aerosols
Oleg Dubovik LOA/CNRS, Aerosols/Lidar
Laaziz El Amraoui CNRM, Aerosols
Anton Lopatin LOA/CNRS, Aerosols/Lidar
Tomoaki Nishizawa NIES-Japan
Roseline Schmisser CNES, lidar
Solene Turquety LMD
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a For each instrument type/comblnatlon various groups pursue mdependent approaches

2 Differences in methodologies & algorithms are an advantage to the evaluation process

Approach Gowse

DRS: Direct Retrieval Simulation LaRC+GISS, GSFC, OU, LISA+CNES+Lille
RDA: Real data analysis LaRC+GISS, GSFC, OU, Lidar Working Group (UWisc+LaRC+GSFC)
ICA: Information content analysis LaRC+GISS, OU

SPA: Statistical performance analysis LaRC, GSFC

Retrievals Retrievals

Polarimeters

Success of ACCP depends on unprecedented
@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study |nformat|0n In -lo'nt rEtrIevaIs




%) Active & Passive A
A
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10

Lidar:

Backscatter lidar (lidar 9) measures
attenuated aerosol backscatter

HSRL (lidar 5/6) measures true aerosol
backscatter and extinction.

— aerosol backscattering and extinction
contain information on aerosol
concentration, size and composition

— Both backscatter and HSRL lidars
measure depolarization (related to
particle shape /type).

Aerosol
Type 1

Land Ocean
@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study



Aerosol
Type 1

Backscatter lidar (lidar 9) measures
attenuated aerosol backscatter

HSRL (lidar 5/6) measures true aerosol
backscatter and extinction.

— aerosol backscattering and extinction

contain information on aerosol
concentration, size and composition

— Both backscatter and HSRL lidars
measure depolarization (related to
particle shape /type).




Aerosol
Type 1

Land

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study

Ocean

Polarimeter:

Spectral polarimeters
measure total and polarized
reflectances

— total and polarized aerosol
scattering



Active

. T

I\ O

& Passive A

Y L d

Aerosol
Type 1

Surface Reflectance

Land

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study

Ocean

Polarimeter:

Spectral polarimeters
measure total and polarized
reflectances

— total and polarized aerosol
scattering
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Active & Passi
vy

\ %, Solar Radiation

Aerosol
Type 1

Surface Reflectance

Land

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study

Platform progresses

!‘- .; -y
- e :

L . -_r\"_-..
1S f
.
L

o
Ll

<" Reflectance @

Ocean

Polarimeter:

Spectral polarimeters
measure total and polarized
reflectances

— total and polarized aerosol
scattering

— containing information on
aerosol concentration, size
and composition



\ %, Solar Radiation

Some challenges to aerosol remote

sensing (RS):

e Surface reflectance

e Aerosol vertical distributions

 Lidar signals provide independent
constraints on vertical distributions

l' e Atmospheric aerosol types are often

mixed in type, and vary rapidly ~10km

Aerosol
Type 1

Surface Reflectance

Land Ocean
@ACCP Aerosol, Clouds, Convection, and Precipitation Study




Active & Passive A

Some challenges to aerosol remote

sensing (RS):

e Surface reflectance

e Aerosol vertical distributions

 Lidar signals provide independent
constraints on vertical distributions

e Atmospheric aerosol types are often
mixed in type, and vary rapidly ~10km

e Cirrus clouds
e major challenge for passive aerosol RS
e challenge for active RS

Aerosol

Type 1

Land Ocean
w ACCP Aerosol, Clouds, Convection, and precipitation sty BUt Nature did not deem it her business to make the discovery of her laws easy for us.“, Einstein 1911




Aerosol
Type 1

Land
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Some challenges to aerosol remote

sensing (RS):

e Surface reflectance

e Aerosol vertical distributions

 Lidar signals provide independent
constraints on vertical distributions

e Atmospheric aerosol types are often
mixed in type, and vary rapidly ~10km

e Cirrus clouds
e major challenge for passive aerosol RS
e challenge for active RS
 Low clouds
e challenge for passive aerosol RS
e challenge for active RS



SIT-A

* Focused on L2 retrievals

* Primarily used synthetic data, capturing various
aerosol types and vertical distributions

e Approach captures forward model errors &
“defines” truth

e Land and ocean surfaces & Daytime/Nighttime

e CALIPSO indicates that 51% of aerosol retrieval
opportunities contain additional uncertainty
\/ from thin clouds. (Thorsen et al.)

ACCP science depends on joint
aerosol and cloud retrievals here!
/ H LWG (Lidar Working Group, Eloranta et al.)
|

* Focused on lidar performance and design
requirements

Aerosol ) * Primarily used real data to assess retrieval
Type 1 capabilities

* Four actual combined aerosol/cloud scenes

e Led to lidar design improvements

Land Ocean \/

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study




The SIT-A Arc ture E

A D

Approaechs; orkflow
Assessment Retrieval
Simulations: V
Teams 1) produce 1) Quality Scores
2) Mean errors and/or
7 teams from 5 3) RMS errors
institutions... t Ad] usted”
Retrieval
Simulations:
1) Quality Scores %
’)fe
/)scs
Lidar Working
Group Study Team Value
9 lidar experts from 3 | « 13 experts from 6 S IT-A Framewo rk
institutions institutions...
Team

&
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' i : 2 - ' E et 2™ Radio07, learGS Polar07,
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Polar Platform: Lidar 5 (HSRL-1), Polarimeter — o ‘r\\
%55G-1: RadaﬂB e apens $5G-2: Lidar0%er,
Polar Platform: Lidar 6 (HSRL-2), Polarimeter \.% Camera P“’“ N\ Radio0?, Polar0sh

Camera
Polar Platform SSP2: Lidar 9 (backsc. lidar), Polarimeter

——

Inclined Platform: Lidar 9 (backsc. lidar), Polarimeter
ACCP-D1A

verAsolved GVs [thin bars = nonprime-prime]

e

@ -
/
|

Quality Scores provide a measure of how
well/often the instruments can retrieve the GVs
relative to SATM uncertainties!

o
o

Quality Scores

0.2
" Permutations result in 1-2 Million Quality Scores.
; 1.2 1.9 2.3 215 312
e oV o\ o o o
o og-q\ﬁ-{' pi“?g? ,pﬂf{&c' ‘pﬂﬁ*c' “Dﬂq&(‘ #ﬁ_\:\ec’

Selection of most important Aerosol Geophysical Variables -

@



Lidar Instrument

Advanced Design changes
Retrieval
Algorithm

Development

Forward
signal
simulators

A retrieval community
(joint lidar+polarimeter)
- inclusive & respectful

- coalesced around learning & results
- collaborative in spirit & action

w ACCP Aerosol, Clouds, Convection, and Precipitation Study



Additione C

? frontiers
in Remote Sensing Satellite Missions

Remote Sensing of Cloud, Aerosols, and Radiation from Satellites

A Combined Lidar-Polarimeter Inversion
Approach for Aerosol Remote Sensing

Special Section in Frontiers over Ocean

Feng Xuit, Lan Gao', Jens Redemann’, Flynn Conner!, William R. Espinosaz, Arlindo Da Silva’,

Of RemOte SenSIng has Snorre Stamneag, Sharon P. Burtang, Xu Liu3, Richard Ferrareg, Brian Cairns¢, Qleg Dubovik’
rECE|VEd 26 pa pe rS, mOStly 'school of Meteorology, College of Atmospheric and Geographic Sciences, University of Qklahoma, United

States, 2Goddard Space Flight Center, National Aeronautics and Space Administration, United States,

[
fro m the ACCP CO m m u n Ity ! 3Langh&-y Research Center, National Aeronautics and Space Administration (NASA), United States,

1Geddard Institute for Space Studies (NASA), United States, SUMR8518 Laberatoire d'optique
atmosphérique (LOA), France

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study



ACTD e o
1 Major Findings - 1

» Multiple complementary approaches are important (also LWG and SIT-A)

» Joint (lidar+polarimeter) retrieval simulations reduce retrieval errors

» SIT-A Quality Scores (QS) reflect physically plausible and significant differences:

Quality Scores Quality Scores Quality Scores

Polarimeter +
Backscatter lidar

> >
Polarimeter + Polarimeter +
HSRL'Z A - 0.06'0.14 HSRL']. A - 0.17'0.25

» These observational capability differences can mean the difference between meeting and
not meeting threshold science requirements!

19@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study
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J Major Findings — Additional Outcomes

>

>

LWG confirmed feasibility of spaceborne HSRL observations

Significantly improved algorithms (far beyond previously published skill)

French partners demonstrated notable differences in
particle typing capabilities among lidars

Algorithms are key to the synergistic observations of
ACCP

Collaborative, inclusive retrieval community,
coalesced around results

Need to expand and enhance joint retrievals

ACCP science depends on joint
aerosol and cloud retrievals here!
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The Chartegof th

e SIT-CCP Charter: ... to critically evaluate retrieval uncertainties
given measurement architectures for individual cloud and

precipitation Geophysical Variables comparing them to SATM
requirements.

Quality = Fraction of simulated retrievals that provide
uncertainties within SATM requirements

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study



Study Teams:

Low Clouds:
High Clouds:
Convection:

Snow:

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study

Study teams reviews OSSE results and produces Quality scores

Score is unanimous Score is not unanimous

Study Team Debates

Consensus is reached

SIT co-chair approves recommendations; if there is a disagreement with the
sub-committee, SCC reviews (not needed)

Input to Value Framework Team
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 Accomplished the first-order objective of our charter.
e Began 18 months ago with lessons learned from Aerosol Clouds Ecosystems (ACE).
e Goal: Relative to science needs, formalize a methodology to objectively evaluate remote
sensing architectures
e After 6 Architecture Evaluation Workshops over 14 months, we are now quite nimble with a
set of tools and a general methodology to critically evaluate subtle nuances to complicated
remote sensing architectures and problems.

e Stood up a team of young innovative scientists who now have a cutting edge war chest of
methodologies that can be adapted to meet the scientific and algorithmic challenges of the
ACCP Era.

e Realization that to meet the process-oriented science objectives of ACCP, measurement
Synergies are fundamental. The level 2 algorithm suite will naturally evolve to exploit these
synergies among radar, lidar, radiometer, polarimeter. This is a significant advance over
A-Train.
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Low Cloud

Scoring
Methods:

Tools: existing
observations + sampling
studies

+ high resolution models +
Bayesian retrieval
algorithms (Optimal
Estimation and Markov
Chain Monte Carlo)

-

Study Team Lead: Derek Posselt

m e oy b Climate Emphasis - Low Clouds (01, 08)
ACCD

Study Team Members: Matt Lebsock

e Existing observations:

spectrometer, multi-angle imager,
polarimeter (aircraft and space)

microphysics from aircraft measurements
(IPHEX, RICO, OLYMPEX)

disdrometer obs mapped to Z(z), Tb, and
PIA

 Model output — subpixel variability

LES and CRM for Sc and Cu

ECCC (50 meter long-domain) - Spectrum
of low cloud types

e Bayesian Retrievals — quantify
uncertainty

Optimal Estimation
Markov chain Monte Carlo

Ret Cloud LWP (g/m2)

-
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Climate Empha5|s — High Clouds (02) MC3E NU WRF SImutation
Study Team Lead: lan Adams

Study Team Members: Min Deng !

Bastiaan Van Diedenhov

-
B .

g Gl Wiy g T

Cloud-resolving models (ECCC, NU-WRF)

e Full atmospheric column

e Moderate horizontal resolution (down to 1 km)

o7 (3kmi -
©93 (3kml ' -
1 99 {zkm)

10} 4 |

Synthetic & observational retrievals

e Monte Carlo Integration 0 Bayesian § "
e Optimal Estimation o Inversion Pl | 4
150 .
e Synergistic lidar/radar & radar/radiometer Ny £
100 [ . .
» Doppler-based vertical motion o e
Sampling studies Radar/Lidar Cloud Sampling Analysis Based on 2C-ICE Product
e Polarimeter rainbow sampling (polar vs 55 S , 5 _ 12 - ] 100.0
inclined) w0} hataronly ] m~evjer!a;:pe 0] ;
E 3 1 E | Z__ E : 75.0
e Radar/lidar overlap £ F g g x
S &f R s 2 500
 Kuvs Ka band g af g s £
= g o 2 - 250
* Radiometer resolution impacts :: ol o
0001 0010 0100 1000 10.000100.000 GRGL Qg G400 LOGT: 290300000 0001 0010 0100 1000 10000100000

il Tau Tal
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Spaceborne Radar simulator

r
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: | Q Ual ity control &corrcho ns
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mode] processing j : ,
l i Vertical air motion retrieval
| I R :} _=-110 B I
, ! L
N ' I ol S g
o I l - - —
W M | I ’ me::'AM?Eils" ]‘le ” I
———————— wull L oo o oon e o e e mn e e e mn mm mm e e

F/M modeling

High resolution numerical models
Variety of cloud and precipitation systems - Large library of deep convective clouds

GV scoring procedure




Example Scoring Procedure (O3):
In-Cloud Vertical Air Velocity (IVAV.z)

« Evaluate output from radar simulator

 Each level is weighted evenly between
echo-top height and lowest level considered
(0 or 5 km)

e« (Case Score = Sum(RDF * 5.0 / Weight) over
all levels with RMSE <= limit, plus Sum(0.0 /
Weight) for RMSE > limit (or no detection)

« RMSE limit is larger of 2 m s* or 30% of
max updraft; Maximum score = 5.0

* Final score is average of all seven O3-
relevant cases (range from shallow
convection to severe storm)

Normal Tropical Convection

Radar13E Ka-band

Severe Storm

Radarl7 Ku-band

Altloude (k|

Convection (6'3)

Study Team Lead: Tim Lang
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Summary

e Realization that Emerged from CCP-SIT Effort:

e Measurement synergies are fundamental to ACCP Success
e CCP-science relies on full suite of A and CCP instrumentation.
 ACCP is an integrate observing system

 To meet CCP Science needs, the level 2 algorithm suite that is
evolving for ACCP must exploit synergies among radar, lidar,
radiometers and polarimeters.
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Profiling Closer To Surface Penetrating Convectron And Doppler
40x50 m resolution
W—Band DopplerVeIocrty ‘

CloudSat ACCP W- Ka band radar
800 1 800
E 600r----------seoeoooe- -- -1 E 600
f 400 1 }ﬁ 400+ E15 3 10
200+ 1 200 %10 E}m
7 9 -20
0 ......... Lo via v | P Lo Laias 0 Tan L T A S S E
3 2 10 0 10 30 20 10 0 10 0 -30
dBZ dBZ
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Along track [km]
Simulations above produced by Pavlos Kollias (SUNY Stony Brook)
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o All lidars provide improved signal
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AP Lessons Learned—asswe Instruments

T

a2 Mu

e Passive microwave essentlal fOI‘ Context and preC|p|tat|on constraints,
cloud ice properties
— Convection-resolving resolution
— Applications desire for 89 GHz
—Time-differenced measurements likely useful, but retrievals not sufficiently mature
* Polarimeters provide essential constraint for aerosol retrievals
—Higher spatial resolution generally preferred over wider swath

e Spectrometers essential for radiation measurements collocated with
clouds and aerosols

» Stereo cameras provide innovative measurements of cloud and aerosol
plume dynamics
—Identified as the highest priority among the different types of time-differenced measurements
—Reasonably mature concept and deliverables

* ALI and SHOW provide valuable information on upper troposphere/lower
stratosphere aerosols and moisture

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study 5
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Instrument Legend

Radarl3E W Doppler, Ka Doppler

Radio0Q7 118-880 GHz cubesat

Lidar05 VIS HSRL, N IR Backscatter

Polar07 UV-SWIR Polarimeter (1/ 2 km footprint)
Spec03/04 UV-FIR Spectrometers

Radar 13e
RadioQ7
Lidar05
Polar07 |
Spec03
Spec04

f-----ﬁ

--------------\

Common
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y—
‘arch
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I""____ ________ .'i Instrument Legend

" Radar 13e "

: Radio07 COI:T\IT\OH ; | Radar13e W Doppler, Ka Doppler

| Lideros | Bullldll?g * | Radioo7 118-880 GHz cubesat

|

;  Polar07 Bloc IS : Lidar0s VIS HSRL, N IR Backscatter

| olar

TG B s : Polar07 UV-SWIR Polarimeter (1/ 2 km
| SpecQd 1 footprint)

‘e ——— Spec03/04 UV-FIR Spectrometers

Climate |®

I’:‘]

Slngle Orbit .& "’_{ Comrectiun

! ., R pnlar
\ |pnlar Air Quality ®

/)
Semmthee polar



= ."i Instrument Legend
" Radar 13e -
: Radlo0? COI:T\IT\OH : Radarl13E W Doppler, Ka Doppler
| Lgeros | Building { Radio07 118-880 GHz cubesat
| —@
;  Polar07 Blocks : Lidar0s VIS HSRL, NIR Backscatter
] olar|
TG B Lo : Polar07 UV-SWIR Polarimeter (1/ 2 km
| SpecQd 1 footprint)
Ve r e ——— Spec03/04 UV-FIR Spectrometers Bl Lidaros —> Lidaros  Lidar06 adds UV
a) Radar17d  JAXA Ku radar
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| Camera dt
polar ALl
|| sHow
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Instrument Legend

Radarl3E W Doppler, Ka Doppler

Radio07 118-880 GHz cubesat

Lidar05 VIS HSRL, N IR Backscatter

PolarQ7 UV-SWIR Polarimeter (1/ 2 km
footprint)

Spec03/04 UV-FIR Spectrometers
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I""____ ________ .'i Instrument Legend

" Radar 13e "

: Radio07 Common ; | Radarl3E W Doppler, Ka Doppler

| Lderos | Building { Radio07 118-880 GHz cubesat

| ——

;  Polar07 Blocks : Lidar0s VIS HSRL, N IR Backscatter

| olar

TG B s : Polar07 UV-SWIR Polarimeter (1/ 2 km
| SpecQd 1 footprint)

‘e ——— Spec03/04 UV-FIR Spectrometers

— |Cnnvectiun ®
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|" ______________ "i Instrument Legend

I Radar 13e "

: Radio07 Common , | Radarl3E W Doppler, Ka Doppler

| Lideros Building | | Radioo? 118-880 GHz cubesat

| —

i Polar07 | BIOCkIS‘ : Lidar0s VIS HSRL, NIR Backscatter

! SpecO3 F“"r'“ﬂ” i i
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Y Seecot : footprint) il Lidaro5 —> Lidaros
e

—————————H_———J ajﬁadar‘i?d
Spec03/04 UV-FIR Spectrometers Ku Radar
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__ Camera dt
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| |sHow
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Architectures P1, P2 emerged from the Single Orbit Balanced Prioritization




I""____ ________ .'i Instrument Legend

" Radar 13e "

: Radio07 Common ; | Radari3E W Doppler, Ka Doppler

| Lceros | Building ¢ | Radioo7 118-880 GHz cubesat
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;  Polar07 Blocks : Lidar0s VIS HSRL, N IR Backscatter

| olar

TG B s : Polar07 UV-SWIR Polarimeter (1/ 2 km
| SpecQd 1 footprint)

‘e ——— Spec03/04 UV-FIR Spectrometers

Inclined Instrument Legend
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8. Radar 13e "
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’ Q1 - Convective Storm Processes

I | Q2 Air Pollution and Distribution
. 03 - Climate Sensitivity and Feedback

. SSP b Rﬂﬁlf]3£ [rl‘\ﬂrll num Seores | Fnhanced Scomes)

Rad[w? Lidar@5, Polar07,

Spec3, Sgﬁrﬁm

‘I\sscﬂ Radants, L. “r*f’\,_sscrz.mmngw_

<NH Camen - r..«"\;—’i' Radio07, Polarab,

1st

ACCP-DIA -

Overall Architecture
Rank Closely Mimics D1A > P1 = P2

Science Benefit Rank

?

% 7| @i - Convective Storm Protesses

Q i_’__r Q2 - Air Pollution and Distribution

- o SSP.I hid][HE Radio |. B 03~ Climate Sensitivity and Feedback
Lidar0s, ?Uldl F a0 :EML timum Scones f Enhanced Seones)

Spechd, i.an fa ,"‘w 3 Palar

L 5P

S5P-2: Radar7,

e Camera, ALI, SHOW .
n | e T

ACCP-P1 | |
W-4 Convective Storm W-5 Air Quality Processes C-2 Climate Sensitivity, Cloud
Processes and Distribution Feedback, Aerosol Forcing

| Q1-Convective Starm Processes
| 02~ Air Pollution and Distribution

03 = Climate Sensitivity and Feedback

T SSSP-TnRadar1 3E+1, (B} Minimum Scores [ Enbanced Scores) c . o o . .

o T i — The following slides highlight the relative science
value of the 3 ACCP Architectures considering the 3

primary DS Questions and other science-related merit

P-2: Camera, ALl SHOW

- - _-. Threshodd

ACCP-P2 P2



ssp'.~ﬁadar13ﬁ+1, LR S S NSSP-T5Radar3E,
Radio07 Lidar06, Polar07, i ] - Radio07,Lidar05, Polar07,

- 55P—1 w\Radar13E, Radio07,
Lidar06, Polar07, Spec03,

Spec4, (a“{era

Spec03, Sﬁiqcﬁ#. Camera . ' Spec03, 5;\1’(}4

oy it
! ;f;}\SSG-li Radars, ' _ %\SSG-I Lidar09er,
A Camena E \-* Radio07, Polar04bh,
; Camera

3 %

SSP-2: Radar17,
Camera, ALl, SHOW

SSP-2: Camera, ALl, SHOW

ACCP-P1 ACCP-P2 ' ACCP-D1A

Convective Storm Processes

Convective Storm Processes Convective Storm Processes Pros: Measurement of diurnally varying vertical motions for shallow to deep
Pros: Provides capabilities for measuring vertical motions from shallow Pros: Provides capabilities for measuring vertical motions from shallow to deep convection, spanning light to heavy precipitation, in inclined orbit. Additional
to deep convection. Measurements span light to heavy precipitation convection. Measurements span light to heavy precipitation. Cons: Lack of radar measureménts in polar orbit for weak convectior;/upper levels of 'strong
with GPM-like swath for 3D structure and precipitation swath degrades ability to characterize 3D structure and do precipitation mapping. convection. Cons: Best convection capabilities not coincident
mapping. Cons: Radiometer footprints are large for convective studies. Radiometer footprints are large for convective studies. No information on critical with best aerosol capabilities. Lack of radar swath degrades ability
No information on critical sub-daily varying processes. sub-daily varying processes. to characterize 3D structure and do precipitation mapping. Radiometer footprints
Air Pollution and Distribution Air Pollution and Distribution are large for convective studies.
Pros lear polarlmeter radar combination Pros: Lidar, polarimeter, radar combination provides unprecedented Air Pollution and Distribution

- N 1 U SR T I ORI | DI I RSP ST I R [N PRV [P [ JURS § DI ) NI U SR | SR [ WS N N [ R S S [ ISR R SRS LRI S oot _aoa o o
characterization of aerosol size, concentration. Cons: Lack of inclined ability to characterize precipitation and its impacts on aerosol wet removal. Lack of channel negatively impacts the characterization of aerosol properties. Lack of radar
orbit is detrimental to characterization of sub-daily aerosol processes. inclined orbit is detrimental to characterization of sub-daily aerosol processes. swath degrades ability to characterize precipitation and its impacts on aerosol wet

removal.

Climate Sensitivity and Feedback Climate Sensitivity and Feedback Climate Sensitivity and Feedback
Provides key measurements for low and high cloud feedback, direct and Pros: Provides key measurements for low and high cloud feedback, direct and ; . v . .
indirect aerosol radiative effects, and cold cloud processes. Radar indirect aerosol radiative effects, and cold cloud processes. Radar profiling to near ::L?ii;eE:(;\:?oizll((:;/d?;i;seu(reifmecet:tsatmodr Ic?)mi?:uzlgr:;clzgfsfteu?j?:sac;;j;rfctjf?l(ijn to
profiling to near surface and tandem stereo cameras offer significant surface and cameras offer significant advances for low clouds and snowfall. ALI and near surface and cameras offer s’i nificant advan(r:)es for low clou'ds and P 8
advances for low clouds and snowfall. ALl and SHOW provide SHOW provide information for the important upper troposphere/lower stratosphere snowfall. Cons: Lack of radar swafh degrades ability to relate convective properties
information for the important upper-troposphere/lower-stratosphere (UTLS) region. Lidar UV channel aids the characterization of aerosol to high c.louds 'Loss of lidar UV channe% degrades c\I/\aracterization of aeropsolp
(UTLS) region. Lidar UV channel aids the characterization of aerosol absorption. Cons: Lack of radar swath degrades ability to relate convective properties & ’ &

to high clouds absorption, and the ability to get consistent climate record for cloud feedback.

@ absorption. ) 3



Most Relevant |
Instruments & @
Features for W-4

Radar13E: Ka-D, W-D

" o “SSP-1xRadari3E,

Radio07,Lidar0s, Polar07

. ot -y Pty Radio07
e éﬁ?\ggf;:;anadans, F‘.ﬂ'f' \g\ééguo? Polar04b, Camera At Shallow-to- Deep
1St & Light to Heavy Yes Yes Yes
| Inclined Orbit Convective Scale Radiometer
ACCP-D1A i No No No
Footprints
¥ © s Diurnal Variations (Inclined) No No Yes
.:-“-'-"\"\fsg;o;;ﬂ;rﬂE Lol Tropics, Tropical Mid-Lat Weather NG NG Yes
L Radar13E: Ka-D, W-D Forcing & S2S Enriched (Inclined)
Radf';\r17: Ku-D (wide swath) Radar w/ Wide Swath Yes No No
ﬁ\_ v 9 o4 Radio07
2nd © B o Camera At
i P1 Major distinguishing features

e D1A has inclined orbit, enables richer examination

s of long-standing science challenges: diurnal, S2S,

. i i and tropical-extratropical teleconnections

g | Radar13E+1: Ku-D, Ka-D, W-D . . .
Radio07 e P1 has a wide swath radar, enables richer synoptic

' . L.
3fd = ﬂm?.um W Comera At context and process examination

ACCP-P2 P2




e S ssn fadar13, Fa:llL
Lidar06, Rolar(¥, Spedd

Spechd, Lan "

l,‘

TN

15§ =4

ACcP-P1

'3 %

S5P-2: Radar17,
Camera, ALl hH.]I.’n.'

e NS5P-15Radari3E,

N I\ssm Radans;

\,...d Camera e r-a""
"

2nd

ACCP-DIA

ACCP-P2

Radio07,Lidar0s, Polar07,
Spec03, Sﬁd‘m

.

S 556-2: Lidar0ger,

"N Radio07, Polar04b,
Camera

S55P-1sRadar13E+1,
RadioDT,Lidar0é, Folar07,
Specl3, Spec0d, Camera

P-2: Camera, ALl, SHOW

P2

Most Relevant
Instruments &
Features for W-5

Lidar06: HSRL w/ UV
Polar07:

Radar13E: Ka-D, W-D
Radarl17: Ku-D (wide swath)
Camera At

ALl

Lidar05: HSRL
Polar07:

Radar13E: Ka-D, W-D
Radarl8: Ku-D, W
Camera At

&

Inclined Orbit

Lidar06: HSRL w/ UV
Polar07:

Radar13E+1: Ku-D, Ka-D, W-D
Camera At

ALl

&

Atribwee | P | P2 | DA

Aerosol Size, Type &

. o Excellent w/ Excellent w/
Concentration Characterization Boost from UV Boost from UV Excellent
(HSRL+UV)

Aerosol Removal/Redistribution Very Good w/ Boost

(Lidar+Polar+Radar Config) from Wide Swath Radar VERACE very Good
Smoke/VoIcano Plume Top Ves Ves Ves
Evolution (Camera At)

Extreme Smoke/Volcano Events Very Good w/ Boost Very Good w/ Very Good
and Relation to Convection (ALI) from ALI Boost from ALI

Subdaily Aerosol Processes No NG Ves

(Inclined)

Key distinguishing features

e All have HSRL, enables unprecedented aerosol characterization, P1 and P2
have added boost from UV channel.

e D1A has inclined orbit, enables examination of diurnal aerosol/AQ variations

Other distinguishing features

. P1 and P2 have ALI limb spectrometer, provides a boost to extreme plume event
examination

. P1 has a wide swath radar, provides a boost to aerosol removal/redistribution
studies




Most Relevant
Instruments &
Features for C-2

RSP T8 padar 3E, Radiad7,
Lickar06, Rolard?, SpedD,

Spects Caer Lidar06: HSRL w/ UV
Polar07: Low and High Cloud Feedback
Radar13E: Ka-D, W-D Direct & Indirect Aerosol Radiative Effects Yes Yes Yes
sl Radarl7: Ku-D (wide swath)
Camera At Cold Cloud Feedback Processes Yes Yes Yes
PP ALl Radiation Absorption By Aerosol Boost Yes w/ Boost Yes w/ Boost Yes
from UV lidar from UV lidar
s Low cloud & Snowfall Boost (Radar Yes Yes Yes
'"__%.\é Eéz':u'?{:?”]‘l{.‘}.;:}! o . | profiling to surface and camera At)
L Lidar06: HSRL w/ UV Upper Troposphere/Lower Stratosphere Yes w/ Boost Yes w/ Boost Yes
f.' Polar07: Climate Feedback Processes (AL, SHOW)  from ALl, SHOW  from ALI, SHOW
I Radar13E+1: Ku-D, Ka-D, W-D _ _ :
S ORCEENTETI Relate properties of convection to high Very Good w/ Vi
.- ALl cloud feedback Boost from Wide Very Good Good
ACCP-P2 . P2 Swath Radar 00

Distinguishing features

Lidar05: HSRL i _ o o
. P1 & P2 have HSRL with UV channel, provides boost to examinations of 1) radiation

S ssé1 -Radar13E, Pola FO7Z

Radio07, ,Lidar05, Polar07, . _ . 0 0
e s.j%cna Radar13E: Ka-D, W-D absorption by aerosols and %) cloud-climate contmwt'y (e.g. w/ Earthcare).
| oo it | SO VRS . ar18: Ku-D, W e Pland P2 have ALI, SHOW limb spectrometers, prow.des boost to upper
NS e e ,_'!”' e Camera At troposphere/lower stratosphere cloud feedback studies.
3 rd = 2 . P1 has a wide swath radar, provides better sampling for studying connections
BYFN Inclined Orbit between convection and high cloud feedback .

ACCP-DIA




G0
o _E\:_;kSSPJ:-RadarBE.

& Radio07,Lidars, Polar07,
Spec03, Spec04

.
f by
L 4 556-1: Radants,
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<Mo# Camera r»—-'-"'

 Radio07, Polar0sbh,
Camera

1st DA
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Spechd, Camena
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i = Camera, AL SHOW
2N
ACCP-P1 ' P 1

S NESP s Radar 1 3E+1,
FEE N Radio0OT Lidar0é, Polar07,
Specd3, Sﬂg‘.cfl-t [amera

Q.

: u‘k §5P-2: Camera, ALI, SHOW

3rd
ACCP-P2 P2

Polar core is crucial to meet minimum ACCP Science.

Polar+Inclined - considerable
increase for science benefits

/w" i< ~— Polar
- D14 Y
1.6 (_ = “ Inclined
Y 1
L
14 4\ [
'Ii i
I }

Inclined aloane doesn’t
meet mininhum

— Polar component is crucial
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o

B S5P-1:Radari3E,
Radio07,Lidar05, Polar07,

Specl3, 5#\(04

*‘,f\sscri Radars, H "cb\sscrz LidarO9er,

\.5 Camera e 2% Radio07, Polar0sb,
Camera

ACCP-DIA

B N <P e 1 13E. Radi a07,
7 fM lealﬂﬁ ?uldr , Speddi

I|
£

e&\

LamEﬁ ALI, SHOW
ACCP-P1 P1

: Radar17

e
A o 55?1 WRadar13E+1,
r v FRadio0TLidar0s, Polar)7
Spec03, Spec0d, Camera
|

j.z\SSPI Camera, ALl SHOW
3rd |
ACCP-P2 P2

Overall Architecture
Rank Closely Mimics D1A >P1 = P2

Science Benefit Rank

W-4 Convective Storm W-5 Air Quality Processes C-2 Climate Sensitivity, Cloud
Processes and Distribution Feedback, Aerosol Forcing

Summary Comments

 The polar platform is ‘core’ and essential to meeting Minimum science.

* Despite a number of science benefits of P1 and P2, the greater ranking of
D1A is strongly tied to its early launch and science return, and its inclined
orbit, which enables diurnal sampling of ACCP quantities and processes —
particularly convection, and it enables an added emphasis on tropical
convection and tropical-extratropical connections important to weather
and subseasonal to seasonal (S2S) forecasting.
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ACCP-DIA

Basic Synergies
with ACCP

P1

P2

D1A

SBG

* Enabled Joint Science Objectives
e.g. Energy and Water Fluxes

e Joint Retrieval Algorithms e.g.
especially SBG spectrometers
and ACCP lidar and polarimeters

* Joint Validation Assets, Activities
and Campaigns

e Combined observation
constraints on atmosphere and
ecosystem models

Basic Synergies

Basic Synergies

Depending on SBG start, an early
start for ACCP Inclined Orbit could
provide more SBG overlap.

Greatest Synergies

(e

Notably through ACCP
precipitation
measurements,
including improved high
latitude snowfall
measurements over the
POR.

Swath for Radar
provides improved
precipitation time/space
sampling.

Basic Synergies

Depending on MC start,
an early start for ACCP
Inclined Orbit would
provide more MC
overlap.

SDC

Mostly anticipated in the
intersection of applied
science, with ACCP
providing valuable
information on
precipitation/flood,
wildfire and volcano
plume/intensity
information, etc all aiding
Hazards theme for SDC.

Swath for Radar provides
improved precipitation
time/space sampling.

Basic Synergies

Anticipated later start for
SDC limits synergy; early
prototyping of synergies
can be explored with
NISAR.
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ACCP explores the fundamental
guestions of how interconnections
between aerosols, clouds and
precipitation impact our weather and
climate, addressing real-world
challenges to benefit society.

The ACCP Applications Impact Team
(AIT) is charged with ensuring that
applications are considered to the
greatest extent possible in mission
design.
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22 billion-dollar
weather and climate
disasters in 2020

38 million people in the
Western US were exposed to
unhealthy levels of air
pollution from wildfires in 2020

Climate change is exacerbating
hydrologic extremes and
stressing water resources




AIT Mission &
Program Expertise

Early Adopter &
Applied
Science Programs

Communities
of Practice &
Potential
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ACCP Stakeholder
Workshops

Weather and Air Quality
Modeling (7/2019)
Transportation and Logistics
(11/2020)

Air Quality (3/2021)

Science Conference
Engagements

AGU, AMS, Community
Forums, HAQAST
Workshops, GPM Science
Team, International
Association of Wildland Fire,
CALIPSO Science Team

@ ACCP Aerosol, Clouds, Convection, and Preci

Over 110 workshop attendees and surveys solicited

Over 60 independent interviews Interviews with

Communities of
Practice and Potential

Engagement with National/International agencies and the
private sector

o) SRIT

Japan Meteorological Agency

@ Mational Environmental Satellite
U Data and Information Service

NIH);

O

METEQ

FRANCE

community
* ARSET GPM training

GLOEAL BURDEN
OF MSEASE

o Bl e
@ FATHOM SCIENCE c oo o
e cEe were T — Surveys and Trainings
INSTITUTE b mgﬁzg,gsghmn RESEARCH * Weather and AQ modeling

US Army Corps §
of Engineerses %

@ Swiss Re
UNITED )

{“? Earth System Research Laboratory

Flobal $ysiems
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ACCP Applications: High Impact Enabled Application Areas

Climate

G CCP Modeling and Forecasting |

Water Resources &
Hydrometeorclogical Disasters

e

Air Quality Modeling &
Atmospheric Disasters

Modeling Aviation

S2S Forecasting

Air PoIIutlon/Alr 0 allty A

e : b
v e . — = = i
e

Air Quality and Health :l —
. .:- = : | ..;.:: . 3 :

Tropical C) e :
Forecasting g™ |

Numerical Weather " % -

Prediction '

Air Quality M
(forecastlng)

; ©Air Quallty Rules
and Regulatlons

s

Monitoring

e ———

“Human Health e T — |

f,d%lcgm Modeling: - Hydrometeorological
- *Water Resources, Disasters: Floods,

‘ A ricu tufé Drought Landslides
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ALCD Community Charact

Attributes for prioritizing
architectures

Instrument characteristics

* Channels/Bands/Products
* Swath width

e Spatial resolution

Architecture characteristics

* Geographic coverage, frequency of
overpass, time of day

* Preferred orbit

* Delta-t

Measurement characteristics
* Latency

* Continuity

* Novelty

- T e

Assign Scores (1-5) for each Application

Included in scoring

* Instrument capabilities

* Architecture characteristics

* Continuity and novelty

* Potential L2/L3/L4 product
 Synergies/gaps with the program of record

Not considered at this time

* Latency

» Data accessibility/formats

 Specific GV’s linked to architectures with
defined accuracy

* Cost

* Programmatic risk
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Average Scores by
Thematic Areas

- and Narratives
e CCP Modeling and Forecasting W

0 1 2 3 4 5

) Wate I Res ources & CCP Modeling & Forecasting —

Hydrometeorological Disasters

Summary Charts

Water Resources
& Hydromet Disasters

Air Quality Modeling & o -
Atmospheric Disasters AQMDdehng&D'saSter f

Air Quality and Health
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ACCD Archite

Factors that enhance applications:

* Diurnal Samp“ng CCP Modeling & Forecasting
* Precipitation
* Aerosols
* Advanced precipitation and Water Resources
convection observations & Hydromet Disasters

e Aerosol type and size information

Opportunities to further enable  AQModeling & Disasters

applications:

* Low Latency

* Low frequency radiometer AQ Monitoring & Health
channels

« UV Lidar Channel Increasing

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study Appllcatlons VaIuJe [ >




CCP Modeling & Forecasting

Water Resources
& Hydromet Disasters

AQ Modeling & Disasters

AQ Monitoring & Health

Radiometer data assimilation advances
NWP skill for high impact weather event

ACCP Arc h“eCiUre D] __

Increasing Applications Value

o
-
[
w
&

Combined
Lidar/Polarimeter

Radar/Radiometer
observations

Ku/W-band
Doppler Radar

Polar & inclined orbit
supports AQ modeling
& monitoring centers’
need for increased
sampling and diurnal
aerosol observations

Allows for cross-
calibration with the
PCR to derive
L3/L4 products

Captures diurnal precipi

tation and convection
to improve modeling

L3/L4 precipitation informs crop yield
modeling and water resource allocation

Adding a UV
wavelength

Lower frequency
radiometer
channels

Wider swath
radar

Enables estimates
of PM1 and PM2.5,
and more accurate
aerosol types (e.g.,
dust, smoke)

Improves
characterization

of precipitation
extremes over land
Better supports

weather and climate
modeling applications

Diurnal observations of wildfire
smoke improves air quality modeling
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Lidar retrievals of Supports health studies § Inclined orbit for ~ Resolves daily evolution
CCP Modeling & Forecasting _ particle micro- & air quality models. sampling & of convection, aerosol
physical properties  Enables estimates of diurnal changes distributions and
Water Resources and types space-based PM1 & precipitation for high
. _ PM2.5 and more impact weather events
& Hydromet Disasters
accurate aerosol
subtypes
AQ Modeling & Disasters _ Wide swath radar Supports L3/L4 products [ Inclined Cross-calibration with
for hydrologic radiometer POR important for
AQ Monitoring & Health _ appllcation? and L3/L4 gridded products
CCP model improvement
Ku radar Leads to improvement in | High resolution Improves gridded
observations NWP, 525 and and lower freq- precipitation products
of deltaT climate models uency radiometer
Observations of volcanic plumes support Discerning aerosol types informs air quality Uerfie:a[ profiles of precipitation enable
aviation safety and navigation decisions monitoring and health studies for situational awareness of tropical cyclones

identifying hazardous levels of PM

d i!: \, World Health

*e.*g_" ¥ Organization

-




AL Architecture P2 — Ranked 3

- - R . -
Increasing Applications Value -H‘
> &
0 1 2 3 4 5 JI
) ) Lidar retrievals Supports health studies & Inclined orbit for Resolves daily evolution
CCP Modeling & Forecasting — of particle air quality models. Enables | sampling & of convection, aerosol
micro- estimates of space-based diurnal changes distributions and
< W:;ter Resm-lrces - physical properti PM1 & PM2.5 and more I;Jrecipi‘tation for high
Hydromet Disasters es and types accurate aerosol subtypes impact weather events
AQ Modeling & Disasters — Stereo cameras Helps identify smoke Inclined Provides cross-
and volcanic plume heights, § radiometer calibration with POR
critical for accurate important for L3/L4
AQ Monitoring & Health — monitoring and forecasting gridded products
3-frequency Enhances CCP model Wider swath radar Improves weather and
Ku/Ka/W development with climate modeling by
Doppler radar vertical velocity and resolving precipitation
hydrometeor details extremes over land
Vertical information on precipitation and Resolving vertical extent of critical aerosol Better knowledge of global vertical
clouds support climate model development types will advance air quality smoke distributions of aerosols helps health
and verification. forecasts professionals assess the global impact of
2@ air pollution.
i

f
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Wéai:(\er Forecasting

~

> 6 hour Latency

Applied research studies
Improve algorithms
Model verification

A

T

Disaster Modeling/Monitoring

l/’

> 6 hour Latency

Disaster relief & preparedness
Community planning
Developing models and studying
past events

L9

‘\\

3-6 hour Latency

Operational hurricane forecasting
Operational weather forecasting
Operational model data assimilation

1 hour Latency

Weather nowcasting/warnings
Fire weather/smoke forecasts
Dust storm warnings

Ingest in rapid update models

N\

25 S
Y4

3-6 hour Latency

Volcanic disasters/warnings for
aviation

Smoke/dust and air quality warnings
for human health

1 hour Latency

Disaster warning, evacuation,
response, mobilization
Short-term flooding/landslide risk
assessment

Health & Air Quality

g R

> 6 hour Latency
* Exceptional event demonstrations and

aerosol transport
* Health studies/trends

P

4

A A

\\

’/3-5 hour Latency

Air quality model data assimilation
Air quality forecasting

Smoke modeling

1 hour Latency

Air quality forecasting

Public health warnings (plume or
catastrophic releases)

Chemical weather forecasting

.

/
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ACCP will enable decision making that impacts
people around the world, from short-term crises
to long-term plans. It will advance:

e Weather Forecasting by observing vertical air
motions in storms along with atmospheric
parameters to improve our understanding of severe
storm events
Climate Modeling by providing measurements that
reveal the inner workings of aerosol, cloud and
precipitation processes resulting in more reliable
climate predictions

e Air Quality through more precise measurements of
aerosols in the horizontal and vertical to better
forecast impacts on human health
Disaster monitoring by rapidly conveying
observations and predictions of volcanic plumes,
wildfire smoke, and extreme precipitation

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study
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Section  Time Time Allocation Topic Presenter

11:00
11:05
11:10
11:35
11:45
11:50
11:55
12:00
12:15
12:30
12:45

O o N O U & W N R

10 12:55
11 1:15
12 1:30
13 1:50
14 2:10
15 2:20

2:25
16 2:30

17 2:35
2:55
3:00

5
5
25
10
5
5
5
15
15
15
10

20
15
20
20
10
5
5
5

20
5
4.0

Introductory Remarks
Study Overview
High Level ACCP Science & Applications
ACCP Radiation Measurement
Decision Process/Value Framework Overview
Science Scoring Process Overview
Candidate Architectures Identification & Groupings
SIT-A: Quality Simulations, Scoring Methodology, & Lessons Learned
SIT-CCP: Quality Simulations, Scoring Methodology, & Lessons Learned
How Science Benefit Scoring of Architecture Elements Informed
Break
Top 3 Architectures
a.  Description of Science & Synergy with other DO/Tos
b. Enabled Applications
c. Instrumentation and Technology Readiness Assessment
d. Programmatics
Sub-Orbital Vision & Status
Comparison of 3 Architectures and Recommendation of One
Remarks from Center Partner Management Board
Community Assessment
Next Steps—
Plan for Pre-Phase A
Closing Remarks
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2020 had 22 separate billion-dollar weather and
climate disasters across the United States,
shattering the previous annual record of 16
events and causing $95 billion in damages.

ACCP Aerosol, Clouds, Convection, and Precipitation Study

2017 Decadal Survey Questions

W-4 (MI): Convective Storm Formation Processes.

Why do convective storms, heavy precipitation, and clouds occur
exactly when and where they do?

ACCP will accelerate public benefits of science:

By providing the first ever global view of convection and
precipitation motion in severe storms, enabling operational
weather communities to better understand the timing,
intensity and severity of storms that lead to improved
forecasting skill over high-risk areas.

D1A Advantages

Diurnal sampling of convection and extreme
precipitation for NWP and tropical cyclone monitoring
and modeling

16
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San Francisco Skyline on Sept 9t", 2020

AP Photo/ Eric Riseberg

Wildfires have accounted for up to 25% of PM, : in recent
years across the United States and up to 50% in the Western
U.S. (Burke et al. 2021, PNAS). 200,000 Americans die every
year from air pollution related ilinesses and in 2020, an
estimated 38 million people in the Western U.S. were
exposed to unhealthy levels of wildfire smoke for at least five
days.

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study

2017 Decadal Survey Questions

W-5 (MI): Air Pollution Processes and Distribution. what
processes determine the spatio-temporal structure of important air
pollutants and their concomitant adverse impact on human health,
agriculture, and ecosystems?

ACCP will accelerate public benefits of science

Through enhanced observations of aerosol types and sizes, ACCP will
provide unprecedented data to more accurately model population
exposure to both total and speciated PM around the globe, which can
provide insight into how to most effectively reduce the human health
risk of particulate air pollution.

D1A Advantages

Frequent sampling of aerosols emissions from inclined and polar orbits
will improve air quality monitoring and resolution of aerosol transport in
high-risk areas.

17
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Hydrologlc extremes of drought and roodmg stress water
resources and damage communities in the Red River basin
in the south-central U.S. with an expected increase in the

frequency of extreme events (droughts and floods) by the
end of the century (Bertrand et al. 2018, JAMC)

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study
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2017 Decadal Survey Questions

C-2 (I-MlI): Climate Feedback and Sensitivity. How can we
reduce the uncertainty in the amount of future warming of
Earth, improve our ability to predict local and regional climate
response to natural and anthropogenic forcings, and reduce the
uncertainty in global climate sensitivity?

ACCP will accelerate public benefits of science

Novel estimates of vertical motion, aerosols, and microphysical
properties of precipitation and clouds will support seasonal to seasonal
(S2S) and climate modeling, leading to improvements in model
parameterization and verification to better assess hydrometeorological
extremes within vulnerable communities.

D1A Advantages

Diurnal sampling of precipitation, clouds and convection will advance
climate modeling through model verification and parameterizations.

18




Priorities for Polar S B
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' I b} Radar13e —= Radar13E+1

""-——! Convection | - |_E Radio07 —> Radio08b'

storms Spec03 polar
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parameterization and verification in
modeling

T e
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a) Radar17
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Spatially extend AQ assessment
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AQ modeling

pr.}lar| | ALl (app: camera dt)

* ALl - Detecting high-altitude smoke

—*Applications priorities indicat “app”
and volcanic plumes pplications priorities indicated by “app
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Priorities for Inclined

CCP

* Radiometer (89 GHz, High res):
TC forecasting, NWP, S2S,
Hydro/Disasters community
(L3/L4)

* Ku Radar (Radar 18) — Climate
modeling, NWP, S2S communities

* Radar and radiometer dt — Model
verification in climate, S2S, NWP

Aerosols

* ALl - High-altitude plumes and
aiding calibration for extinction
and typing

*  Cameradt - Plume top heights

* Spec04- Cloud
information/clearing, multi-
wavelength AOD, SSA,
absorption
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Goal: Provide Sub-Orbital observations (surface-airborne) as an integral element
of the ACCP observing system

Why Sub-Orbital: Aspects of ACCP science will be challenging, if not impossible to
fully achieve from orbit alone (e.qg., in situ, spatial/time access and resolution, process
evolution, accuracy); Cal/Val of products; Select targeting of science- early, and in

synergy with phasing of orbital components.

ODbjectives: Maximize ACCP’s total science return (science / cost)

 Sub-Orbital framework in-sync with ACCP orbital architecture and SATM
« Set of sub-orbital science foci
e In situ data needed for satellite retrievals
« Calibration / Validation needs and approach(es)
 Opportunities/partnerships to bridge gaps wrt POR and/or launch schedule



Community Workshop March 2020k Co,mmumty il Small £ orioritized
Science targets including: | enthusiasm produces  Jgee==g mall set ot prioritize

: 5 . &: copious science input == ; science modules
a. High level strategies . oir elll ST o beaies 2

b. Data useful to algorithms s T e T

A g

Siikardital ALCP
A

c. Cal / val syne rg| es i S R i T

AP IR EE LA
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* Three science themes with hi ghly synerglstlc process modules and a Systematic aerosol sampllng module
» Space-time resolved and in situ measurements, airborne and/or surface-based platform accessible

Systematic Aerosol
o~ ¥y

Low CIoud/AC Convection and High Cloud Aerosol ACI/API

In situ aerosol profile
Intensive properties
Speciation

* Precipitation initiationin * Convective core processes and [l * Vertically-resolved aerosol effects on
shallow Cumulus environment controls cloud formation

* Open/Close cell transitions in * Convective detrainment * Impact of convection on aerosol
marine stratocumulus * Anvil cirrus lifecycle redistribution and removal

* Ice precipitation process in cold * Influence of PBL on aerosol
marine PBL clouds attribution and vertical redistribution

Workshop 2
Long Term
Ground Based
Prior Field Data oy el 21
Remote
Sensing

@/ ACCP Aerosol, Clouds, Convection, and Precipitation Study

Radiative properties

Multi or
i ip-B ..
focused Sysjcematlc Slipezzes Non-traditional
i i Aircraft Remote
single Aircraft . (UAS, Balloon...)
Measurement Sensing

Campaign




» Draft Implementatio
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Science and Data

*Global to Regional Scale Networks *Regional “Supersites”

R/V Investigator™ .

Calibration/Validation

4D- Minute to Seasonal, Local to Continental Increased specificity

Plane 1 (Z, V.. T,)

P A= B0, B0, 120w

n “Vision”

N

Plane 2 (Z.V, To) o




e Sub Orbital is integral to ACCP science - traceable to SATM focusing on
augmenting and supplementing

e Diversity of ACCP science: a spectrum of implementation strategies from ground-
based to multi-aircraft.

« Emphasis is on strong intra agency, inter agency, and international partnerships
e Science and Implementation strategies modularized so that ACCP SubOrbital can

1. Respond quickly
2. Develop long-term planning for implementation in Phase A

6
@( ACCP Aerosol, Clouds, Convection, and Precipitation Study



Complete ACCP Sub-Orbital framework based on Workshop 1

Define ACCP Sub-Orbital science foci to achieve most optimal ACCP
observing system

Refine ACCP Sub-Orbital science foci with SOWG

Consult with ACCP Leadership/Stakeholder groups
(SMT/SALT/SCC/Modeling WG etc.)

Draft ACCP Sub-Orbital/Cal-Val implementation & preparation for
workshop #2

Hold workshop #2 to further develop/refine implementation with
community

Coalesce workshop inputs, refine, and map implementation
approaches to science modules and cal/val; Draft implementation plan

Debrief and iterate with Leadership/Stakeholders; Apply adjustments
Complete Sub-orbital implementation framework/plan

Initiate implementation phases/components and logistics

SOWG July 2020
SOWG Chairs Nov. 2020

SOWG Jan. 2021

SOWG On going

SOWG March 2021

SOWG & Mar 29-Apr 16, 2021
Community

SOWG August 2021

SOWG Chairs Sept/Oct 2021
SOWG Chairs November 2021
Team NET Phase A
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P1, P2, and D1A will make substantive
advancements towards ACCP science
goals

P1 & P2 offer the most capable

instrument suites

D1A offers most balanced approached
e Early Science Opportunity (CY 27/28)
e Adds diurnal sampling

e Superior value with combined
platforms; however, inclined segment
by itself fails to satisfy threshold
science

D1A ranks highest for Science Value

@' ACCP Aerosol, Clouds, Convection, and Precipitation Study

Science Value Scores
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oplications Valt

T {0 il .

All architectures provide

measurements that greatly enhance Modeling & Forecasting

the PoR 1A
P1 provides more benefit than P2 for Water Resources
weather/hydrology focus areas & Hydromet Disasters
P1 and P2 provide the same value for
Health and Air Quality needs AQ Modeling & Disasters 1b1a
D1A ranks highest because the
diurnal sampling adds considerable AQ Monitoring & Health i
|

value to A and CCP applications:
(D1A > P1 > P2)

Increasing
Benefit

D1A realizes highest scoring with diurnal sampling
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D1A Ranks Highest with
each Programmatic Factor

Continuity of Observations

Innovative Mission Implementation 2nd 2nd 1st
Transformative Science 2nd 3rd 1st
Flight Project Schedule Risk (1=Least Risk) 3rd 2nd 1st
Number of International Partners 3 2 1
Cross-benefit with Other Disciplines Hydrology Hydrology Hydrology
Oceans Oceans Oceans
Possible Launch Timeframe 2031 2031 15t 2027/28
2"42028/29
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Based on the rankings of science, applications and programmatic factors,
D1A is identified as the preferred architecture for ACCP

Consensus opinion with SALT, SIT and AIT

e >90% of U.S. responders favor D1A
e Opinion drops slightly to 80% when international participants are included

The Study Management Team agrees with this recommendation

e Conversations with CNES, CSA, and JAXA will continue to explore contributions that might
be feasible within cost cap
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ACSD

Science Community Committee

Greg Carmichael Univ. of lowa  Sue van den Heever  Colorado State Univ.
° Independent committee Ana Barros Duke Univ. Andy Dessler Texas A&M
. . . Graham Feingold NOAA CSL Mike Fromm NRL
’ Comprlsed Of Unlver5|ty faCUIty and non- Andrew Gettelman NCAR Colette Heald MIT
NASA Ia b SCIentIStS Steve Klein LLNL Mark Kulie NOAA/NESDIS/STAR

* Mid-career experts in aerosols, convection, Tristan UEcuyer  Univ. Ruby Leung PNNL

.« e . Wisconsin
ClOUdS and preCIpItatlon Yang Liu Emory Univ. Johnny Luo CCNY
* Represent the broader science community Allison BNL James Nelson NOAA/NWS/NCEP
McComiskey
and end USErs Of the data Steve Nesbitt Univ. lllinois Jeff Reid NRL
* First and foremost interested in the science |y Rrussell Scripps Courtney Texas A&M
that can be achieved using ACCP data schumacher
Armin Sorooshian Univ. Arizona Rob Wood Univ. Washington

&
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e Assist and Assess
* Involved from the start

 Actively evaluated and provided feedback on:
* Science objectives and overarching statements
* Proposed instruments and architectures
* Proposed methodology and approaches
* Narrative

* Actively involved
* Modeling workshop(s)
* Suborbital working group



Global Observations of Vertical Motion
Global Profiles of Aerosol Properties

Co-Located Dynamics, Microphysics and
Aerosol Characteristics

Evolution of Cloud and Aerosol Processes
5. Diurnal Cycle of Clouds and Aerosols

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study Use or disclosure of this data is subject to the
restriction on the title page of this document




of ACCP

AEZ®»  The 5 First-Ever

AR .t i

20

1. Global Observations of Vertical Motion TR %‘m ..... .

* ACCP: first global measurements of the TR v
vertical motions through multi- = SREREN T
frequency Doppler radars £ P ﬂ&

2. Global Profiles of Aerosol Properties B L SO IR T

* ACCP: vertical profiles of aerosol IR I SR

Vertical Velocity [m s]

properties throughout the depth of the

troposphere through hyper spectral
resolution lidar

e Simultaneous measurements of aerosol -
and precipitation processes by locating
lidar and radars on the same platform.

5
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3. Co-Located Dynamics, Microphysics
and Aerosol Characteristics % %

* ACCP: first co-located simultaneous
measurements of aerosol, cloud,
vertical motion, precipitation and Ice Nucleation
radiation processes through the use and Growth
of radars, lidars, radiometers,
polarimeters and spectrometers on
the SAME PLATFORM.

* The Suborbital component is critical
in obtaining complementary BL and
below cloud observations.

0°C

Updrafts lift

Raindrops
form

LCL




4. Evolution of Cloud and Aerosol Processes

* The delta-t cameras are truly novel =2
important advances in our understanding of
the vertical motions of shallow BL clouds,

as well as plume heights.

5. Diurnal Cycle

* A-CCP: simultaneous co-located sampling of
vertical motions, clouds, aerosols and
radiation through the use of the Doppler
radars, lidars, radiometers and polarimeters

on the INCLINED orbit.

@ ACCP Aerosol, Clouds, Convection, and Precipitation Study
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8 - N3 Lidaris, BolarQd, Specd3, . 2 (~10%) Of the

) 25.%25122‘*0‘ P * Independent SCC poll
&ov priority * The findings of the SCC are in strong support

Camera, ALl, SHOW

the SALT, SIT and SMT recommendations
e The majority of the SCC believe that D1A will

ACCP-P1

B, « 2 (~10%) of the be successful in delivering the 5 FIRST-EVERS
WL | o SCC identified P2
LT as their top
_=.° priority
o A-CCP’s novel, transformative measurements
P2 will significantly enhance our understanding of
— the earth’s weather and climate system and will
N :\ also allow us to better predict aerosol, cloud,
L * 15 (~80%) of the - d . el o
S T SCC identified convection and precipitation processes on
gﬁﬁr?tzthe" top weather through S2S through climate scales.

ACCP-D1A




SSP 15Radar13E, Radio07,
Lidar06, Rolar07, Spec03,

Spec0d, C#TEIB

)

\';5 SSP-2: Radar17,
Camera, AL, SHOW

SSP =Single Spacecraft Polar

Radarl3E

W-Band Doppler, Nadir;
Ka-Band Doppler,
15km Swath

Lidar06

355nm & 532nm HSRL,
1064nm Backscatter

Camera

Tandem Stereo Camera
Visible Imaging

Palar = Polarimeter

Radarl?7

Ku-Band Doppler,
255km Swath

Polar07

Multi-angle, UV-SWIR,
550km Swath,
0.5km FOV

Aerosol Limb

Radio = Radliometer

Instrumentation Highlights

Radio07

118, 183, 240, 310,
380, 660, 880 GHz,
750km Swath

Spec03

LWIR, FIR,
400km Swath

Spec04

UV, VIS, NIR, SWIR,
200km Swath

ALl

Water Vapor Limb

Sounder Sounder

Spec = Spectrometer

Science Narrative

Convective Storm Processes

Pros: Transformative capabilities for measuring vertical

motions in shallow to deep convection. Measurements span light to
heavy pracipitation with 3 coincident frequencies, GPM-l ke swath for
30 structure and precipitation feature context. Cons: Radiometer
footprints are large for canvective studies. Lack of inclined orbit is
detrimental to characterization of sub-daily convective processes

Air Pollution and Distribution

Pros: Lidar, polarimeter, radar combination provides

unprecedented particulate characterization and information on
aerosol removal/redistribution in light to heavy precipitation. Tandem
steren cameras add information on plume top evolution, while ALl
provides information on extreme volcanic/smoke events and their
relation to vertical transport by convection. Udar UV channel enables
better characterization of aerosal type, size, absorption,
cancentration. Cons: Lack of inclined orbit Is detrimental to
characterization of sub-daily aerosol processes.

Climate Sensitivity and Feedback

Provides broad diversity of measurements for low and high cloud
feedback, direct and indirect aerosol radiative effects, and cold cloud
processes. Radar profiling to near surface offer significant advances
for low clouds and snowfall; tandem stereo cameras advance low
cloud science, ALl and SHOW provide information for the important
upper-troposphere/lower-stratosphere (UTLS) region. Lidar UV
channel alds the characterization of aerosol absorption and

discrimingtion of anthropogenic aerosols.

Applications Narrative

Factors that Enhance Applications

The 3-wavelength lidar will provide estimates of aerosol size
(e.g., PM1, PM2.5) and type (e g., dust, smoke}. Health studies
and AQ models would benefit from accurate measurements of
extinction profiles, leading to improved aerosol sizes/types.

The wide swath radar is important for gridded precipitation to
support Water Resources applications and NWP improvements to
CCP Modeling & Forecasting.

Stereo cameras will provide information on smoke and volcanic
plume heights, which are critical for accurate monitoring and
forecasting,

Opportunities to Further Enable Applications
The addition of an inclined orbit would provide more sampling
to:
» Capture diurnal aerosol observations that will improve the
reliability of AQ monitoring & forecasting.
= Resolve diurnal convective cycle that will greatly expand
the benefit to support Water Resources, Weather, and
Climate zpplications.
» Enable radiometer cross-calibration with the POR 1o
benefit Water Resources and CCP applications.

Higher spatial resolution (5-10 km) and lower frequency
radiometer channels {89 GHz) would enhance gridded
precipitation to support Water Resources applications and
precipitation characterization for CCP applications,

Programmatic Narrative

Pros:

* This architecture maximizes the extent to which International
contributions are utilized and Is truly a multi-national
collaboration with proven and trusted partners.

The CSA instrument's smaller Size, Weight and Power are less
costly to accommdate. The Aerosol Limb Sounder (ALl) and
Water Vapor Sensor (SHOW) are de-scopable providing
enhancing capability if there are development issues. The
Spectrometer (Spec03) is not de-scopable, however, it is not high
risk and saves the US cost by providing minimum capability it
would otherwise bear full cost for.

Cons

¢ Lidar 06 ([CNES): Accommodating the UV capability within the
already complex US High Spectral Resolution Lidar (HSRL| adds
cost and risk to the delivery of the most expensive and cornplex
ACCP Instrument for significantly enhancing capability. The UV
capability is moderately de-scopable should issues arise.
Radar 17 (JAXA): Accommodating the very large JAXA radar
(~400kg/600W) which provides Ku Band Dopper with Wide
Swath, even with a contributed LV, drives the SSP-2 Spacecraft to
be large and expensive.
Lidar 06 and Radar 17 drive a single launch/single orbit plane to
stay within the cost target increasing program complexity,
decreasing flexibility and deferring ACCP Science until the full
system can be developed and launched together (2031
dependent upon funding profile).
There is some likelihood that de-scope option{s) may need to be
executed in Pre-Phase A / Phase A to stay within cost target.




Architecture P1

Science Benefit Applications Benefit Programmatic Factors
CCP Madeling B Foracasting: 525, NWP, Climate, Tropical Cyclone Forecasts Continuity of Observations

Water Resources & Hydromet Disasters: Agriculture, Hydro-madeling, Innovative Mission implementation
Extreme Evants/Disasters, Insurance, Transportation Transformative 5cience

AQ & Disasters: AQ Modeling, Fires, Volcanoes, Dust Storms Flexibility with Funding Profiles

AC B Health: Rules and Regulation, Health/Insurance, Air Pollution Flight Project Schedule Risk

W—_\_ Polar Number of International Partners: 3

\ Increasing Benafit Cross-benefit with Other Disciplines: Oceans

-

Q1 - Convective Storm Processes

Q2 - Air Pollution and Distribution
Q3 - Climate Sensitivity and Feedback
[ 1 Baseline Science/ Enhanced Science)

CCP Modeling & Forecasting Distribution of Work

Water Resources

1

I

I

I 0 IPL Radar

[ T

i & Hydromet Disasters m S5FC PM, 5E, SMA, Mops,
Gnd

i LaRC HSRL Lidar

\
N AQ Modeling & Dizasters - Industry {Competad
s .  Threshold Instruments, 5C)
| m Reserves [Risk

AQ Monitoring & Health
m 5cience, Sub-Orb, Compeled
Scienca [Multi-center/Org.]
International
| Competed Soience

‘e
ik

Year 3 Year &

WES Element Cost (SM) Risk Descope Options [Cumulative) (Sm)

Phase & 5 39.1 Liens/Encumnbirances FY18 {5100.3M) 1. Descope ALIfSHOW (51,556M) Loss of information for

Phase B-D Lidar06 537.9 RadioQ7 SHOW 517 the important upper-troposphereflower-stratosphere

Radarl? 4$26.1 Palar0db/a7 (UTLS) region and extreme valcanic/smoke events and their
relation to vertical transport by convection.

T7.e

44.5 Spec03 513.8 Spechd
Radar13F 87.3 Al 2. Descope Camera At (51,529M) Loss of information an
) clouds ond plume top evolution

1.0 Project Management
2.0 Systams Englneering
3.0 Safety & Mission Assurance 517
4.0 Science & Technology 103.5
3.0 Payloads

6.0 Spacecraft

3. Lidar05 in [leu of Lidar06 ($1,456M) Loss of [idor UV
749.1 Top 10 Risks/Threats channel degrades the choracterization of aerosol
285.4 Risk# Type Risk Title praperties, including absorption.

7.0/9.0 Misslon Operations/Ground Systems 825  ldar06  p Risk of Growth {Mass, Power, Footprint)

5

..
i s B
® »x oo od e

Reserves
Radar13E Risk of Remaining Technology Dev

8.0 Launch Vehicle / Services

10.0 Systems Integration & Testing 51.7 Lidar06 UV Transmitter On-Orbit Degradation

| with Added Reserve (Encumbrances)

21.0 Arch-1 Risk of Single Launch
5547 1M

Phase E-F

& ub-Orbital 293 Radarl13E Risk of Pre-Launch Technical Issues)

+ ¥ - S B i
Casmpeted Schenca 43.9 Lidar0& Risk of Pre-Launch Technical Issue|s)

4468 Specld Risk of Science Algorithm Dev,
100.3

1,598

30% Reserve Phase B-0/15% Phase E
Camera  p Risk of Growth (Mass, Power, Footprint) L Total Reserve (30% Phase B-Df13% Phase E)

Encumbered Risk $a45.8M

(40 U 48 43 4n 4n v 4n U U W0 e 4a n

Camera o Risk of Science Algarithm Dev.

ALI/SHOW p  Risk of Science Algorithm Dev

Total {minus contributions)

B A B A B W R oW

25.2% Total Reserve Threatened by Risks
5112.5M

Mote; All cests in Frid dodars, reported at ~50% confidence bevel P=-TMrogrammatic w,/'Cost Consequence (2=-2-5M; 3-5-7%; 4=7-10%; 5->108); T-Technical
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SSP-1:Radar13E+1,
Radio07 Lidar06, Polar07,
Spec03, Sﬁi\m' Camera

\ SSP-2: Camera, ALl, SHOW

ACCP-P2

SSP =Single Spacecraft Polar

Instrumentation Highlights

Radarl13E+1

Doppler,;
15km Swath

Lidar06 Polar07

355nm & 532nm HSRL,

1064nm Backscatter 550km Swath,

0.5km FOV

Camera

Tandem Stereo Camera
Visible Imaging

Polar = Polarimeter

W-Band Doppler, Nadir; Ka-Band
u-Band Doppler;

Multi-angle, UV-SWIR,

Radio = Radiometer

ALl

Aeroso! Limb
Sounder

Radio07

118, 183, 240, 310,
380, 660, 880 GHz,
750km Swath

Spec03

LWIR, FIR,
400km Swath

Spec04

UV, VIS, NIR, SWIR,
200km Swath

SHOW

Water Vapor Limb
Sounder

Spec = Spectrometer

Science Narrative

Convective Storm Processes

Pros: Transformative capabilities for measuring vertical motions

in shallow to deep convection. Measurements span light to heavy
precipitation with 3 coincident frequencies. Cons: Lack of Xu radar
swath degrades ability to characterize 3D structure and provide feature
context. Radiometer footprints are large for convective studies. Lack of
inclined orbit is detrimental to characterization of sub-daily convective
processes

Air Pollution and Distribution

Pros: Lidar, polarimeter, radar combination provides

unprecedented particulate characterization and information on aerosol
removal/redistribution in light to heavy precipitation, Tandem sterso
cameras add information on plume top evolution, while ALl

provides Information on extreme volcanic/smoke events and their
relation to vertical transport by convection, Lidar UV channel enables
better characterization of aerosol type, size, absorption, concentration,
Cons: Lack of radar swath degrades ability to characterize precipitation
and its impacts on zerosol wet removal. Lack of inclined orbit is
detrimental to characterization of sub-dally aerosol processes.

Climate Sensitivity and Feedback

Pros: Provides broad diversity of measurements for low and high cloud
feedback, direct and indirect aerosol radiative effects, and cold cloud
processes. Radar profiling to near surface and cameras offer significant

advances for low clouds and snowfall, ALlI and SHOW provide information

for the important upper troposphere/lower stratosphere (UTLS)

region. Lidar UV channel aids the characterization of aerosol
absorption and discrimination of anthropogenic aerosols. Cons: Lack of
radar swath degrades abllity to relate convective properties to high
clouds.

Applications Narrative

Factors that Enhance Applications

The 3-wavelength lidar will provide estimates of aerosol size (e.g.,
PM1, PM2.5} and type (e.g., dust, smoke), Health studies and AQ
models would benefit from accurate measurements of extinction
profiles, leading to improved aerosol sizes/types

Coincident 3-frequency Ku/Ka/W Doppler radar observations are
very desirable for CCP model development, providing vertical
velocity and hydrometeor details,

Stereo cameras wlll provide information on smoke and volcanic
plume heights, which are critical for accurate monitoring and
forecasting,

Opportunities to Further Enable Applications

The addition of an inclined orbit would provide more sampling to:
= Capture diurnal aerosol observations that will improve the
reliability of AQ monitoring & forecasting.
* Resolve diurnal convective cycle that will greatly expand the
benefit to support Water Resources, Weather, and Climate
applications.
= Enable radiometer cross-calibration with the POR to benefit
Water Resources and CCF applications.

Inclusion of a wider swath radar and higher spatial resolution {5-
10 km) and lower frequency radiometer channels (89 GHz) will
improve gridded precipitation for Water Resources applications
and precipitation characterization for CCP Modeling & Forecasting.

Programmatic Narrative

Pros:

This architecture utilizes a single Radar for Ku, Ka and W
Band Doppler, giving up Ku band Swath, to reduce overall
Size, Weight and Power to reduce the cost of PL.

This architecture has the lowest overall cost. Because this
architecture has the lowest overall cost, there is less
likelihood that de-scope option(s) may need to be executed
in Pre-Phase A / Phase A to stay within cost target.

The C5A instruments’ smaller Size, Weight and Power are less
costly to accommodate. The Aerosol Limb Sounder (ALl) and
Water Vapor Sensor (SHOW) are de-scopable providing
enhancing capability if there are development issues. The
Spectrometer (Spec03) is not de-scopable, however, it is not
high risk and saves the US cost by providing minimum
capability it would otherwise bear full cost for

Cons:

.

Lidar 06 (CNES): Accommodating the UV capability within the
already complex US High Spectral Resolution Lidar (HSRL)
adds cost and risk to the delivery of the most expensive and
complex ACCP instrument for significantly enhancing
capability. The UV capability is moderately de-scopable
should issues arise.

Lidar 06 and Radar 13E+1 cost drive a single launch/single
orbit plane to stay within the cost target deferring ACCP
Science until the full system can be developed and launched
together (2031 dependent upon funding profile).




Architecture P2

Science Benefit Applications Benefit Programmatic Factors
CCP Modeling & Forecasting: 525, NWP, Climate, Trapical Cyclone Forecasts Continuity of Dbservations
Water Resources & Hydromet Disasters: Agriculture, Hydro-medeling, Inncvative Mission Implementation

Q1 - Convective Storm Processes
Q2 - Air Pollution and Distribution

03 - Climate Sensitivity and Feedback
[CJ Baseline Science/ Enhanced Science)

Extremie Events/Disasters, Insurance, Transpartation Transformative Science

AQL & Disasters: AL Modeling, Fires, Volcanoes, Dust Storms Flexibility with Funding Profites
AQ & Health: Rules and Regulation, Health/Insurance, Air Poliution Flight Project Schedule Risk

w = Mumber of International Partnars: 2

Increasing Benefit Cross-benefit with Other Disciplines: Oceans

CCP Modeling & Forecasting Distribution of Work

i ’ . W |PL Radar

Water Resources 4 ! g : W GSEC PM, SE, SMA, Mops.

& Hydromet Disasters ! . L IE,_ Gnd
i’ B LaKC HSHL Lidar

|
|
I
\

- AQ Modaling & Disastars - Industry (Competad
e . [ reshold v Instruments, 5C, LY)
B Reserves/Risk

AQ Monitoring & Health & Science, Sub-Orb, Competed
u Srience | Multi-center/Org. )
E Intermnational

Year 3 Year 6

WBS Element Cost (SM) Risk Descope Options (Cumulative) (M)

FhazeA 3 Uens/Encumbrances FY18 (376.3M) 1. Descope ALIfSHOW ($1,334M) Loss of information
Phace B-O LidarD6 337.9 Polar04b/07  $3.2 for the important upper-troposphere/lower-stratosphere
44.9 Specn3 £13.8 SpecO4 4.7 (UTLS) region and extreme voicanic/smoke events and
their refation to vertical transpart by convection,

1.0 Project Management
2.0 Systams Engineering 5.7 Radarl3g+1 59.5 ALl sLl.B
29.9 RadinD7 53.7 SHOW 517 2. Descope Camera At [51,262M) Loss of information on
clowds ond plume top evolution.

3.0 Safety & Mission Assurance

4.0 Science & Technology 59.8
3. LidarD5 in lieu of LidarD6 ($1,217M) Loss of lidar UV
channel degrades the characterization of aerosol
properties, including absorption

5.0 Payloads 3864 Top 10 Risks/Threats

%o,

*—JNM‘JMLWW:-WU"CQ&GQ-
b o,

6.0 Spacecraft 2118 Risk# Type Risk Title

7.0/9.0 Misslon Operations,/Ground Systems 825 Lidargs P

Rick of Growth (Mass, Power, Footprint) Reserves

8.0 Launch Vehicle / Services 107.5  Radar13E+1 Risk of Remaining Technology Dev.
10.0 Systems Integration & Testing 298 padar13es1 Risk of Pre-Launch Technical Issue(s)

Phase E-F BLD  \idaro UV Transmitter On-Orbit Degradation

Sub-Orbital 293 Archl T Risk of Single Launch

Competed Science 485  Lidar06 Risk of Pre-Launch Technical Issue(s)

30% Roserve Phase B-D/15% Phase E 273.94 Specid Risk of Science Algorithm Dew.

With Added Reserve |Encumbrances)
S348 W

Encumbered Risk 76.3 Camera Risk of Growth (Mass, Power, Footprint|
Total (minus contributions) 1,432.0  camera Risk of Sciznce Algorithm Dev.

Total Reserve [30% Phase B-0/15% Phase E)
B 52737
| _33% Total Reserve Threatencd by Risks
B E £91.3M

O S SR S R T S S S
oy

ALl/SHOW Risk of Science Algorithm Dew.

Maote: Al costs in FYLB dollars, reported at ~50% confidence leval P=Frogramimatic wiT st Consenuence {2=5% =54 4= 1-10%; 5=>10% ] T=Technical




SSP-1:Radar13E,
Radio07,Lidar05, Polar07,

Spec03, sbxcoa

Q -
N, 55G-1: Radarts,

<N (amera

Camera

ACCP-DTA

. .
SO 556-2: Lidar09er,
N Radio07, Polar04b,

SSP=Single Spacecrafi Polar
$56=Single Spacecraft 6PM Orbit

Instrumentation Highlights

Radarl3E

W-Band Doppler, Nadir;
Ka-Band Doppler;
15km Swath

Lidar05

532nm HSRL,
1064nm Backscatter

LidarO9er

Backscatter

Spec03

LWIR, FIR, 400km
Swath

Polar = Polarimeter

532nm, 1064nm

Radarl8

W-Band Doppler,
Ku-Band Doppler

Spec04

UV, VIS, NIR, SWIR,
200km Swath

Radio = Radiometer

Multi-angle, UV-SWIR,

Radio07

118, 183, 240, 310,
380, 660, 880 GHz,
750km Swath

Polar04b

Multi-angle, UV-SWIR,
1130km Swath,
1 km FOV

Polar07

550km Swath,
0.5km FOV

Camera

Tandem Stereo Camera
Visible Imaging

Spec = Spectrometer

Science Narrative

Convective Storm Processes

Pros: Transformative measurement of diurnally varying vertical
motions in shallow to deep convection, spanning light to heavy
precipitation, in inclined orbit. Additional measurements in polar
orbit for weak convection/upper levels of strong convection.
Cons: Narrow Ku radar swath degrades ability to provide feature
context, Radiometer footprints are large for convective studies

Air Pollution and Distribution

Pros: Particulate characterization and aerosol remaval/redistribution
in light to heavy pracipitation is well served by the lidar, polarimeter
and radar combination. HSRL Lidar in polar orbit provides
unprecedented characterization of near-surface poilutants, Tandem
sterep cameras add information on plume top evolution, while
lidar/polarimeter measurements in Inclined orbit provides
information on sub-daily serosol processes. Cons: Loss of lidar UV
channel negatively impacts the characterization of aerosol
properties, Lack of radar swath degrades ability to characterize
precipitation and its impacts on aerosol wet removal,

Climate Sensitivity and Feedback

Pros: Provides key measurements for low and high cloud feadback,
direct and indirect aerosol radiative effects, and cold cloud process
studies. Radar profiling to near surface and cameras offer significant
advances for low clouds and snowfall. Cons: Lack of radar swath
degrades ability to relate convective properties to high clouds. Loss
of lidar UV channel degrades characterization of serosol absorption,
and the ability 1o get consistent climate record for cloud feedback.

Applications Narrative

Factors that Enhance Applications
Inclined orbit enhances coverage and sampling opportunities,
affecting the observations of high impact A and CCP phenomena.

Combined Lidar/Polarimeter in both polar and inclined orbit
supports AQ modeling/monitoring centers need for increased
sampling and diurnal aeroscl observations to improve the
reliability of AQ monitoring and forecasting

Combined Radar/Radiometer observations in the inclined orbit
allow for cross-calibration with the POR to derive gridded
precipitation products to support Water Resources and CCP
applications

Ku/W-band Doppler Radar observations capture diurnal
precipitation rates and convection to support NWP, aviation, and
tropical cyclone centers to improve modeling and forecasting

Stereo cameras will provide information on smoke and volcanic
plume helghts, which ara critical for accurate monitoring and
forecasting.

Opportunities to Further Enable Applications

The addition of a UV wavelength (355 nm) to the lidar will
enable estimates of PM1 and PM2.5, and more accurate aerosol
types (e .g., dust, smoke) for Health and AQ applications.

Inclusion of a wider swath radar and higher spatial resolution (5-
10 km) and lower frequency radiometer channels (89 GHz) will
improve gridded precipitation for Water Resources applications

and precipitation characterization for CCP Modeling & Forecasting.

P

Programmatic Narrative

ros:

Path for Early Science, first launch in 2027-2028 leading to a
significant response to the 2017 Decadal Survey report.
Highest ranked for transformative science and application
opportunities.

Enhanced sampling benefits enabled from distributed
constellation of SmallSats.

Significant Industry-Hosted Payload capability to reduce cost
and enable first launch segment.

Large opportunity for industry involvement; NASA multi-
center participation consistent with Tier/Core Competency
priorities.

Due to the wide range of costs for Hosted-Payload
opportunities there may be flexibility in Pre-Phase A/Phase A
after RFI submittals and partner identification to execute 1 or
more opportunities on the opportunities list, in consultation
with HQ, for this Architecture,

Cons:

Minimal International participation; it does not
accommodate contributions of a wide swath doppler radar
from JAXA, UV lidar detector from CNES, or the ALl and
SHOW limb instruments from CSA within the cost target.
Funding profile within total cost guidance, with the initial
funding wedge >5200M lower than originally planned, but
with second wedge requiring additional funds for the second
launch in 2029-2031 to meet Threshold Science needs for

ACCP.




Architecture D1A

Science Benefit Applications Benefit Programmatic Factors Rank
CCP Modeling & Forecasting: 525, NWP, Climate, Tropical Cyclone Forecasts Continuity of Observations 1st

Water Resources & Hydromet Disasters: Agriculture, Hydro-modeling, Innovative Mission Implementation 1st

Q1 - Convective Storm Processes
[ | Q2 - Air Pollution and Distribution

Extreme Events/Disasters, Insurance, Transportation Transformative Science 1st

AQ & Disasters: AQL Modeling, Fires, Volcanoes, Dust Storms Flexibility with Funding Profiles 1st

AQ B Health; Rules and Regulation, Health/Insurance, Air Pallution Flight Project Scheduie Risk 1st
Mumber of International Partnors: 1

Q3 - Climate Sensitivity and Feedback
(¥ Baseline Science/ Enhanced Science)

Cross-benefit with Other Disciplines: Hydroglogy, Oceans
Increasing Benefit

Inclined
Distribution of Work

CCP Modeling & Forecasting = JPL Rodl
PL Rodors

» i = g dar
Water Resources ® GSFC PM, SE. SMA, Lidar,
Mops/Gnd

& Hydromet Disasters 3 |.aRE HSRL Lidar

ﬂ ] Industry (Compated

Instruments, 5C, Lv's)
O w Reserves Risk

Threshold AQ Modeling & Disssters

= Science, Sub-Orb, Competad
Science (Multi-center/Org.
Internatianal

AQ Monitoring & Health

Year 1 Year 2 Year 3 Year 4 Year & Year 6

WBES Element Cost ($M) Risk Descope Options (Cumulative) (M)

Phase A ] 39.1 Liens/Encumbrances FYLE (S59.8M)
Phase B-D SpecO3 5138 Radio07

1.0 Praject Management 47.5 Lidar0s 5129 Polartdb/07

1. Descope Camera Ot (51,530M) Loss of information on
clouds and plume tap evolution

2. Radarl? in liew of Radar18 (51,497M) Loss
2.0 Systems Engineering 27.2 Radar 18 $10.9 Spectd ! of information about vertical motions ond precipitation

3.0 Safety & Mission Assurance 31.7 Radar13E 573 rates in heavy rainfall events.
4.0 5cience & Technology £3.3
5.0 Payloads 423.5 Top 10 Risks/Threats
6.0 Spacecraft 209.6 Risk#  Type Risk Title
7.0/9.0 Mission Operations/Ground Systams 75.0 LidarDS P Risk of Growth [Mass. Power, Footerint)
8.0 Launch Vehicle / Services 166.2  Radarl3E
10.0 Systems Integration & Testing 3.7 Lidar09r

Phase E-F B5.4 Radarl8

Reserves

Risk of Ramaining Technology Dev.
Risk of Growth [Mass, Power, Footprint)

Risk of Pre-Launch Technical Issue{s)
Sub-Orbital 29.3 Radar13E Risk of Pre-Launch Technical lssue(s)

With Added Resarve [Encumbrances)

Competed Science 488 LUdaroor Risk of Manufacturability lssues :
I £342.5M

30% Reserve Phase B-0/15% Phase E 2826  Lidar05 Risk of Remaining Technalogy/Engineering Dev
Encumbered Risk 59.8 Lidar05 Risk of Pre-Launch Technical 15sue(s)

‘l_ Total Reserve [30% Phase B-D/15% Phase E)
| 5282.6M

‘ L 29.6% Total Reserve Threatened by Risks

Il SELAM

Total (minus contributions) 1,586.0  Specdd Risk of Science Algorithm Dey

:-:Lh.‘hwuwuhhzlﬁaff

Pt Pl P R e W LA

Camera Risk of Growth (Mass, Power, Footprint)

Mote: Al costs in FY'18 dollars, reported ot ~50% confidence level P=Hrogrammatic wfLost Consequence (1=2-5%; 3=5-7%; 4= 7-10%; b=>10%); 1=Technical




Comparison of Science Benefit
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Comparison of Science Benefit

Active and passive measurements in all 3 architectures provide measurements of air motions
within clouds, with vertical profiling of aerosol, cloud and precipitation properties that make
substantive advancements toward ACCP science goals.

While the single orbit architectures P1 and P2 deliver the most capable instrumentationin a
single package, these architectures do not sample the sub-daily variability of key processes.
Compared to P1,the lack of radar swath in architecture P2 degrades its ability to characterize
3D structure and do precipitation feature context with adverse impacts on the characterization
of aerosol wet removal.

Architecture D1A provides a balanced solution in which diurnal measurements are now
included with an additional inclined orbit, at the expense of some reduction in the polar orbit
measurement capabilities. Most notably, the loss of lidar UV channel in D1A negatively
impacts the characterization of aerosol properties. Much like P2, lack of radar

swath in D1A degrades ability to characterize precipitation and its impacts on aerosol wet
removal. However, during the inclined segment (years 1-2), architecture D1A provides early
information on sub-daily processes. During the overlap segment (year 3), the additional
sampling from the dual orbits allows D1A to sample diurnal processes, while providing cross-
calibration of the diurnal lidar and improved characterization of aerosol, cloud and
precipitation properties from polar orbit. While architecture D1A meets threshold science for
convection, the polar segment is required for it to meet threshold for aerosol and climate

feedback science.




Comparison of Applications Benefit
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Comparison of Applications Benefit

D1A provides the most opportunity for enhancing and extending applications for both A and CCP. The diurnal
observations made possible by the inclined orbit are fundamental for precipitation and convection applications, and also
provides increased sampling and critical information on the diurnal distribution of aerosols. Integrated, diurnal ACCP
observations from D1A will advance models and forecasting to support decision making at timescales from hours to
decades, enabling improved weather and air quality forecasting today, seasonal to sub-seasanal changes in the near
future, and societal challenges resulting from climate change in the decades to come.

For aerosol applications, communities request
increased sampling and greater accuracy in
aerosol typing available from D1A, raising the
bar beyond the POR and increasing synergy with
ground-based networks. The two lidars on D1A
(backscatter on the inclined and two-channel
high-spectral resolution lidar, H5RL, in polar
orbit) will provide vertical information on
aerosol distributions, important for AQ
forecasting and Disasters (e.g., fires, volcanoes,
dust). The two-channel HSRL lidar will provide
accurate aerosol types, while the
lidar/polarimeter combination in the inclined
will improve aerosol typing from the backscatter
lidar. The three-channel HSRL (P1 and P2) will
yield better characterization of aerosol size
(e.g., PM1, PM2.5), an important parameter for
the health and AQ communities, but lack the
increased sampling and diurnal observations
from D1A.

For Hydrologic and CCP applications, communities request
increased sampling to capture the diurnal cycle of convection and
high impact phenomena available only in D1A. Only the D1A
inclined orbit radiometer observations provide an opportunity for
cross-calibration with the PoR to extend precipitation
measurements. D1A provides coincident Ka/W Doppler
observations in polar orbit, with coincident Ku/W Doppler
observations in an inclined orbit, presenting a valuable set that
allows capturing the spectrum of CCP variables to benefit
applications. Novel estimates of vertical velocity, provided by all
three architectures, enable first ever global view of convective
motion and precipitation in severe storms, enabling modeling and
forecasting communities to better improve forecast skill of high
impact events. Coincident Ku/Ka/W Doppler radar (P2) and wide-
swath Ku-band (P1) are desirable for weather and climate model
development, however the benefit of the D1A inclined orbit is
more desirable. An important desire for all architectures is
addressing the outstanding need for higher resolution {<5-10km)
and lower frequency radiometer channels (e.g. 89GHz) to improve
precipitation characterization.




Comparison of Programmatic Factors

P2

Pl

Continuity of Observations
Innovative Mission Implementation
New Science

Flexibility with Funding Profiles

Flight Project Schedule Risk

Number of International Partners

Cross-benefit with Other Disciplines

3 2

Oceans Oceans

1

Hydrology, Oceans

W |PL Radar
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International

P2
US Alternative To JAXA Radar
Only 1 Launch 2031
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| [PL Radars
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Early Science Option
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Comparison of Cost

WBS Element P1 Cost (SM) P2 Cost (SM) D1A Cost (SM)

Phase A 39.1 S 39.1 S 39.1
Phase B-D
1.0 Project Management

47.5
27.2
31.7
63.3
423.5
209.6
75.0
166.2
217
65.4
29.3
48.9
282.6
59.8
1,586

77.6
44.5
51.7
103.5
749.1
285.4
82.5

44.9
25.7
29.9
59.8
386.4
211.8
82.5
107.5
29.9
81.0
29.3
48.9
273.4
76.3
1,432

2.0 Systems Engineering
3.0 Safety & Mission Assurance
4.0 Science & Technology
5.0 Payloads
6.0 Spacecraft
7.0/9.0 Mission Ops/Ground Systems
8.0 Launch Vehicle / Services
10.0 Systems Integration & Testing
Phase E-F
Sub-Orbital
Competed Science
30% Reserve Phase B-D/15% Phase E
Encumbered Risk
Total (minus contributions)

51.7
81.0
29.3
48.9
446.8
100.3
1,598

S
S
$
S
S
S
S
S
$
S
S
$
S
S
S

LTl T o R O e e e T T T L o O W T o S s S
W W il n W 0 n D n

Note: All costs in FY18 dollars, reported at ~50% confidence level




Comparison of Risk

Risk # Type
Lidar06

Radar13E
Lidar06
Arch-1
Radar13E
Lidar06
SpecD4
Camera
Camera
ALI/SHOW

Risk #
Lidar0&
Radari3E+1
Radar13E+1
LidarD6
Arch-1
LidarD&
SpecDd
Camera
Camera
ALI/SHOW

P
P
p
-
¥
P
P
P
]
P

Risk Title
Risk of Growth [Mass, Power, Footprint)

Risk of Remaining Technology Dev.

UV Transmitter On-Orbit Degradation
Risk of Single Launch

Risk of Pre-Launch Technical lssuels)
Risk of Pre-Launch Technical 1ssue(s)
Risk of Science Algorithm Dev.

Risk of Growth [Mass, Power, Footprint)
Risk of Science Algorithm Dev,

Risk of Science aAlgorithm Dev.

Risk Title
Risk of Growth {Mass, Power, Footprint)
Risk of Remaining Technology Dev.
Risk of Pre-Launch Technical Issue(s)
UV Transmitter On-Orbit Degradation
Risk of Single Launch
Risk of Pre-Launch Technical Issue(s)
Risk of Science Algorithm Dev
Risk of Growth {Mass, Power, Footprint)
Risk of Science Algorithm Dev
Risk of Science Algorithm Dev

Risk#  Type Risk Title

Lidar05s p
Radarl3E
Lidar09r
RadarlB
Radarl3E
Lidarog9r
Lidaros

Lidar05

Specdd

Camera

Risk of Growth (Mass, Power, Footprint)

Risk of Remaining Technology Dev

Risk of Growth [Mass, Power, Footprint)

Risk of Pre-Launch Technical lssue(s)

Risk of Pre-Launch Technical lssuels)

Risk of Manufacturability |ssues

Risk of Remaining Technology/Engineering Dev.
Risk of Pre-Launch Technical lssue(s)

Risk of Science Algorithm Dev.

Risk of Growth (Mass, Power, Footprint)
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| With Added Reserve [Encumbrances)

$547.1M

|_Total Reserve (30% Phase B-D/15% Phase E|

5445.8M

25.2% Total Reserve Threatened by Risks
5112 5M

With Added Reserve [Encumbrances)
5349 7M

Total Reserve (30% Phase B-D/15% Phase E)
B $273.7M
| 33% Total Reserve Threatened by Risks
591.3M

With added Reserve (Encumbrances)
5342.5M

Total Reserve |30% Phase B-D/15% Phasa E)
5282.6M
| 29.6% Total Reserve Threatened by Risks
SB3.8M
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