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OC| &=
340-890 nm in 2.5 nm steps
7 discrete SWIR, 940-2260 nm

1-2 day coverage RROAtilt, 1km

440, 550, 670, 870 nm
10-60 viewing angles
wide swath polarimeter, 3 km

380-770 nm in 2-4 nm steps
5 viewing angles
narrow swath polarimeter, 2.5

NASA Plankton, Aerosol, Cloud
ocean Ecosystem (PACE) missi

PACEwiIll extend key systematicocean color,
aerosol, & cloud climate data records, reveal
the diversity of organismsfueling marine food
webs, and introduce new methodsto observe
aerosols and clouds, the largest source of
climateuncertainty.

Characteristics:

February & launch, April 11th data release
676.5 km, polar, ascending orbit,98

Sun synchronous, 13:00 Equatorial crossing
Global (land and ocean) data

Data to OB.DAAC (oceancolor.gsfc.nasa.go

Too T o T Do



PACE-PAX

NASA PACE - Data Product x + v

(:: pace.oceansciences.org/data_table.htm aQ ® ﬁ) @ DO8  \ WAMKCE-DmPduct x | % _

National Aeronautics and Plankton, Aerosol, Cloud, n n
Space Administration ocean Ecosystem

« C (%5 poce.oceansciences.orpicata_tatie pm EEK |

PACE has many
data products

Access 10 data varies with it status (data matunty level). Provisional data are available through Eacthidat \ the OB.DAAC and Level 3 & 4 Browser. Test and
Diagnostic data are available through the 08 DAAC arch and Level 3 &4 8 e also E .,

‘What do colors in the “Avallability” column mean?

[ e | [ == |

Calibrated Radiometry and Polarimetry

Carated and groeated ragomenry mnd goiacemetry o cbacrved o sercr

o X a42YS I NEX

Product Description and Use Units Availabilty Status Additonal info
o W fart ADEbIB SAmatnadiy  Prowsional  Lewer 1C 0t data bt snd [ T— -
radiances from OO amaachere. ity - Ll AC daiy exam
e —— = | currently available
radances and polarimetry from 2 the top of the atmosphere, for all sensor daily ’
SPEXane viewing anges
Spectral top-of. Various gl 1 TSO; daly - Provisionsl  Level 3C draft data format and
raiances snd pelacimenry trom #1 the 109 of the atmorphers, for allsensor daity eumghes
HARP2 viewng angies.

g others coming

Ocean Properties to be Produced by OCI

Buoopmcal and brageoxtemical properDes of seamter COMTserts 1 the snt wpper oresn

-
[
Prodoc [— Moy, | Sutw | Addonatio S O O n b e I n te St e d
. wt Levthd oot o, b) b)
reflactances. to-near infrared spectra range. Used a3 nput mm—&
im0 aigernhms 10 retrieve eformatien about By amnual
(okred Sascived Organ matter, — | -
particies, and other
#Quatic contituenty. Provided in continuOe
2.50m steps from 350 to 717 .Snm with &
resciution (bandwidth] of 5-nm
Apoaren visbie wavelengih An ogtsca water classiteation ndesreported  nm Thmatnadic et
23 the weighted harmank mean of visble | A Saiy, - !
range Ars wavelengths {400-700 ~m) By sl
ateruascn m? -k ot nadi; Test ATHC ’ :
coethoants irradiance at mutple wivelengthn between x e dady, = S Saia | —
350 and 200 rem. Providues indices of watar By monthly, ssnual i hidonssy - |
clarty and lght panetraton. 02 i ‘
N Uy messurement grotoco
Spectrat piytopakion absorpbon  Ssectral staorpton coethcients for total mt lemid bbmatnadi;  Provonsl B
coethoents hytoplankton atsorption at mudtiple dally - Lavel-3 -k dady L vl
wavelengzhn between 350 nd 700 nm Bday montaly, el SSLIDEUE e y—
Provides informacion on phytoglankton - ) ' — - - -
ohysoiogy. 3bundance, and communty x -
composon n N t
Spectral non-algal particle phs Spectral absorption coetticients for non. mt Bobom at nadi; Provisionsl  ATHO
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component of the particulate sisermbly.
Specrral P! dissolved ctral ts for dissolved m* ™o Test SAT member:
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. = \,J .

PACE-PAX

Va“daﬂon happens Inside NASA-B during the

ORACLES field campaigg

in many ways {9 1GtFyGAO hi

AERONET Cimel Sun Photometer at NASA Ames Research Center, Californis
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PACE-PAX

Plankton, Aerosol, Cloud, ocean Ecosystem (PACE) mission

PACE data product development s

DN E
Algorithm contributors N
A PACE Project Science team Test product
A PACE Science team members A Products that have been implemented [Jul-20] PACE Science Data Product Validation
A PACE instrument team members o as productioncapable science code Plan PDF (973 KB) »
A International science and user community A Feasibility and resource requirement
assessment pace.oceansciences.org/documents.htm
Implementation —
A PACE Science Data Segment (SDS) Validati
= alidation
i i Provisional product .
ﬁ gc!ence 8pera:!ons 'I;earr& (232 A Not full val%ate d. quality mav be sub A Demonstrate data products meet defined
ciznge OfpelElons Feme | ) o timaly 4 y may (accuracy, coverage, etc.) requirements
— P : A Typically uses comprehensive and
A Used for performance and science g . :
statistically robust comparison to field
assessment : .
observations or other remote sensing data
Standard product Docum.entatlon . .
A Permanent archive and distribution A Algorithm Theoretical Basis Document
A Eully el eriad) e dloemenias A Validation, uncertainty assessment

e



PACE-PAX

PACE validation activities
ANASA Ocean Ecology Lab field support group
APACE Validation Science Team (PVST)
AEXxisting community activities
Alnstrument networks e.g. AERONET, ARM, Cloudnet
AOngoing field activities
ASeaBASS archive and analysis system
APACE Postlaunch Airborne eXperiment



PACE-PAX

PACE validation activities

ANASA Ocean Ecology Lab field support group

New
instruments

s

Feol

Field
campaigns

&

Laboratory
experiments

Round
Robins

O

Other
projects

Quantify and reduce
measurement uncertainties

SeaBASS
QA/QC Protocols

Lead: Antonio Mannino
Antonio.Mannino-1@nasa.gov
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Ocean Optics & Biogeochemistry Protocols for
Satellite Ocean Colour Sensor Validation

Volume 1: Inherent Optical Property Measurements
and Protocols: Absorption Coefficient (v1.0)




PACE-PAX

PACE validation activities

APACE Validation Science Team (PVST)

To 3o 3o Do

Competitively selected teams funded by NASA

24 selections, 3l year projects

Subelement 1: validate core radiometric ocean color and
heritage atmospheric retrievals from OCI

Subelement 2: validate advanced (new) products making us
hyperspectral (OCI) and polarimetric (HARP2, SPEXone) PA
capabilities

o of
\CE

/ —
()
Y @ f O
q it 9 =
[ / @ "—_—
R/VTara (global)
Global UNOLS /
r Hyperspectral BG&rgo —
Addons for AERONET (global)
Ocean inherent  |a, apn 8nap Acgom | Acdominap By VSF
optical properties
Ocean apparent |PAR |K; K, L, L, Loky E Rs nLw
optical properties
Ocean Chl HPLC |UHPLC| pcc NPP (and [PSD TSM (TBOarbon
Biogeochemistry |(fluoro associated (PIC, POC
metric) metrics) DOC,
Cphyto)
Aerosols & clouds]AOD | Aerosol COD | Cloud droplet size
microphysical distribution, ice
properties properties
Full list of [ 8L RY L@2yF [ SGAYA

selected projects Ivona.cetinic@nasa.gov 5
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PACE-PAX

PACE validation activities

AExisting community activities
Alnstrument networks e.g. AERONET, ARM, Cloudnet
AOngoing field activities

C5 Ocean
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From MODIS Dark Target aerosol algorithm theoretical

basis document (ATBD)

https://darktarget.gsfc.nasa.gov/atbgroductevaluation

10




[ ] [ ] & Validation search results - 5S¢ x +

ASeaBASS archive and analysis system

S PACE i > |aon

Apparent Optical Properties (AOP)

PACE Data Matchups

Apparent Optical Properties (AOPs] measured from the ocean depend on the type and composition of
materials in the water (e.g.. phytoplankton, colored dissolved organic material, detritus, and bubbles),
2t well 3¢ tha arirnnmental lishting randifiane le 2 in anate wancnr uimwing ansls and atmacrheric

pace.oceansciences.org/pace_aop.htm

Date format is YYYY-MM-DO. time format is HH:MM:55, and times are GMT.
Onily products with matchups will be displayed.

chior_a - Download Stats/Plots Generate CSV

Statistics Data

chior_a 1352 1.16776% 168787 0.02145 - 61.76740 0.01900 - S8.09900

= statistical calculations based on logyy (imelies ignering values equal 1o of less than zero)

Bland Altman plot chior_a* chiera® chior_a Frequency Distribution®
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PACE
matchups

Leads:

Chris Proctor
christopher.w.proctor@nasa.gov
Inia Soto Ramos

inia.m.sotoramos@nasa.gov Seabass_gsfc_ nasa.gov 11
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PACE-PAX

September 30", 2024, Lancaster,
Santa Barbara, Marina, California

APACE Postlaunch Airborne eXperiment

PACE-PAX
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https://www.youtube.com/watch?v=cCsuck3dJU4

14



PACH’AX overall objectives

| Coordinated
Val|date. observations
new, multt under PACE

parameter, & EarthCARE
algorithms

Validate

Validate ability to

PACE observe

specific
processes

radiometry &
polarimetry

15




PACE-PAX

PACHPAX
detalled
objectives

2a

Measurement objective
New products: land surface properties
New products: ocean radiometric properties
New products: aerosol properties over the ocean
New products: aerosol properties over land
New products: cloud properties
New products: ocean surface properties
Simultaneous PACE observations: aerosol properties over the
ocean
Simultaneous PACE observations: aerosol properties over land
Simultaneous PACE observations: cloud properties
Simultaneous EarthCARE observations: aerosol properties
Simultaneous EarthCARE observations: cloud properties
Radiometric and polarimetric properties: large reflectances
Radiometric and polarimetric properties: large reflectance high
polarization
Radiometric and polarimetric properties: large reflectance low
polarization
Radiometric and polarimetric properties: vicarious calibration sites
Specific phenomena: High aerosol loading over land
Specific phenomena: High aerosol loading over ocean
Specific phenomena: Multiple aerosol layers
Specific phenomena: Aerosols under thin cirrus clouds
Specific phenomena: Aerosols above liquid cloud
Specific phenomena: Broken clouds with complex structure
Specific phenomena: Dust aerosols over ocean
Specific phenomena: Aerosol, ocean properties, turbid water
Specific phenomena: Aerosol, ocean properties, biologically
productive water
Specific phenomena: Smoke aerosols over ocean

XRSUSNNXYAYSI
extensive and
thoughtful discussion
among PACE project
scientists, funded
collaborators, etc



PACE-PAX

PACHPAX
detalled
objectives

ID
la

Ic

le
1f

]

b
2c
2d
2e
3a

3b

Measurement objective
New products: land surface properties
NEW Nrod ~ Ocean radiomelrt NIroncriic
New products: aerosol properties over the ocean
New products: aerosol properties over lanc
New products: cloud properties
New products: ocean surface properties
Simultaneous PACE observations: aerosol properties over the
ocean
Simultaneous PACE observations: aerosol properties over land
Simultaneous PACE observations: cloud properties
Simultaneous EarthCARE observations: aerosol properties
Simultaneous EarthCARE observations: cloud properties
Radiometric and polarimetric properties: large reflectances
Radiometric and polarimetric properties: large reflectance high
polarization
Radiometric and polarimetric properties: large reflectance low
polarization

Radiometric and polarimetric properties: vicarious calibration sites

Specific phenomena: High aerosol loading over land
Specific phenomena: High aerosol loading over ocean
Specific phenomena: Multiple aerosol layers

Specific phenomena: Aerosols under thin cirrus clouds
Specific phenomena: Aerosols above liquid cloud

Specific phenomena: Broken clouds with complex structure
Specific phenomena: Dust aerosols over ocean

Specific phenomena: Aerosol, ocean properties, turbid water
Specific phenomena: Aerosol, ocean properties, biologically
productive water

Specific phenomena: Smoke aerosols over ocean
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., Method 1: Satellite underpass:

Geophysical properties Importance Hours

PACE/OCI Aerosol spectral optical depth
PACE/SPEXone P P P 12 4

PACE/HARP2 Aerosol microphysical properties

Aerosol layer height Walls: aerosol

Ocean surface roughness (windspeed)

HSRi2 Ocean optical properties a )
AirHARP, PICARD, PRISM| basic aerosol conditions Spectral ocean remote sensing reflectance

RSP, SPEX Air from HSRI2 < F|gure4

At least 2/3 required T

For ocean properties, this could be achieved with
either in water measurements from Shearwater,
No clouds AERONEDC or HyperNAV, or the HSRL

Variable aerosol load
Variable geometry, time and

space scales For aerosol properties, this could be either
achieved with in situ data from the Twin Otter, or
retrievals from passive instruments on the-ER




PACE-PAX

PACHPAX
detalled
objectives

ID
la
1b

2a

]

b
2c
2d
2e
3a

3c

3d
4a
4b
4c
4d
4e
4f
4g
4h

4i
4

Measurement objective
New products: land surface properties
New products: ocean radiometric properties

Simultaneous PACE observations: aerosol properties over the
ocean

Simultaneous PACE observations: aerosol properties over land
Simultaneous PACE observations: cloud properties
Simultaneous EarthCARE observations: aerosol properties
Simultaneous EarthCARE observations: cloud properties
Radiometric and polarimetric properties: large reflectances
Radiometric and polarimetric properties: large reflectance high
polarization

Radiometric and polarimetric properties: large reflectance low
polarization

Radiometric and polarimetric properties: vicarious calibration sites

Specific phenomena: High aerosol loading over land
Specific phenomena: High aerosol loading over ocean
Specific phenomena: Multiple aerosol layers

Specific phenomena: Aerosols under thin cirrus clouds
Specific phenomena: Aerosols above liquid cloud

Specific phenomena: Broken clouds with complex structure
Specific phenomena: Dust aerosols over ocean

Specific phenomena: Aerosol, ocean properties, turbid water
Specific phenomena: Aerosol, ocean properties, biologically
productive water

Specific phenomena: Smoke aerosols over ocean
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Geophysical properties

PACE/OC] Cloud detection, top height

PACE/HARP2

Cloud physical thickness

Cloud phase

Liquid, ice, cloud optical depth

AIrHARPHSR{2, PICARD, Liquid droplet size distribution

PRISM, RSP

Liquid/lce water path

Ice particle size, shape, asymmetry or phase fcn

Cloud in situ instruments  TBD flight plan

Twin Otter Porpoises

Transit out

Cloud cover with variable
properties

Variable geometry, time and
space scales

Transit in

Cloud layer

Importance Hours

12 4

ER2 straight Line
(setup, start,
center, end, exit)

ER2 5-points

il gt i did S

20



PACE-PAX

PACHPAX
detalled
objectives

Measurement objective
New products: land surface properties
New products: ocean radiometric properties
New products: aerosol properties over the ocean
New products: aerosol properties over land
New products: cloud properties
New products: ocean surface properties
Simultaneous PACE observations: aerosol properties over the
ocean
Simultaneous PACE observations: aerosol properties over land
Simultaneous PACE observations: cloud properties
Simultaneous EarthCARE observations: aerosol properties
Simultaneous EarthCARE observations: cloud properties
Radiometric and polarimetric properties: large reflectances
Radiometric and polarimetric properties: large reflectance high
polarization
Radiometric and polarimetric properties: large reflectance low
polarization
Radiometric and polarimetric properties: vicarious calibration sites
Specific phenomena: High aerosol loading over land
Specific phenomena: High aerosol loading over ocean
Specific phenomena: Multiple aerosol layers
Specific phenomena: Aerosols under thin cirrus clouds
Specific phenomena: Aerosols above liquid cloud
Specific phenomena: Broken clouds with complex structure
Specific phenomena: Dust aerosols over ocean
Specific phenomena: Aerosol, ocean properties, turbid water
Specific phenomena: Aerosol, ocean properties, biologically
productive water
Specific phenomena: Smoke aerosols over ocean

This is
complicated!
How do we
manage and
plan for a field
campaign like
this?
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PACE-PAX

ID Measurement objective
la New products: land surface properties

1b New products: ocean radiometric properties

lc New products: aerosol properties over the ocean
1d New products: aerosol properties over land

le New products: cloud properties

Adding numerical quantifiers ="

erties over land

helps planning

eflectances
eflectance high

w - weighting (importance) lcctance low
h - hours needed for minimum observati@haion i
c - completeness of given measurement e

p - probability of complete measurementf**

d
AT Specilic phenomena; Broken clouds with complex structure
4g Specific phenomena: Dust aerosols over ocean
4h Specific phenomena: Aerosol, ocean properties, turbid water
. Specific phenomena: Aerosol, ocean properties, biologically
productive water
4j Specific phenomena: Smoke aerosols over ocean

N O\ OO0 OO0 L

6
6
4
4
1
2
4
4
4
2
4
1




PACE-PAX

We then adapted
concepts of Search
and Rescue theory

Xodzi AyaiaSl R
the best way to search a
grid of locations, we are
finding the best way to
WaSENOKQ YSI 2
objectives

R ——————— =] L1
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PACE-PAX

Potential success function, S(t)

. 1.0
Before the campaign, these -
- Meets baseline requirement e
numbers help us do trade studi
0.8 A
% Meets threshold requirement
Pre-campaign Decision Support Algorithm (PC-DSA) components ¥ 0.6 -
o Does not meet threshold

: e Maximum g
Irnp?rtance, w ~.._‘_\_‘- - " Potential i}
Validation " obs.Timen e e Sucooens T

Traceability s . € 0.4 -
Matrix Completeness.© A~ e T | potential I
‘P’rob.of5uccess,p - —=# Success, S 8

0.2 A

- Alpha, S(max) = 1.00
- Beta, S(max) = 0.75
Gamma, S(max) = 0.91
0.0 I I I I I I I I
0 10 20 30 40 50 60 70 80 90

Field campaign flight hours, t
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PACE-PAX

During the campaign, we use
this approach to track progres
and plan subsequent flights

Underway Decision Support Algorithm (U-DSA) components

[
Importance, w -\4 - Achievement
. - .
o function, A
Validation Obs. Time, h
Traceability =
" Completeness, ¢
Matrix : 3 Remaining
Prob. of Success, p /( s Objective
7 \\\ NF function, R

Flight hours sofar, t, /4-: ---------------

| Expectation
- function, E,
Planned Probability of e o N i i
Success, p, / A Climatological
e Expectation
/ Remaining flight hours / ----------- function, E,

and days

E,>E.fly
E.<E,;: do
not fly

PACE-PAX field campaign, A(tsns) = 0.838

iy .
o o
o ~
1 1

Remaining Objective, Rj(t,, ;) (grey Im@)

3b 4a 4c de
3c 4b 4d 4f
3d

Baseline

[

(

CF0828

CF0829 -
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RF0908 -
RF0910 -
RF0912 -
RF0913 -

RFO915 -
RF0917 -
RF0918 -
RF0919 -
RF0920 -
RF0922 -
RF0923 -
RF0924 -

1
o
fo

Threshold

T
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Achievement, A(t;) (black line)
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o
N
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PACE-PAX

Recently submitted paper to J.
Atmospheric and Oceanic Technolog

Github: https://github.com/knobelsp/TMDSA
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Field campaign design and implementation with traceability matrix

decision support

Kirk D. Knobelspiesse,* Brian Cairns,? Ivona Cetini¢,>* Samuel LeBlanc,%® Sommer

Nicholas,d and Rei Ueyama?
* NASA Goddard Space Flight Center, Greenbelt, MD
b NASA Goddard Institute for Space Studies, New York, NY
© GESTAR II, Morgan State University, Baltimore, MD
4 NASA Ames Research Center, Moffett Field, CA
¢ Bay Area Environmental Research Institute (BAERI), Moffett Field, CA

Corresponding author: Kirk D. Knobelspiesse, Kirk.Knobelspiesse@nasa.gov

ABSTRACT

Intensive field data collection efforts (i.e., field campaigns) can be complex undertakings.
Field campaign teams must balance multi-faceted and competing objectives, known and
unknown constraints, and must be adaptable to changing conditions. We developed several
tools to manage these challenges for a recent field campaign, the Plankton, Aerosol, Cloud,
ocean Ecosystem (PACE) Postlaunch Airborne eXperiment (PACE-PAX). PACE is a recently
launched multidisciplinary satellite mission, and PACE-PAX was part of the data validation
efforts for PACE. Two aircraft, two research ships, and various other surface-based
measurements were coordinated to provide a validation dataset useful for many of PACE’s
data products. Two specific tools were utilized for this purpose. First, we developed a
Validation Traceability Matrix (VTM) which connects validation objectives to measurement
design and implementation. Crucially, measurement objectives in the VTM are numerically
weighted to express differences in importance. They are further assessed in terms of the
quantity of measurements needed to satisfy that objective and the likelihood of successful
observation. The VTM is coupled with a decision algorithm, which provides a scoring
mechanism. This score can be used prior to the campaign to compare mission design options
with trade studies. During the campaign, it is used to assess the value of completed observations
and guide planning for future observations. In this paper, we demonstrate how our traceability
matrix decision support tools were used successfully with the PACE-PAX field campaign and
provide guidelines and implementation tools for their use in future field campaigns.

26



https://github.com/knobelsp/TM-DSA
https://github.com/knobelsp/TM-DSA
https://github.com/knobelsp/TM-DSA
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J
CIRPAS Twi‘ﬁn Otter, R/V Shearwater and HyperNAV trac




(=]

o CIRPAS Twin Otter, R/V ShearV\)Flter and HyperNAYV trac
{ \

September 30", 2024 b \

Lancaster, Santa Barbara and Marina, California
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PACE-PAX | \
A13 NASA ER-2 science flights
A80.9 flight hours (out of 84 allotted)

AHSRL-2 of primary interest to compare to ATLID. Passive instrument aerosol & cloud retrievals Z
also valuable (AirHARP2, SPEX Airborne, RSP, PICARD, PRISM)

A17 CIRPAS Twin Otter science flights
A60 flight hours (out of 60 allotted)
Aln situ aerosol and cloud suite to compare to EarthCARE. Planned data merger (ISARA)

rNAV track:

A6 successful days of targeted observations during an EarthCARE overpass
A24 of 84 ER-2 flight hours added for EarthCARE validation. Equivalent to ~4 flights
AMinimum planned under flights: 1; Goal: 4; Actual: 6 (5 with ER-2, 1 with Twin Otter)
AConditions favored low-moderate aerosol loads over land in cloud free conditions

AAerosols were generally smoke, with occasional dust or urban aerosols
ASmall amount of over-ocean observations of marine stratocumulus clouds

NASA ER, CIRPAS Twin Otter, R/V Shearwater and HyperNAV tracks
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nstrumentation

Instrument Platform

AirHARP ER2 PACE/HARPZ2 polarimetry proxy J. Vanderlei MartifisMBC
|PICARD |ER2 |PACE/OCI spectrometer proxy J. Jacobson / K. MejNASA ARC/GSF(
PRISM ER2 PACE/OCI spectrometer proxy David R. ThompspRL

SPEX Airborne |ER2 PACE/SPEXone polarimetry proxy B. van DiedenhovéSRON
HSR{2 |ER2 Aerosol/cloud/ocean Lidar T. Shingler / J. H}NASA LaRC
|RSP ER2 Multi-angle polarimeter ref. B. Cairns / K. Sinc‘hliASA GISS
|Faci|ity instruments Twin Otter Aerosol/cloud in situ instruments Anthony BuchoI1IZIPS
|LARGE Twin Otter Aerosol/cloud in situ instruments Luke ZiequASA LaRC
|LI-NepheIometer Twin Otter Aerosol phase functions Adam AherINOAA
ISARA Twin Otter In situ data synergy activity

Snorre Stamn(ikkASA LaRC

Ocean instruments*

RV Shearwater

Day cruises, instrumentation TBD

Mike OndrusehlOAA

HyperNAV*

Ocean floats

Radiometric calibration ocean floats

Andrew Barnan®SuU

AERONET, AEROMNKT*

Surface

Aerosol prop., water leaving radianc

P. Gupta / E. LilrkﬂASA GSFC

*externally supported activities
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PACEPAX instrumentation

Instrument

AirHARP ER2 PACE/HARPZ2 polarimetry proxy J. Vanderlei MartifisMBC

|PICARD |ER2 |PACE/OCI spectrometer proxy J. Jacobson / K. Mej#ASA ARC/GSFC
PRISM ER2 PACE/OCI spectrometer proxy David R. ThompspRL

SPEX Airborne ER2 PACE/SPEXone polarimetry proxy B. van DiedenhovéSRON

t 1 /9 WtNREEQ AyaidNHzySyida
wThese make the same measurements as PACE, so PACE algorithms can be teste

even if the satellite is not overhead
wData submitted in a compatible for format (Level 1C) to that of PACE
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PACEPAX instrumentation
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Instrument Platform Role Lead Phstitution
IHSR{Z IERZ Aerosol/cloud/ocean Lidar T. Shingler / J. H}NASA LaRC
RSP ER2 Multi-angle polarimeter ref. B. Cairns / K. SinclliASA GISS

Remote sensing reference instruments

wHSRI2: Lidar that can validate aerosol, cloud and ocean products
wRSP: mulangle polarimeter whose capabilities exceed those of PACE polarimeters
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PACEPAX instrumentation

Instrument Platform Role Lead Plhstitution
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Aerosol and cloud In situ instruments

wPoint samples, to help relate atmospheric column retrievals to accurate and detailed
understanding of aerosols or clouds in a parcel of air

|Faci|ity instruments Twin Otter Aerosol/cloud in situ instruments Anthony BuchoI1IZIPS
|LARGE Twin Otter Aerosol/cloud in situ instruments Luke ZiequASA LaRC
|LI-NepheIometer Twin Otter Aerosol phase functions Adam AherINOAA
|ISARA Twin Otter In situ data synergy activity Snorre Stamn(iNASA LaRC
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PACEPAX instrumentation

Instrument Platform Role Lead Plhstitution

\J

Surface based measurements
wOver land validation focussed on overflights of ground stations, esp. AERONET
wOver ocean validation involved coordinatedwater + above water + aircraft +
satellite observations

Ocean instruments* RV Shearwater 'Day cruises, instrumentation TBD Mike OndruseOAA
HyperNAV* Ocean floats Radiometric calibration ocean floats Andrew Barnan®SU
AERONET, AEROMET* |Surface Aerosol prop., water leaving radiancge P. Gupta/ E. LhPMLASA GSFC

*externally supported activities
33



veeks of R/V

IOPs a'p aph anap acdom acdom+nap bbp VSF
AOPs PAR K Ko b |k Ly B Rs
Biogeochemi| Chl HPLC UHPLQPCC |PSD TSM Carbon
stry (fluorom (POC DOC,
etric) Cphyto)
Atmospheric | AOD Angstrom|! YR Yl yeésIZ Yl ye ‘r(2 NE X =o1-daydeployment

of 2 underwater
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PACH’AX ocean
measurements
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Month long deployment of , _ Day trips from Santa Barbara
PACE SVC HyperNAV with NOAA R/V Shearwater
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PACE-PAX

Example from

September 6t
(RF0906)

Data SIO; NOAA, U.S! Navy, NGA; GEBCO ]
Image Landsat / Copernicus
Data DEO-CGolumbia, NSEINOAA




PACE-PAX

Example from

September 6
(RF0906)

Restricted flight
areas boxed in red



