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direction of flight

OCI
340-890 nm in 2.5 nm steps
7 discrete SWIR, 940-2260 nm
1-2 day coverage ±20° tilt, 1km

HARP2
440, 550, 670, 870 nm
10-60 viewing angles
wide swath polarimeter, 3 km

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

NASA Plankton, Aerosol, Cloud, 
ocean Ecosystem (PACE) mission
PACE will extend key systematic ocean color, 
aerosol, & cloud climate data records, reveal the 
diversity of organisms fueling marine food webs, 
and introduce new methods to observe aerosols 
and clouds, the largest source of climate 
uncertainty.

Characteristics:
• Targeted January 2024 launch
• 676.5 km, polar, ascending orbit, 98o

• Sun synchronous, 13:00 Equatorial crossing
• Data to OB.DAAC (oceancolor.gsfc.nasa.gov)

After launch, there will be 60 days of on-orbit 
commissioning activities. 

Official data distribution will follow, with 
heritage and required products first, followed by 
advanced and polarimetric products. 

pace.gsfc.nasa.gov
@NASAOcean



PACE Postlaunch Airborne EXperiment An airborne field mission to validate the NASA 
PACE mission with coordinated observations

CIRPAS 
Twin Otter

NASA 
ER-2NOAA R/V 

Shearwaterpace.oceansciences.org
/campaigns.htm

Leadership team: 
Kirk Knobelspiesse
Brian Cairns
Ivona Cetinić

• California, 3-27 September 2024
• Remote sensing proxy observations from NASA ER-2
• In situ sampling with CIRPAS Twin Otter
• 60 flight hours for each aircraft
• Day trips from Santa Barbara with R/V Shearwater
• Coordinated observations under PACE
• Coordinated observations over surface sites (e.g. Railroad 

Valley, AERONET) & R/V Shearwater
• Final data to Langley airborne archive by March 31, 2025

Langley
Research
Center

https://pace.oceansciences.org/campaigns.htm
https://pace.oceansciences.org/campaigns.htm


4

NASA ER-2

CIRPAS Twin Otter

NOAA R/V Shearwater AERONET

Example plan from 
a dry run exercise

PACE ground track

NASA ER-2

CIRPAS 
Twin 
Otter

NOAA R/V 
Shearwater

AERONET

Langley
Research
Center

PACE Postlaunch Airborne EXperiment



PACE-PAX instrumentation
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Instrument Platform Role Lead PI Institution
AirHARP ER-2 PACE/HARP2 polarimetry proxy J. Vanderlei Martins UMBC

PICARD ER-2 PACE/OCI spectrometer proxy J. Jacobson / K. Meyer NASA ARC/GSFC

PRISM ER-2 PACE/OCI spectrometer proxy David R. Thompson JPL

SPEX Airborne ER-2 PACE/SPEXone polarimetry proxy B. van Diedenhoven SRON

HSRL-2 ER-2 Aerosol/cloud/ocean Lidar T. Shingler / J. Hair NASA LaRC

RSP ER-2 Multi-angle polarimeter ref. B. Cairns / K. Sinclair NASA GISS

Facility instruments Twin Otter Aerosol/cloud in situ instruments Anthony Bucholtz NPS

LARGE Twin Otter Aerosol/cloud in situ instruments Luke Ziemba NASA LaRC

LI-Nephelometer Twin Otter Aerosol phase functions Adam Ahern NOAA

ISARA Twin Otter In situ data synergy activity Snorre Stamnes NASA LaRC

Ocean instruments* RV Shearwater Day cruises, instrumentation TBD Mike Ondrusek NOAA

HyperNAV*,# Ocean floats Radiometric calibration ocean floats Andrew Barnard OSU

AERONET, AERONET-OC* Surface Aerosol prop., water leaving radiance P. Gupta / E. Lind NASA GSFC

*externally supported activities, # still under negotiation



Validation objectives

1. Validate new 
retrieval properties

2. Assess spatial and 
temporal scale impact 

on validation

3. Validate in a narrow 
swath

4. Validate 
radiometric and 

polarimetric 
properties

5. Target specific 
geometries, season, 

and time of day

6. Focus on specific 
processes or 
phenomena
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Our plan is based on a 
‘Validation Traceability Matrix’ (VTM)

 
The VTM flows from top level objectives to the 
measurements needed to satisfy them and the 

requirements under which they are made



Validation objectives ID Measurement objectives Importance, 
w

Objective 
total

1. Validate new 
retrieval properties

A Land surface parameters 2 35
B Ocean radiometric parameters 2
C Aerosol parameters over the ocean 10
D Aerosol parameters over land 10
E Cloud parameters 10
F Ocean surface parameters 1

2. Assess spatial and 
temporal scale impact 

on validation

A Cloud parameters 8 16

B Aerosol parameters
8

3. Validate in a narrow 
swath

A Aerosol parameters over the ocean 10 25
B Aerosol parameters over land 10
C Cloud parameters 5

4. Validate 
radiometric and 

polarimetric 
properties

A Validate large reflectances 3 12

B Validate large reflectances with high polarization 3

C Validate large reflectances with low polarization 3

D Overfly vicarious calibration sites 3

5. Target specific 
geometries, season, 

and time of day

A Aerosol over ocean retrieval geometry dependence 2 6

B Aerosol over land retrieval geometry dependence 2

C Cloud property retrieval geometry dependence 2

6. Focus on specific 
processes or 
phenomena

A High aerosol loads over land 4 29
B High aerosol loads over ocean 4
C Multiple aerosol layers 1
D Aerosol under thin cirrus 2
E Aerosol above liquid phase cloud 4

F Broken clouds with complex structure 4
G Dust aerosols over ocean 1

H Aerosol and ocean parameters over turbid waters 2

I Aerosol and ocean parameters over biologically productive waters 5

J Aerosol and ocean parameters with and without reflected sunglint 1
K Smoke aerosols over ocean 1

Validation Traceability Matrix (VTM) 
based on PACE Science and 

Applications Team (SAT) input

“Importance” weighting helps 
prioritize observations, decision 

support in flight planning

Aggregate assessments can ‘score’ 
the value of an individual instrument, 
flight plan, etc. to the overall mission
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“Planning for PACE relevant field campaigns” white paper and Validation Traceability Matrix (VTM)

Measurement objectives
ID Importance, w Type Surface Aerosol Cloud Other inst. Satellite Platform Observation time, h other

1. Validate new retrieval parameters A Land surface parameters 2
Surface reflectance, UV-
SWIR Ground truth Direct

Ground team, 
handheld 
spectrometer, sun 
photometers

Uniform dry lakebed Low optical depth None present … PACE underflight …

Airborne UV-SWIR 
radiometer Remote Aircraft: A, B, or C Uniform dry lakebed Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight …

PACE OCI proxy Proxy Aircraft: A, B, or C Uniform dry lakebed Low optical depth
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

BRDF/albedo parameters
Airborne multi angle 
polarimeter Remote Aircraft: A, B, or C Uniform dry lakebed Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A, B, or C Uniform dry lakebed Low optical depth
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A, B, or C Uniform dry lakebed Low optical depth
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

B
Ocean radiometric 
parameters 2

Spectral ocean remote 
sensing reflectance Airborne multi angle 

polarimeter Remote Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

Above water radiometer 
or in water radiometer Direct

Ship, platform or 
buoy

Ocean, both coastal 
and deep Variable None present PACE underflight

Airborne UV-SWIR 
radiometer Remote Aircraft: A, B, or C

Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight

PACE OCI proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

PACE HARP2 proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Ocean surface roughness Surface wind buoy Direct Buoy Ocean, both coastal 
and deep

Variable None present PACE underflight

Airborne multi angle 
polarimeter Remote Aircraft: A or B

Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Airborne multi angle 
polarimeter Remote Aircraft: A or B

Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable None present. If Aircraft B or C, 
needs ability to determine above 

coordinated with 
ground truth

Similar observation geometry 
as PACE

C. Aerosol parameters over 
the ocean

10 Aerosol spectral optical 
depth

Ground based sun 
photometer

Direct Ocean platform
Variable None present PACE underflight

High spectral resolution 
lidar

Remote Aircraft: A or B Variable None present. PACE underflight

Airborne multi angle 
polarimeter Remote Aircraft: A or B

Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Aerosol optical properties 
(complex refractive index, 
size distribution, shape)

Multi-angle sky 
radiometer Remote Ocean platform Ocean Variable None present PACE underflight

Retrievals possible 
only for large AOD

Aircraft in-situ sampling Direct Aircraft: B or C
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
At various altitudes, possibly 
in coordination with lidar

Airborne multi angle 
polarimeter Remote Aircraft: A or B

Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Aerosol layer height
High spectral resolution 
lidar Remote Aircraft: A or B

Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight

Ocean surface roughness Surface wind buoy Direct Buoy Ocean, both coastal 
and deep

Variable None present PACE underflight

Airborne multi angle 
polarimeter Remote Aircraft: A or B

Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Spectral ocean remote 
sensing reflectance Airborne multi angle 

polarimeter Remote Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

Above water radiometer Direct Ship or platform Ocean, both coastal 
and deep

Variable None present PACE underflight

Airborne UV-SWIR 
radiometer Remote Aircraft: A, B, or C

Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight

PACE OCI proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

PACE HARP2 proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

D. Aerosol parameters 
over land 10

Multi-angle sky 
radiometer Remote Ocean platform Ocean Variable None present PACE underflight

Retrievals possible 
only for large AOD

Aircraft in-situ sampling Direct Aircraft: B or C
Land, various 
reflectances Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
At various altitudes, possibly 
in coordination with lidar

Airborne multi angle 
polarimeter Remote Aircraft: A or B

Land, various 
reflectances Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B
Land, various 
reflectances Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

PACE HARP2 proxy Proxy Aircraft: A or B
Land, various 
reflectances Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Land, various 
reflectances Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Aerosol layer height
High spectral resolution 
lidar Remote Aircraft: A or B

Land, various 
reflectances Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight

Ground truth Direct

Ground team, 
handheld 
spectrometer, sun 
photometers

Uniform dry lakebed Variable
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

Airborne UV-SWIR 
radiometer Remote Aircraft: A, B, or C

Land, various 
reflectances Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight

Airborne multi angle 
polarimeter Remote Aircraft: A or B

Land, various 
reflectances Variable

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B

Land, various 
reflectances. 
Variability coarser 
than spatial 
resolution

Variable
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

E. Cloud parameters
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Cloud detection, top 
height

High spectral resolution 
lidar Remote Aircraft: A or B …

None present 
above cloud Full cover, variable properties PACE underflight

above potential cirrus, 
heading close to solar 
principal plane

Cloud physical thickness
High spectral resolution 
lidar Remote Aircraft: A or B …

None present 
above cloud Full cover, variable properties PACE underflight

above potential cirrus, 
heading close to solar 
principal plane

Cloud phase High spectral resolution 
lidar

Remote Aircraft: A or B … None present 
above cloud

Full cover, variable properties PACE underflight above potential cirrus

Airborne multi angle 
polarimeter

Remote Aircraft: A or B … None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

PACE underflight above potential cirrus, 
heading close to solar 

Airborne SWIR 
radiometer

Remote Aircraft: A or B … None present 
above cloud

Full cover, variable properties PACE underflight above potential cirrus

PACE HARP2 proxy Proxy Aircraft: A or B …
None present 
above cloud Full cover, variable properties

coordinated with 
direct 
measurements

above potential cirrus, 
heading close to solar 
principal plane

Liquid cloud optical depth
Airborne multi angle 
polarimeter Remote Aircraft: A or B …

None present 
above cloud

Full cover, variable properties, 
minimal 3D structure PACE underflight

above potential cirrus, 
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B …
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

coordinated with 
direct 
measurements

above potential cirrus, 
heading close to solar 
principal plane

Cloud probe Direct Aircraft: B or C … … Variable properties PACE underflight Various altitudes, but focus 
on cloud top

Airborne multi angle 
polarimeter Remote Aircraft: A or B …

None present 
above cloud

Full cover, variable properties, 
minimal 3D structure PACE underflight

above potential cirrus, 
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B …
None present 
above cloud Full cover, variable properties

Coordinated with 
cloud probes

above potential cirrus, 
heading close to solar 
principal plane

Liquid water path
Airborne multi angle 
polarimeter Remote Aircraft: A or B …

None present 
above cloud

Full cover, variable properties, 
minimal 3D structure PACE underflight

above potential cirrus, 
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B …
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Coordinated with 
cloud probes

above potential cirrus, 
heading close to solar 
principal plane

Ice cloud optical depth
Airborne multi angle 
polarimeter Remote Aircraft: A or B …

None present 
above cloud

Full cover, variable properties, 
minimal 3D structure PACE underflight

above potential cirrus, 
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B …
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

coordinated with 
direct 
measurements

above potential cirrus, 
heading close to solar 
principal plane

Cloud probe Direct Aircraft: B or C … … Variable properties PACE underflight Various altitudes, but focus 
on cloud top

Airborne multi angle 
polarimeter Remote Aircraft: A or B …

None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Coordinated with 
cloud probes

above potential cirrus, 
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B …
None present 
above cloud Full cover, variable properties

Coordinated with 
cloud probes

above potential cirrus, 
heading close to solar 
principal plane

3. Assess spatial and temporal scale 
impact on validation H. cloud parameters 4 Liquid cloud optical depth

Airborne multi angle 
polarimeter Remote Aircraft: A or B …

None present 
above cloud

Full cover, variable properties, 
minimal 3D structure PACE underflight

above potential cirrus, 
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B …
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

above potential cirrus, 
heading close to solar 
principal plane

Cloud probe Direct Aircraft: B or C … … Variable properties PACE underflight Various altitudes, but focus 
on cloud top

Airborne multi angle 
polarimeter Remote Aircraft: A or B …

None present 
above cloud

Full cover, variable properties, 
minimal 3D structure PACE underflight

above potential cirrus, 
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B …
None present 
above cloud Full cover, variable properties

above potential cirrus, 
heading close to solar 
principal plane

Ice cloud optical depth
Airborne multi angle 
polarimeter Remote Aircraft: A or B …

None present 
above cloud

Full cover, variable properties, 
minimal 3D structure PACE underflight

above potential cirrus, 
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B …
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

above potential cirrus, 
heading close to solar 
principal plane

Cloud probe Direct Aircraft: B or C … … Variable properties PACE underflight Various altitudes, but focus 
on cloud top

Liquid droplet size 
distribution

Ice particle shape and 
asymmetry

Ocean surface refractive 
index

BRDF/albedo parameters

Surface reflectance, UV-
SWIR

Liquid droplet size 
distribution

Ice particle shape and 
asymmetry

Aerosol optical properties 
(complex refractive index, 
size distribution, shape)

Mission requirementsInstruments
Validation objectives Geophysical parameters Instrument 

requirements Airborne multi angle 
polarimeter Remote Aircraft: A or B … None present 

above cloud
Full cover, variable properties, 
minimal 3D structure

above potential cirrus, 
heading close to solar 
principal plane

PACE HARP2 proxy Proxy Aircraft: A or B … None present 
above cloud Full cover, variable properties

above potential cirrus, 
heading close to solar 
principal plane

I. Aerosol optical parameters 2
Aerosol spectral optical 
depth

Ground based sun 
photometer Direct Fixed location Variable 

properties None present PACE underflight

Airborne multi angle 
polarimeter Remote Aircraft: A or B Prefer spatially 

homogeneous
Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B Prefer spatially 
homogeneous

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A or B Prefer spatially 
homogeneous

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B Prefer spatially 
homogeneous

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

Similar observation geometry 
as PACE

Aerosol optical properties 
(complex refractive index, 
size distribution, shape)

Multi-angle sky 
radiometer Remote Ocean platform Variable 

properties None present PACE underflight Retrievals possible 
only for large AOD

Aircraft in-situ sampling Direct Aircraft: B or C Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight At various altitudes, possibly 
in coordination with lidar

Airborne multi angle 
polarimeter Remote Aircraft: A or B Prefer spatially 

homogeneous
Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B Prefer spatially 
homogeneous

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A or B Prefer spatially 
homogeneous

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B Prefer spatially 
homogeneous

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

Similar observation geometry 
as PACE

Above water radiometer 
or in water radiometer Direct Ship, platform, 

buoy
Prefer spatially 
homogeneous

Variable 
properties None Present

Absorption, backscatter, 
VSF, particle size 
distribution

Direct Ship, platform, 
buoy

Prefer spatially 
homogeneous

Variable 
properties

Land surfaces?

4. Validate in a narrow swath J. Aerosol and ocean 
optical parameters 5 Spectral ocean remote 

sensing reflectance
Airborne multi angle 
polarimeter Remote Aircraft: A or B Ocean, both coastal 

and deep
Variable 
properties

None present. If Aircraft B, needs 
ability to determine above aircraft 
clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

PACE SPEXone proxy Remote Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B, needs 
ability to determine above aircraft 
clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

Aerosol spectral optical 
depth

Airborne multi angle 
polarimeter Remote Aircraft: A or B Ocean, both coastal 

and deep
Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

PACE SPEXone proxy Remote Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

Aerosol optical properties 
(complex refractive index, 
size distribution, shape) Aircraft in-situ sampling Direct Aircraft: B or C Variable 

properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

Airborne multi angle 
polarimeter Remote Aircraft: A or B Ocean, both coastal 

and deep
Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

PACE SPEXone proxy Remote Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

K. Aerosol and land optical 
parameters 5 Surface reflectance, UV-

SWIR
Airborne UV-SWIR 
radiometer Remote Aircraft: A, B, or C Land, various 

reflectances
Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

Airborne multi angle 
polarimeter Remote Aircraft: A or B Land, various 

reflectances
Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

PACE SPEXone proxy Remote Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

Aerosol spectral optical 
depth

Airborne multi angle 
polarimeter Remote Aircraft: A or B Land, various 

reflectances
Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

heading close to solar 
principal plane

PACE SPEXone proxy Remote Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

Aircraft in-situ sampling Direct Aircraft: B or C Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

Airborne multi angle 
polarimeter Remote Aircraft: A or B Land, various 

reflectances
Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

PACE SPEXone proxy Remote Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight in 
SPEXone swath

Similar observation geometry 
as PACE

6. Validate radiometric and polarimetric 
properties

O. Validate large 
reflectances 2

Bright, uniform land 
surface (such as a dry 
playa)

Ground truth Direct

Ground team, 
handheld 
spectrometer, sun 
photometers

Bright, uniform land 
surface (such as a dry 
playa)

Low optical depth None present … PACE overflight, proxy 
overflight …

note: this means proxy instruments 
overfly reference scenes to validate their 
observations, which are subsequently 
compared to PACE for any comparable 
scenes

PACE OCI proxy Proxy Aircraft: A, B or C
Bright, uniform land 
surface (such as a dry 
playa)

Low optical depth
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth PACE overflight Similar observation geometry 

as PACE

PACE HARP2 proxy Proxy Aircraft: A, B or C
Bright, uniform land 
surface (such as a dry 
playa)

Low optical depth
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth PACE overflight Similar observation geometry 

as PACE

PACE SPEXone proxy Proxy Aircraft: A, B or C
Bright, uniform land 
surface (such as a dry 
playa)

Low optical depth
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth PACE overflight Similar observation geometry 

as PACE

P. Validate large 
reflectances with high 
polarization

2 Sun glint over ocean Wind speed buoy Direct Buoy Ocean, wind speeds 
less than 8m/s Low optical depth None present … PACE overflight, proxy 

overflight …

PACE OCI proxy Proxy Aircraft: A, B or C Ocean, wind speeds 
less than 8m/s Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth PACE overflight

Similar observation geometry 
as PACE, and sufficient to see 
glint

PACE HARP2 proxy Proxy Aircraft: A, B or C Ocean, wind speeds 
less than 8m/s Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth PACE overflight

Similar observation geometry 
as PACE, and sufficient to see 
glint

PACE SPEXone proxy Proxy Aircraft: A, B or C Ocean, wind speeds 
less than 8m/s Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth PACE overflight

Similar observation geometry 
as PACE, and sufficient to see 
glint

Q. Validate large 
reflectances with low 
polarization

2 Uniform marine 
stratocumulus cloud deck PACE OCI proxy Proxy Aircraft: A, B or C Marine stratocumulus 

cloud deck Low optical depth
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE overflight
Similar observation geometry 
as PACE, and sufficient to see 
glint

PACE HARP2 proxy Proxy Aircraft: A, B or C Marine stratocumulus 
cloud deck Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE overflight
Similar observation geometry 
as PACE, and sufficient to see 
glint

PACE SPEXone proxy Proxy Aircraft: A, B or C Marine stratocumulus 
cloud deck Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE overflight
Similar observation geometry 
as PACE, and sufficient to see 
glint

R. Overfly vicarious 
calibration sites 2 Uniform marine 

stratocumulus cloud deck PACE OCI proxy Proxy Aircraft: A, B or C Ocean, vicarious 
calibration site Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE overflight
Similar observation geometry 
as PACE, and sufficient to see 
glint

PACE HARP2 proxy Proxy Aircraft: A, B or C Ocean, vicarious 
calibration site Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE overflight
Similar observation geometry 
as PACE, and sufficient to see 
glint

PACE SPEXone proxy Proxy Aircraft: A, B or C Ocean, vicarious 
calibration site Low optical depth

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE overflight
Similar observation geometry 
as PACE, and sufficient to see 
glint

7. Target specific geometries, season, and 
time of day

S. Aerosol over ocean 
retrieval geometry 
dependence

1 Spectral ocean remote 
sensing reflectance

Above water radiometry 
and/or in-water 
radiometry

Direct Ship, platform or 
buoy

Ocean, both coastal 
and deep

Variable 
properties None present 

PACE OCI proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B, needs 
ability to determine above aircraft 
clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B, needs 
ability to determine above aircraft 
clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE SPEXone proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B, needs 
ability to determine above aircraft 
clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

Aerosol spectral optical 
depth

Ground based sun 
photometer Direct Ocean platform Ocean Variable 

properties None present 

PACE OCI proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE SPEXone proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

Aerosol optical properties 
(complex refractive index, 
size distribution, shape)

Multi-angle sky 
radiometer Remote Ocean platform Ocean Variable 

properties None present Retrievals possible 
only for large AOD

PACE OCI proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE SPEXone proxy Proxy Aircraft: A or B Ocean, both coastal 
and deep

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

T. Aerosol over land 
retrieval geometry 
dependence

1 BRDF/albedo parameters PACE OCI proxy Proxy Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE SPEXone proxy Proxy Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

Aerosol spectral optical 
depth

Ground based sun 
photometer Direct Fixed platform Land, various 

reflectances
Variable 
properties None present 

PACE OCI proxy Proxy Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE SPEXone proxy Proxy Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

Aerosol optical properties 
(complex refractive index, 
size distribution, shape)

Multi-angle sky 
radiometer Remote Fixed platform Land, various 

reflectances
Variable 
properties None present Retrievals possible 

only for large AOD

PACE OCI proxy Proxy Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

PACE SPEXone proxy Proxy Aircraft: A or B Land, various 
reflectances

Variable 
properties

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Range of solar zenith angle 
and relative azimuth angles 
encountered by PACE

U. Cloud property retrieval 
geometry dependence 1 Cloud phase PACE OCI proxy Proxy Aircraft: A or B None present 

above cloud
Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

Liquid cloud optical depth PACE OCI proxy Proxy Aircraft: A or B None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

Liquid droplet size 
distribution Cloud probe Direct Aircraft: B or C … Full cover, variable properties Range of scattering angles 

encountered by PACE

Aerosol optical properties 
(complex refractive index, 
size distribution, shape)

BRDF/albedo parameters

Ice particle shape and 
asymmetry

Ocean optical properties

PACE OCI proxy Proxy Aircraft: A or B
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

Liquid water path PACE OCI proxy Proxy Aircraft: A or B
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

Ice cloud optical depth PACE OCI proxy Proxy Aircraft: A or B
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

Cloud probe Direct Aircraft: B or C … Full cover, variable properties
Range of scattering angles 
encountered by PACE

PACE OCI proxy Proxy Aircraft: A or B
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

PACE HARP2 proxy Proxy Aircraft: A or B
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Range of scattering angles 
encountered by PACE

8. Focus on specific processes or 
phenomena

V. High aerosol loads over 
land

1 Aerosol spectral optical 
depth

Ground based sun 
photometer

Direct Fixed platform High aerosol load
None present PACE underflight

High spectral resolution 
lidar

Remote Aircraft: A or B High aerosol load None present. PACE underflight

Airborne multi angle 
polarimeter

Remote Aircraft: A or B
Land, various 
reflectances

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B
Land, various 
reflectances

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A or B
Land, various 
reflectances

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Land, various 
reflectances

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Aircraft in-situ sampling Direct Aircraft: B or C High aerosol load PACE underflight
At various altitudes, possibly 
in coordination with lidar

Multi-angle sky 
radiometer

Remote Fixed platform High aerosol load None present
Retrievals possible 
only for large AOD

Airborne multi angle 
polarimeter

Remote Aircraft: A or B
Land, various 
reflectances

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B
Land, various 
reflectances

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

PACE HARP2 proxy Proxy Aircraft: A or B
Land, various 
reflectances

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Land, various 
reflectances

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

W. High aerosol loads over 
ocean

1 Aerosol spectral optical 
depth

Ground based sun 
photometer

Direct Ocean platform High aerosol load
None present PACE underflight

High spectral resolution 
lidar

Remote Aircraft: A or B High aerosol load None present. PACE underflight

Airborne multi angle 
polarimeter

Remote Aircraft: A or B
Ocean, both coastal 
and deep

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Aircraft in-situ sampling Direct Aircraft: B or C High aerosol load PACE underflight
At various altitudes, possibly 
in coordination with lidar

Multi-angle sky 
radiometer

Remote Fixed platform High aerosol load None present
Retrievals possible 
only for large AOD

Airborne multi angle 
polarimeter

Remote Aircraft: A or B
Ocean, both coastal 
and deep

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

PACE HARP2 proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Ocean, both coastal 
and deep

High aerosol load
None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

X. Multiple aerosol layers 1 Aerosol spectral optical 
depth

Ground based sun 
photometer

Direct
Fixed/ocean 
platform

Multiple aerosol 
layers None present PACE underflight

High spectral resolution 
lidar

Remote Aircraft: A or B
Multiple aerosol 
layers

None present. PACE underflight

Airborne multi angle 
polarimeter

Remote Aircraft: A or B
Multiple aerosol 
layers

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B
Multiple aerosol 
layers

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A or B
Multiple aerosol 
layers

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Multiple aerosol 
layers

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Aircraft in-situ sampling Direct Aircraft: B or C
Multiple aerosol 
layers

PACE underflight
At various altitudes, possibly 
in coordination with lidar

Multi-angle sky 
radiometer

Remote Fixed platform
Multiple aerosol 
layers

None present
Retrievals possible 
only for large AOD

Airborne multi angle 
polarimeter

Remote Aircraft: A or B
Multiple aerosol 
layers

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A or B
Multiple aerosol 
layers

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

PACE HARP2 proxy Proxy Aircraft: A or B
Multiple aerosol 
layers

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A or B
Multiple aerosol 
layers

None present. If Aircraft B or C, 
needs ability to determine above 
aircraft clouds

coordinated with 
ground truth

Similar observation geometry 
as PACE

Y. Aerosol under thin cirrus 1 Aerosol spectral optical 
depth

High spectral resolution 
lidar

Remote Aircraft: A
Variable 
properties

Thin cirrus under aircraft PACE underflight

Airborne multi angle 
polarimeter

Remote Aircraft: A
Variable 
properties

Thin cirrus under aircraft PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A
Variable 
properties

Thin cirrus under aircraft
Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A
Variable 
properties

Thin cirrus under aircraft
Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A
Variable 
properties

Thin cirrus under aircraft
Similar observation geometry 
as PACE

Aerosol optical properties 
complex refractive index, 
size distribution, shape)

Aircraft in-situ sampling Direct Aircraft: A
Variable 
properties

PACE underflight
At various altitudes, possibly 
in coordination with lidar

Airborne multi angle 
polarimeter

Remote Aircraft: A
Variable 
properties

Thin cirrus under aircraft PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A
Variable 
properties

Thin cirrus under aircraft

PACE HARP2 proxy Proxy Aircraft: A
Variable 
properties

Thin cirrus under aircraft
Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A
Variable 
properties

Thin cirrus under aircraft
Similar observation geometry 
as PACE

Z. Aerosol above liquid 
phase cloud

1 Aerosol spectral optical 
depth

High spectral resolution 
lidar

Remote Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols PACE underflight

Airborne multi angle 
polarimeter

Remote Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols
Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols
Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols
Similar observation geometry 
as PACE

Aerosol optical properties 
complex refractive index, 
size distribution, shape)

Aircraft in-situ sampling Direct Aircraft: B or C
Variable 
properties, above 
cloud

PACE underflight
At various altitudes, possibly 
in coordination with lidar

Airborne multi angle 
polarimeter

Remote Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols

PACE HARP2 proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols
Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols
Similar observation geometry 
as PACE

Liquid cloud optical depth
Airborne multi angle 
polarimeter

Remote Aircraft: A …
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

… PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols

PACE HARP2 proxy Proxy Aircraft: A …
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols
Similar observation geometry 
as PACE

Cloud probe Direct Aircraft: B or C … … Variable properties … PACE underflight

Airborne multi angle 
polarimeter

Remote Aircraft: A …
None present 
above cloud

Full cover, variable properties, 
minimal 3D structure

… PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols
Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A …
None present 
above cloud

Full cover, variable properties
Coordinated with 
cloud probes

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Liquid phase cloud under aerosols
Similar observation geometry 
as PACE

AA. Broken clouds with 
complex structure 1

Liquid cloud optical depth
Airborne multi angle 
polarimeter

Remote Aircraft: A …
None present 
above cloud

Variable properties, complex 3D 
structure

… PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Variable properties, complex 3D 
structure

PACE HARP2 proxy Proxy Aircraft: A …
None present 
above cloud

Variable properties, complex 3D 
structure

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Variable properties, complex 3D 
structure

Similar observation geometry 
as PACE

Cloud probe Direct Aircraft: B or C … … Variable properties … PACE underflight

Airborne multi angle 
polarimeter

Remote Aircraft: A …
None present 
above cloud

Variable properties, complex 3D 
structure

… PACE underflight
heading close to solar 
principal plane

PACE OCI proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Variable properties, complex 3D 
structure

Similar observation geometry 
as PACE

PACE HARP2 proxy Proxy Aircraft: A …
None present 
above cloud

Variable properties, complex 3D 
structure

Coordinated with 
cloud probes

Similar observation geometry 
as PACE

PACE SPEXone proxy Proxy Aircraft: A
Variable 
properties, above 
cloud

Variable properties, complex 3D 
structure

Similar observation geometry 
as PACE

Liquid droplet size 
distribution

Aerosol optical properties 
complex refractive index, 
size distribution, shape)

Aerosol optical properties 
complex refractive index, 
size distribution, shape)

Aerosol optical properties 
complex refractive index, 
size distribution, shape)

Liquid droplet size 
distribution

Ice particle shape and 
asymmetry

Full Validation Traceability Matrix

Both of these are on the PACE website: https://pace.oceansciences.org/campaigns.htm
8



Thank you!
Kirk Knobelspiesse, PACE-PAX Mission Scientist, Kirk.Knobelspiesse@nasa.gov
Brian Cairns, PACE-PAX Deputy Mission Scientist, Brian.Cairns@nasa.gov
Ivona Cetinić, PACE-PAX Deputy Mission Scientist, Ivona.cetinic@nasa.gov

pace.gsfc.nasa.gov
pace.oceansciences.org

/campaigns.htm

https://pace.oceansciences.org/campaigns.htm
https://pace.oceansciences.org/campaigns.htm

