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Novel, hyperspecaahbled
terrestrial land monitoring
LeVeéekubuDant
new PACE mission

A Learn about the PACE mission &
available land products

A See early analysis of crop GPP with
PACE data

A Learn about the PACE Land data
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Plankton Aerosol Cloud ocean Ecosystem (PACE) Ob%j@ét@j(

P Launched Feb. 4 2024
N, First data release April 11, 2024

HARP-2 — »

SPEXone
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3 instruments aboard:
- Hyperspectral scanning radiometer, OCI
- 2 multrangular polarimeters, HARP& SPEXone

AGlobal, 13:00 local
equatorial crossing

A3 yr mission (~10 yrs of
propellant)

AData products are free to all

Science Goals:

t!'/ 9 Aa Db! {! Qa
Investment toadvanceand
extendocean biological,
ecological, and biogeochemical
data records, as well as cloud,
aerosol, [and terrestrial!] data
records




Ocean Color Instrument (OClI)
NASA Goddard Space Flight Center

A Hyperspectrascanning radiometer

A Spectral:340-890nm (UWIR), 5nm bandwidth at
2.5nm steps, plus 7 SWIR bands

T

Temporal:1-2 day global
A Spatial:1.2 kn? at nadir

Hyper Angular Rainbow Polarimeter (HAF

University of Maryland, Baltimore County
A Wide-swath, hyper-anqularpolarimeter
A 4 bands; 2 day global; 3 Brat nadir

Spectrepolarimeter for Planetary
Exploration EPEXone SRON/AIRBUS

A Narrowswath, hyperspectraB80-770 nm
(UMNIR), 24 nm steps

A 5 viewing angles, >30 day global, 2.Z ktnadir
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PACE products span the aguatic, atmospheric & terrestriaPQ@rﬁaiﬁ%

We prowité: advanced] praditctssomhyrinrorRP REERBsisvelbdsas heritage: praditetss(égg foonMO@DLS)

FOceans large inland wate "ClolidssASTOSOISEe" " Land
A SpectraRemote Sensing A Aerosolsizedistribution** A SpectralSurface Reflectance
RellegiEnee A Aerosol absorption** A Normalized Difference
A SpectralParticulate A Sossia) ciesd e Vegetation Index (NDVI)
Absorption & Backscatter depth A Photochemical Reflective
parameters Index (PRI)

_ A Aerosol complex refractive
A Phytoplankton community index A Aerosol optical depth in the

composition A Aerosol layer height , near infrared
A Spectrak, (attenuation) BRDF/albedo and model
& Nt b s A Cloud Mask parameters **
et Prima roduction** : - S
Frman o A Opé'.ca' ”‘I'Ckgess of liquid A Modified Anthocyanin
A Particulate Organic Carbon and Ice clouds Reflectance Indexi{AR)

a PACE DATA PRODUCT TABLE https: nsciences.or _table.htm
Up-to-date list of alicurrently available& future PACE data products. More added over time.

** Not all products shown above are available yet. See PACE Data Product Table for the latest.


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

* =
PACE products support land, water & atmospheric applicaﬂ@@ NASA

Topiic afftboldyy Téenestsiat @it pattans fre fr@a ) 60, fap fA:i5-nMbntish datf gutd petstancisadle.

*Ocearn large inland wate » el . Land

Unique Product Examples: Unique product examples: Unique product examples:
phytoplankton community nitrogen dioxide, aerosol size enhanced vegetation indexes,
composition, spectral remote distribution, aerosol type, spectral reflectance of land
sensing reflectancestc eIl LR UEnze A Terrestrial Ecosystem
A Water quality monitoring A Air quality mor-utorlng & management
A Harmful algal bloom A morlaiier A Agriculture

identification . A Forestr

dentificatio A Disasters: y
A Fisheries support A Volcanoes A Land cover type
A Postdisaster water quality A wildfires, etc A Also heritage vegetation and

other indexes (e.g. NDVI,

impacts (hurricanes,
s, cie NDWI from MODIS)

a PACE DATA PRODUCT TABLE https: nsciences.or _table.htm
Up-to-date list of alicurrently available& future PACE data products. More added over time.

** Not all products shown above are available yet. See PACE Data Product Table for the latest.


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

@) Provisional Terrestrial Products froRORACE FINCE wasa

O

NEW, hyp*ersge’ctracbnabled, oniy from

A Surface Reflectance (122 bands) A Normalized Difference Vegetation Index (NDVI)
A Enhanced vegetation index (EVI) A Normalized Difference Water Index (NDWI)

A Chlorophyll-Carotenoid Index (CClI) A Normalized Difference Infrared Index (NDII)

A Photochemical reflectance index (PRI) A Normalized Difference Snow Index (NDSI)

A Chlorophyll Index Red Edge (CIRE)

A Carotenoid Content Index (Car) Do you have suggestions for this list?

A Modified Anthocyanin Reflectance Index (mARI)

Full descriptions of products: https://pace.oceansciences.org/data_table.htm#category4



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

How do MODIS & OCI Compare?

Spectral: : -
P MODIS spectral bands Spatial @_”ad'rk'mz

g 1.0 T . rl . . MODIS = 1.1 :

5 0.8 | OCl =~1.2 km

2 0.6— '

fﬁ 0.4 Temporal :

2 ool MODIS = 1-2 day

S 0% I | A OCl = 1-2 day
0.3 0.4 0.7 1 3 5 10 (both global)

Wavelength, um

) OCl spectral bands le’_ﬂﬁCtanceS ;I

3 ' ighly comparable,

o _ see Caplan &

] Huemmrich 2025

O ] DOI: 10.1080/
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Wavelength, um MODIS = Standard
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Figure Credit: Andy Sayer (NASA GSFC/UMBC)


https://doi.org/10.1080/%202150704X.2025.2470905
https://doi.org/10.1080/%202150704X.2025.2470905
https://doi.org/10.1080/%202150704X.2025.2470905

PACE Spectral Reflectance

PACE has the unique ability to

provide repeatedspectral o |
reflectancesglobally 0.35

Figure: 2024 seasonal change in spectral
reflectance for the National Ecological

Observatory Network (NEON) Konza Prairiex -2
Agroecosystem (KONA) site in Kansas, USA. .15

0.10

flectance
o
N
(8]

Each line is a different@ay average, start 0.05
date given as YYYYMMDEbints are 0.00 . . . . l . .
locations of PACE spectral bands available in 300 550 800 1050 1300 1550 1800 2050 2300
the current (Version 3) surface reflectance Wavelength (nm)
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Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



Determining Crop Productivity

Spectral reflectance is affected by biophysical characteristics
of vegetation (canopy: leaf area index, leaf angles; leaf: pigment
& water contents) that are related to the physiological state of
the vegetation and, thus, its productivity.

Observed GPP
N
o

We use PACE OCI spectral information alone to 10 |

determine crop productivity 5 |

Shown: 8day average, grountlased gross primary productivity (GPP) 0 5 10 15 20 25 30 35 40
at Konza Prairie Agroecosystem (KONA) site in Kansas & Lajas PACE GPP (umol m2 )
Experimental Station (LAIA) in Puerto Rico (y axis) verday 8vg ® LAJA @ KONA

PACElerived GPP (x axis).

700 H Partial Least Squares Regression Coefficients

500

Upper: Gross primary productivity (GPP) derived from PACE does a
good job of describing the observed crop production

300 r

100 | o

J ‘ % } I | | | Y

Lower: Partial least squares regression (PLSR) coefficients derived for "’ JTo0ass0 aa0 2050 20
each of the PACE spectral bands used to describe GPP; very different = |
coeffg optimizing approaches needed as further work T

-700

-+ LAJA -=-KONA
Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



PACE Spectral Reflectance

Time series Gross Primary Productivity (GPP)
plots of the LAJA site in Puerto Rico (upper) and
KONA site in Kansas (lower), same sites as
previous slide.

Upper: 8day average GPP for LAJA through 2024
(green points) versus estimated GPP from PACE
reflectancegqblack points). For this tropical site

you can see multiple crops being grown and PACE
tracking those changes

Lower: the same data as upper plot, but for the
KONA site, which may be winter wheat.

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)
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Traits from PACE Vegetation Indices

PACE provides the opportunity to lowa- March
examine seasonal change in pigment °
Indices across regions 7

Points extracted for an area in lowa
Predominately corn/soybean fields

Carotenoid ndex
S

Scatterplots from 0.1° gridded

monthly data, n=375 2 :
L~
Corner points: .
40.65° N, -93.75° E 0 1 2 3 4 5

Chlorophyll Index

39.25° N, -91.35°E

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



Traits from PACE Vegetation Indices PZ,\CE i

The Chlorophyll (CIRE) and Carotenoid (Caro)
Index values are related to the pigment lowa- April
content of the leaves and the total leaf area

) Distance: total canopy Chland Caro

The relative amounts ofChland Caro are .
related to seasonal change and responses to
stress conditions Slope: relative amounts of

Caro toChlin leaves

Carotenoid ndex
S

We can track crop growth through the
seasonal cycle

2
CIRE- Chlorophyll Index Red Edge canopy chl content 1 3‘
CRE=(YXZZd¢d-1)ZW¥hHIO

0 1 2 3 4 5

Car - Carotenoid Content Index- canopy carotenoid Chlorophyll Index

content; insight on photosynthesis and photoprotection
Car=[(IT Xa-€JK F=ZWiHi o

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



Traits from PACE Vegetation Indices P&E s

lowa- April

ol

lowa corn fields
April

(emergence of early leaves that are relatively lowCir)

Carotenoid ndex
w N

N

(AR

o

0 1 2 3 4 5
Chlorophyll Index

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



Traits from PACE Vegetation Indices P&E s

lowa- May

ol

lowa corn fields
May

(leafchlcontent increases as leaves mature)

Carotenoid ndex
S

W

Chlorophyll Index

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



Traits from PACE Vegetation Indices

lowa- June

lowa corn fields

June

(leaf area increases with
leaf Caro/Chl remaining fairlyconsistant)

Carotenoid ndex
S

0 1 2 3 4 5
Chlorophyll Index

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



Traits from PACE Vegetation Indices

lowa- July

lowa corn fields
July

(increasingChland decreasing Caro)

Carotenoid ndex
S

Chlorophyll Index

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



Traits from PACE Vegetation Indices

lowa- August

lowa corn fields
August

(a small increase in Caro
as leaves pass maturity)

ol

W

Carotenoid ndex
S

Chlorophyll Index

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



Traits from PACE Vegetation Indices

lowa- Sptember

lowa corn fields
September

(beginning of senescence,
Chldecreases and Caro increases)

ol

W

Carotenoid ndex
S

Chlorophyll Index

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



Traits from PACE Vegetation Indices

lowa- October

lowa corn fields
October

(Senesenceleaf area decreases)

ol

W

Carotenoid ndex
S

Chlorophyll Index

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



PACE Spectral Reflectance

Iowa Corn Fields

Animation of PACE Cireh) and
Caro indices through a growing
season for an area in lowa

march_total_pig
4.5

4

Scatterplots from 0.dgridded
monthly data, n=375 ; N,

2.5

Corner points:
40.6<N,-93.7xE
39.2%N,-91.3x<E

2

May 2024 Jul 2024 Sep 2024

Figure Credit: Marit JentofiNilsen

Slide Credit: Fred Huemmrich (Univ. of Maryland, Balt Co.)



_ Animation: Sgkasonal variability in 3 hyperspecailed pigment indices over th

|
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Chlorophyli
index

A

Mal‘ 2024 - Anthocyanin

index

These indexes givall newinformation on vegetation type, health, and productivity, information
useful for agriculture, forestry, and other terrestrial ecosystem monitoring & management
applications. Only PACE ErowQes thls info globally, evedays™ ..

Figure: NASA Goddard Science Vlsuallzatlon étudro (el Elkins)



: Animation: Sgkasonal variability in 3 hyperspecailed pigment indices over th
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Chlorophyli
index

Mar 2024 -

Anthocyanin
index

x !

Green up in the corn belt and then the occurrence of bluish areas within that region in-suihmer that may be associated.
with increased relative amounts of foliar Caro in response to a high heat event in the summer of 2024.

Figure: NASA Goddard Science Visualization Studio(i@! Elkins)



&
What to know: PACE Provisional Terrestrial Data Profifefs ¥

As Provisional terrestri al data product s

A Are being developed, not yet validated (true for all current PACE data products)

PROCEED A Are subject to change in future data versions (e.g. new atmospheric correction, more
spectral bands, more products available, etc.).

WITH

CAUT|0N Alsonotet hese are considered bonus?® product s
mi ssion funding/supporeqgoaompdfegdroducmbssM

Early users who integrate PAGE 9 f Waq 131 | 13+ ql Ré¢ o Wi ¢ §

AWill be among the first cohort of
hyperspectral-based observations!

A Will find informational & community support in joining the PACE
Land data Users® group.
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Co-Leads: Morgaine McKibben, Fred Huemmrich, Skye Caplan

Meeting frequency: Quarterly Duration: 1 year +7?

Group objectives:
A Promote greater awareness of PACE land products & capabilities
A Build capacity: provide resources, access information, share best practices
A Solicit user feedback: Wh at ®s wor ki ng, what cou

A Build community: Network terrestrial science & applications communities
across institutions/sectors

YOUR feedback drives meeting content.




