
Morgaine McKibben, PhD
     

PACE Applications
NASA Goddard Space Flight Center / SSAI

May 20th, 2025
NOAA Satellite Applications Symposium: 
Land and Agriculture

Novel, hyperspectral-enabled 
terrestrial land monitoring 
ĹěƲěķūƂūǅūņƼ ŝƶƓƉ ±!â!ʴƼ 
new PACE mission



Å Learn about the PACE mission & 
available land products

Å See early analysis of crop GPP with 
PACE data

Å Learn about the PACE Land data 
¦ǎŜǊǎΩ DǊƻǳǇ ϧ Ƙƻǿ ǘƻ Ƨƻƛƴ

Novel, hyperspectral-enabled 
terrestrial land monitoring 
ĹěƲěķūƂūǅūņƼ ŝƶƓƉ ±!â!ʴƼ 
new PACE mission



Source: https://svs.gsfc.nasa.gov/30065

See the Fleet orbits LIVE: 
EYES ON EARTH Ą



OCI

ÅGlobal, 13:00 local 
equatorial crossing

Å3 yr mission (~10 yrs of 
propellant) 

ÅData products are free to all

Plankton Aerosol Cloud ocean Ecosystem (PACE) Observatory

3 instruments aboard: 

 - Hyperspectral scanning radiometer, OCI

 - 2 multi-angular polarimeters, HARP-2 & SPEXone

Launched Feb. 4 2024

First data release April 11, 2024

Science Goals: 

t!/9 ƛǎ b!{!Ωǎ ƴŜȄǘ ƎǊŜŀǘ 
investment to advance and 
extend ocean biological, 
ecological, and biogeochemical 
data records, as well as cloud, 
aerosol, [and terrestrial!] data 
records. 



Hyper Angular Rainbow Polarimeter (HARP2)
University of Maryland, Baltimore County

Å Wide-swath, hyper-angular polarimeter 

Å 4 bands; 2 day global; 3 km2 at nadir

Ocean Color Instrument (OCI)
NASA Goddard Space Flight Center 

Å Hyperspectral scanning radiometer

Å Spectral: 340-890nm (UV-NIR), 5nm bandwidth at 
2.5nm steps, plus 7 SWIR bands 

Å Temporal: 1-2 day global

Å Spatial: 1.2 km2 at nadir

Spectro-polarimeter for Planetary             

Exploration (SPEXone)    SRON/AIRBUS

Å Narrow-swath, hyperspectral 380-770 nm          
(UV-NIR), 2-4 nm steps

Å 5 viewing angles, >30 day global, 2.5 km2 at nadir

Hyper Angular Rainbow Polarimeter (HARP2)

Instrument 

Swaths



PACE products span the aquatic, atmospheric & terrestrial domains

ăPACE DATA PRODUCT TABLE

ÅSpectral Remote Sensing 
Reflectance

ÅSpectral Particulate 
Absorption & Backscatter 
parameters

ÅPhytoplankton community 
composition

ÅSpectral Kd (attenuation)

ÅNet Primary Production**

ÅParticulate Organic Carbon

Ocean & large inland waters

ÅSpectral Surface Reflectance

ÅNormalized Difference 
Vegetation Index (NDVI)

ÅPhotochemical Reflective 
Index (PRI)

ÅAerosol optical depth in the 
near infrared 

ÅBRDF/albedo and model 
parameters **

ÅModified Anthocyanin 
Reflectance Index (mARI)

Land

ÅAerosol size distribution**

ÅAerosol absorption**

ÅSpectral aerosol optical 
depth

ÅAerosol complex refractive 
index

ÅAerosol layer height

ÅCloud Mask

ÅOptical thickness of liquid 
and ice clouds

Clouds, Aerosols

Up-to-date list of all currently 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 

We provide advanced  products only from PACE as well as heritage  products (e.g. from MODIS)

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 applications

ăPACE DATA PRODUCT TABLE

Unique Product Examples: 
phytoplankton community 
composition, spectral remote 
sensing reflectance, etc

ÅWater quality monitoring

ÅHarmful algal bloom 
identification

ÅFisheries support

ÅPost-disaster water quality 
impacts (hurricanes, 
wildfires, etc)

Ocean & large inland waters

Unique product examples: 
enhanced vegetation indexes, 
spectral reflectance of land

ÅTerrestrial Ecosystem 
monitoring & management

ÅAgriculture 

ÅForestry

ÅLand cover type

ÅAlso heritage vegetation and 
other indexes (e.g. NDVI, 
NDWI from MODIS)

Land

Unique product examples: 
nitrogen dioxide, aerosol size 
distribution, aerosol type, 
aerosol absorption, etc

ÅAir quality

ÅAviation

ÅDisasters: 

ÅVolcanoes

Åwildfires, etc

Clouds, Aerosols

Up-to-date list of all currently 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 

Topic of today: Terrestrial applications from OCI, so far ~15 months of data products available.

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


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

Provisional Terrestrial Products from PACE-OCI 

ÅSurface Reflectance (122 bands)

ÅEnhanced vegetation index (EVI)

ÅChlorophyll-Carotenoid Index (CCI)

ÅPhotochemical reflectance index (PRI)

ÅChlorophyll Index Red Edge (CIRE)

ÅCarotenoid Content Index (Car)

ÅModified Anthocyanin Reflectance Index (mARI)

NEW, hyperspectral-enabled, only from PACE

ÅNormalized Difference Vegetation Index (NDVI)

ÅNormalized Difference Water Index (NDWI)

ÅNormalized Difference Infrared Index (NDII)

ÅNormalized Difference Snow Index (NDSI)

   Do you have suggestions for this list? 

   

LEGACY Terrestrial Indices:

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


How do MODIS & OCI Compare?
Spatial @ nadir : 

  MODIS = 1.1 km2 

  OCI = ~1.2 km2

Temporal : 

  MODIS = 1-2 day 

  OCI = 1-2 day

  (both global)

Solar Mixed Thermal

Spectral:

Data Status : 

 MODIS = Standard

 OCI = Provisional

Figure Credit: Andy Sayer (NASA GSFC/UMBC)

Reflectances : 

Highly comparable, 

see Caplan & 
Huemmrich 2025 
DOI: 10.1080/ 

2150704X.2025.247
0905

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 has the unique ability to 
provide repeated spectral 
reflectances globally 

Figure: 2024 seasonal change in spectral 
reflectance for the National Ecological 
Observatory Network (NEON) Konza Prairie 
Agroecosystem (KONA) site in Kansas, USA.

Each line is a different 8-day average, start 
date given as YYYYMMDD.  Points are 
locations of PACE spectral bands available in 
the current (Version 3) surface reflectance 
product (122 Vis-NIR bands & 7 SWIR bands)

PACE Spectral Reflectance

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.

We use PACE OCI spectral information alone to 

determine crop productivity

Shown: 8-day average, ground-based gross primary productivity (GPP) 
at Konza Prairie Agroecosystem (KONA) site in Kansas & Lajas 
Experimental Station (LAIA) in Puerto Rico (y axis) versus 8-day avg 
PACE-derived GPP (x axis). 

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

Lower: Partial least squares regression (PLSR) coefficients derived for 
each of the PACE spectral bands used to describe GPP; very different 
coeffs, optimizing approaches needed as further work

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

Partial Least Squares Regression Coefficients



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: 8-day average GPP for LAJA through 2024 
(green points) versus estimated GPP from PACE 
reflectances (black 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.

PACE Spectral Reflectance

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



PACE provides the opportunity to 
examine seasonal change in pigment 
indices across regions

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

Scatterplots from 0.1° gridded 
monthly data, n=375

Corner points:
40.65° N, -93.75° E
39.25° N, -91.35° E

Traits from PACE Vegetation Indices

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



Traits from PACE Vegetation Indices

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

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

The relative amounts of Chl and Caro are 
related to seasonal change and responses to 
stress conditions

We can track crop growth through the 
seasonal cycle

CIRE - Chlorophyll Index Red Edge - canopy chl content
 CIRE = (͞ ΫΣΣф͞ΪΣΨђЮ- 1)

Car - Carotenoid Content Index - canopy carotenoid 
content; insight on photosynthesis and photoprotection
 Car = [(1/͞ ΧάΨђЮ-ёΤф͞ΪΣΨђіЮᶻ͞ ΫΣΣ

Distance: total canopy Chl and Caro

Slope: relative amounts of 
Caro to Chl in leaves 



Iowa corn fields
April

(emergence of early leaves that are relatively low on Chl)

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

Traits from PACE Vegetation Indices



Iowa corn fields
May

(leaf chl content increases as leaves mature)

Traits from PACE Vegetation Indices

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



Iowa corn fields
June

(leaf area increases with 
leaf Caro/Chl remaining fairly consistant)

Traits from PACE Vegetation Indices

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



Iowa corn fields
July

(increasing Chl and decreasing Caro)

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

Traits from PACE Vegetation Indices



Iowa corn fields
August

(a small increase in Caro 
as leaves pass maturity)

Traits from PACE Vegetation Indices

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



Iowa corn fields
September

(beginning of senescence,
 Chl decreases and Caro increases)

Traits from PACE Vegetation Indices

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



Iowa corn fields
October

(Senesence, leaf area decreases)

Traits from PACE Vegetation Indices

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



Animation of PACE Cire (chl) and 
Caro indices through a growing 
season for an area in Iowa

Scatterplots from 0.1ϲ gridded 
monthly data, n=375

Corner points:
40.65ϲ N, -93.75ϲ E
39.25ϲ N, -91.35ϲ E

Figure Credit: Marit Jentoft-Nilsen 

PACE Spectral Reflectance

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



Figure: NASA Goddard Science Visualization Studio (Kel Elkins)

Animation: Sub-seasonal variability in 3 hyperspectral-enabled pigment indices over the US

These indexes give all new information on vegetation type, health, and productivity, information 
useful for agriculture, forestry, and other terrestrial ecosystem monitoring & management 

applications. Only PACE provides this info globally, every 1-2 days.



Figure: NASA Goddard Science Visualization Studio (Kel Elkins)

Animation: Sub-seasonal variability in 3 hyperspectral-enabled pigment indices over the US

These indexes can describe vegetation type, health, productivity & leaf area, information useful for agriculture, forestry, and 
other terrestrial ecosystem monitoring & management applications. Only PACE provides this info globally, every 1-2 days.

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



What to know: PACE Provisional Terrestrial Data Products
As Provisional terrestrial data products they¤

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

ÅAre subject to change in future data versions (e.g. new atmospheric correction, more 

spectral bands, more products available, etc.). 

Also note these are considered ¯bonus° products provided by the mission, i.e. much less 

mission funding/support compared to ¯mission-required° products. More malleable too!

Early users who integrate PACE-§9fШƣĲƖƖĲƚƣƖŔċũШĬċƣċШŔŰƣŸШƣőĲŔƖШƽŸƖťв

ÅWill be among the first cohort of users to explore OCI®s novel 

hyperspectral-based observations!

ÅWill find informational & community support in joining the PACE 

Land data Users® group. 



Co-Leads: Morgaine McKibben, Fred Huemmrich, Skye Caplan

Meeting frequency: Quarterly  Duration:  1 year +?? 

Group objectives: 

ÅPromote greater awareness of PACE land products & capabilities

ÅBuild capacity: provide resources, access information, share best practices

ÅSolicit user feedback: What®s working, what could be better?

ÅBuild community: Network terrestrial science & applications communities 

across institutions/sectors

YOUR feedback drives meeting content. 
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