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Presentation Notes
It is my pleasure to present our preliminary research findings from the research on
Seasonal Change in Canopy Photosynthetic Pigments and Function for Q. agrifolia Canopies, based on AVIRIS-NG and Field Data from the SBG Spring 2022 Campaign (SHIFT) in California
My co-authors include Benjamin Poulter2, Fred Huemmrich1, S. McKnight2, 4, Christiaan van der Tol3 and Christopher Neigh2 who all contributed their expertise, time and support.
High spectral resolution images provide an efficient tool for mapping of the factors affecting the ability of vegetation to sequester carbon due to changes in vegetation chemical and structural composition. Consistently derived vegetation characteristics are needed to assess the seasonal dynamics in vegetation function as well as to compare current and past seasonal trends and spatial patterns. 
The recent Surface Biology and Geology High-Frequency Time Series (SHIFT) Spring 2022 campaign provided a new dense reflectance time series and an exciting opportunity for evaluation of vegetation health and photosynthetic function across seasonality. A significant step forward is required to implement our currently existing algorithms and models to ingest the high spectral and temporal resolution reflectance time series, as anticipated from the forthcoming SBG and CHIME hyperspectral missions. 




Outline Workflow for Data Collection, Processing and Analysis
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Our goals with this study were to use the data available from the AVIRIS-NG SBG Spring 2022 campaign to compare the differences in spectral properties, leaf and canopy biophysical traits and carbon allocation through the spring green-up period, for California live oak canopies (Q. agrifolia) representative of the local ecosystems. 
Our specific methods are outlined in this workflow and include: i) assembly of a suite of leaf and canopy traits and reflectance data, required to implement the SCOPE model; and ii) update/develop our current suite of algorithms (both empirical and bio-physical models) for monitoring vegetation traits across the seasons at leaf and canopy scale. 
During a field survey in March 2022, we selected three sites (DP16, DP1 and SR2) dominated by California live oak, representing the variation in microclimate, water availability and local environmental conditions. Two of the sites -- DP16 and DP11 are located on flat terrain in the Dangermond Preserve. The third site SR2 is located at the Sedgwick Reserve, at a higher elevation and at lower water availability. 
Two rain events occurred during the campaign, which are indicated with vertical lines on all figures in the results.




Leaf samples of Q. agrifolia containing young, mature 
and older leaves, which were measured separately. 

Lab measurements oak species and other representative 
plants included optical properties, fresh and dry weight 

and photosynthetic pigments. 

Field Survey, Leaf Sample Collections, Sample Processing and 
Laboratory Measurements at NASA/GSFC
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During a field survey at the sites we measured canopy height, canopy closure and recorded the fractions of photosynthetic/non-photosynthetic canopy and understory cover. Leaf samples were collected from the top sunlit portions of the canopy. are were placed immediately in water in a zip lock bag with paper towel, transported in a cooler to a nearby FedEx facility, and shipped overnight in an insulated boxes with cold packs to the wet chemistry laboratory at the NASA/GSFC Biospheric Sciences Laboratory. We collected samples from the dominant oak species from a number of herbaceous plants.
In the lab we measured leaf reflectance and transmittance. Leaf photosynthetic pigments were measured on all samples using leaf meter MPM 100 and identified spectro-photometrically, for a select calibration dataset. 



A C

Seasonal changes in AVIRIS NG reflectance representative for the 
study sites (A. DP16, B. DP11, C. SR2)

B
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We collected  AVIRIS NG canopy reflectance for the study sites across the season using regions of interest consisting of 20-30 pixels, filtered the spectra for outliers and calculated the mean reflectance per site representing each date .




A
B

C D

Seasonal Changes 
in Vegetation 

Indices
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We calculated commonly used vegetation indices indicative of green leaf area (NDVI), cellulose (CAI), chlorophyll (Clre) and water content (NDWI). The VIs depicted the seasonal changes at the sites and responded to the rain events.




Seasonal changes in canopy traits simulated with SCOPE 
RTMo (examples A. Cab, B. LAI and C. Cca)

A B C

The two rain events are depicted with dashed vertical lines.
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Using the AVIRIS NG reflectance and supporting leaf and canopy measurements, we implemented the radiative transfer module (RTMo) of SCOPE in an inversion to derive canopy spectral and bio-physical traits. The traits varied by site and with date. The derived total chlorophyll and carotenoids responded to the two rain events, depicting the differences in photosynthetic potential among the sites. 




The two rain events are depicted with dashed vertical lines. The traits which responded to the 
rain events include Cab, LAI, Cca, GPP and APAR.
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Seasonal Change in canopy Gross Primary Productivity (GPP) and 
Absorbed Photosynthetically Active Radiation (APAR) Simulated with 

SCOPE 
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To compare the photosynthetic activity at the sites across the Spring of 2022, we used the derived traits with SCOPE in forward simulations to derive canopy gross primary productivity (Fig. A. GPP) and absorbed photosynthetically active radiation (Fig. B. APAR). In these initial simulations we used for all sites temperature20o C and PAR 1300 umol, but varied leaf and canopy traits by site and date. Outputs which had a root mean squared error (RMSE) of more than 0.02 were excluded. GPP and APAR varied by site and declined for all sites during the season.




Leaf Measurements of Chlorophyll (Cab, A), Modeling Simulations 
(B) and their Comparison (C)

C
BA

Some of the herbaceous plants measured 
in the field and in the lab
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We used the Leaf reflectance and transmittance measurements with Fluspect to simulate leaf photosynthetic pigments. Leaf total chlorophyll (Cab) varied with leaf stage, with the younger leaves having lower chlorophyll, which was indicated by both leaf measurements (Fig. A) and Fluspect simulations  (Fig. B). The measured and predicted values were strongly correlated, however the model underestimated the higher ranges in measured total chlorophyll (Fig. C). The calibration set of leaf samples are currently extracted and measured, and will be used to confirm/calibrate the magnitudes of the obtained estimates with MPM 100 and Fluspect.




Association between Canopy Traits derived with SCOPE and 
Vegetation Indices

NDVI EVI MTCI OSAVI Clre CCCI - Red NDWI
Cab 0.79 0.60 0.74 0.74 0.78 0.79 0.76
Cca 0.82 0.75 0.75 0.89 0.79 0.82 0.83
Cw 0.84 0.50 0.67 0.68 0.75 0.81 0.84
LIDFa 0.28 0.87 0.43 0.75 0.36 0.30 0.44
Cab x LAI 0.79 0.28 0.74 0.52 0.76 0.82 0.69T

ra
its

 (R
TM

o)

Correlation 
coefficient (R2)

Vegetation Indices (reported if R2>0.7)

Reported are statistically significant correlations (p≤0.001) with R2 > 0.07. The correlation between 
the VIs and GPP and between the VIs and APAR were not statistically significant.
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The indices exhibited a strong to moderate correlation to the modelled biophysical variables. However none of the Vis were strongly associated with the model predictions of GPP and APAR.
This finding supports the ability to use together multispectral and hyperspectral vegetation indices to link to the log term historic  satellite data records.



• Our preliminary results demonstrate the value of high-density hyperspectral reflectance time series
for monitoring the trends in vegetation function and productivity.

• The derived canopy traits captured the change in functionality throughout the season and depicted
the response of the canopies to the two rain events.

Further work will compare the traits derived at leaf and canopy level. Using local canopy temperature
and PAR data, we will simulate GPP and APAR to develop a more complete picture of vegetation
function for each date and site. Future research will evaluate the applicability of the findings to other
oak species (i.e., Q. duglasii and Q. lobata).

Acknowledgements: we gratefully acknowledge the SHIFT team for making this campaign and our 
participation possible; the AVIRIS team for collecting the novel time series; NASA/GSFC Biospheric
Sciences Laboratory and SBG for their support making the participation of Sara McKnight possible; 

and the field team from University of Wisconsin for their camaraderie and help during the field 
measurements and collections.   

Preliminary Conclusions and Future Steps
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In summary, our preliminary results demonstrate the value of high-density hyperspectral reflectance time series for monitoring the trends in vegetation traits and function. 
The derived canopy traits using SCOPE demonstrated the change in functionality throughout the season, and the response of the canopies to the two rain events. 
Further work will compare the traits derived at leaf and canopy level. Using local canopy temperature and incoming PAR data available from ECOSTRESS, we will simulate GPP and APAR for each of the study sites to develop a more complete picture of the changes in vegetation function across the season. Future research will evaluate the applicability of the findings to the other measured other oak species (i.e., Q. duglasii and Q. lobata).   




Thank you!


Please e-mail questions to:

petya@umbc.edu
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Thank you for your attention
Please e-mail me with questions
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