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Plant
functional
traits

Measurable
characteristics of

plants that are
closely related
to function and
fitness.
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Leaf traits affect leaf optical properties, allowing us to estimate leaf traits from
remote measurements of reflectance (“imaging spectroscopy”).

Absorbance\
[o¢]
©

Chl-b

60 F
40 +
20 ¢
Optical 400 500 600 700
p rOpe rties Of Wavelength (nm)
oy . - Protein
specific traits 80 [ — Cellulose
==== Hemicellulose
[0} — Starch
8 B0 F e Sugar
5 it
£
% 40F
Qo
<
20+
Ry T T T T T T T T T
1400 1700 2000 2300
Wavelength (nm)
100 A
9 80 -
[O]
Leaf o b0y H,0
% 40 A - fi2 Nitrogen Nitrogen
refl eCta nce @ Cell Starch Sugtar 9" Starch
5 ellular scattering H, o proteins Lignin proteins
o 20- Sugar

500

1000

1500 2000 2500
Wavelength (nm)

Land cover

Trait retrieval
algorithm

Prsme
D S A ‘.}n
% &
. : & l’l ’\Q
~ CYPTE T
8 WA X AN
= b i \‘\ g5y
E SN e NG
’ - 3 s .
= 7
A
T -

1.0

Singh et al. 2015 Ecological Applications



cﬂ.“.o.p.y_stu.l.e,s_‘]_ “Boring! Make new algorithms!” Fine, we’ll make new algorithms!
° - NASA review panel - Shiklomanov et al.
(2) Why do these algorithms succeed (or fail), and

under what conditions?

“Too late -- nobody cares!” Fine, we’ll look at flowers instead!
- NASA review panel - Shiklomanov et al.
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New algorithms: Bayesian alternative to PLSR

trait = B1PLSRy|+ ... B,PLSR,,
Traditional approach: e N

Partial Least Squares Regression (PLSR)
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Alternative approach: trait ~ N(6,0) iy o
BaVESian RegreSSion H = 180 + ﬁ1x400 + ...+ ﬁ2001x2400 1
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Additional advantages
* Propagate uncertainty
e Leverage prior information
e Conceptually simple
e Extensible (e.g., multivariate)

Comparable performance
to PLSR for estimating leaf
%N (and other traits) from
field spectroscopy.
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Why do these algorithms succeed (or fail), and under
what conditions?

Visible™ G Anvisible”
Clear physical basis No direct physical basis

LMA
Water Ca Vcmax
Cellulose
Chlorophyll : %N P Jmax
Protein
%C K g || a13C
. ZZ Starch Mg
K Phenols Fe

80:()0 —— 1 All these traits have been successfully mapped using imaging
/W\ spectroscopy. Why does this work? What are we really
. = ' seeing when we see “invisible” traits, in terms of correlations

T i aowake with other traits, structure, etc.
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(3) Flowers!

UG Sedgwick - TR
" ‘Reserve

SBG High-Frequency Time series
(SHIFT) — Weekly AVIRIS-NG flights
during spring/summer 2021, with
coordinated field sampling.
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Mapping flowers using Gaussian mixture

model (GMM)

Probability of
Occurrence

Spectral clusters

p(6) maps +
uncertainties

Certainty
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Species reported by Wildflower Search* shows the phenological dynamics
of C. Gigantea and A. Californica, observed during their flowering phase

Frequency of Observations

Red-edge normalized difference
vegetation index ] :
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Enabling large-scale SHIFT data analysis with cloud computing

Spectra Selection
# SHIFT SMCE User Guide Reading in Data

# Create the RGB image plot

Data can be read in using two function calls: read and read_chunked. The read method will pull all rgb_image = ds_rgb.hvplot.rgb( .
Search docs - A e x='x"', y='y', bands='wavelength', aspect = 'equal', frame_width=408).opts(
— the data in the dataset into memory. It is highly recommended to use the read_chunked method tools=["hover", 'lasso_select'])

unless you are sure your data can fit into memory.

# Create streams

Intr ion - -
troductio posxy = hv.streams.PointerXY(source=rgb_image, x=738302.5, y=-3819657.5)

Juypter Notebook Basics ot Rl cat oy n =Ryl e daedi e salchunked © sel = hv.streams.Lasso(source=rgb_image, geometry=np.array([[730302.5, 3819657.5]]))

X data
Storage Options # Function to build a new spectral plot based on mouse hover positional
# Information retrieved from the RGB image using our full reflectance dataset
B Working With Datasets def point_spectra(x,y):
) ) r taset return aoi.sel(x=x,y=y,method='nearest').hvplot.line(
B Loading SHIFT Data with Intake y='reflectance',x="'wavelength', color='#1b9e77', frame_width=400)
Reading in Data Dimensions: (time: 13, y: 12023, wavelength: 425, x: 13739)

def selected_info(geometry):
Working with L1 and L2a Data v Coordinates: x = find_nearest(aoi.x, geometry[:, @])
y = find_nearest(aoi.y, geometry[:, 1])

i i ATl —
(2] Orthorectifying a Dataset e (time) Caleame = o . ,

wavelength (wavelength) I POInESRS et (LSt (G iDhe Ryl
Xarray Basics X ) - - - - .

= list_of_lines = [aoi.sel(x=x, y=y, method='nearest').hvplot.line(
Visualizing Data y v = y="reflectance',x="wavelength', frame_width=400) for x, y in points]
v Data variables: return hv.Overlay(list_of_lines)
Raster Operations e :
i float3? - - .
T reflectance (time, y, wavelength, x) at3: ] # Define the Dynamic Maps
& P spatial_ref 0 ) = point_dmap = hv.DynamicMap(point_spectra, streams=[posxy])

Downloading Datasets - Attributes: (13) lasso_dmap = hv.DynamicMap(selected_info, streams=[sel])

# Plot the RGB image and Dynamic Maps side by side

https://shift-smce-user-guide.readthedocs.io (rgo_inage + point_anap*1aso_dnap)

SHIFT project on NASA Science Managed Cloud
Environment (SMCE) provides cloud-based interactive
analysis capabilities (JupyterLab), scalable compute
(SLURM) next to the SHIFT airborne data, and tools and

documentation to make all of this easier!
Evan Lang B s ssmcpsomsponcnpie sumsinsansmincd
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time = 2022-03-08, x = 7.303e+05, y = 3.819e+06




Extensions to cloud platforms to support new use cases

New features to support the BioSCape

EXPLORER $ .bashrc « X u]
~ ASHIKLOM $ .bashrc M M
> .2024_04_02_18_51_58.4051024263 1 I e (u m pu I g n
> .2024.04 02 20_11_58.2563139947 2 Managed by:Nebard J
3
> .data . ;
5 4 # ~/.bashrc: executed by bash(1) for non-login shells.
-cache 5  # see /usr/share/doc/bash/examples/startup-files (in the package bash-doc)
> .config 6 # for examples Connected to jupyter-ashiklom:1 ()
> .dbus 7
> .gnupg 8 # If not running interactively, don't do anything
> .ipynb_checkpoints 9 case $- in
®iE) ..
> .ipython 5 )
N 11 *) return;;
LRV 12 esac
> local 13
> .npm 14 # don't put duplicate lines or lines starting with space in the history.
> wnc 15  # See bash(1) for more options
>\ Deskiop 16 HIS N ashiklom - File Manager
S DOcurents 17 File Edit Code View Plots Session Build Debug Profile Tools Help File Edit View Go Help
~
5 BArTlest = 5 ° -l @ A Go to file/functior - Addins - € 3 A & O nomenshixion
19 sho DEVICES
> jobs 20 0 hello.R —[7  Environment History Connections Tut 2] Fle system -
> Music 21 # f A Source onSave = (4 /'~ <Run | %% 4 Source - 2 |4 | “import Dataset ~ | * 160 MiB + | ¥ PLACES et = o =
esktop  Documents  Downloads o
> Pictures 22 HIS 1 print("Hello from R!") R - | @ Global Environment - 4 ashikiom " !
> Public 23 HIS 2 g:z:wp 0 <
>R 24
§ 25 #c Environment is. NETWORK Pictures Public Templates
shared . % Browse Network
5 26 # ul
Templates 27 sho
> Videos 28 helloipynb  helloR  sleep.ipynb
$ .bash_logout - 29 #1I
$ .bashrc (% 36 #m
.condarc 31 #sh
- 32
JICEauthority - 14 items: 1.6 KiB (1661 bytes), Free space: 8.0 EiB
$ profile . m, Files Plots Packages Help Viewer Pre: —
{ . 34 _ =
Xauthority 35 L L+ glder © slank File + | © | Upload | © Del
Home
@ hello.ipynb 36 #s A Name
B claon immh 37 if Desk
> OUTLINE 38 esktop
S TIMELINE 39 fi Documents
21 (Top Level) = R Script & Downloads
Console  Terminal Background Jobs = hello.ipynb
‘R R363 .~/ jobs
YOU are weicome TO redistripute 1T UNGer Certaln Conaitions. 7S Music
Type 'license()’ or ‘licence()’ for distribution details.
Pictures
R is a collaborative project with many contributors. % Public
Type 'contributors()’ for more information and
‘citation()’ on how to cite R or R packages in publications. R
shared M
Type 'demo()' for some demos, ‘help()' for on-line help, or . u S e 0 n e u rI u n 0 e n— So U rce
"help.start()" for an HTML browser interface to help. sleep.ipynb 8728 Apr 2,2024, 3:21 PM [
Type 'q()" to quit R. Templates
Vids
> print("Hello, from R!") 1aeos M M
[4] "Hello, from R!" 0 helloR 238 Apr2, 2024, 415 PM In rus ruc Ure-u S-co e ro ec
> print("Hello from R!") .
[1] "Hello from R!"
>
v

Evan Lang




New algorithms for trait

retrieval

Frequency of Observations

Cyberinfrastructure to
support spectroscopy

trait ~ N(6,0)
0 =Po+ B1Xao0+ -+ B2001X2400
pi ~ horseshoe()
o ~ halfCauchy(0,a)

density
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8 SHIFT SMCE User Guide Spectra Selection

© Working With Datasets
Loading SHIFT Data with Intake.

Xarray Basics
© Visualizing Data

Plotting an RGB image
Using Holoviews witha Paas

Datarame

9 Using Holoviews with Xaray

Raster Operations.

Clustering Example
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* Mapping flowers
and

phenology




