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Any difference?
Which model would you choose?
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Outline:

e Advanced RTMs - SCOPE
* Metamodeling: Emulation
 Emulation of SCOPE

* Applications emulation for
FLEX/SIF data processing
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Advanced RTMs: more realistic but slow

* Radiative transfer models (RTMs) are widely used in remote sensing science, e.g. for
development of new missions and retrieval (inversion).

* When choosing an RTM, a trade-of between invertibility and realism has to be made: simpler
models are easier to invert but less realistic, while advanced models more realistic but require a
large amount of variables to be configured.

Examples of advanced models:

* Ray tracing models (e.g. FLIGHT, RAYTRAN, DRAT)

* Voxel models: DART

* Soil-Vegetation-Atmosphere-Transfer (SVAT) models: e.g. SCOPE

* Main drawback of complex models involves their long processing speed: the more

computationally expensive, the longer it takes to generate output.

* Long processing time makes that advanced RTMs are of little use for operational
tasks, e.g., pixel-by-pixel retrieval schemes.
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SCOPE (C. Van der Tol)
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Leaf

[ A-Scope model [v. 1.61]
biochemistry

A-SCOPE: |~

A-Scope model [v. 1.61]
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SCOPE generates multiple outputs, including canopy-leaving SIF. However, for operational use it is rather slow (>2
min for 1004#).

Recently, it has been proposed to approximate RTMs through machine learning (Rivera et al., 2015; Gomez-Dans and Lewis, 2016)
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Emulators are surrogate statistical models that are able to approximate the
processing of an RTM - at a fraction of the computational cost:

making a statistical model of a physical model

Machine learning

Hidden nodes laver

Input nodes layer 4 \\

nil-Cahnpy-Obsewatio
of Photosynthesis an
ner, Xes:
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Emulation applied to RTMs:

Spectra Variables

regression (e.g. LAI, chlorophyll,...)
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In principle any nonlinear, adaptive machine learning regression algorithm
(MLRAs) can serve as emulator.

 However, to emulate RTM spectral output, the MLRA should have the capability

to reconstruct multiple outputs, i.e. the complete spectrum: resolved with
dimensionality reduction techniques (e.g. PCA).

Processing steps (Rivera et al, 2015; Verrelst et al., 2016)

Input (variables Splitting into PCA on I\I/Ic:.:ﬁ:ra;r\\’::'g Prediction of Reconstruction of Validation
+ spectra) training/validation spectra con‘: ognen ts components full spectrum

With this processing chain any RTM can be converted into an accurate emulator.
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As part of
ARIVEP has been expanded with SCOPE and an Emulator toolbox.

\\\\u\m_

{zesa

FLEX scienific studies, the scientific software package

|
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EMULATOR toolbox v. 1.06 ARTVGS [ e

Input Settings Validation Emulstor  Tools  Help ™~

. . N http://ipl.uv.es/artmo/
Input | Settings — Validation —Emulator
Input | Settings | WValidaticorn Emulator Tools Help J
RTM data —— Mew | RTM ws Emulator || | Save | show Log
Txt data Load LUT Emulator Load User's manual
MNC data Txt Emulator Manage tests 4 | Installation guide
Wiew figure Disclaimer
Select project Flot LLUT
Edit settings Residual analyzer 1
Delete
Renarme

1.Input: selection of ARTMO-generated LUT or external LUT
2.Settings: selection of a MLRAs & DR method

3. Validation: This step validates the configured MLRAs through various goodness-of-fit-statistics

4. Emulator:

RTM vs Emulator: The chosen emulator can be tested against the actual RTM for a given input. This module visualizes both outputs
and calculates the accuracy and gain in processing speed.

LUT Emulator: This module allows the emulation of a LUT through a chosen emulator and ranges of input variables. The input
values are then randomly selected.

Txt Emulator: This module generates a LUT based on input values coming from a TXT file.

Emulators can be exported to other ARTMO toolboxes: global sensitivity analysis, scene
generation, retrieval (inversion)
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Experimental setup: emulating SCOPE

Experimental setup:

e SCOPE TB12-D: LUT 500# @ 1 nm; 12 variables

* 6 machine learning methods tested: RF, KRR, NN, GPR, SVR, VHGPR
e # 10 PCA components tested; 70/30% training/validation

* N
. LWC SCOPE: 7 12 min (500#) Emulated SCOPE
* DMC ’ Seanf
* Cs
* LCC
*°m
« kV
* Rdparam
* Vcmo N
e Leaf width % 7 TR 850 08 2,3:“9 54 70
* LAl * Random Forests (RF)
* hc * Kernel Ridge Regression (KRR)

* Neural Networks (NN)

* Support Vector Regression (SVR)

* Gaussian Processes Regression (GPR)

* Variational Heteroscedastic GPR (VH-GPR)
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Goodness-of-fit results o)
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LUT emulator (# 1000 )

Randomly generated LUT by VH-GPR: & 152 s KRR: 2s

varying all variables.
rT Random LUT emulator @_Iﬂ-‘

35 351
RTM: scope
SENSOR: NO SENSOR 3 3t
Emulator parameters settings
Parameter min max model_dist 25 25
1 |M:leafthickness parameters .. 1.0022 2.8953 Uniform -
2 |Cab:Chlorophyll AB content [... 1.0948  79.8521 Uniform - F © 2
3 |Cw:leaf water equivalent la... 0.0092 0.0899 Uniform = 8 2 (é
4 |Cdm:Dry matter content [g c... 0.0121 0.0438 Uniform -l 8 8
5 |Cs:scenecent material fracti. 0.0012 0.3000 Uniform - @ 1.5 @ 1.5
] ) ) ] 0]
6 |LAlLeaf area index [m2 m-2] 0.0088 6.9698 Uniform - 5 5
7 |hcivegetation height [m] 0.0155 1.9989 Uniform - 7 ,_E_ =2 1F
'l 1 1 =
| | »
Settings color plot (HSV)
Hue Saturation Bins 0.5 0.5
LAlLeaf area index [m2 m-2] ¥ | Cab:Chlorophyll AB content... = 100
0 0
samples | 1000 | MLRA VHGPR _
Sigma [_| sigmafvalue x 100 [%] [¥] Piot [] Export 05— : . . ; i
05 . 20 40 60
I P 200 750 800 650 700 750 800 850 =

Wavelength (nm) Wavelength (nm)

Because of the smooth profiles, SIF spectra are easy to emulate.

In Emulation, physical models go hand in hand with machine learning
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Applications Emulation for
SIF Data Processing

; 1. Global Sensitivity Analysis

- 2. Scene generation

Z ! 3. Retrieval (inversion)
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. after Verrelst et al., RSE 2015
@ <1 min : (12 min # 500 simulations, 90 s VH-GPR emulator training, 30 s. GSA processing (1000# per variable)
100 — ‘
* N
. WC —
Lo 60
R
: lF({\cgparam -Ig
| Lentwidth | 40
LAl
* hc
20

640 660 680 700 720 740 760 780 800
Wavelength [nm]

GSA results are consistent with original SCOPE GSA results (Verrelst et al., 2015).
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A-SGM: Automated Scene Generation Module

A randomly generated 2-class image

" H 2. i . 2. - H
ART "@ o T — 53 (scene size 10 km?; pixel: 30 m?; 334x334=111,556 pixels)
Settings  Land Cover Map  Time Series  Outputs  Help k]

Settmgs vegetation classes (e g. PFTs): ) f

u gui_mod_sgmlé l = i:h

Tools ~ !

Vegetation class name Time series format

boreal Day v.

5TD format ] Spatial dist. ] Sampling dist. _l

s mlltencon mljuom An RTM or Emulator can be configured with time

Group: MLRA: Kernel ridge Regression ' Series Of RTM input ra nges-

Variable: |laiTotal Leaf Area Index v:

Save
- Ranging variables: Input temPOfa' profile: e.g. LAl

v LAl —
dde | k%S ‘D-—{ F’EB n;l
3

Select Value SDAbs] Time
1 [ 16000  0.70001 - v Cab
2 = 1.6000 0.7000 2 E PN
3 = 1.5000 0.7000 3 5 -
4 = 1.5000 0.6000 4 \/ cho :{ i ’ N
A ———Ta— r v Vegetation height M
[ Detete selected | [ Detetean | [ Graph |

08|
%2 3 4 s s 7 @ 8 omonow
New class Done | L
h
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2 REMOTE SENSING OF FLUORESCENCE, PHOTOSYNTHESIS AND VEGETATION STATUS

Scene generation: time series input + output R ——————— -
GPR: < 3 hours e -
KRR: < 4 min. | -

(SCOPE: > 2days) P Ly =

Input maps:

Time 1 Time 2 Time 3

5
4
3
LAI ,
1
0
50
40
Cab 30
20
10
0
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e index [m2 m-2]

a index [m2 m-2]  LAILeaf are
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Temporal profiles
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SIF output

Time 1

—_

0,-B: 687

(p4S -wiu ;- pW)

0,-A: 760

Statistics per class (mean, SD, min-max)

25 25
Min-Max
sD
2 2 2 2 ~— Mean
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] Q Q 3 isp
215 215 £15 15 —mean
2 3 2 2
g o o 2
El é 1 é 1 § 1
0.5 0.5 0.5 0.5
0 - . BV o . - 0 - - 0 -
650 700 750 800 850 650 700 750 800 850 650 700 750 800 850 650 700 750 800 850
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Retrieval (inversion) SIF products
'Br O'A SIF bndS Nonlinear least squares optimization (e.g_ photosynthesis)

Spectral fitting
against RTM

Spectral fitting
against
emulator

hemistry

Hidden nodes layer
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Spectral fitting against O,B, O,A and 2 peaks (Fggs, Feqy) Fm, 760) KRR: < 6 hours.
LAI Vcmo ~ cdm _ height

Senesent

@

Inversion enables retrieval of all input variables: some variables easier than others: see GSA. With
2 SIF bands only (0,B, O,A), the inversion did not work. Full SIF signal preferred.

Next : to include higher-level products into inversion: photosynthesis, GPP, APAR,...

Assimilation photosynthesis, GPP
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Findings:

% Thanks to machine learning regression algorithms, RTMs can be
emulated.

+ Trade-off: tremendous gain in processing speed at expense of
some loss in accuracy.

< Emulation allows applying advanced RTMs into tedious,
operational processing chains:

1. Global sensitivity analysis (SCOPE!, MODTRAN?)
2. Scene generation (A-SGM3)
3. Retrieval (numerical inversion)

Future work:

< Emulation of SCOPE & MODTRAN will enable fast processing
of Fél'ExtEZE simulator and retrieval of higher level SIF
products.
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