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SpaFLEX | Infrastructures Poster Area I
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SpaFLEX | Cal/Val Strategy

1. Natural variability of Cal/Val site
2. Sampling Strategy

3. Instrument calibration and characterization

4. Retrieval algorithm error propagation

5. Upscaling to 300x300 m FLEX pixel



1. Natural variability Cal/Val site

Q Cal/Val site should be previously well characterized

(detailed maps ~ soil type, meteorological conditions).

O An S2, UAV or aircraft system should be used to

characterize the Cal/Val site spatial heterogeneity

(~actual vegetation).

0 Ground sampling strategy should be defined

based on the spatial heterogeneity analysis

(number of sampling points).

Objective: combine multiple sensor and scale
measurements to obtain an integrated value of
apparent reflectance and fluorescence over a

300 x 300 area ~ FLEX pixel



2. Sampling strategy

[Q1] To characterize the spatial heterogeneity
within a 300x300 FLEX pixel, how many 20x20
Elementary Sampling Units

required?
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[Q2] Within each ESU, how many
sampling points are needed to
characterize the inherent biological
variability?




2. Sampling strategy Poster Area I

[Q1] To effectively characterize the spatial heterogeneity within a 300x300 FLEX pixel, how many 20x20
Elementary Sampling Units (ESUs) are required?

Input data | Holm oak forest

« 82

*  Cubert hyperspectral 4 ESUs
* F simulated data set

Biophysical parameters: 1993 . g l

*  Chlorophyll RedEdge ~ proxy SIF N B

* PRI~ proxy NPQ ~ reflectance
*  F simulated (end2end FLEX simulator) |

Methodology: ﬂ

1. Sample Size | ESUs number |

Cochran, W. G. (1977) | large population size .
2 16.14 k. ' !
(Z-0) |
2. Stratification | ESUs location n = required sample unit (number of ESUs)
Z = Z-score; confidence level (e.g., 1.96 for 95%)
* Green: RedEdge values above the mean o= population standard deviation

* Yellow: RedEdge values below the mean E = tolerable margin of error (e.g., 10% SIF, and 1% reflectance)



2. Sampling strategy Poster Area I

[Q2] Within each ESU, how many sampling points (sp) are needed to characterize the inherent biological
variability?

Input data | Holm oak forest Sampling Points (sp)
*  Cubert hyperspectral

* F simulated data set ’5

Biophysical parameters:

*  Chlorophyll RedEdge ~ proxy SIF
*  F simulated

+ PRI~ proxy NPQ ~ reflectance

1
Methodology: 1
1. Sample Size | Sampling Points
Cochran, W. G. (1977) | large population size

ESU1 ESU 2 ESU 3 ESU4
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1. Natural variability of Cal/Val site
2. Sampling Strategy

3. Instrument calibration and characterization

4. Retrieval algorithm error propagation
5. Upscaling to 300x300 m FLEX pixel



3. Instrument calibration and characterization
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3. Instrument calibration and characterization
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3. Instrument calibration and characterization
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(*) same characterization was performed for the piccolo system
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1. Natural variability of Cal/Val site

2. Sampling Strategy

3. Instrument calibration and characterization
4. Retrieval algorithm error propagation

5. Upscaling to 300x300 m FLEX pixel



4. Retrieval algorithm error propagation Poster Area I

Uncertainty Propagation by metrological Monte Carlo approach using CoMet NPL toolkit
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4. Retrieval algorithm error propagation Poster Area I

Uncertainty apparent reflectance [%]

Apparent Reflectance Uncertainty | input data | Festuca
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JApparent reflectance uncertainty (= 2.8%), exceeds the mission requirement of =1%.
dThe major contribution stems from systematic uncertainty, which can be characterized.



4. Retrieval algorithm error propagation Poster Area I

Fluorescence Uncertainty |input data | Festuca
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Q up = 4% at 0,A and = 7% at O,B complies with the FLEX mission requirements for F (=10%).
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1. Natural variability of Cal/Val site
2. Sampling Strategy

3. Instrument calibration and characterization

4. Retrieval algorithm error propagation
5. Upscaling to 300x300 m FLEX pixel



6. Upscaling to 300x300 m FLEX pixel

Input data | Holm oak forest
* F simulated 5x5 m
* F simulated 300x300 m

F simulated 5x5 m F simulated 300x300 m
. T F . ] .r. '.l [ .' !
nt ESUT - i Esuy

upscale

: ‘ Error (%)

compare

(*) same approach is used for apparent reflectance



6. Upscaling to 300x300 m FLEX pixel

Methods:

1. Linear Soil-Vegetation Fluorescence Upscaling model

N
_ Zi=1 FESUi
FFlex—pixel - N

2. Linear Vegetation Fluorescence Upscaling model

N
_ di=1Fveggsy,
FFlex—pixel - N

3. Weighted Soil-Vegetation Fluorescence Upscaling model

>N Fsoilgsy, Yy Fveggsy,
FFlex—Pixel =\ Psou * N + Pveg ) N

Psoil = proportions of soil from the overall FLEX pixel
Pveg = proportions of vegetation from the overall FLEX pixel



6. Upscaling to 300x300 m FLEX pixel

Method 1 | Linear Method 2 | Linear Veg
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6. Upscaling to 300x300 m FLEX pixel

Comparison of F Integral : Reference vs. Methods with 95% Cls

320 1

300 -

220

200

Reference Method 1 Method 2 Method 3



Conclusions

U Characterizing spatial heterogeneity is crucial for upscaling

O Multiscale - Multisensor approach for robust F upscaling

O Consistency between ESUs and sampling points selection and
upscaling method is required.

O A rigorous statistical analysis is mandatory (error characterization,
error propagation).

O Final product should be a fluorescence and apparent reflectance

value for a 300x 300 m pixel + confident interval.
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SpaFLEX: Evaluation of Systematic and Random Uncertainties in Sun-Induced Chlorophyll Fluorescence and
Reflected Radiance Retrievals in the Framework of the Spanish FLEX Cal/Val Campaigns

SpaFLEX: Spatial Heterogeneity Analysis and Optimized Field Sampling Design Using Sentinel-2 Imagery

UAV and CableCam platforms for FLEX products Cal/Val protocol development

INTA's New Airborne Platform Equipped With Chlorophyll Fluorescence Sensor (CFL) for SpaFLEX CalVal
Campaigns.

Atmospheric Correction of INTA’s Airborne Chlorophyll Fluorescence Sensor (CFL) Supporting FLEX Cal/Val
Campaigns

Accounting for dynamic light absorption and emission properties due to regulated energy dissipation: a
bottom-up spectral fitting strategy for early stress detection

Imaging Spectroscopy of Scots Pine (Pinus sylvestris L.) Seedlings During a Long-Term Drought Stress and
Recovery Experiment
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1. Natural variability Cal/Val site

Poster Area X5

Within a 300x300 pixel area, which biophysical parameters exhibit the [1] lowest correlation with other
parameters, while simultaneously showing the [2] lowest intra-pixel spatial autocorrelation?

Input data | Holm oak forest(’)
« S2
»  Cubert hyperspectral

[1] R2 between biophysical parameters

. . « Cab lowest correlation with
Biophysical parameters:

- Chlorophyll RedEdge FaPAR and FVC
. FaPAR

- FVC

Methodology:

1. Regression between
biophysical parameters
and residue maps.

[2] Moran’s Index

+ Cab lowest intra-pixel
2. Spatial autocorrelation spatial autocorrelation

between variables
(Moran's Index, semi
variograms).

(*) Similar results were observed across the different Cal/Val sites

1
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