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Overall aims of the project

1. To assess the quality of GEDI data for difficult terrain &
near-natural forests in Austria

2. To generate so-far not available forest attribute maps —
forest structural parameters

3. To evaluate the mutual benefit of combining GEDI data with
Sentinel-1 and Sentinel-2 data sets for forest monitoring
purposes



JOANNEUM \
RESEARCH
JIGITA /A

-
GED!

ECOSYSTEM LIDAR . .
Quick intro to GEDI
Normalized Cumulative Return Energy

A Space-based Lidar (I1SS)

: = Point-wise information
Highest Reflecting Surface Height - waveform
S Y - terrain & canopy
R heights
E g - height metrics
:° o - structure indices (FHD)
E’ - canopy cover fraction
B v N | - AGB

- LA

Ground Return

320

- wall-to-wall gridded

products
© https://gedi.umd.edu/
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Waveform Amplitude
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w NP Kalkalpen and NP Gesause (eLTER Site) —
mountainous terrain, steep slopes, near natural
forest - perfect conditions
(= the remote senser's worst nightmare)

w ALS data acquired 2018

Data filters applied (GEDI plots used):
w Quality flag = 1

w Degrade flag =0

® No changes between 2018 & 2020

® No winter observations (deciduous)
(only plots from June — October 2019 & 2020)




DTM - GEDI Residual [m]
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1 - Usability and quality of GEDI data under difficult conditions
1.1. —terrain height
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GEDI elevation vs. ALS zonal mean elevation

slope = 10° RMSE: 1.43m; R%:1.0

® 10°<slope = 20°; RMSE3.39m; R21.0

20°<slope < 30°; RMSE: 5.54m; R%1.0
30°<slope = 40°; RMSE: 7.44m; R%1.0

® 40°<slope = 50°; RMSE: 8.04m; R=:1.0

slope > 50°; RMSE: 10.02m; R%:1.0

n: 4352
RMSE total: 7.23m
R? total: 1.0

<10°
10 <= 20°
20 <= 30°
30 <=40°
40 <= 50°
> 50°
Total
(n=4352)

1.43
3.39
5.54
7.44
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10.02
7.23
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1 - Usability and quality of GEDI data under difficult conditions
1.1. —terrain height

w Dependence on canopy cover and canopy height
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DTM - GEDI Residual [m]
(=]

DTM - GEDI Residual [m]
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GEDI RH100 [m]
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1 - usability and quality of GEDI data under difficult conditions

¢  GEDI/ALS height

Regression line
n= 2993 (33.9%)
RMSE: 7.91

R2: 0.38

GEDI RH100 vs. ALS zonal max height _

0 30
nDSM zonal max height [m]

1.2. = canopy height

GEDI

overestimates small trees
and

underestimates large trees

- Dependence on slope
again?

- Dependance of canopy
cover as well?
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1 - Usability and quality of GEDI data under difficult conditions

coverage 0% — 100%

statistics RMSE [m] R?
slope < 90° 7.38 0.43
slope < 50° 7.25 0.45
slope < 35° 6.82 0.50
slope < 20° 6.12 0.63

Summary canopy height:

w for small trees overestimated, for large trees underestimated, RMSE ~ 7 m
w for steep slopes less accurate

w for open forests less accurate

>> generally in line with previous findings, but slightly lower R?s

1.2. = canopy height

(Adam et al., 2020; Liu et al., 2021, Urbazaev et al., 2021, Potapov et al., 2021: RMSE 7.2/R? 0.7)
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3 — New Forest Parameters
Structure/Layers

w Foliage height diversity (FHD)

w MacArthur 1961: "The more equal the proportion of vegetation coverage at every height,
the higher the FHD value”

w Rishmawi et al. 2021: "Foliage height diversity is a canopy structural index that

describes the vertical heterogeneity of foliage profile”
"Finally, the GEDI-derived FHD is calculated from the PAI vertical profile and is a
measure of the complexity of canopy structure with higher FHD values often associated

with multiple canopy layers”

FHD = —>_; pi * In(p:)

pi ... vertical PAI profile in the ith layer, summed over the number of layers
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3 — New Forest Parameters
Structure/Layers

® Is FHD describing
vertical structure or
no. of layers?
Or do we need to generate ==
another indicator from GEDI? =
@ Theoretical examples >> —
sl : B oeem om o

0.03 0.04 0.05 0.06 0.00 0.01 0.02 0.03
Pulse Pulse
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3 — New Forest Parameters
Structure/Layers

w Sidestep: when working with L1B (waveform) - do not use the spatial
subsetting option - data deteriorated --> GEDI DAAC team is working on it

with spatial subsetting > z-offset without spatial subsetting > L1B & L2A data fit

Shot Number: 33720000300143571 Shot Number: 33720000300143571

Naveform Amplitude Waveform Amplitude (DN)
280 300 320 250 260 270 280 20 300
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3 — New Forest Parameters
Structure/Layers

29 30 31 32 33 34 35 36 37 18 39 60 265 270 275 280 285 290 27 28 29 30 31 32 285 290 295 300 305 310 315 320
[ b GEDI variance: 89.42 0 GEDI variance: 552 = GEDI variance: 106.3 L GEDI variance: 91.78 %0 GEDI variance: 89.1

ALS variance: T0.67 ALS variance: 60.63 ALS variance: 38.75 ALS variance: 22.29 MLS variance: 18.62

GEDI std: 9.46 GEDI stad: 8.09 GEDI std: 10.31 GEDI std: 9.58 GEDI std: 9.44

5 ALS std:  B.41 " ALS std:  7.7% "

ALS - GEDI = = .
waveforms: . : =

ALS sbd: 622 a0 ALS std: 4.72 & ALS std: 432

10 n —— n eeee———— 0
S GEDI . == =" . — :
(1] 2 4 [ a o 1 2 3 4 [1] 1 2 3 4 5 [ ] 2 4 B a
52 &4 56 58 &0 62 28 29 30 31 32 33 34 35 2 14 36 38 40 31 32 33 34 35 36 37 38
— e GEDI variance: 23.68 0 GEDI variance: B6.48 0 GEDI variance: 65.92 = GEDI variance: 71.12
ALS ALS variance: 0.39 ALS variance: 14.5 ALS variance: 14.56 ALS variance: 10.59
GEDI std:  4.87 GEDIstd: 9.3 GEDI std:  B.12 GEDI std:  B.43
&0 ALS std:  0.62 o ALS skd:  3.81 i BLS std: 3.8 & ALS std: 325
® And what does .
n

that reflect?
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. Need for real 0 5 W 15 2 X I I 0 2 a & a 0 2 a & B 0 2 a 6 81w
240 245 250 255 260 26% as 16 ir e i35 40 a1 11 iz 13 14 is 16 ir in 16 p 1] 40 a4z a4
0 GEDI variance: 131.58 50 GEDI variance: 60.26 a0 GEDI variance: 73.34 50 GEDI variance: 49.72
re e re n Ce ALS variance: 37.28 ALS variance: 137.98 ALS variance: 8.7 ALS variance: 13.81
H GEDIstd: 1147 GEDIstd:  7.76 GEDIstd:  8.56 GEDIstd:  7.05
ALS std: 6.1 ALS std:  6.16 0 ALS std: 259 o ALS std: 172
? g"—i )
0 m
10 10
ot o o 0
¢ 1 : 3 4 5 & 0 1 2 34 56 © 2z 4 & & W 1z 0 2 4 6 8

GEDI amplitude, ALS return pulse [%]
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3 — New Forest Parameters
Structure/Layers

90_100
8050
70_80
60_70
50_60
40_50
30_40 _|
20_30 |
10_20

0_10 |

Cutt of height [1m)

o 5000 10000 15000 20000 25000

Anzahl der LAS-Returns [Punkte]
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3 — New Forest Parameters
Structure/Layers

a 5000 10000 15000 20000 25000

Anzahl der LAS-Returns [Punkte]
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3 — New Forest Parameters
Structure/Layers

Cutt of height (1m)

a 500 1000 1500 2000 2500 32000 3500 4000
Anzahl der LAS-Returns [Punkte]




Visual interpretation of

GEDI & ALS waveforms in
428 GEDI shots

Two attributes

® Number of layers (single, double, multi-layered) %3¢ o0
w Vertical Structure (low, medium, high)

260 280

300

320
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3 — New Forest Parameters
Structure/Layers

260 270

280 290

50 1 34100000300144160

3 =]
I

Results:
NUMBER OF LAYERS
ALS GEDI
Single 338 255
Double 80 119
Multi-layered 10 54

= %
u_ | e
0.00 0.02 0.04 0.06 0.08
VERTICAL STRUCTURE
ALS GEDI
Low 61 23
Medium 198 250
High 169 155
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w Interpretation plots GEDI FHD / ALS
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3 — New Forest Parameters

Number of layers GEDI
Single | Double | Multi
Single 223 86 29
ALS Double 30 32 18
Multi-layer | 2 1 7

Structure/Layers
Vertical structure GEDI
Low Medium | High
Low 19 41 1
ALS | Medium 139 55
High 0 70 99

Overall compliance ALS-
GEDI: 61.21 %

Overall compliance ALS-

GEDI: 60.05 %
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3 — New Forest Parameters
Structure/Layers

GEDI structure interpretation

w Comparison of GEDI 1
iInterpretation == _ﬁ_
With FHD Values - ‘ mean = 3.(
for vertical structure 200 G . § |mesn=250
2.75 ;;
o .
E |
Structure = 250 — n=154
low medium high G I 3
1 1 0.5 1 225 —— n=250
FHD 2| 1 1 1 a
31 0.35 0.31 1
2.00
Table 3: p-value - GEDI structure !
1.75
1 2 3

GEDI structure



w Comparison of GEDI
iInterpretation
with FHD values
for number of layers

Number of layers
1 2 3
1 1 1 1
FHD 2] 0.16 1 1
31011 0.2 1

Table 4: p-value - GEDI number of layers

3.25

3.00

2.75

2.50

GEDI FHD

2.25

2.00

1.75
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3 — New Forest Parameters

|

!

proap
a9

mean = 2.9

Structure/Layers
GEDI number of layers interpretation
T T
L 2 mean = 3.13 $| mean = 3,

—s— h = 254

18

2

GEDI number of layers



Sentinel-1
(2020)

ASC44
ASC146 _
DSC22
DSC95
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3 - Combining GEDI with Sentinel-1 and -2

Temporal
) Statistics
Bands

Sentinel-2 (2019) |

\

Indices

||

Band 4 — Media}}
Band 5 — Standard Deviation
Band 6 — Variance

Band 1 — Minimum
Band 2 — Maximum
Band 3 — Mean

Band 2 — Blue

Band 3 — Green

Band 4 — Red

Band 5 — Vegetation Red Edge
Band 6 — Vegetation Red Edge
Band 7 — Vegetation Red Edge
Band 8 — NIR

Band 8A — Vegetation Red Edge

Band 11 — SWIR
Band 12 - SWIR
EVI NDVI7
GNDVI | NDVI8a
MSAVI | NDWI
MSAVIZ NLVI
MSI PSRI
NDIIS | S2REP
NDII7 | SAVI
NDVI | TCB
NDVI6 | TCW

Temporal
Statistics =
Bands

» | GLCM Bands |

Preprocessing

Band 1 — Contrast

Band 2 — Dissimilarity

Band 3 — Homogenity

Band 4 — Angular second moment
Band 5 — Energy

Band 6 — Entropy

Band 7 — Correlation

Band 8 — Mean

Band 9 — Standard Deviation

Band 1 — Minimum

Band 2 — Maximum

Band 3 — Mean

Band 4 — Median

Band 5 — Standard Deviation
Band 6 — Variance
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3 - Combining GEDI with Sentinel-1 and -2

m Some examples (only flat areas (< 15°)) - very first results - work ongoing

B5 mean

Correlation between FHD and the minimum
temporal statistics band of Band 5

linear

2000

© Rz =0,2126

1800

1600

1400

1200

1000

800

600

400

200

600

500

400

VV44 minimum
[¥%]
o
=]

[
o
=]

100

Correlation between FHD and the minimum
temporal statistics band of VV ASC44

linear

R?=0,1437

o
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Conclusions

1. Steep slopes are a main problem - decreasing accuracy and
thus hindering the use of GEDI

2. Forest structure is still not fully clear in terms of definition -
what do we really want to map?

3. No of layers seems to be reflected in FHD values - way to go

4. Both S-1 (flat areas only) and S-2 have some explanatory
power for FHD
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Next steps

1. Test slope-adaptive metrics?

2. Forest structure definition - discussion with foresters (i.a. at
ForestSAT conference in Berlin in August 2022 - call for
abstracts open until 31 May!)

3. maybe come up with a new structure indicator?

4. Better understand differences in waveforms between GEDI
and ALS

5. Include all S-1 and S-2 input bands in a RF regression
estimator for FHD and analyse the results



~ ‘ JOANNEUM \
re . RESEARCH )))))
Irstitng: fiir e ) WEITA /
oy a=; UNI DIGITAL
GRAZ

Thank you very much for your attention

This study is supported

by the Austrian Research
Agency FFG under the Austrian
Space Application Programme
(ASAP) No. 38308664

FFG

Forschung wirkt,
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