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> Forest Ecosystems

Climate risks: New Species, Water Stress, Changing Site
Conditions & Management Strategies

Ecophysiological parameters (LAI, Pigment, Water and Nitrogen
content, ...)

Estimation of Productivity and Carbon Balance (NPP, fAPAR, ...),
Growth Simulators

Regional Water Balance

» Operative Forest management

Forest Inventory and Mapping (Tree Species, Age classes,
Calamities...)

Combined Procedures for Timber Volume Estimation
(regression estimates, k-NN...)
GIS-based Habitat Analysis
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Levels of Forest Remote Sensing s e

#  Department

Global Level

Suitability of Remote Sensing Methods
for National Forest Inventories was
shown in several studies.

Global Forest Monitoring
Global biogeochemical cycles
Tropical Forest Monitoring
Forest Fire Monitoring

But only the Scandinavian countries
use satellite imagery as a standard tool

Regional Level in their national Forest Inventories.

+ National Forest Inventories
+ Forest damage mapping
* Timber mobilisation

In Germany most studies only cover
single forest administrations.

Stand Level

Stuctural stand parameters
Biochemical stand parameters
Forest damage mapping

Timber mobilisation
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Forest Inventory / Classification i

Wuniversitat Trier  Sensing
__®  Department

The state forest Inventory only
samples in 2x2 and 4x4 km Rasters

(“Bundeswaldinventur” and
“Landeswaldinventur”)
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Forest Inventory / Classification W

Department

r =1 m for sample trees
of 20 cm to 50 cm height

r =25 m for
terrain features
and forest edges

r =10 m for trees up to 4 m, |
shrubs and ground vegetation

r =5 m for dead wood

r=1,75m for sample trees

height > 50 cm and BHD <7 cm
B / 2 \
1 3
Angle counting sampling ZF 4
\ A r For trees with BHD > 7 cm
A 150 m \ b - Angle counting sampling ZF 1 (2)

- For trees with > 4m height
Tract coordinate
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Remote

Forest Inventory / Classification T e B

A forest inventory at regional scale was conducted using ASTER and SPOT data.
The accuracy at first was not satisfactory, but could be improved by optimizing
the calibration data and by applying a locally adaptive training stage.

Locally adaptive

Forest Information 5 Optimized Approach

System (WOFIS) ‘ _ Wofis Data
: Considering

Growing Regions

Training a Maximum Likelihood Classification
for Satellite-based Forest Inventory

OAA Tree Species: 81,9% OAA Tree Species: 87,1%

OAA Tree Species: 74,4%
OAA Species &Stages: 73,9%

OAA Species &Stages: 49,2% - OAA Species &Stages: 61,6%




Forest Inventory / Classification

Remote
Wuniversitat Trier  Sensing
__®  Department

Accuracy Assessment at
regularly spaced points

L 1 1 1 |
I:l Esche-Gualificierung |:| Buche-Oualilisierung - Fichte-Cualiditierung E Doughaee-Qualificierung - Kieher-Dimensionberung"

[:I Eschee-Dimenssonienang - Buche-Dimensionierung - Fichte-Dsmensionsemnng m Dowglaase-Dimenasioniening - Kuler-Reife

|:| Excha-Resie - Buche-Heite - Fichte-Beife - Dol Brile

Datengrundlage: — R

Klassifikatonsengetns dar saballilangestitzien Waldmantur in dar Osbeifal, Im Hintergrurd Bl e =
ASTER-Satelenbilddatan vom 26.06. 2001 und 02.04.2005,

Waldikologisches Forstinformationssystem (Landestorsten RLP), ATKIS-Walddaten (LiermGea RLF) PhD Thesis J. Stoffels 2009
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Forest Inventory / Classification Nt

#  Department

Improved Classification by Classification using hyperspectral & texture data
* Good Geometric and Radiometric correction

* Multi-phenological input data

* Optimised reference data

* Locally adaptive Classification

* Hyperspectral imagery

* Classification algorithms like SVM

* Object-based

* Texture

* Subpixel Classification / Spectral Unmixing
* Complementary Data like Lidar, Radar

35

Douglas fir, 10-30 years b
Norway spruce, 10-30 years
Douglas fir, 31-50 years
Norway spruce, 31-50 years
Norway spruce, 51-80 years
Norway spruce, over 80 years

251

201

Reflectance (%)

600 800 1000 1200 1400 1600 1800 2000 2200 2400
Wavelength (nm)
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Fusioning Hyperspectral and Laserscanning data W

Department
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Fusioning Hyperspectral and Laserscanning data W

Department
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T 3 The waveform data was arranged into
¢ i 5m x 5m x 50cm voxels containing the
. i mean intensity

1 al 100 0 10 20 30 38
HyMap Bands Height ahouve Ground

Buddenbaum & Seeling (2008)

g e o o o Charakterisierung von Forstbestanden mit Hilfe
von Laserscanning und Reflexionsmodellierung,
(E Diss. Uni Trier, Buddenbaum (2009)
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Quantitative Measurements Tt Bigs
HyMap Data Cube FA Morbach

Spatially differentiated, quantitative
Determination of

Leaf and Needle Losses, Chlorosis, Crown cover, Age
structure of Forest Stands

Biophysical properties of Forest Stands (LAI, Cab, Cw)

Empirical-statistical <> Model-based Approaches

Reflection model

Prosty = (0 1AL Gy €y ) £

LA, C,,, Model .
.. <: Inversion =

o5

Walue

'>NDVI _ Pnik ~ Pred

PnIR + Pred

T.0 ) 50 75
Wavelength

F =2 Progiy - P measy] 2=> Min
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Empirical-statistical approaches: Indices Tt Bigs

2500 J : 0 K 2500 R1
0%
With hyperspectral
08
data, one way to _
estimate quantitative 20001 1 A 07
canopy variables is T .
using narrow-band z E
indices g 1500 g 1500 o
. g » . p
':' [ 3 04
2 4
With 126 HyMap ¥ 0.3
I { 1000p
bands there are 15625 s s
possible combination i
. . o ¢ °* 0.1
for 2 band indices. '
soob g% . . 500 . .
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Schlerf, Atzberger & Hill: RSE 2005
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Empirical-statistical quantitative approaches: LAl Nt

#  Department

Input: HyMap

Empirical
modelling of LAl in
028 F;g*g am spruce forests
48 nm
0.20 .
sl A (Idarwald Forst,
} ot} : Germany)
M: ~ /\ ] X S
fi) o ey LA mm?)
Stand
-0.08| VI = .0.004026 * LAl - 0.07728 Ri=0.67 meanS

bl L
15 2 25 3 35 4 45 5 55 ¢
Lal m® m¥) yé v
L ) g

i [ 4j0:4j5
Output: LAI |

PhD Thesis M. Schlerf 2005
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Empirical-statistical approaches ‘“#R% |

Many more thlngS can be done Wlth hyperSpeCtra| data. i Gerolstein: Leaf nitrogen concentration (Cn)
o Convex Hull / Continuum Removal = :
Red Edge Inflection Point 10 Q}
D_d - ] 1,000 2000
0.8 [T
03} 1 Logend
06 - Cn [% dry matter]
L
02F - 04 - . ow 1D
01t | 0.2
D =00 1DIDD 15'00 EDIDD 300 700 1100 1500 1900 2300 E«f‘:;‘:zflw
: ) TP Schlerf, Atzberger, Hill, Buddenbaum,
Mixture-tuned matched filtering Werner & Schiller (2009)
MTMF rejects .
MF false positive MNF transformation

feasibility target spectrum

contours

1.0 score

0.5 score

0.0 score
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Model-based approaches: Chlorophyll

1200
A
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Remote
Wuniversitat Trier  Sensing
Department

Chlorophyll concentration
Beech & Oak

60 = y=0.9499 x + 0.6662

n=15
r2 =0.8806

N
o
|
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o
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0 20 40
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Lab (Aceton) vs. PROSPECT
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Remote

Chlorophyll measurements W

Department

Min: 0 Mean: 72.04
Max: 180.04 Stdev: 13.36

Chlorophyliverteilung in pgicm? BF
abgeleitet iiber Inverse Distance Weighting
266-33,7
337-377

37,72- 40,0 Total
400-412 Chlorophy”

41.21-42,0
B 20-423 [l“lmOI m-2]
B 423-430 .

I <0043 (Gitelson et
B 44.3-465

Bl 55-505 al. 2003)

®  SPAD-Messpunkte 0

Blattadern
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Hyperspectral Laboratory Imaging Mo e

Department

HySpeX (Norsk Elektro Optikk AS)
Hyperspectral Line Scanner
1600 columns x 160 bands
400 — 1000 nm

@ 3.7 nm spectral sampling



Model-based approaches: Leaf scale to Canopy Level Tt Bigs

Beniston, M. (2004): The 2003 heat wave in Europe: Ashape Background: Donnersberg 2003:
of things to come? An analysis based on Swiss climatological

data and model simulations, Geophysical Research Letter, 31. ImpaCt Of Drought Stress

March
N,

Baumarten
I Avies grandis
Aspe
Bergahorn

Birke

B Buche

[ pouglasie

B cceikastanie
B e

‘ Esche

D Europdische Larche
I Fiche

- Hainbuche

Q Japanische Larche
B «iefer

- Kirsche

B Linge

B e

Pappel

Kirchheimbolanden

Robinie
[ Roteiche
- Schwarzkiefer
'7 Spitzahorn
[0 stieleiche
- Tanne
- Traubeneiche
- Ulme

- Weymouthskiefer
(brige Edellaubhdlzer

Gbrige Laubbdume

Very Dry Dry Normal Wet Very Wet

Source: ATKIS, WOFIS RLP
Experimental Wetness Indicator derived from the SSM/I sensor (see

http://lwf.ncdc.noaa.gov/), showing monthly anomalies for 2003 with

respect to the base period 1988-2002 [from Gobron et al., 2005].
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Canopy Water Content in Drought Year 2003 1“‘““59

Department

Leaf Water Content Index
(LWCI) from Landsat TM

—log[l—(TM 4 —TM5)]
- Iog [1_ (TM 4FT -T™ 5FT )]

LWCI =

(Hunt et al., 1987)

1.0

~ RWC

dry
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< Remote

Leaf Water Content: PROSPECT vs. Measurements N

#  Department

Average
Leaf Water Content

0.0114 [g cm?]
0.0100 [g cm?]
0.0091[g cm?]
0.0084 [g cm?]
0.0078 [g cm?]
0.0072 [g cm?]
0.0057 [g cm?]
0.0045 [g cm?]

05 — 06 —

Prospect Modelling Results

04 — ——— 0.0033 [g cm?]
1 [ —— 0.0006 [g cm?]
— ! e —— 0[gcm?]
0 N=13,Cab=40,Cm=001  §
T & 04—
i =
g 0.3 — i &
c v —~
g 3
e
o 0.2 — =
5
_ Cw = 0.005 -g 0o
5
0.1 — &
Cw=0.05
ST | | | | ot | ‘ ‘ |
0.5 1 15 2 2.5

0.5 1 15 2 25

Wavelength (pm) Wavelength [um]
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Leaf Water Content: PROSPECT vs. Measurements W

Department

Functional Dependency of PROSPECT Structure Parameter N on the
Equivalent Water Thickness (EWT) for Beech and Oak

4 | | |

- Ngeo, = -71.8552 EWT + 2.1365 -
n =339
3«  12=0.6925

PROSPECT Structure Parameter [N]

1 [ | .
N, = -68.3492 EWT + 2.0917
i n=245 -
r2 = 0.5365
0 | | |
0 0.004 0.008 0.012

measured EWT [g cm™]
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Remote

Leaf Water Content: PROSPECT vs. Measurements Tt Bigs

Fagus sylvatica: Measurents vs. Recalibrated Modeling

0.6 | 0.6 \

04 — — 04 — —

Reflectance
Reflectance

0 ‘ | \ 0 ‘
0.5 1 15 2 2.5 0.5 1 15 2 2.5

Wavelength [um] Wavelength [um]

EnMap Workshop Potsdam 2009



Leaf and Canopy Reflectance models Mo e

#  Department

Canopy Reflectance Modelling Concept

[llumination &
observation
geometry

Leaf variables
(C,,, Co )

[llumination &
observation
geometry

PROSPECT.

Reflectance

()\'es' cl)s'ev' cI)v)

PROSPECT: Jacquemoud & Baret (1990)
SAIL: Verhoef (1984)

INFORM: Atzberger (2000); Schlerf et al. (2005) FLIM: Rosema et al. (1992)
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Remote
Wuniversitat Trier  Sensing
#  Department

Geometric Optics Radiative Transfer Modelling Concept

Jacquemoud & Baret(1990)

Cab' CW’ Cn' Dawson et al. (1998)
LAI, ALA, ...
Verhoef (1984, 1985)
psl esl evl d)
D, H,CD
0. 6 d) Rosema et al. (1992)
s? Y

Invertible Forest Reflectance Model
(Atzberger, 2000; Schlerf & Atzberger, 2005)
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Leaf and Canopy Reflectance models Tt Bigs

INFORM:
1
PROSPECT & SAILH & FLIM ' ' ' ' ' ' | | ' '
0.9 -
0.8 -
8
S 0.7F -
E
E 0.6 —— Canopy Reflectance ||
£ : == Leaf Reflectance
E o5l Leaf Transmittance ||
hy = Infinite Crown
204l ===Understorey
E = Soil
g 0.3
0.5 %
® 9.2
n-‘\ 0_1
S 0.3~ 200 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Wavelength [nm]
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Comparison of Canopy Reflectance models W

Department

035 T T T T T T
—k—-55
03f 36 1 83 8
J—— 04 0.4 [Tk,
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S 02t : _ -
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= ; 0L : ‘ oL ‘ :
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f 04 04,
005} e ::..' 1 03 ‘*;\* 03 \*‘t“"---t """"""""" ___
oA 02 "*--..___* 02 e
0 i I = I 1 1 0.1 -‘;.'--1-- 0.1
400 500 600 700 800 900 1000
Chris |darwald 2005-09-05 Wavelength (nm) 0_50 o 50 0_50 5 20
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% sun
_ 301 245
0 04 04
N NN L~ s el e b
- : ~ 03 03 ‘**..*___‘_--_-. ..........................
i A+ N 02wy 07 = e e g
'2+ 01 * "'*"';"' 01
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o 50 0 50 50 0 50
”“il‘ """" _"1+_€zb_ " Grey line = FRT, black dashed line = INFORM, black
" 0 . .
1 ) dotted line = SLC, black stars = Chris/PROBA
\ 3+ 3
."'. o 1 - * v .
o 5+ e Comparing Three Canopy Reflectance
i i Models with Hyperspectral Multi-angular
180 Satellite Data

M. Schlerf, W. Verhoef, H. Buddenbaum,
J. Hill, C. Atzberger & A. Skidmore (2007)
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Forest Growth Models

ASSESSMENT OF FOREST PRODUCTIVITY USING AN ECOSYSTEM
PROCESS MODEL, REMOTELY SENSED LAI MAPS AND FIELD DATA

M. Schlerf’, H. Buddenbaum®, M. Vohland", W. Werner’, P.H. Dong‘, J. Hill’

a Remote Sensing Department, University of Trier, Behringstrasse, D-54286 Trier,
Germany
b Departient of Geobotany, Umversity of Trier
¢ Forest Research Institute Rheinland-Pfalz, D-67705 Trippstadt

BiomeBGC

16 16

A - R*=0.98 A 4
o 1 RMSE=22kgCm? 7

-
=

-

~
*
N

—+—Modelled LAI (BiomeBGC)
/ —# -Remotely sensed LAI

@
6.4

4 ~—e— Simulation (1.6% mortality)

- =@ -Field measurements

Stem carbon [kg C m*]
3
\
Modelled stem carbon [kg € m™)
B
*

35 40 45 50 55 60 65 70 75 80
Stand age [yr]

-
FS

L] 8 10 12 14
Measured stem carbon [kg C m"]

16

R =089 WA 4
05 05{ RMSE=0.10mmyr" i
& H ’
s E Ve
S04 E 04 .,
£ g ,
£o03 303 /
s E 7 *
= w !
fo2 g o2 ol
1] "
i # A Stand Age [yr]
0.1 01 ,
'
0 - 0

1980 1991 1982 1993 1984 1995 1996 1987 1098 1999 2000 2001 2002
- Modelled -8 Measured

01 0.2 03 0.4 0.5
Measured stem growth [mm yr']

06

Norway Spruce

Figure 2: A) Left: Age course of modelled and measured stem carbon, right: scatter plot.
B) Left: Age courses of modelled and measured radial stem increment (stem growth), right:
scatter plot showing nine of thirteen measurements (four years were left out where modeled
values of stem growth were zero).

(picea abies)
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