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Rheinland-Pfalz

(19,854 km?, Bevolkerung 4 Millionen)

A " 42 %der Landesfliche Forst (834.000 ha)
50,000 Beschiftigte
8.500 Private Dienstleister
Jahrliche Wertschopfung ca. 6.5 Mio. Euro

........

» Fortschreibung Waldinventur etc.
> Zusatzliche Zukunftsaufgaben

Rheinland-Pfalz 42.10%

(FFH-Monitoring, Nationalpark) ~ —— B
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2004 Baumartenkartierung Klimawandel Waldwachstum
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2003
RLP

Laserscanning
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2015

e Klassifikation

Nationalpark

* Holzvorrat
* Prozesskette Sentinel-2/-3
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= EnMAP core science team - development of a
spaceborne hyperspectral remote sensing
system

EnMAP Instrument - Bench Clean Room (KT)

Environmental Mapping and Analysis Program

Mission elements Applications Glossary Links Contact

Core Science Team

@ It is the objective of the EnMAP Core Science Team (ECST) to support the communicsation with the wider Sc
“.Uhm.vf.. : science community of EnMAP and to ensure scientific state of the art datas exploitation. In this context the
ECST shall be dadicated to the strategic planning and management of scientific algorithm and spplication g
development outside the ground processing. -
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Die Ziele eines rheinland-pfalzischen Nationalparks
Der Nutzen fir die Hatur und die Region

Ein Waldnationalpark in Rheinland-Pfalz

Buchenwalder sind weltweit nur in £entraleuropa anzutreffen. Rheinland-Pfalz als waldreistes deutsches
Bundesland tragt besondere Verantwortung bei der Aufgabe, forstwirtschaftlich ungenutzte Buchenwalder
wieder entstehen zu lassen.
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Ein Waldnationalpark in Rheinland-Pfalz
N Buchenwalder sind weltweit nur in Zentraleuropa anzutreffen. Rheinland-Pfalz als waldreistes deutsches .
. Bundesland tragt besondere Verantwortung bei der Aufgabe, forstwirtschaftlich ungenutzte Buchenwalder et
S wieder entstehen il Iassen ;
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Terrestrisches Laserscanning
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HySpex VNIR-1600 und SWIR-320m-e

VNIR SWIR

SSi CCD HgCdTe

Detector 1600x 1200 px 320 X 256 px.
Spectral range 0.4-1.0 um 1.0-2.5 um
Spatial pixels 1600 320
FOV across track 17° 13.5°
Spectral sampling 3.7 nm 6.0 nm
Number of bands 160 256

| Digitization 12 bit 14 bit
Max frame rate 135 fps 100 fps
Sensor head weight 4.6 kg 7.5 kg

www.hyspex.no

i Landesforsten Lo S a Envionmental
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Parametrische Geo-Referenzierung
Dank mit einer Gberschaubaren Anzahl
von Passpunkten

IMU/GPS

e
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Cloud Cover Trier 2014
8 B 13.03.2014 B 10.04.2014 B 05.05.2014 B 09.06.2014 B 03.10.2014
O 16.04.20';31 ﬂ' !\ p l J Jﬁ.
|
1 WL | ?
ﬂ |
Date | Trgetarea  Woae TagetAea
13 Mar National Park 09 Jun National Park, Belginum
10 Apr National Park 03 Jul Donnersberg, NP (GPS Fail)
16 Apr Merzalben 31 Jul Trier (NP too cloudy)
16 Apr National Park (DLR) 21 Aug Donnersberg (NP too cloudy)
05 May National Park 03 Oct National Park (5/20 strips)
B o= H®O Moo, T
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Cloud Cover Trier 2014

8 1 B 13.03.2014 B 10.04.2014 B 05.05.2014 B 09.06.2014 J‘ ﬁ .

Q D:R -‘-
A

B 03.10.2014

7 4 B 16.04.2014

1.3 16.3 313 15.4 30.4 15.5 30.5

m Target Area

13 Mar National Park

10 Apr National Park

16 Apr Merzalben

16 Apr National Park (DLR)
05 May National Park
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(AtCPro 6.1)
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» Erfassung der Hauptbaumarten
> Okophysiologische Parameter und Klimasensitivitat
» Waldstruktur, Holzvorrate/Biomasse

» Datenintegration (ALS & Hyperpectral Imaging)
» Ausblick

? B Landesforsten =N & Envicemenl
: B L\ O Trie ’
Rheinland-Pfalz ‘\\\\) e Wuniversitit Tr ”‘ Remole Scnw‘gr
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iy B 70 (19,854 km?Z, Bevdlkerung 4 Millionen)

> Wichtigste Baumarten: Fichte, | | Erfassung der Hauptbaumarten

Buche Eiche, Doug|a5|e Klefer
» Erstellung satellitenbasierter Karten
> 16 forSthChe WUChngblete mlt/ ZUur ('jkologischen Hauptbaumart

teils sehr unterschledhchen L s (Eiche, Buche, Fichte, Kiefer,
wuchskllmatlschen Bedlngungen' F Douglasie in den
_ i 7 | Entwicklungsphasen Qualifizierung,
gl L A Dimensionierung und Reife).
» Nutzung bereits bestehender und zu

aktualisierender Forsteinrichtungs-
daten als Referenzinformation

FRG

State

Private

» Integration in klinftige, operative
Einrichtungsverfahren

Communities

+

_ Environmental
Wuniversitat Trer — Ramote Sensing
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U
W oo H®mO




HOCHSCHULE TRIER Environmental Remote Sensing & Geoinformatics

Wl Universitat Trier

2™

Umwelt-Campus Birkenfeld
"Forschung & Entwicklung im Nationalpark Hunsriick-Hochwald"

Waldokologisches
Forstinformationssystem (WGFIS)

Verknupfung von Geometrie- und Sachdaten zu  [Weeiwaor

1 Maske
R 4 2
Baumarten, Standorteigenschaften, Wald- Emgabedaten |
. . . . . I Betrieb Waldort
entW|Ck|ungSZ|e|en’ Be5|tzverha|tn|ssen, FA-Nr. Forstamt Stichtag | | Distrikt Abt._Waldort Waldort-Name Flache [ha]
. [41 |TRER(FA) 1999 | |215 E |4.5
Infrastruktur, Okologischem Wert, ... wor [T i/
Bodennutzungsart IHGlEGdEﬂ Machhaltsklasse |Huu.|wald
Betrieb |21100 [130 STADT Trier (3) _
Fu |13 |TRIER—WEISSHAUS Okol. Hauptbaumart IDGU Verjingungsflachen [ha] Bléken-
. Leitpaumart |Eluche Matur VJ kinstl. V) Vioranbau flache [ha]
4 —Baumarten -
Mischungsform  [Nadel-Misch 0.0 0.0 0.0 0.0
500 e |3 Q, Anzah||12
Bef. |Baumart |Alter |Flache [Phase |Holzprodukiziel (Intensitdl (BHD |bef |Ekl|BG [EW | Ans/ha|Vorrat |Zuw. | Schalsch. |Splittersch. [sonst. zugel. |Ast 1st|As
einh. Ihal Stammsch.
4 Dou 28 1.3 Dim  |Wen vollBw  mi 1 1 2 100| 499 276 5
a 1/Fi 59 0.5 Rei Mas no vollBw  |st 11 1 40 215 7.0 leicht 0
5.1 ’ a 1/ Fi 45 0.5 Dim Masno vollBw  |mi 1 1 2 80| 170 8.1 0
. a 1 Dou 45 0.2 Dim  Wer vollBw  |st 1 1 2 80 99 38 5
|| 1 Dou 64 0.1 Dim  Masno vollBw  |st 2 1 1 50 43 1.1 leicht 0
A 1 Dou 67 0.2 Dim  Wer vollBw  |st 1 1 1 011 2.6 leicht 5
a 1 Eka 102 0.4 Rei Mas ge vollBw  |mi 2 1 1 400 136 31 0
< [
' —Waldfunktionen—und—Umweltvorsorgeplanungsflichen —weitere Baumarten
U DU - A, 8,
0.CU Waldfunktion WF-Flache [UvPI UVPI UVPI - Baumart |AlterM |Phase [Lage|
[ha] Gesamt |Kinstl. Vj |Voranbau |:| 102 Rei Mordy
[ha] [ha] [ha] £
4 gswald 0.0 0.0 0.0 0.0
i . sonstige wertvolle Biotopel sonstige Biotope 0.0 0.0 0.0 0.0
4| n b
Status: unverdndert |Bearbeitungs—Modus: Andern
U Stichta |
g
AU

Kombination von Geodaten und relationaler Datenbank

+

"'"-". >
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GrofRe Variabilitat der
naturraumlichen und wuchs-
klimatischen Standort-

bedingungen
Lange der forstlichen Vegetationszeit Nordwes;:-
146 Tage = 159 Tage < 173 Tage eifel .

Mittlere Temperatur
13,6°C > 14,6°C < 15,7°C

Mittlerer Niederschlag
23 mm =2 343 mm < 366 mm

Mittlere Gelandehohe (m ii. NN)
182 > 334 & 482

Gelandehohe

Quelle: SGD Sid, AuRenstelle Forsteinrichtung, 2003; Gauer & Aldinger,

2005
50 m u. NN

AN - —b— ‘
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ASTER

(Advanced
Spaceborne
Thermal
Emission and
Reflection
Radiometer)

Landesforsten
Rheinland-Pfalz

Aufnahme-
charakteristik
3 unabhangige

optomechanische Systeme
mit insgesamt 15 Kanalen

Auflésung: VIS: 15x15 m
SWIR: 30x30 m
TIR: 90x90 m

verfligbare
Aufnahmen

26.06.2001
06.04.2005
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. Bildfusion Geometrische ! T"“ " Radiometrische
(ASTER, SPOT) Korrektur Korrektur

rte RapidEye-Szene (R/G
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*4 Bildfusion . . Geometrische
(ASTER, SPOT) Korrektur

Hill & Sturm, 1991
Hill, 1993

Hill, Mehl &
Radeloff, 1995

Hill & Mehl, 2003

+

Gy '
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4 Bildfusion , " Radiometrische e Maskierung
(ASTER, SPOT) Korrektur Korrektur Waldflachen

v iy :
o Moo PR
PC Transformation

ar

Variance
proportion
in %

‘ FC File: oster010626_050402|aacher_see.img

46.520
23.403
20.212
5.588
2.757
0.783
0.420
0.166
0.102
0.050

1000
aon [

a0n [

tlgenvalue

400 [

200 [

Eigerwvalue Number

I e e B A (L AL R/G/B = PC1 — PC2 — PC3

2

g : , , ‘ - AT AT
o~ D . L A e
- P : < iy ¥, £ . N\

+

g "
(k= ¥ "~ Envionmental
" Landesforsten %‘) - Q Wuniversitit Trer ™ Roreo Snsig
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Wofis-Daten Satellitenbilddaten
Aufbereitung der l

Referenzdaten

Entwicklungsphasen —

|

Optimierte Wofis-
Sachdaten

| |

De-Noising (,,Guided” Clustering)

|

Optimierte Wofis-Referenzdaten
(Verortung geeigneter Referenzflachen)

—v—
ironmental

a . Emw
W Universitat Trier Remole Sensing
& Geoinformatics

Landesforsten
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* RegelmaRiges Punktraster (100 m x 100m)
* Vermeidung von Waldrandern, Waldortgrenzen und Wegen
* Ableitung der Spektralinformation aus den Satellitenbilddaten

[ | Eiche-Qualifizierung [ | Buche-Qualifizierung [l Fichte-Qualifizierung [ ] Douglasie-Qualifizierung [l Kiefer-Dimensionierung
[ | Eiche-Dimensionierung [[11] Buche-Dimensionierung [Jij Fichte-Dimensionierung [ Douglasie-Dimensionierung [Jji] Kiefer-Reife

[ | Eiche-Reife B Buche-Reife I Fichte-Reife B Douglasie-Reife
—v—

Environmental

=
Landesforsten = Il - i ,
" Rhe.n:and.pglxs \\/) \) Datengrundlage: Waldékologisches Forstinformationssystem der Landesforsten RLP 2008; PolyGis der Landesforsten RLP Uuniversitat T"P’" Rﬂ"’:lgx:‘fﬂ:ga“
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p_, - ———— Wall-to-Wall

Forest-mask (includes all
=

Mapping of Important Tree Species

Non-forest

§ Regular 15 km x 15 km

| raster grid Process Flow

. Reference data plot (forest . .

| O covertyoeand Multi-Temporal Satellite Data

H evelopment stage)

T (April & July/August) [5-Year Window]

to be classified

ZT...

Geometric Ortho-Rectification
Atmospheric & Topographic Correction
Resolution Merge (optional)

Spatially Adaptive o
ML Classifier Distributed Class References from Official Forest
Database

Forest-pixel to
be classified

Reference Data Quality Check

(b) | reference data per forest G Y . / @

type available?
Spatially Adaptive Classification

(d) C

Quality Assessment

Use of reference data
(€) | oflocal neighborhoed
only.

Classifier
(e) J

[ FOssLoONSr Jolps ] Stoffels, J., Mader, S., Hill, J., Werner, W. & Ontrup, G. (2012). Satellite-based stand-wise forest
cover type mapping using a spatially adaptive classification approach. European Journal of
Forest Research, 131 (4): 1071-1089.

ot A
- L :"‘,,_ Envi |
"‘ Landesforsten & \) - \) Wuniversitit Tr:er‘ T,f:,?,.‘f{;“ Sensing

inland-Pfal N
Rheinland-Pfalz \/ & Geoinformatics
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Erzielte Genauigkeit (Pilotstudie, Stoffels et al. 2012)

 87,5% 5 Hauptbaumarten
74,4 % 5 Hauptbaumarten & 2-3 Entwicklungsphasen (= 13 Klassen)

Prognosekarte FA Ahrweiler

SpeCies & Development | Eiche-Qualifizierung

__| Eiche-Dimensionierung

Stages Species — e
Producers Producers Users = j Buche-Qualifizierung
Accuracy Users Accuracy Accuracy Accuracy I Buche-Dimensionierung
0, 0, - Buche-Reife
Oak (Qua) 75.00% 40.78% B it chmiliciing
Oak (Dlm) 53.95% 75.23% 85.84% 85.11% - Fichte-Dimensionierung
Oak (Mat) 71.72% 72.22% - ;‘“;“Q I
L] Douglasie-Qualifizieru
Beech (Qua) 77.03% 82.61% D Douglasie-Dimensionierung
. B couglasie-Reife
Beech (Dlm) 66.13% 72.57% 85.43% 86.17% B «icfer-Dimensionierung
Beech (Mat) 81.58% 75.15% B «icfer-Reife
Klassifikationsergebnis als vereinfachter
Spruce (Qua) 69.41% 86.76% Vektordatensatz (60% Trasparenz)
0 125 250 500
Spruce (Dim) 67.60% 85.21% 88.25% 92.46% S S
Spruce (Mat) 95.42% 77.66% 2
Douglas Fi 89.199 70.219 N
ouglas Fir (Qua) % % 94.54% 79.72% A
Douglas Fir (Dim) 80.73% 71.54%
Pine (Dim) 81.48% 51.16%

85.81% 95.49%
Pine (Dim) 71.90% _

Stoffels, J., Mader, S., Hill, J., Werner, W. & Ontrup, G. (2012). Satellite-based stand-
wise forest cover type mapping using a spatially adaptive classification approach.
European Journal of Forest Research, 131 (4): 1071-1089
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ErschlieBung zusatzlicher Datenebenen

Airborne Laser-Scanning:
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H. Buddenbaum, S. Seeling & J. Hill (2013): Fusion of full waveform LiDAR and imaging spectroscopy remote
sensing data for the characterization of forest stands. International Journal of Remote Sensing, 34 (13): 4511-4524.
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Stoffels, J., Sachtleber, Th., Mader, S., Hill, J. & Ontrup,
G. (in prep.), State-wide mapping of tree species with
multi-temporal high spatial resolution satellite data.
International Journal of Applied Earth Observation and

Geoinformation.
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Satellite Data:

32 SPOT4/SPOT5-Scenes (2005 -2011)
3 RapidEye-Scenes (2010 und 2011)

WOFIS (Landesforsten RLP)
ATKIS (LvermGeo RLP)

T. Sachtleber, J. Stoffels, J. Hill, S. Mader (2013)
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Hochst unterschiedliche
Klassifikationsgenauigkeiten auf der
Ebene einzelner Forstamter

Mogliche Ursachen:

» Unterschiedliche Komplexitat der
Baumartenzusammensetzung

» Unangemessene Generalisierung
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32 SPOT4/SPOT5-Scenes (2005 -2011)
3 RapidEye-Scenes (2010 und 2011)

B Sering NN Summer

Problems

¢ Inefficient Data Acquisition (SPOT)
¢ Extended Acquisition Period (6 Years !)
¢ Processing Overkill (too small subsets)

*¢* Remaining Data Gaps
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Forest Resources in the Rhineland- Will Beech Continue to be the

Palatinate (RLP) Federal State Economically Most Important

» Development of Adaptation and Management Tree SpECiES?
Strategies against the Background of Regional Climate
Change (ForestClim)

Will the Expected Climate
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http://www.de-ipcc.de/download/IPCC2007-FullDocument.pdf
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Hunt, E.R., & Rock, B.N. (1989). Detection of changes in leaf water content using near

Beech (Fagus SYIVatica): Leaf Water CO ntent [g/cmz] and middle-infrared reflectances, Remote Sensing of Environment, 30, 43-54,
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Summer 2003: An Opportunity for Studying the Impact of Extreme Drought Stress
on Tree Species in Temperate Forests

> ... if the climate change simulations under future emissions
scenarios prove to be realistic, the hot, dry summer of 2003 gives us

...an idea of things to come (Fink et al., 2004).
> The 2003 he'dt‘W‘ave,'-by-m.im.ic,km‘ghguite closely the possible course
of summers in the latter part of the 215t century;can-thus be used
within certain limits as an analog to what may occur with more

regularity in the future (Beniston, 2004).

Imsbach, 19 Sep 2003
© FAWEF Trippstadt

Very Dry Dry Normal Wet Vary Wet

Experimental Wetness Indicator derived from the SSM/I sensor (see

http://lwf.ncdc.noaa.gov/), showing monthly anomalies for 2003 with respect
J. Hill, M. Stellmes, J. Stoffels, W. Werner, H. Buddenbaum, D. Frantz, & J. Langshausen, to the base period 1988-2002 [from Gobron et al., 2005].

2014, An Idea of Things to Come: Using Satellite Observations for Assessing Site-Specific
Sensitivities of European Beech to Excessive Drought Conditions, IUFRO Salt Lake City
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Landsat Data Availability ,,Donnersberg” 2003
path 195 - row 26
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Weierhof 2003
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Weierhof 2003
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Weierhof 2003
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rave reeove

Landesforsten

Soil moisture regime

R very dry

moderate dry

- fresh - moist

very moist - very wet

no data available

Source:
State Forest Service Rhineland-Palatinate
Ecological Site Classification

MSI 14 Sep 2003 (Landsat-5 TM)

- 0.85
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Soil moisture regime
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no data available

Source:
State Forest Service Rhineland-Palatinate
Ecological Site Classification
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MSI-Profiles July vs. September 2003

MSI-Profiles, Donnersberg
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Soil moisture regime

very dry

moderate dry

I ' fresh - moist
very moist - very wet

no data available

Source:
State Forest Service Rhineland-Palatinate
Ecological Site Classification

POTENTIAL OF ENMAP FOR EARLY DETECTION OF DROUGHT STRESS IN A
CENTRAL EUROPEAN FOREST

S. Dotzler ™ *, H. Buddenbaum®. J. Hill®. J. Stoffels®

" University of Trier. Environmental Remote Sensing and Geoinformatics, 54286 Trier. Germany — dotzler@uni-trier.de

B T THEME: Forests, Biodiversity and Terrestrial Ecosystems. Special Session: ENAMAP.

. H KEY WORDS: Max. 6 keywords of your choice here: Hyperspectral. European Beech. water stress. site conditions
Donnersberg: Mosaic July 2014

(fast geo-correction of 11 HySpex flight lines)
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= Vollstandige Abdeckung der Landesflache

= Nutzung des normalisierten
Kronenmodells

=  Unterschiedliche Sensoren und

Punktdichten Airborne LiDAR
LiDAR-Befliegung RLP 2002-2013
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Landesforsten

Baumhohen im
Untersuchungsgebiet
Idarwald/Morbach
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Reflexionsmodellierung. Dissertation http://ubt.opus.hbz-nrw.de/volltexte/2011/615/ “"""”"mﬂf‘e“_.__ Remol Sensing
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Idarwald
ALS & Hyperspectral
Imaging
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HyM ap Bands Height abouve Ground

122 Hymap bands combined with 76
fullwave LiDAR bands.

Combined spectra show reflectance
properties and stand structure.

\

1 50 100 0 10 20 30 38 y
HyM ap Bands Height abouve Ground

Forest stands with nearly identical
reflectance spectra can be
discriminated thanks to Lidar

swenss raanavesons spectrum (b-d and c-e), while in non-
e forested areas Lidar spectrum is
featureless (a-f).

50 100 0 10 20 30 38

HyM ap Bands Height abouve Ground i i .
H. Buddenbaum, S. Seeling & J. Hill (2013): Fusion of full waveform

} ' ] LiDAR and imaging spectroscopy remote sensing data for the
; ] characterization of forest stands. International Journal of Remote
Sensing, 34 (13): 4511-4524.
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Fractional Cover can be estimated using
v" Full waveforms

v’ First/Intermediate/Last/Ground pulses
v’ First/Ground pulse

10 4

N

o e 0 30 a0

Canopies of different structure (unrolled hemiphotos) and associated

C—_— -

— Different FC-models
(e.g. Hopkinson & Chasmer, 2009)
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—1 In — FC
LAl — In (a, )
b-G(8=0%-0 ag
LAl map for
Northern

Verger et al. (2009):
b =0.945,G=0.5,a,=1.05
Q) = 1 for deciduous, 0.6 for coniferous stands
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airborne LiDAR
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Baumhohen (1m Auflésung)

Buddenbaum, Henning (2010) Charakterisierung von Forstbestanden mit Hilfe von Laserscanning und Reflexionsmodellierung. Dissertation
http://ubt.opus.hbz-nrw.de/volltexte/2011/615/
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Regression Estimators [combining terrestrial survey
(LWI) & ALS-CHM data] yield timber volume estimates
with comparable accuracy to conventional inventories ...
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Comparison between simulated EnMAP and Sentinel-2 data
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