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Understanding Forest health by Remote Sensing

“Healthy forest ecosystems can be defined as
diverse systems that are characterized by

a high resilience on different levels of biotic
organization from the gene, molecular, individual,
and community level to that of forest ecosystems,
with the ability to quickly return to an initial

state...”

Lausch, A. et al.,, 2018. Understanding Forest Health with Remote Sensing, Part Ill: Requirements for a
Scalable Multi-Source Forest Health Monitoring Network Based on Data Science Approaches. Remote
Sensing, 10, 1120; doi:10.3390/rs10071120.
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Characteristics of Forest Health Diversity
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Approach: Remote Sensing

How can RS measure
status, stress, disturbances and resource
limitations of ecosystems?
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Approach: Remote Sensing

»Remote Sensing (RS)

»Physical based system

»Recording of electromagnetic spectrum
»Reflection, absorption, surface scattering

»RS record , Traits and Trait variations” of
surface, vegetation, soil, water ..
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Approach: Trait concept of species

Flower-colour

»Plant traits = ,Anatomical, morphological, )

biochemical, physiological, structural or
phenological characteristics of individuals,
plants, populations, communities”

(modified after Kattge et al., 2011)
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Kattge, J., et al.2011. TRY - a global database of plant traits. Glob. Chang. Biol. 17,
2905-2935. doi:10.1111/j.1365-2486.2011.02451 .x




Approach: Trait concept of species

Species traits allowed us to go a
“complete new way in understanding of

fundamental questions of biodiversity”
(Green et al., 2008)

Traits help us to understand.:
» “Why organisms live where they do and how
they will respond to environmental change”

(Green et al., 2008)

» And how they iInteract to different stressors,
disturbances, resource limitations and drivers

Green, J.L.J.L., et al., 2008. Microbial biogeography: from taxonomy to traits. Science, 320,
1039-1043. doi:10.1126/science.1153475
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Trait concept of species — Indicators / Filters of stress

“Ecologists are increasingly looking at traits - rather
than species - to measure the health of ecosystems”

The Traits
biodiversity
revolution l

Ecologists areincraasmgly looking af traits — rather

Indicators of
Stress
Disturbances
Ressource limitation

!

Trait-Variations

Cernansky, R. Biodiversity moves beyond counting species. Nature 2017, 546, 22-24
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Trait concept — Indicators / Filters of stress
Traits = Filters for stress, processes, disturbances and resource

limitations

Spectral Traits (ST)
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Resource limitations
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Lausch, A., et. al., 2016. Understanding Forest Health with Remote Sensing -Part I-A Review of Spectral Traits, Processes and
Remote-Sensing Characteristics. Remote Sens. 2016, Vol. 8, Page 1029 8, 1029. doi:10.3390/RS8121029




Process (a) = vegetation reactions = changes in traits = leading to trait variations (b) Satellite .
- spectral responses in remote sensing data (c), example of hyperspectral spectrum response for : aircraft
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Approach: ,Remote Sensing can measure ST/STV*
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Approach: ,Remote Sensing can measure ST/STV*
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Characteristics of Forest Health Diversity

8 8 high high,“~_ low absent low
£5 \@&/\_~ o N\e ~N\9/
3

2% .

[&]

Unhealthy

Resilience

Characteristics of
processes

-___------n

1 __ forest I I forest forest forest
:' types legacy types patterns functions ':
1 I
1 1
5 | m— forest ecosystem | _| forestecosystem _|_| | ~ forestecosystem | J |  forest ﬁmﬁfft:tf“ |
] :, communities legacy communities communities Communises funcions i
c | structures
5 : I :
= 1t _ ||| populationslegacy | | | | |. populations || ||| populations ]} ¥ )| populations |||
g : : :r species legacy species species structures species functions -:
= 1 1
g 4|, indvidual {1 QIL L L L EFE - individual J|-ELELE S individual -t FH
g oy legacy structure function .
ur I
- genes genes :
:,::t--—'—- genes JJ--pl-l-+1 98nes |kt 14 molecular FI-FFFFF 4 molecular H-FER
, |: n : % molecular molecular structure functions :
i
Sz, g - - c
S8 on Phylo- Taxonomic Structural Functional 1
23 1L o xonon ructu netior
- :: : 1y Diversity Diversity Diversity Diversity :
i -— | ]
=9 11 I
e + Trait Diversity 4= = = = = = = = o - o o e mmmmo

Lausch, A. et al., 2018. Understanding Forest Health with Remote Sensing, Part Ill: Requirements for a Scalable Multi-Source
Forest Health Monitoring Network Based on Data Science Approaches. Remote Sensing, 10, 1120; doi:10.3390/rs10071120.

S —



Forest health by RS — Phylogenetic — Stress & Diversity
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Lausch, A., Leitdo,P.J., Monitoring Vegetation Diversity and Health through Spectral Traits and Trait Variations Based on
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Forest health by RS — Phylo & functional Diversity

Forest functional diversity
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doi:10.1126/science.aaj1987
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Forest health by RS — Taxonomic — Stress & Diversity

(a) Process
Phylogenetic and epigenetic processes (a) 2 Vegetation reactions (biochemical,

morphological adaptations) > Change in traits - Trait variations (b) > Spectral
response (c) - discrimination of taxonomic plant species
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John Lyon, Alfredo Huete (eds.) Hyperspectral Remote Sensing of Vegetation and Agricultural Crops, (second edition), 2018, in
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Forest health by RS — Taxonomic — Stress & Diversity
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Forest health by RS — Taxonomic — Stress & Diversity

Biochemical & biophysical i
. Traits of plants - important for discrimination of
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Forest health by RS — Structural & Functional Diversity

Process (a) = Vegetation reactions = Changes in traits = lead to trait
variations (b) > Spectral response (c)
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Lausch, A., Leitdo,P.J., Monitoring Vegetation Diversity and Health through Spectral Traits and Trait Variations Based on
Hyperspectral Remote Sensing . Hyperspectral Remote Sensing of Vegetation and Agricultural Crops. Prasad S. Thenkabalil,
John Lyon, Alfredo Huete (eds.) Hyperspectral Remote Sensing of Vegetation and Agricultural Crops, (second edition), 2018, in

ﬁress TAYLOR & FRANCIS.



Forest health by RS — Forest fire severity estimation
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Tanase, M.A., Kennedy, R., Aponte, C., 2015. Radar Burn Ratio for fire severity estimation at canopy level: An example for
temperate forests. Remote Sens. Environ. 170, 14-31. doi:10.1016/.rse.2015.08.025




Forest health by RS — Forest fire severity estimation

Time Series —
Landsat (1986-2006)

o Cell Distrubed by Fire

0 3020 15 10 5

Ecozone Bounds \

I 1 |
110°W 100°W 0°wW

Frazier, R.J., Coops, N.C., Wulder, M.A., Hermosilla, T., White, J.C., 2018. Analyzing spatial and temporal variability in short-
term rates of post-fire vegetation return from Landsat time series. Remote Sens. Environ. 205, 32-45.
doi:10.1016/j.rse.2017.11.007
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Forest health by RS — Long-term deforestation, fragmentation

Time Series —
Landsat (1984-1912),
Brazilian

Muller, H., Griffiths, P., Hostert, P., 2016. Long-term deforestation dynamics in the Brazilian Amazon — Uncovering historic
frontier development along the Cuiaba — Santarém highway. Int. J. Appl. Earth Obs. Geoinf. 44, 61-69.
doi:10.1016/j.jag.2015.07.005
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Forest health by RS — 2/3 D Structural Diversity

> Traits - Structural traits

LiDAR

450 m

Lausch, A., et al., 2016. Linking Earth Observation and taxonomic, structural and functional biodiversity: Local to
ecosystem perspectives. Ecological Indicators 70., 317-339., doi: 10.1016/j.ecolind.2016.06.022.
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Forest health by RS — 2/3 D Structural Diversity

Coupling - Laserscanning (UAVLS) & Terrestrial Laser

UAVLS & TLS

Laegeren Forest, Switzerland

Morsdorf, F., Kikenbrink, D., Schneider, F.D., Abegg, M., Schaepman, M.E., 2018. Close-range laser scanning in forests:
towards physically based semantics across scales. Interface Focus 8, 20170046. doi:10.1098/rsfs.2017.0046




Forest health by RS — Structural & Functional Diversity

Traits/ Trait variations = Proxy / filter for status, stress, disturbances,
processes & resource limitations

Bark beetle
infection Spectral Trait

Variation (STV)

Spectral Traits (ST)

'I a o
i P . -

o B W P

1995 2001

Lausch, A., et. al., 2016. Understanding Forest Health with Remote Sensing -Part I-A Review of Spectral Traits, Processes and
Remote-Sensing Characteristics. Remote Sens. 2016, Vol. 8, Page 1029 8, 1029. doi:10.3390/RS8121029
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Forest health by RS — Structural & Functional Diversity

Process (a) = Vegetation reactions = Changes in traits = Trait variations (b)
e i Spectral response (¢)  Bark beetle
¥ ata -4m y ta -7m : . .
2009-08-25 2009-08-25 __Infection Spectral Tralt
Spectral Traits (ST) «__ Processes Variations (STV)
Spruce Class 1 -
Dry 1
Bark baotl threak T
a 1m-:u:; rea A B a2
(a) Process (b) Trait variation
|
L
s"““nfr"‘;' 2 (c) Spectral reponse
Bark b;*:;; outbreak leaf cell waler
Lnengs o stuclure ¢ conlenl
35 |
Spruce Class 3
Infestation 2010 Ly -
Bark beetle outbreak - A
2010 % 25 4
=
8 20-
@
Spruce Class 4 % 15
Infestation 2011 s
Bark beetle outhreak 10
2011
5 4
0 4
Spruce Class 5 | I I I 1
Healthy 500 1000 1500 2000 2500
Bark beetle outbreak
=201 Wavelength [nm]
. clody1 19082008

Bark beetle
infection

Lausch, A., Leitdo,P.J., Monitoring Vegetation Diversity and Health through Spectral Traits and Trait Variations Based on
Hyperspectral Remote Sensing . Hyperspectral Remote Sensing of Vegetation and Agricultural Crops. Prasad S. Thenkabail,

John Lyon, Alfredo Huete (eds.) Hyperspectral Remote Sensing of Vegetation and Agricultural Crops, (second edition), 2018, in
press TAYLOR & FRANCIS.




Forest health by RS — Structural & Functional Diversity

Mountain pine beetle
red-attack

Landsat

Aerial Overview Survey Data: Location of Mountain Pine Beetle Red-Attack j‘L

2001 I 2002 2003 ekl

Wulder, M.A., White, J.C., Bentz, B., Alvarez, M.F., Coops, N.C., 2006. Estimating the probability of mountain pine beetle
red-attack damage. Remote Sens. Environ. 101, 150-166. doi:10.1016/j.rse.2005.12.010
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Forest health by RS — Structural & Functional Diversity

Process (a) > Vegetationreactions - Changes in traits = lead to trait variations (b)
(a) Process - Spectral response (c)

High

A8

(b) Trait variation

(c) Spectral reponse

Competitor (C)

Increasing stress
Stress tolerator Ruderal strategist

(s) (R)

—_—

Lausch, A., Leitdo,P.J., Monitoring Vegetation Diversity and Health through Spectral Traits and Trait Variations Based on
Hyperspectral Remote Sensing . Hyperspectral Remote Sensing of Vegetation and Agricultural Crops. Prasad S. Thenkabalil,
John Lyon, Alfredo Huete (eds.) Hyperspectral Remote Sensing of Vegetation and Agricultural Crops, (second edition), 2018, in

ﬁress TAYLOR & FRANCIS.



Forest health by RS — Structural & Functional Diversity

Spatial composmon of morphological, physnologlcal traits to derivate FH diversity

! Morphological forest traits

48§ Plant area index (PAI, blue),
a4 Canopy height (CH, red)
Foliage height diversity (FHD, green)

I Physiological forest traits

: Water thickness (EWT, blue)
=R Carotenoids (CAR, red)
Chlorophyll (CHL, green)

J

N
Sl e Gl PN q,
AT Q;u S A 4

Schneider, F.D., Morsdorf, F., Schmid, B., Petchey, O.L., Hueni, A., Schimel, D.S., Schaepman, M.E., 2017. Mapping functional
diversity from remotely sensed morphological and physiological forest traits. Nat. Commun. doi:10.1038/s41467-017-01530-3
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Forest health by RS — Structural & Functional Diversity

' Morphological forest traits

Plant area index (PAI, blue),
Canopy height (CH, red)
Foliage height diversity (FHD, green)

->Morphological Evenness

Physiological forest traits

Water thickness (EWT, blue)
Carotenoids (CAR, red)
Chlorophyll (CHL, green)

->Physiological Evenness

Schneider, F.D., Morsdorf, F., Schmid, B., Petchey, O.L., Hueni, A., Schimel, D.S., Schaepman, M.E., 2017. Mapping functional
diversity from remotely sensed morphological and physiological forest traits. Nat. Commun. doi:10.1038/s41467-017-01530-3




Forest health by RS — Functional Diversity

Aboveground carbon density (ACD)

ACD were define by faktors:

= fractional cover of woody plants (WC),

= elevation,

= nonwoody plant cover (NWC),

= relative elevation above nearest water
body (Rel Elev),

= pare substrate cover,

= topo- graphic slope and aspect,

= solar insolation at four points of the year
(e.g., Jan Ins),

= cloud cover

WG |
Elev |
NWC |
JRei Elay | ——o—
Bare | —o—
Slnp&: o
Seplns | o
.ﬁ.ﬁp-act_ -
Mar Ins | =
Cecins | =
Clouds | =
Junins | ©

Asner, G.P,, et al., 2014. Targeted carbon conservation at
national scales with high-resolution monitoring. Proc. Natl.
Acad. Sci. 111, E5016-5022.
doi:10.1073/pnas.1419550111
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Forest health by RS — Paper — Data Science as a bridge
Multi-Source-Forest / Vegetation health - Monitoring Network (MU-SO-FH-MN)

Lausch, A. et al, 2018. Understanding
Forest Health with Remote Sensing, Part

ﬁ remote Sensing m\D\Py [l: REQUirementS for a Scalable Multi-
a ~ Source Forest Health Monitoring Network
Review Based on Data Science Approaches.
Understanding Forest Health with Remote Sensing, Remote Sensing, 10, 1120:
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Forest Health Monitoring Network Based on Data
Science Approaches
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Forest health
Multi-Source Forest Health Monitoring Network (MUSO-VH-MN)

Ecosystem Integrity Biotic Diversity Abiotic Diversity

Buaget Diversity

Approach
Ecosystem Structure

Ecosystem Processes

Fauna Diversity Flora Diversity

Indicators of Ecosystem

Habitat Diversity
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Monitoring approaches
g app approaches approaches approaches approaches
= ‘ -
Physical-based \ nowledge-based
Knowledge-based by techniques by taxonomist
by taxonomist
A
P lose-range Air- \
RS Spaceborng
\ RSX
Species } Concepts CR- AS-
/4 RS-ST/STV-C RS-ST/STV-C \(

I structure, movement diversity
P e T ——

1 1 \],

functional traits
- e .

NP

(I) Linking monitoring concepts I Metabarcoding Phylogenetic Biological Morpho-Species Remote-Sensing Abiotic Morpho  Abiotic Taxonomy  Abiotic Geogenesis Process I
Microgenomics Species Concept  Species Concept Concept —Spectral Trait/Spectral Trait Variation Concept Concept Concept Concept
I Phenotyping (PSC) (BSC) (MSC) Concept (AMC) (ATC) (AGC) I
Site survey \1/ \1/ \1/ \1/ (RS-ST/STV-C) \1/ \1/ \1/ \1/ \1/
I I
gis(f((jeir\]/iiity Variables I Phylogeny, Phylogeny Taxonomy Spectrgl Tra_itsv(ST) Taxonomy Geogenesis Processes I
(EBV) Taxon(_)my, Spectral Trait Variations (STV)
Essential Climate Variables (ECV) I Trait \1/ I_"
Essential Ocean Variables (EOV) \1/ \1/ \1/ \1/ \1/ \1/ \1/ concentration of
Essential Variables for Weather co-ancestry C02, water vapor,
(EV) I allelic diversity co-ancestry species distributions chemical/ chemical/ biochemical albedo/radiation I
GeoEssential (GEO EV) population genetics allelic diversity population abundance biochemical traits traits phenotypical/ chemical/ lake types, pedogenese, budget
I differentiation population population phenotypical/ morphological, biochemical, river types, acidification, wet / dry / bulk I
breed and variety genetics structure by morphological structural traits morphological, soil types, clay-shifts atmosheric
diversity differentiation age/size class traits physiological/ structural traits air types depositon
animal distributions, breed and variety physiological/ functional traits etc. functional traits throughfall,

stream flow l
— i —
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site surveys, species lists, data from museums N . i
lysimeter, plant phenomic facilities,

optical (multispectral, hyperspectral), thermal, radar, LiDAR data, linking monitoring databases, networks, citizen

(l) Data, networks, platforms
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long-term ecological research
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(2) Standardization (3) Semantic Web
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(1) Digitalization

(Ill) Data Science ‘

Big Data
(Volume, Velocity, Variety,
Veracity)
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Standards in data management
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Lausch, A.
etal.,

Distributed repositories

(6) Tools for scientists, data
managers, stakeholders

(5) Data Science
Analysis

(4) Proof, trust &
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g Semantic-based environmental
assessment and decision making
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In-situ uncertainties
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Status, stress, disturbances, resource limitations, ecosystem health, resilience




Understanding - Processes — Pattern — Interaction

= Traits -2 exist on all spatial and temporal scales
= Imortant: Linking of traits between scales

Local

(a)Chla +b content (nmol g DW)
W20
e e

-

control

N

Long-term high+ Long-term low
frequency frequency
WSN Air/Spaceborne

salt-stressed

076 0.90

Malenovsky et al., 2015; https://upload.wikimedia.org RS




Data Science — Requirement — Remote Sensing

Different
Platforms

(a)

Lausch et al.,. A range of Earth Observation techniques for assessing plant diversity Jeannine Cavender-Bares, John
Gamon, Philip Townsend (eds): The nature of biodiversity: prospects for remote detection of genetic, phylogenetic,
functional and ecosystem components and importance in managing Planet, Jeannine Cavender-Bares, John

Gamon, Philip Townsend, Springer, 2018/2019 (in press




Data Science — Requirement — Coupling RS Platforms

Sensing Data

=
-

Transferring Remote

-

—

Woad

Y J i : s
' ‘| S T VW )

= [ j.i-r-.-::ﬂ '
O A T T, S

L]
L]

Earth Observation Satellites
(e.g. ENVISAT, Landsat,
Sentinel, EnNMAP)

e
e

Receiving station for
transferring in-situ data

|

\Value-added Earth
Observation Data
Products

Moaobile ad-hoc
Sensor Networks

Permanent
Sensor Networks

Development/ Validation of Value
Added Products

Internet

Multi-parameter Data

| II

Lausch, A. et al., 2018. Understanding Forest Health with Remote Sensing, Part Ill: Requirements for a Scalable Multi-Source
Forest Health Monitoring Network Based on Data Science Approaches. Remote Sensing, 10, 1120




Data Science — Standardization in Monitoring

Essential Variables
for Weather
(EV, WMO/GAW)

7 " atmospheric ™ \
ECV

b Y
g

Essential / I
Climate Variables Jf ‘ ;;n;:e
(ECV, GCOS)

oceanic

oceanic
EBV

terrestrial

terrestrial
EBV

atmospheric
EBV

GEOEssential
Variables
(GEV)

Essential
OCEAN Variables
(EOV, GOOS)

Essential
Biodiversity Variables
(EBV, GEOBON)

Lausch, A. et al., 2018. Understanding Forest Health with Remote Sensing, Part IlI

: Requirements for a Scalable Multi-Source

Forest Health Monitorinﬂ Network Based on Data Science Aiiroaches. Remote Sensini, 10, 1120



Data Science — Requirement - Semantification
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Data Science — Requirement — Metadata/Data - FAIR

————
SCIENTIFIC D ATA:

OPEN | Comment: The FAIR Guidi.ng
e . Principles for scientific data
. management and stewardship

© Mark D. Wilkinson et al.*

ructure supporting the reuss of schatarly data. A diverse
S s, and achial —he

Box 2 | The FAR Guiding Principles "

Acepies 12

To be Findable:
F1. (meta)data are assigned a globally unique and persistent identifier
F2. data are described with rich metadata (defined by R1 below)

F3. metadata clearly and explicitly include the identifier of the data it describes Fi n d ab I e
Fé&. (meta)data are registered or indexed in a searchable resource

To be Accessible:

Al. (meta)data are retrievable by their identifier using a standardized communications protocol
Al.1 the protocol is open, free, and universally implementable

Al.2 the protocol allows for an authentication and authorization procedure, where necessary AC C eS S I b I e

A2 metadata are accessible, even when the data are no longer available

To be Interoperable:
[1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
12. (meta)data use vocabularies that follow FAIR principles

13. (meta)data include qualified references to other (meta)data I n te r O p e r ab I e

To be Reusable:

R1. meta(data) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license

R1.2. (meta)data are associated with detailed provenance

R1.3. (meta)data meet domain-relevant community standards

Reusable
ﬁ HELMHOLTZ

Wilkinson, M.D., Dumontier, M., Aalversberg, 1.J., Appleton, G., Axton, M., 2016. Comment : ZENTRUM EUR
The FAIR Guiding Principles for scientific data management and stewardship. Nat. Commun. UMWELTEORSCHUNG
3:160018, 1-9. UFZ
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Data Science — Requirements — Data & Information Management

S on,
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Analysis ? ? ok
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use \__ ) curation
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D?tar -nwu-o Data
processing Rses” publishing
* Need to manage infrastructure quest
resources, e.g., computing, storage . ' st
and networks
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Zhiming Zhao, 2018, International Summer School “Data Management in Environmental and Earth, Science Infrastructures: theory and

practice” Dates, 9th July — 13th July 2018, Lecce, Italy
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Forest health — Data Science as a bridge
Multi-Source-Forest / Vegetation health - Monitoring Network (MU-SO-FH-MN)

Good Indicators for environmental health, changes, stress & disturbances, SDG’s

Digitalization
(Big Data (Volume, Velocity, Variety, Veracity), Open Access, Freely available data, Open
Science Clouds, Distributed repositories, TEP — Thematic Exploitation Platform — ESA)

Scientific

Standardization i e
(Metadata, GoFAIR, Concept of Essential Variables — EV P (- -
Essential Biodiversity Variables)

discovery

Semantification

Data Science
(Semantic Web/Web 4.0, Ontology; Linked Open Data —LOD)

ita Scien
un inti
\ ata Science
emantic We|

Wachine ~ Cloud
learning  computi

nnnnnnn

Data Science Analysis e
(Machine Learning, Deep learning, Cloud Computing, e

Data Mining, Hadoop, Google Engine, Hosting services) Lausch. A. et al.. 2018

Remote Sensing

Proof, trust & uncertainties

(In-situ monitoring, Remote Sensing & Data Science uncertainties) ﬁ HELMHOLTZ
ZENTRUM FUR
UMWELTFORSCHUNG

Easy software, tools for data manager, stakolders UFZ
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Understanding Forest health
by Remote Sensing (RS)

Thank you very much for your attention !

Spaceborne

Camera trap

’
!

Spectral Trait Variations (STV) Wireless-Sensor-Network (WSN)
PD Dr. Angela Lausch € neLmuorrz
Helmholtz Centre for Environmental Research — UFZ, Germany S —
UFZ

Angela.Lausch@ufz.de
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