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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 III: Requirements for a
Scalable Multi-Source Forest Health Monitoring Network Based on Data Science Approaches. Remote
Sensing, 10, 1120; doi:10.3390/rs10071120.



Characteristics of Forest Health Diversity

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



Status, Processes, Stress, Disturbances & Resource Limitations

In-situ 
approaches

Remote Sensing 
approaches 

Characteristics of  processes, 
stress, disturbances and resource 
limitations 

 Scope, length, intensity
 consistency, dominance, 

overlay

Characteristics of remote sensing 
sensors

 Spatial resolution
 Spectral resolution
 Radiometric resolution
 Temporal resolution
 Angular resolution

Characteristics of  composition & 
configuration of 
Spectral Traits (ST) / Spectral Trait 
Variation (STV)

 Compostion
 Configuration
 Abundance
 2D/3D structure
 Patterns
 Heterogeneity

Characteristics  of  classification 
approaches

 Pixel-based
 Spectral-based
 Geographic objects based 

- GEOBIA

Characteristics  of  diversity

 Phylo Diversity
 Taxonomic Diversity
 Trait Diversity
 Structural diversity
 Functional Diversity

Constraints of RS
for monitoring forest health

Physical-based by techniques
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Functional Diversity

Discrimination of
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habitats
biomes, ecosystems, landscapes

Trait Diversity
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Phylogeny Taxonomy Spectral Traits (ST)
Spectral Trait Variations (STV)Traits

Status, Processes, Stress, Disturbances & Resource Limitations

Lausch, A. et al., 2018.
Remote Sensing



Approach: Remote Sensing 
How can RS measure

status, stress, disturbances and resource 
limitations of ecosystems?

Camera trap

Wireless-Sensor-Network (WSN)

Spaceborne

Airborne

UAV - Drone



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 ..

Approach: Remote Sensing 



Flower-colour

Flower-shape

Leaf-shape

Approach: Trait concept of species

Growth-characteristics Leaf-morphology

Plant traits = „Anatomical, morphological,
biochemical, physiological, structural or
phenological characteristics of individuals,
plants, populations, communities“
(modified after Kattge et al., 2011)

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



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 interact to different stressors,
disturbances, resource limitations and drivers

Approach: Trait concept of species

Green, J.L.J.L., et al., 2008. Microbial biogeography: from taxonomy to traits. Science, 320, 
1039–1043. doi:10.1126/science.1153475



Traits

Indicators of
Stress

Disturbances
Ressource limitation

Trait-Variations

Trait concept of species – Indicators / Filters of stress

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

Cernansky, R. Biodiversity moves beyond counting species. Nature 2017, 546, 22–24



Traits = Filters for stress, processes, disturbances and resource   
limitations

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

Trait concept – Indicators / Filters of stress
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Spectral Trait Variations (STV) -
monitoring  with Remote Sensing (RS)
Variation in e.g. biochemical-biophysical 
STV, phenotypical STV, physiognomical-
morphological STV, physiological, 
functional STV, structural STV
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(d) Hyperspectral spectrum 
response for vegetation health

aircraft

drone (UAV)

wireless
sensor

networks

camera
trap

Spectral Trait (ST) monitoring  
with Remote Sensing (RS)
e.g. biochemical-biophysical ST
phenotypical / physiognomical-
morphological ST, physiological, 
functional ST, structural ST

Lausch, A. et al., 2018.Methods 
Ecology and Evoltion



Approach: „Remote Sensing can measure ST/STV“ 

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



Approach: „Remote Sensing can measure ST/STV“ 

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.

Examples for
monitoring with 
hyperspectral RS



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

Characteristics of Forest Health Diversity



Forest health by RS – Phylogenetic – Stress &  Diversity

Lausch, A., Leitão,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 – Phylo & functional  Diversity

Asner, G.P., Martin, R.E., Knapp, D.E., Tupayachi, R., Anderson, C.B., Sinca, F., Vaughn, N.R., Llactayo, W., 2017. Airborne 
laser-guided imaging spectroscopy to map forest trait diversity and guide conservation. Science (80-. ). 355, 385–389. 
doi:10.1126/science.aaj1987

Forest functional diversity



Forest health by RS – Taxonomic – Stress &  Diversity

Lausch, A., Leitão,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.

Tree Species 
Classification

RS:
Hyperspectral
(HySpex) 



Forest health by RS – Taxonomic – Stress &  Diversity

Immitzer, M., Atzberger, C., Koukal, T., 2012. Tree species classification with Random forest using very high spatial resolution 8-
band worldView-2 satellite data. Remote Sens. 4, 2661–2693. doi:10.3390/rs4092661

East of Austria 
(47°38′N,
16°26′E) in

Tree Species 
Classification

RS:
8-Band 
WorldView-2



Traits of plants - important for discrimination of                                                          
plants by RS 

Paz-Kagan, T., Caras, T., Herrmann, I., Shachak, M., Karnieli, A., 2017. Multiscale mapping of species diversity under changed 
land use using imaging spectroscopy. Ecol. Appl. 27, 1466–1484. doi:10.1002/eap.1540

Forest health by RS – Taxonomic – Stress &  Diversity



Forest health by RS – Structural & Functional Diversity

Lausch, A., Leitão,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 – Forest fire severity estimation

Synthetic 
Aperture 
Radars (SAR)

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/j.rse.2015.08.025

Australia, 
Fires during 
Black Saturday, 
(February–
March 2009) –
the Kinglake

Forest fire severity 



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

Time Series –
Landsat (1986-2006)

Forest health by RS – Forest fire severity estimation



Forest health by RS – Long-term deforestation, fragmentation

Müller, H., Griffiths, P., Hostert, P., 2016. Long-term deforestation dynamics in the Brazilian Amazon — Uncovering historic 
frontier development along the Cuiabá – Santarém highway. Int. J. Appl. Earth Obs. Geoinf. 44, 61–69. 
doi:10.1016/j.jag.2015.07.005

Time Series –
Landsat (1984-1912),
Brazilian



 Traits  Structural traits

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.

Forest health by RS – 2/3 D Structural Diversity

LiDAR



Morsdorf, F., Kükenbrink, 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

Coupling - Laserscanning (UAVLS) & Terrestrial Laser 
Scanner (TLS)

Laegeren Forest, Switzerland

Forest health by RS – 2/3 D Structural Diversity



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

Forest health by RS – Structural & Functional Diversity

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



Forest health by RS – Structural & Functional Diversity

Lausch, A., Leitão,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.

Bark beetle 
infection



Forest health by RS – Structural & Functional Diversity

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

Mountain pine beetle 
red-attack

Landsat



Forest health by RS – Structural & Functional Diversity

Lausch, A., Leitão,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.



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

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

Spatial composition of morphological, physiological traits to derivate FH diversity  

Physiological forest traits

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

Morphological forest traits

Forest health by RS – Structural & Functional Diversity



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

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

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

Physiological Evenness

Physiological forest traits

Morphological  Evenness

Morphological  forest traits

Forest health by RS – Structural & Functional Diversity



Forest health by RS – Functional Diversity

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

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), 
 bare substrate cover, 
 topo- graphic slope and aspect, 
 solar insolation at four points of the year 

(e.g., Jan Ins), 
 cloud cover



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

Lausch, A.; et al., 2018. Understanding 
and assessing vegetation health by in-situ 
species and remote sensing approaches. 
Methods in Ecology and Evolution, 00: 1–
11. 
doi.org/10.1111/2041-210X.13025.

Forest health by RS – Paper – Data Science as a bridge
Multi-Source-Forest / Vegetation health - Monitoring Network (MU-SO-FH-MN)
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et al., 
2018..



 Traits   exist on all spatial and temporal scales
 Imortant: Linking of traits between scales

Local

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

Global

Plot

Individual
Chlorophyll-Concentration

Long-term high
frequency 

WSN

Long-term low 
frequency 

Air/Spaceborne 
RS

Understanding - Processes – Pattern – Interaction  



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 – Remote Sensing

Different
Platforms



Page 38

Data Science – Requirement – Coupling RS Platforms

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



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

Data Science – Standardization in Monitoring



Data Science  – Requirement - Semantification

Handling:
 Complex-Data

Semantic Web /
Linked Open Data



Findable

Accessible

Interoperable

Wilkinson, M.D., Dumontier, M., Aalversberg, I.J., Appleton, G., Axton, M., 2016. Comment : 
The FAIR Guiding Principles for scientific data management and stewardship. Nat. Commun. 
3:160018, 1–9. 

Reusable

Data Science – Requirement – Metadata/Data - FAIR



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

http://www.envriplus.eu/

Research support environments

Data Science – Requirements – Data & Information Management



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) 

Standardization 
(Metadata, GoFAIR, Concept of Essential Variables – EV 
Essential Biodiversity Variables)

Semantification 
(Semantic Web/Web 4.0, Ontology; Linked Open Data –LOD)

Data Science Analysis 
(Machine Learning, Deep learning, Cloud Computing, 
Data Mining, Hadoop, Google Engine, Hosting services)

Proof, trust & uncertainties 
(In-situ monitoring, Remote Sensing & Data Science uncertainties)

Easy software, tools for data manager, stakolders

Lausch, A. et al., 2018..
Remote Sensing

Forest health – Data Science as a bridge
Multi-Source-Forest / Vegetation health - Monitoring Network (MU-SO-FH-MN)



Understanding Forest health 
by Remote Sensing (RS)
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Thank you very much for your attention !
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