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About me

2005: Diploma in Botany, Soil Science and 
Genetics: 

Title: „Vegetation modelling at the southern 
Slopes of the High Atlas, Morocco – Application of 
Habitat Models in drylands“



• 2005 – 2010 Ph.D. in Vegetation Ecology and 
Remote Sensing

Title:“Modelling patterns of vascular plant 
diversity in central Namibian savannah 
ecosystems using hyperspectral remote sensing



Spatial res.: 0.5 m
Temp.res: 1 days
Channels: 2000
Platform: Person
System: Hyper
Costs: High

ASD-FieldSpec CHRIS-ProbaHyMap

Spatial res.: 32m/17m
Temp.res: on demand
Channels: 32 / 64
Platform: Satellite
System: Hyper.
Costs: Free (Science)

Spatial res.: 5m/3m
Temp.res: on demand
Channels: 128
Platform: Airplane
System: Hyper
Costs: High 

Scales of remote sensing in my PhD



Company

June 2010: Founded 

EcoSystems Analysis|Training|Projects



Research Interests

Research Interests

Vegetation ecology

Applied & theoretical biodiversity

[Hyperspectral] Remote Sensing

Dryland ecology

High mountain ecology

Spatial Pattern (Point Pattern)

Statistics

Geographic Focus

N-Africa (Morocco)

SW-Africa

• Namibia

• South Africa

• Angola



Spectral Characteristics of Plants

Leaf Structure

Leaf Pigments

Leaf Water Content

Dry Matter Content



Light Effects

3 groups of effects of light on plants:

Thermal effects (~70% of absorbed radiation is 
converted into heat)

Photomorphogenic effects (i.e. regulation of plant 
growth in form, size, cell structure, epidermis thickness 
etc., ~2% of absorbed radiation)

Photosynthetic effects: photosynthetically active 
radiation (PAR, ~28% of absorbed radiation), 
6 CO2 + 6 H2O ---

PAR--> C6H12O6 + 6 O2

• depends on species, leaf thickness, leaf structure, 
chlorophyll & carotenois content, dry matter content, 
leaf surface (waxes, leaf hairs…) 



Spectral Characteristics

Energy balance relationship:Energy balance relationship:

Eemitted by sun = Ereflected + Etransmitted + Eabsorbed

E… Incident Energy [W]

1 = Er / Ei + Et / Ei + Ea / Ei
1 = R + T + A   

…Reflection-coefficient  + Transmission-
coefficient + Absorption-coefficient

⇒ Material property, 
independent of incoming radiant energy! 

•Photosynthesis

Transmittanc
e

•Wavelength [µm]
•
P
e
rc
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n
t

Absorption

Reflectance
•0%

•100%

•Source: M.Bachmann (DLR)



Typical Spectra

Hymap Resolution Landsat Resolution

••Green: VegetationGreen: Vegetation

••Brown: SoilBrown: Soil
•Source: M.Bachmann (DLR)



Major factors

Liang, S. (2004). Quantitative Remote Sensing of Land Surfaces. Hoboken, New Jersey: Wiley



Absorption features of plants – some examples:

0.28 μμμμm intense Lignin feature, 
thus extending through the VIS

Chlorophyll a: 0.420 / 0.490 / 
0.660 μμμμm
Chlorophyll b: 0.435 / 0.643 μμμμm
αααα-Carotene: 0.420, 0.440 0.470 
μμμμm
ββββ-Carotene: 0.425 0.450 0.480 
μμμμm
Xanthophyll 0.425, 0.450, 0.475 
μμμμm

0.91 μμμμm protein
0.93 μμμμm oil
0.97 μμμμm WATER, starch
0.99 μμμμm starch
1.02 μμμμm protein, n
1.04 μμμμm oil
1.73 μμμμm wax

1.98 μμμμm protein, NITROGEN
2.00 μμμμm starch
2.06 μμμμm NITROGEN, protein
2.08 μμμμm sugar, starch
2.10 μμμμm STARCH, cellulose, 
holocellulose
2.13 μμμμm protein, n, tannin
2.18 μμμμm protein, NITROGEN
2.24 μμμμm protein, n
2.25 μμμμm starch
2.26 μμμμm lignin
2.27 μμμμm cellulose, sugar, starch, 
lignin
2.28 μμμμm starch, cellulose, 
holocellulose
2.30 μμμμm protein, n
2.31 μμμμm OIL
2.34 μμμμm cellulose, holocellulose
2.35 μμμμm cellulose, protein, n
2.38 μμμμm LIGNIN

•Chlorophyll: electron transition
•> 0.9 mainly caused by C-H, O-H, N-H stretches & overtones •Source: M.Bachmann (DLR)



Example leaves: Trees and Lianas

Passiflora vitifolia

Ficus insipida



Leaf cell structure

•highly reflected Infrared light

•reflected

•green light

•blue and red light

•mostly absorbed by 

•chloroplasts and used for

•photosynthesis

•infrared light

•not influenced by chloroplasts

•but strongly reflected by

•sponge-mesophyll

•Insolation

•Colwell 1963

•green light

•mostly reflected by

•chloroplasts

•Source: M.Bachmann (DLR)



Effects of leaf structure

Parameters:

•Leaf Mass

•Leaf Thickness

•Leaf Area

•…

•Source: M.Bachmann (DLR)



Three major plant pigments

Chlorophyll a + b:

Photosynthesis

�Primary Production

�Health

Carotenoids:

Light Use Efficency

(amount of carbon fixed per unit radiation intercepted)

Anthocyanins:

Photoprotection



Absorption spectra of plant pigments

Blackburn, G.A. (2007). Hyperspectral remote sensin g of plant pigments. 
Journal of Experimental Botany, 58, 855-867



Chlorophyll / Water / Cells

•ρ

•λ •λ

•λ

•ρ

•ρ

•With & without chlorophyll •With & without water

•Cell structure

• Cell spacings filled with
•Air (drying plant)
•Water(healthy plant)
•Oil

•0.1

•0.5

•0.5

•0.3

•Green Peak

•Source: M.Bachmann (DLR)



Chlorophyll

•Source: M.Bachmann (DLR)



Brown Pigments (Tannins)



Water content

•Source: M.Bachmann (DLR)



Dry matter content

•Source: M.Bachmann (DLR)



Dry Matter: Cellulose and Lignin



Leaf Area Index

•Source: M.Bachmann (DLR)



Senescense

Chlorophyll less stable than carotenes & 
xanthophylls ���� yellow color

Fructose, glucose, starch, protein are either 
withdrawn by the plant or consumed by 
microbiotic activity 

Most stable: tannins ���� brown color

Plant water decreases, no masking of features 
above ~1.1μμμμm 
���� biochemical features  are now visible

Holocellulose and Lignin(10-35% of dry weigth): 
stable, main components of plant litter

Also: cellulose (main component, but mostly 
mixed with lignin, cellulose or xylan), waxes, 
terpenes, polysaccharide



Vegetation vs. Soil



Comparison: Leaf development vs. Soil

•Senescence of 
leaves + soil 
background

•Source: M.Bachmann (DLR)



Vegetation Indices

Normalized Difference Vegetation Index (NDVI) = (NIR – Red) / (NIR + Red)

Scaling (theoretic) from -1 till +1

Typical values: 

Forest & dense vegetation ~0.8 Grassland     ~0.6

Soil ~0.1 – 0.2 Urban areas  ~0 – 0.2

•Source: M.Bachmann (DLR)



Spectral Indices

StructuralStructural

Closed Canopy Cover

Veg.Structure

STATE - Variables

fAPAR

Albedo

Soil Indices !!

Carbonate

Iron oxide

Clay content

Brightness

Colour

••BiochemicalBiochemical

Pigment Indices

NDVI, SR “greenness” (~LAI, biomass)

mNDVI Chlorophyll concentration

PRI Xanthophyll cycle, LUE

SRPI Carotenoid content

NPQI Chlorophyll degradation

PI3, PI4 Chlorophyll fluorescence

Water Indices

WBI, NDWI Foliar water content

Foliar Chemistry Indices

NDNI Foliar nitrogen content

NDLI Foliar lignin content

CAI Cellulose

•… and around hundreds 
of other possible indices.



‚True‘ hyperspectral indices

Triangular Vegetation Index (TVI) Broge and Leblanc (2000)



Spectral Continuum Measures

Chlorophyll absorption continuum index (CACI)



Landscape



Case Study I: Crop growth

Patel, N.K., Patnaik, C., Dutta, S., Shekh, A.M., &  Dave, A.J. ( 2001). Study of 
crop growth parameters using Airborne Imaging Spectromete r data.
International Journal of Remote Sensing, 22, 2401 - 2411

METHOD: Red-Edge analysis



Background

Wheat plots at different growth Stages

Biomass, LAI, Chlorophyll content 

Can growth parameter of wheat be detected by 
hyperspectral RS?

Groundtruth using FieldSpectrometer

Sensor: AIS (Spat.Resolution: 15m)



Red Edge Inflection Point (REIP)

Red Edge: 
> Chlorophyll => shift to longer wavelength 
< Chlorophyll (Stress) => Blueshift

But: > LAI => also shift to longer wavelength 
(saturation at LAI ~4)

„Sharpness“ of Edge

RedEdge – Parameterization:

REIP = f (LAI, chlorophyll, leaf inclination angle)
� independent from soil reflectance, only minor 
impact of solar zenith angle

• Inflexion Point (Wendepunkt)

• Ratios: 
Ri= (670 + 780) / 2
REIP = 700 + 40 * ((Ri - 700) / (740   - 700))

λ

ρ

•Source: M.Bachmann (DLR)



How to estimate REIP ?

Polynomial Function Model

Interpolation Techniques

Derivative Techniques

(Inverted) Gaussian Model

Rs = Shoulder Reflectance of NIR-Plateau (780nm)

R0 = Minimum Reflectance of Chlorophyll Trough 
(670nm)

Lambda-0 = wavelength of R0

Sigma = Gaussian Shape Parameter

In practice:

Set R0=670 and fit nonlinear 
regression to identify parameters



Red Edge Example



Shifting red edge



Relationship LAI vs Inflection point



Case Study II: weed mapping

•METHOD: Derivative Analysis



Study Area



Field methods

ASD measurements of patches of pure and mixed Sericea as well as Fescue (Festuca sp.)
� Spectral Library



Spectral Library 



1st-order derivative



Compare classes !  (Anova?)



Binary Map of Sericea occurrence



Case Study III: Mapping Submerged 
Vegetation

•Environmental Monitoring and Assessment 2003

Method: Continuum removal



Principle of continuum removal



Study Area



ASD - Field Spectra



Continuum removed spectra



Final Map

•USGS August 2000 •HyMap October 2000



BNC: Kokaly and Clark (1999)

band depth normalized to (band depth at) the center of the absorption 
feature (BNC)



BNA: Kokaly and Clark (1999)

BNA measures the depth of the waveband of interest from the 
continuum line, relative to the area ( A ) of the absorption feature



Case Study IV: 



Mixed Pixel Problem

Standard 
Klassifizierung

Wiese

Wald

Mixed Pixelds

Standard 
Klassifizierung

Source: Arko Lucieer
University of Tasmania

Transitions between classes

Wiese

Wald

?

•Source: Wouter Dorigo (TU Vienna)



Causes for mixed pixels

�Spectral unmixing

�Fuzzy logic Classification

•Source: Wouter Dorigo (TU Vienna)



Example 

Here; one mixed pixel contains two ENDMEMBER; 
vegetation and asphalt in 50:50

•Source: Wouter Dorigo (TU Vienna)



Unmixing ���� Fractional Images

SS 2008 Jansa, Dorigo, DBV 60

PURPUR

PUR MIX

1.0

1.0

0.0

0.5

1.00.0

0.0 0.5

UNMIXING

UNMIXING

•Unmixing leads to 
fraction images

•Source: Wouter Dorigo (TU Vienna)



Study Area



Field Measurements



Unmixing ���� Literature

Schott, J.R. (2007). Remote Sensing: The image chain 
appraoch: Oxford University Press

Liang, S. (2004). Quantitative Remote Sensing of Land 
Surfaces. Hoboken, New Jersey: Wiley



Fraction Map

RGB

•R=PV

•G=NPV

•B=SOIL



Case Study V:

Methods:  Partial Least Square Regression and NMDS-Ordination



Methodology

Field samples on plant composition and abundance 
in Vegetation Plots

Ordination of vegetation gradients in vegetation 
data using NMDS

PLS regression for each NMDS-Axis and HyMap 
126 Bands



PLSR Results



Gradient-based Vegetation Map



Case study: Mapping



Study Area



Study Area
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Vegetation









Spectral data













Supervised Fuzzy-C-Mean Classifyier
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Source: Arko Lucieer
University of Tasmania











Case Study: Traits and Spectra



Spectral Indices



Plant Traits



R L

Q

•Species

•Traits

•Environment



HyMap-RLQ



CHRIS-RLQ



EV-RLQ

•Rand permutation test not significant for CHRIS ! P =0.22



4th corner statistics



Case Study: Biomass



Background

• Plant biomass is the weight of „organic“ material in a 
defined area , usually in [Kg/ha]

• Plant biomass is an indicator of ecosystem condition

• Comparing different ecosystem states � Degradation?

• Methods for Spatial recognition 
and quantification of degradation  
processes needed !



Motivation

• Sampling of biomass, usually destructive by 
„clipping“ small areas, e.g.  1m²

• Non-destructive methods needed for sampling

• Sampling has to be effecient (time & money)

• Spatial extrapolation of field measurements 

required

Apply a cost-efficient non-destructive 
biomass sampling in a Namibian rangeland 
within one week and use hyperspectral remote 
sensing products for spatial extrapolation of 
plant biomass.

Apply a cost-efficient non-destructive 
biomass sampling in a Namibian rangeland 
within one week and use hyperspectral remote 
sensing products for spatial extrapolation of 
plant biomass.



Study Area



Plot based Biomass measurements

Radius 1

Radius  2

Hight

Jones, E. W. G. (2000). Non-destructive Sampling of Cretan Garigue 
Biomass as Ground Truth for Remote Sensing. Vegetation Mapping: From 
Patch to Planet. R. Alexander and A. C. Millington. Chichester, John Wiley 
and Sons Ltd: 69-81.



Biomass calculations
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CALIBRATION

R²= 0.79

Field Measurements

Mean Kg/ Species

∑(Cover [%] / Species)

∑(Species [Kg/625m²)

Total Biomass per Plot [Kg/625m²] 

Stipagrostis uniplumis



Hyperspectral Remote Sensing

Spatial res.: 32m/17m
Temp.res: on demand
Channels: 32 / 64
Platform: Satellite
System: Hyper.
Costs: Free (Science)

CHRIS-Proba: http://earth.esa.int/missions/thirdpartymission/proba.html



Spectral Indices

Index Information on… Index class

NDVI Greeness VI-Broad

EVI Greeness VI-Broad

Vogelmann 1 Greeness VI-Narrow

ATSAVI Greeness VI-Narrow

PRI Carot/Chloro Light Use Efficency

RedGreenRatio Carot/Chloro Light Use Efficency

SR705 Chlorophyll Pigment Index 

MCARI2 Carotenoid Pigment Index 

AnthoRef 1 Anthocyan Pigment Index 

NDLI Lignin Foliar Chemistry

NDNI Nitrogen Foliar Chemistry

CAI Cellulose Foliar Chemistry

PSRI Plant Senescence Foliar Chemistry

NDWI_MIR Canopy Water + Foliar Water

MSI Canopy Water - Foliar Water

SWIR_Soil Curve in SWIR Soil Index

Brightness Index brightness Soil Index

Redness Index iron Soil Index

Saturation Index Soil saturaton Soil Index

NDI Discriminates Litter & Soil Soil Index



Model
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Generalized 
Linear Model
GLM (poisson 

link)

Generalized 
Linear Model
GLM (poisson 

link)

N= 40 N= 30



Biomass map and quantification

R²: 0.713, p = <0.001

Estimate    Std. Error  z value   
Pr(>|z|)    
(Intercept)  4.47982    0.05721  78.299   
<2e-16 ***
mcari2      15.24422    1.51083  10.090   
<2e-16 ***
tvi              -0.11177    0.04503  -2.482     
0.0131 * 

GLM(Biomass~ MCARI2+TVI ,family=poisson)

MEAN: 180 Kg/Ha

MEAN: 544 Kg/Ha



Conclusion

• Biomass maps were produced by combining field 
measurements and remote sensing products

• Rapid biomass sampling was applied to get quick results

• Sampling has to be adjusted to Remote Sensing 

• Good regression calibration is needed, otherwise 
not all measured species can be considered

• However, one week is not enough!  Sampling should 
be iterative and resampling when necessary

• Biomass maps based on simple field measurements
can quantify ecosystem states and allow comparisons



Case Study: Invasive Species



Study Area



Thornbush Savannah



Seasonal difference



Selected Indices for Differencing

[39] Dorigo, W.; Richter, R.; Baret, F.; Bamler, R.; Wagner, W. Enhanced automated canopy 
characterization from hyperspectral data by a novel two step radiative transfer model 
inversion approach. Remote Sens. 2009, 1, 1139-1170. 



Constrained Principal Curve



Case Study: Plant traits and Spectral Info



Regression coefficients



Resulting maps



External validation



Case Study: Biodiversity



Further pubs



Spectral Variation Hypothesis 
(Palmer 2002)

The theory of SVH states that spectral heterogeneity of a remotely sensed 
image is correlated with landscape structure and complexity which also 
reflects habitat heterogeneity (Dauber et al., 2003; Ewers et al., 2005). 
Habitat heterogeneity itself again is linked to niche complexity which is 
known to enhance species diversity (Tews et al. 2004)

� correlations between biodiversity measures and spectral heterogeneity of 
a remotely sensed image

An indirect way to measure biodiversity

Until now, theory was tested only with regard to species richness (S). No 
other biodiverstiy measure was considered.

BUT especially evenness related measures of biodiversity should reflect 
habitat heterogeneity and therefore spectral heterogeneity much better







BIOTA - Biodiversity observatories:

Biota-Obs.4  - HyMap PCA 1,2,3

2
1

5

7
8

Plant diversity was sampled at scales of 
10m x 10m and 20m x 50m in habitats 
with increasing structural complexity.



Choice of diversity measure matters!
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r = 0.42* r = 0.65***
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Scale of observation matters, too !

10m x 10m = 100m2 20m x 50m = 1000m2

r = 0.11 r = 0.73***



More Sites

Removing the outlier would result in an improved correlation of 0.698 (p <0.001).






