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ABSTRACT
In floodplains emergent vegetation frequently provides most of the resistance to
surface water flow, changes backwater profiles and modifies sediment transport and
deposition causing difficulties in hydraulic design and making necessary significant
operational maintenance burdens, especially at flood sensitive sites. For this reason a
considerable amount of research has been carried out in developing resistance laws
for channels with stiff vegetation. However, the conventional ground-techniques are
time and cost expensive and they are difficult to apply over long reaches.
In this study a remote sensing data fusion procedure was proposed in order to
estimate some functional woody-vegetation structural parameters (stem diameter,
plant density, crown diameter, crown base height, tree height) for flow resistance
modelling.
Keywords: Flow resistance, Manning’s coefficient, Hydraulic modelling, Stiff
vegetation, Quickbird, LiDAR.

1. INTRODUCTION
In recent years, the use of airborne LiDAR technology to detect
individual tree crow and to measure forest biophysical characteristics has
been rapidly increasing. In addition to providing a characterization of ground
topography, LiDAR data give new information about the vegetation vertical
structure and biophysical characteristics such as stem diameter, spacing or
density, crown base height, crown diameter not directly recovered from
optical sensor (Andersen et al. 2005, Persson et al. 2002, Hyyppä et al.,
2001; Brandtberg et al., 2003; Leckie et al., 2003; Popescu et al., 2003;
Popescu and Wynne, 2004, Næsset and Bjerknes 2001, Næsset and Økland
2002; Popescu et al., 2002).
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More accurate information on roughness of riparian stiff vegetation for
use in resistance equations and eventually in flood modeling over large study
area can be obtained thought time-efficient automated procedure and remote
sensing data analysis.
The dataset of this study included a Quickbird image and LiDAR data
respectively acquired in 07/2004 and 09/2006 along a 14 km stretch of the
Sieve River (Tuscany, Italy) characterized by high woody-vegetation
density, and field measurements used for calibrating the procedure. A fivestep approach was used (more details in methodology flow diagram Fig. 1).

Fig. 1 – Methodology flow diagram.

2. STUDY AREA and CALIBRATION TEST SITE
The model is calibrated on a test site (Fig. 2C) (Gauss Boaga, Rome
M.Mario: x 1700731m, y 4856231m, dimension 0.001km2, elevation 114m)
that contains the principal vegetal consociation classified as “Riparian forest
of high stem” (De Philippis, 1937).
The biplane mixed forest is characterized by a dominant floor of
Cottonwood (Populus nigra L.). In dominated position and next to
cultivation activities it is easy to find Black Locust (Robinia pseudoacacia
L.). The shrub floor consists of Field Maple (Acer campestre L.), Elder
(Sambucus nigra L.), European Cornel (Cornus mas L.) and blackberry
(Rubus ulmifolius S.).
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The field surveys included: absolute stem position, man‘s chest stem
diameter, crown diameter, tree height, crown base height. The estimated
calibration parameters were extended over all the study area (Fig. 2A).
D

Fig. 2 – Study area (A); zoomed shot study area (B), calibration test site (C) and
cottonwoods and willows in the explored riparian corridor

3. METHODOLOGY
3.1. Individual tree crown detection
The individual crown detection was performed using a Multi-Attribute
Decision Making Simple Additive Weighting approach using airborne
LiDAR data (Forzieri et al., in progress a). The Crown Height Model was
assimilated to a gray level image (Andersen et al. 2001) and it was analyzed
through watershed algorithms (fig. 3 - 4).

Fig. 3 – Inverted Crown Height
Model over a sampled area.

Fig. 4 – Example of segmented Inverted
Crown Height Model generated by
watershed algorithm.

3.2. Vegetation metrics
Over each crown’s identification a detailed description of forest structure
was produced by extracting the vertical distribution of LIDAR raw data
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through a limited number of LIDAR-based predictor variables (Naesset and
Bjerknes 2001).

Fig. 5 – Example of LiDAR-derived vegetation metrics over a sample circular
window: stereoscopic prospective of LiDAR raw data, orthophoto as background
(4A); vegetation vertical structure using original and smoothed signal (4B).

3.3. Structural parameter estimation
The estimation of the vegetation structural parameter for each detected
crown is performed using different procedures: for tree height, crown base
height, crown diameter and stem diameter multi-regression techniques
linking the vegetation structure variables to vegetation metrics were used;
the density was estimated by counting for each simulated stem position the
number of plants which fell inside a circular neighbourhood with predefined
radius (semivariogram analysis); the leaf area index was obtained by multispectral image-derived vegetation indices (Nagler et al., 2004 ).
3.4. Structural parameter maps
The local parameters estimated on each modelled tree position (centroid
of detected crown) were specialized using a cubic 2-D interpolation to
elaborate structural parameter maps (Fig. 6).

Fig.6 - Vegetation structural parameter maps
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3.5. Masking procedure
In order to extract the structural parameters only over stiff vegetation we
applied a masking procedure using a riparian vegetation mapping previously
obtained from remote sensing data analysis (Forzieri et al., in progress b).

Fig. 7 - Classification map: class 1) cleared land with tree stumps, with and without
sprouts; class 2) heavy stand of timber, few down trees, little undergrowth, flow
below branches; class 3) same as above, but with flow into branches/ willows; class
4) scattered brush, heavy weeds, light brush and trees, in winter and summer light
brush and trees, in winter and summer medium to dense brush; class 5) mature row
crop and mature field crop, pasture no brush (short and high grass); class 6) earth,
rock, gravel, cultivated areas (no crop); class 7) asphalt; class 8) concrete; class 9)
water.

4. HYDRAULIC RIPARIAN CHARACTERIZATION
Local and spatial accuracies were evaluated using the coefficient of
determination and geostatistical procedure respectively. In order to analyze
the spatial distribution of the errors we compared simulated and observed
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structural vegetation parameters over the test site by simple subtraction of
the maps generated by interpolation of modelled and measured parameters.
Despite forest scenes with very high vegetation density, the model generates
structural vegetation parameters maps able to explain the plant spatial
variability which plays a more important role in the riparian vegetation
parameterization for hydraulic purposes (Tab. 1).
Structural parameter

RMSE

Diff. density (n/m2)

0.011

Diff. Crown diameter (m)

1.691

Diff. Stem diameter

0.085

Diff Crown base height

1.876

Tab.1 - RMSE calculated on the spatial error maps obtained by simple subtraction
between interpolated observed and simulated maps over the test site.

In order to show the improvements obtained with the proposed approach
in vegetation modelling for hydraulic applications we compared the flow
resistance estimated over the roughness classes 1 and 2 in the calibration test
site at each pixel using structural vegetation parameters derived from
observed and simulated maps and constant reference value (Chow 1959)
(Fig. 8). The total flow resistance, expressed as Manning’s coefficient, is
calculated using the general equation (Chow 1959). The vegetation flow
resistance is calculated applying two different models Petryk and Bosmajian
(1975) and Thompson and Roberson (1976).

RMSE

Petryk and Bosmajian
1975
nobs − nnorm nobs − nmod

Thompson and
Roberson 1976
nobs − nnorm
nobs − nmod

CLASS -1

0.0159

0.0067

0.0305

0.0002

CLASS -2

0.0245

0.0063

0.0247

0.0009

Tab 2 - Performances of the flow resistance simulations quantified using the RMSE
estimation calculated between reference values and remote sensing approach for
both classes 1-2.
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Fig. 8 - Flow resistance simulations. On x-axis and y-axis there are respectively the
hydraulic stage and the Manning’s coefficient. The reference values (Chow 1959)
are displayed in black line; the blue and red box plot represent the distributions of
flow resistances obtained using structural vegetation parameters correspondingly
from observed and simulated maps.

5. CONCLUSIONS
In this study we propose an integrated remote sensing data fusion process to
estimate woody structural parameters (tree height, stem diameter, spacing or
density, crown base height, crown diameter, leaf area index) in riparian
corridors combining LiDAR data and spatial pattern produced by VHR
optical image. The biophysics properties tree height, stem diameter, spacing
or density, crown base height and crown diameter are estimated using
consolidated multi-regression approaches over each tree, precedent detected
trough a segmentation procedure. The leaf area index is estimated using a
Quickbird image. All the structural parameters are carried out in spatial
maps format and masked over the woody riparian vegetation using a land
cover classification map. Despite the monitored complex scenario for
overlapped crowns and high density vegetation, the proposed methodology
generated structural vegetation parameter maps able to accurately
demonstrate the biophysical patterns that play a crucial role in the riparian
vegetation parameterization for hydraulic simulations. The generated maps
represent spatially explicit data layers that can be used as direct inputs in
hydraulic models to support the analysis of flood risk and the
implementation of integrated mitigation management.
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