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Representation of the Drainage Network
in Urban and Peri-urban Areas Using

a 2D Polygonal Mesh Composed

of Pseudo-convex Elements

5.1. Definitions and context
5.1.1. General context and objectives

Population growth and economic development have led to an increase in
urbanization and to the transformation of rural zones into urbanized landscapes. This
results in several problems related to water management [ XIA 07]. Among the main
problems associated with urbanization, we can highlight the increase in peak
discharge [SMI 01], buildings in flooding areas, the decrease in infiltration and
groundwater recharge [WMO 08], changes in base flow and hydrological regimes
[MEJ 14] and the degradation of water quality due to the increase in pollution
originating from urban areas [LAF 06]. To manage these territories in a sustainable
way, Geographical Information System (GIS) tools able to represent realistically
urban and peri-urban zones are needed. Presently GIS tools allow the delineation of
catchments of medium to large scales (larger than 10 km?), and to extract the
drainage network. On the other hand, for urban and peri-urban areas, composed of a
mosaic of small elements (1-100 ha), current tools do not allow a correct
representation of the hydrological connectivity between the various elements of the
landscape.
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There are few studies dedicated to the extraction of the geomorphological
characteristics of small urban catchments [ROD 13, JAN 13]. The most common
way of obtaining a spatial representation of catchments is the use of a Digital
Terrain Model (DTM) [GIR 10, PAS 10, SAN 16, ZEC 94] that represents
topography using a regular grid. However, these DTMs do not preserve small urban
elements the size of which is often smaller than the selected DTM grid, such as
some urban elements (streets, sidewalks, retention basins) or ditches. Another
possibility is to use topographical representations based on triangles, Triangular
Irregular Networks (TINs). Triangle meshes can capture quick changes in
topography and allow the incorporation of artificial elements [BOC 12]. However,
this considerably increases the number of elements in engineered zones where the
topography is seldom flat and also in situations in which we want to represent small
elements, characteristic of peri-urban areas. With TINs, landscape units are also lost
(fields, hedges, ditches) whereas they form the base of the hydrological modeling.
Another way to represent landscapes is to use irregular polygons, such as in the
Geo-MHYDAS tool [LAG 10], developed for agricultural landscape, and Geo-
PUMMA [SAN 17] for peri-urban areas. To use such a mesh to represent urban and
peri-urban areas, a good quality mesh is required, which means elements that respect
some geometrical criteria that allow a good connectivity between hydrological
elements, and consequently an accurate representation of water pathways. This
means elements with a gravity center inside the polygon, and convex or pseudo-
convex elements. Convex elements that are very long and thin (such as roads) may
also be problematic as they can act as a barrier to water flow [JAN 11]. In the
following, we will assume that an irregular/heterogencous mesh, composed of
pseudo-regular elements (pseudo-convex or pseudo-squared) can be considered as a
good quality mesh to extract the drainage network required for hydrological
modeling. If not, we will speak of badly-shaped elements.

This chapter presents a module implemented in QGIS, belonging to the GEO-
PUMMA toolbox [SAN 17]. This plugin allows a triangulation of surface elements
with a vectorial format, and thus the segmentation of a mesh composed of
heterogeneous polygons. This module uses the MeshPy library that is included in the
Triangle® software [SHE 06]. This module allows the generation of vectorial
meshes (composed of irregular polygons and linear elements) for the representation
of urban and peri-urban landscapes with a high resolution, whereas classical tools do
not provide a realistic solution for the determination of drainage networks in
complex landscapes, highly modified by the human activity, with in particular road
networks and sewer networks.

The first part describes the basic concepts needed to understand the generation of
an irregular mesh in Hydrological Response Units (HRUs) [FLU 95]. Then, we
present how the badly-shaped elements that affect the model mesh quality are
selected. In the chain that allows the model mesh improvement, the plugin
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implemented in QGIS allows the decomposition of this type of polygon in triangles.
We present the implementation of the TriangleQGIS and its installation in Windows,
as well as the options to use it and the final result on the mesh of the Mercier
catchment, a subcatchment of the Yzeron catchment, located in the suburbs of Lyon,
France. This is an experimental catchment, representative of peri-urban catchments,
where hydrological modeling works were conducted using the PUMMA model
[FUM 17, JAN 14] and for which the required information was available at the
required resolution. For one of the steps, we will also use a GIS layer from the El
Guindo catchment in Chile [SAN 17].

To perform the segmentation and the generation of the drainage network, the
TriangleQGIS plugin, as well as the Python scripts of Geo-PUMMA, implemented
in GRASS-GIS will be used. The plugin and the Geo-PUMMA scripts are available
at https:/forge.irstea.fr/projects/geopumma. A Geo-PUMMA installer, as a virtual
box for Windows users, is also available at the following link: http://doi.
org/10.5281/zenodo.821563. The TriangleQGIS plugin can only be used in
Windows and works properly until the 2.14 version of QGIS (in the virtual box, the
installed version of QGIS is the 2.8). It can be used without the virtual box. On the
other hand, if the user wants to realize all the steps described in the chapter to obtain
the hydrological mesh, it is necessary to use Geo-PUMMA and the 6.4 version of
GRASS', as well as the libraries that are included in the virtual box. The use of the
virtual box avoids the independent installation of all the libraries with compatibility
problems that can occur. Vectorial GIS layers used in the examples are located in
the /home/geopumma/Database Tutorial GeoPUMMA vl folder of the virtual box
and are also provided with this chapter.

The specifications of the GIS layers used in the example are the following:

Thematic content HRUs layers of the Mercier and El Guindo subcatchment
Geographical accuracy The minimum represented area is 10 m’
Thematic accuracy Associated with the input layer

Lambert 93 — French Geodesic Network 1993 (Mercier,
Projection system Lyon France)

WG84/19S (El Guindo, Chili)

1 The Geo-PUMMA tool was developed with the 6.4 version of GRASS that is not compatible
with version 7 of GRASS. The functions arguments used in this chapter are different between
versions 6 and 7 of GRASS. Therefore, we recommend the installation of the virtual box that
will avoid errors linked to the calling of GRASS 6 functions from version 7.


http://doi.org/10.5281/zenodo.821563
http://doi.org/10.5281/zenodo.821563
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5.1.2. Derivation of input GIS layers

The first step is to gather all the GISs layers that are relevant for urban and
natural areas of the catchment. In urban areas, we need a vectorial GIS layer
representing the cadastral elements. It is also necessary to have the following layers:
buildings, built public zones such as streets, paths, squares, parks, sport areas,
regulation infrastructures and all the structures that have a hydrologically relevant
role. If these data are not available, it is necessary to digitize them from maps or
orthophotos. Digital Elevation Models must have a high spatial resolution, a
maximum grid size of 2 m being the acceptable limit. From this information, we
start delineating the catchment boundaries and its subcatchments. This task requires
specific tools, as, in this kind of highly modified landscape, water pathways do not
necessarily follow the topography. Jankowfsky et al. [JAN 13] present a
methodology that integrates sewer networks and limits manual operations,
combining an object-oriented approach like the one presented in this chapter for
urban areas and standard DTM analyzes for rural areas. It is also necessary to
collect, through field surveys, information about water flow direction in sewer
networks, ditches or hydraulic structures. Once the catchment boundary is
determined, all other GIS layers (land use, subcatchments, soil type, geology and
others) are clipped so that all the layers have the same boundaries as the catchment
ones. Subsequent steps rely on the overlay of all these layers.

Figure 5.1 shows the main GIS layers used for the generation of the hydrological
mesh. These vectorial layers which are overlaid to get the input map for the
algorithm are composed of polygons (land use, soil types, subcatchments, geology,
etc.) and polylines (waste water and rain water sewer networks, combined sewer
networks, channels, water courses, etc.). At the end of this data preparation step,
land use, soil type, geology and all the other layers considered relevant for the
represented hydrological processes should be available.

Urban and Peri-urban Features

Cadastral
Map

Street and Vegetation River and
publics areas Areas Sewer Network

Natural
Geology | "pyer

Channelized Network

Figure 5.1. Digitization and preparation of basic GIS layers

Natural and Agriculture Area

Agriculture  Vegetation

Lands Areas Sef
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All these layers must be overlaid to produce the initial vectorial mesh. Two
options can be used to achieve this intersection: the first one uses the m.seg script,
developed with the Geo-MHYDAS tool [LAG 10], which allows intersecting
polygons and polylines. The second option uses the union option of QGIS applied to
all layers in order to get a unique input layer. Then, it is necessary to split the
polygons crossed by a polyline using the vector edition tool (split), and finally, clean
the topology with the script p.clean topology.py which belongs to Geo-PUMMA.
This way, interfaces (limits between polygons) are preserved in the final layer and
possible topology errors are corrected.

QGIS options used to join various GIS layers:
- Union tool: Vector > Geo-treatment tools > Union...
-Edition layer tool: Enter the edition model then edit > Split the elements

5.1.3. Identification of badly-shaped HRUs and methodology to improve
the model mesh quality

The generation process of the GIS input layer includes all the relevant elements
of the urban and peri-urban landscape. In the case of HRUs, polygons may be very
irregular and heterogeneous. They must be segmented so that the drainage network
representation is not altered. In this chapter, we do not deal with the generation of
Urban Hydrological Elements (UHEs) that correspond to urban elements, composed
of a cadastral field, the sidewalk and half of the adjacent road [ROD 08]. Their
delineation can be performed using scripts available in Geo-PUMMA. In the
following, we do not segment UHEs, the shape of which was rather regular in the
treated case study. However, UHEs can also have very irregular shapes and the tools
presented in this chapter may also be applied to UHEs.

Figure 5.2 shows examples of badly-shaped HRUs that were obtained after GIS
vectorial layers overlay. They have an irregular shape: either non-convex or long
and thin. Generally, these elements are associated with road sections or footpaths,
green areas such as hedges, or the shape of agricultural fields (Figure 5.2).

These kinds of elements, that generally have their gravity center outside the
polygon, lead to problems in the hydrological connectivity. This explains why it is
necessary to segment them into smaller, pseudo-regular elements, without
significantly increasing the final number of elements, which would affect computing
performance.
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Shape descriptor Formula Range
Form Factor, FF 16A/P? [0,1]
Convexity Index, CI Peonvex/P [0,1]
Solidity A/A convex [0,1]
Compacity (4m)A)>? [0,1/r]

Table 5.1. Considered geometrical factors. A is the polygon area, P,
its perimeter and Aconvex and Pconvex are the area and perimeter of the convex
polygons inside which the polygon is included

A first selection of badly shaped elements is performed based on the
computation of geometrical descriptors proposed by Russ [RUS 02]. Table 5.1
presents the main descriptors used that must be computed for each initial mesh. This
can be achieved in QGIS, using the computation of geometrical parameters such as
area and perimeter. It is also possible to get from QGIS the area of the convex
polygon hull inside which the polygon is included, and then the values of the
corresponding perimeter and area, P, and Ag,mer- The other option is to use the
p.shape_factors.py Geo-PUMMA script.

Figure 5.2. Examples of HRUs with very irregular shapes (gray) that must be
improved. These are road sections and footpaths (a, b, ¢, d, ), green areas
(e, g, h, j, k) or agricultural fields (f, i). For a color version of the figure, see
www.iste.co.uk/ baghdadi/qgis4.zip


www.iste.co.uk/ baghdadi/qgis4.zip
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Segmentation of HRUs
Non-UHEs

m » Initial HRU —>epefoctors g i chaned HRU

: : Plugi. IS Tri
Improving using: # Foclall QG.S Fangle

cogvemty, form factor i .Triangulated HRU
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Geology L | pconvexity.py/p formatfactorpy
Well-shaped
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Output Map
Well-shaped HRU »[ HRUsMap |

Figure 5.3. Steps for the segmentation of badly-shaped HRUs

QGIS tools for the estimation of geometrical factors:
- Open the calculator=> Geometry tool (this tool includes functions that compute
geometries such as length, area, perimeter).

Figure 5.3 presents the HRUs generation step. In a first step, we identify badly-
shaped elements from geometrical descriptors presented in Table 5.1. In a second
step, the TriangleQGIS plugin is used for the triangulation of badly-shaped
elements. Finally, the last step is the dissolution of triangles into pseudo-regular
HRUs, according to the selected geometrical descriptor. This step allows the
generation of a limited number of polygons that at best respect the initial polygon
boundary, while keeping a limited number of polygons.

Criteria that allow the identification of HRUs leading to problems in the
extraction of the drainage network are the following:

1) Non-convex HRUs: this type of eclement can generate problems in
hydrological connectivity, because tools that compute the water flow distance
between the polygon and its neighbor use the gravity center as the representative
point of the polygons. In general, polygons with a Convexity Index IC > 0.70 do not
generate problems. In our example, we use a threshold value of the convexity index
ICT that is equal to ICT = 0.75 to define non-convex elements.

2) Very long and thin HRUs: this kind of element can generate problems in the
hydrological connectivity when an average altitude is assigned to a polygon and
considered as representative. If the element is very long, this mean altitude is no
longer representative and the element can act as a barrier to water flow and
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erroneously modify water flux direction. To avoid this problem, we recommend the
segmentation of those polygons into smaller elements. In general, polygons with a
Form Factor threshold (FFT) > 0.20 do not lead to problems.

3) Too large HRUs: this kind of element can generate heterogeneities in water
fluxes, in particular if the latter are computed between large polygons, adjacent to
much smaller ones. In our example, we will consider that an HRU area cannot
exceed 2 ha.

Figure 5.4 shows an example of badly-shaped elements that must be improved
through the segmentation procedure. This subcatchment forms part of the Mercier
catchment that is the main case study of this chapter.

In the following, we describe the tool that allows the automatic segmentation of
each badly-shaped element from GIS layers in the .shape format.

MNon-comvex HRLU
Leng and thin HREL
Big HRU

Well-shaped HRU

Figure 5.4. Badly-shaped elements in the Mercier subcatchment. For a
color version of the figure, see www.iste.co.uk/baghdadi/qgis4.zip



Representation of the Drainage Network in Urban and Peri-urban Areas 153

5.2. Implementation of the TriangleQGIS module and general
methodology

5.2.1. Used technologies

The use of GIS for preprocessing input information for a hydrological model has
become a requirement, given the large amount of geographical information that must
be manipulated. GIS platforms facilitate those treatments. The most used (among
free platforms) are QGIS and GRASS. QGIS has a Graphical User Interface that
can be incorporated into other GIS systems or databases and includes plugins
developed by the users. All these reasons led to the decision to implement the
Triangle plugin in QGIS. The plugin allows the use of the Triangle® software and
working directly with vectorial layers in the .shape format, without needing to
export layers to the native format of Triangle® (.node, .ele, .ploy, .area, .edge and
.neigh files).

The Python language is widely used to implement plugins in QGIS and we used
it as the most appropriate for the implementation of our plugin. In addition, thanks to
Python libraries, it is possible to emulate the use of QGIS and GRASS-GIS and
simplify the preprocessing step of distributed hydrological models.

5.2.2. Context and general methodology

The main motivation for developing the QGIS plugin presented in this section is
the segmentation of highly non-convex polygons. In general, available triangulation
algorithms allow the generation of triangles that form a convex closure, but that do
not preserve boundaries of the original polygon. In addition, classical triangulations
do not allow the imposition of restrictions on the area or angles of triangles that
compose the polygon. These features are included in the Triangle® software,
developed by Jonathan Shewchuck [SHE 96]. This software also provides the most
efficient and robust triangulation method to improve our 2D model mesh. The
TriangleQGIS plugin allows the activation of the Triangle® software from QGIS,
using polygonal elements in the .shape format.
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Figure 5.5. a) HRU representative of a green area. b) Classical Delaunay
triangulation: 4,667 triangles. c) Triangulation without restrictions on area using
Triangle®: 2,340 triangles. d) Triangulation with angle restriction to 20°: 5,247
triangles. For a color version of the figure, see www.iste.co.uk/baghdadi/qgis4.zip

QGIS tool to realize a triangulation:
- Triangulation tool: Vector > Geometrical tools > Delaunay triangulation.

Figure 5.5 shows an HRU associated with a green area and the results of its
triangulation using various options of the software. Figure 5.5(b) shows the
triangulation of the whole convex domain, known as “Delaunay” triangulation,
obtained from the “vector” menu of QGIS. The drawback of this option is that the
triangular mesh uses only nodes and can only generate a convex envelope. The
original boundary of the polygon is lost. This is not the mesh we want to obtain, as
we want to preserve the original polygon shape. Figure 5.5(c) shows the
triangulation obtained using the Triangle® tool. The decomposition in triangles uses
the original polygon, without generating the convex envelope. Figure 5.5(d) shows a
triangulation also obtained with the Triangle® tool, but with an additional restriction
of the maximum area of the triangles (4,, = 2 ha). To fulfill this criterion,




Representation of the Drainage Network in Urban and Peri-urban Areas 155

additional nodes are introduced inside the polygon. This is automatically done using
the Triangle® software to respect the imposed criteria on areas (or angles). The
Triangle® software also proposes other options that allow putting restrictions on
angles of the generated triangles for each polygon. For all these reasons, this
software was very well suited to improve the geometry of the HRUs and was
implemented in QGIS.

To decompose the polygons of our model mesh, we chose to generate a
Delaunay triangulation with restrictions (using Triangle®). However, even if the
elements obtained after this step are convex, there is a large number of triangles.
This can be detrimental to the computing performance of the numerical model that
will use this mesh. In addition, we would like to get polygons as close as possible to
the shape of the initial polygons.

As a consequence, the triangulation step is followed by a step called
“dissolution”. It allows the preservation of the shape of HRUs, as elements of the
landscape. The dissolution step (which is a grouping process) takes a triangle and
combines it with its neighbor having the largest area. This process is continued until
the maximum threshold for the criteria is exceeded. This dissolution step is applied
to all triangles that have not been dissolved. Finally, this decomposition leads to
final polygons that are more satisfactory for use in the hydrological model.

Polygons, the areas of which are larger than the maximum areas fixed by the
user, may also be segmented in the same way as non-convex polygons that have
their gravity center outside the polygon, using a restriction on the maximum area of
the triangles, both in the initial triangulation phase and in the dissolution phase of
those triangles.

In section 5.2.3, we present the work realized for the implementation and the
execution of the plugin in QGIS (version 2.14 or below), complemented with the
presentation of the use of some scripts from Geo-PUMMA in order to provide a
whole view of the proposed methodology.

5.2.3. Structure of the QGIS plugin

To implement a plugin in QGIS, it is necessary to create some files and classes
that implement some methods, or other files, containing all the relevant information
for the plugin. A QGIS plugin called “Plugin Builder” already exists. It allows the
user to generate the basic structure of a functional plugin. The files generated by this
plugin are the following:

— init.py: this is the starting point of the plugin. Its role is only to initialize and
set as output the main plugin;
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— metadata.txt: this file contains the plugin metadata including: its name, the
QGIS version required for its use, the author(s);

— mainPlugin.py: this class is the main class of the plugin, in which the specific
functionalities of the plugin are implemented;

— resources.qrc: this file contains references to files, external to the plugin, like
images or other files. It must be compiled using pyrcc4 to produce the resources.py
file, allowing the use of the external files by the plugin;

— mainPlugin.ui: this file contains the graphical interface of the main plugin. It
must be compiled using pyuic4 to get the mainPlugin.py file. This will allow the use
of the plugin graphical interface;

— mainPluginDialog.py: the main objective of this class is the initialization of the
plugin graphical interface.

5.2.4. Basic used library: MeshPy

One of the interesting characteristics of the MeshPy library is its ability to
impose restrictions on the maximum area and on the minimum angle of the triangles
that ensures the mesh quality.

This library is essential to the plugin as the Triangle® is incorporated into this
library, so that it can interact with QGIS vectorial layers. Thus it allows the
performance of triangulations with restrictions on the maximum surface or the
minimum angle. Moreover, the library allows the generation of 2D meshes (with
Triangle®) as well as 3D meshes (using tetrahedrons in TetGen12). The use of this
library for the 2D triangulation is very similar to what would be done using
Triangle® directly.

We also used the “Plugin Builder” plugin to get the basic structure of a
functional plugin. We also mention the ‘“Plugin Reloader” plugin that allows the
immediate reloading of the plugin during its development, thus avoiding having to
load QGIS each time the plugin must be loaded. To realize the graphical interface,
we used QTCreator, which allows easy editing of the plugin graphical interface,
called mainPlugin.ui. QTCreator is available here: https://www.qgis.org/en/site/
getinvolved/development/qgisdevelopersguide/qtcreator.html .

5.2.5. Installation of the plugin in Windows
To run the TriangleQGIS plugin, the user must install QGIS (version 2.14 or

below), Python 2.7 and the MeshPy library. The following steps were conducted on
Windows XP and Windows 7.0 computers.


https://www.qgis.org/en/site/getinvolved/development/qgisdevelopersguide/qtcreator.html
https://www.qgis.org/en/site/getinvolved/development/qgisdevelopersguide/qtcreator.html
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Install the following archives:

1) Quantum GIS: QGIS-OSGe04W-2.4.0-1-Setup-x86_64;
2) Python: python-2.7.amd64;

3) MeshPy library: MeshPy-2014.1.win-amd64-py2.7.

Once these tools are installed, the folder “meshpy”, located in C:Python27\
Lib\site-packages, is copied into the folder C:Programes\QGIS Chugiak\
apps\Python27\Lib\site-packages as shown in Figure 5.6.

It is necessary to verify in the Python windows of QGIS that the MeshPy library
is running correctly. For that, the user can type the following command: “import
meshpy”. If there is no output message, it means that everything is running
correctly. If not, previous steps must be verified. Figure 5.7 shows the Python
windows and the result of the “import meshpy” command.

@v‘ Ji » Ordinateur » WINDOWS (C:) » Python27 » Lib » site-packages »

Organiser v ~a Ouvrir Inclure dans la bibliothéque Partager avec v Nouveau dossier
- Eavori = Nom : Madifié le Type
»{ Favons -
B Bureau L 24/10/20140949  Dossier de fi
£ Emplacements récents J. MeshPy-2014.1-py2.7.egg-info 24/10/2014 09:49 Dossier de fi
& Téléchargements __| README 28/10/2005 20:07 Document t
4 Bibliotheques
<) Documents
=) Imag
L_ B Adicioia =
———
Y R —

[ |
@Ov[ . » Ordinateur » WINDOWS (C:) » Programmes » QGIS Chugiak »

apps » Python27 » Lib » site-|

B amanmae smo

Organiser « A Quvrir Incjure dans |a bibliothéque ~ Partager avec = Nouveau dossier
4% Favoris Nom : Modifié le Type
Bl Bureau \. adodbapi 27/10/2014 16:29 Dossier de fi
] Emplacements récents . dateutil 27/10/2014 16:29 Dossier de fi
& Téléchargements ). GDAL-1.11.0-py2.7.egg-info 27/10/2014 16:29 Dossier de fi
L. isapi 27/10/2014 16:29 Dossier de fi
4 5 Biblicthéques \. jinja2-2.7.2-py2.7.egg 27/10/201 Dossier de fi
| Documents . markupsafe-0.23-py2.7-win-amd64.eqg 27/10/201 Dossier de fi
=) Images . matplotlib 27/10/201 Dossier de fi
&' Musique I matplotlib-1.3.0-py2.7.egg-info 27/10/2014 16:30 Dossier de fi
> Vidéos . meshp: 27/10/2014 16:37 Dossier de fi
.. mpl_toolkits 27/10/2014 16:30 Dossier de fi
4% Ordinateur . networkx 27/10/2014 16:30 Dossier de fi

Figure 5.6. Adding the MeshPy library to Python2.7. For a color
version of the figure, see www.iste.co.uk/baghdadi/qgis4.zip
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Figure 5.7. Verification of the correct installation of the
MeshPy library in the Python windows in QGIS

The last step is to copy the TrianglePlugin archive to the folder where the QGIS
plugins are located: “C:Users\[username]\.qgis2\python\plugins” (Figure 5.8).

- —— W

6@- J » Ordinateur » WINDOWS (C) » Ubiisateurs » sanzana-cucvas b «qgis2 b python b

plugins »
Organiser v Inclure dans la biblicthéque v Partager avec v Nouveau dossier
J Eavoris Nom Modifié le Type Taille
Bl Bureau L. MetaSearch
£ Emplacements récents L. SemiAutematicClassificationPlugin
8 Téléchargements J sextante
b statist
4 Bibliothéques J. tablemanager
3 bocumanes
= Images ) triangulation sier d
J" Musique L VTemain Dossier de fichiers
B vidéos
/% Ordinateur

& wiNDows (C:)
s P SANZANA PUC (E)
¥ sanzana-cuevas (\\dataly.lyc

Figure 5.8. Folder where the TrianglePlugin archive must be copied
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Finally, like any QGIS plugin, it must be activated from the QGIS toolbar by
selecting Plugins>Manage and Install Plugins and activating TrianglePlugin

(Figure 5.9).

/: Extensions | Toutes (326)

LW W W W W

1.2 |l

Rechercher

a Toutes
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¥ teamags
27" Telemetry Layer

=
] instalées
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ol s Mise & jox
-~ a:;:ﬂ: 24 Tie Cover

S Tie Index Viewsr
4 Tie Map Scale Plgin
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i TieLayer Plugin
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£ TopaDeProp
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24" Toporobot Importer
oo traceDigitize
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F¥ TomBio productivity toos

Triangle Plugin

Triangles a mesh

4 Temporal/Spectral Profile Tool

Auteur: Serqio Villarroel

Version installée ; 0.1 (dans C:\Users\sanzana-
cuevas\.qgis2\python\plugins\TrianglePlugin)
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| | Tout mettre & jour
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Figure 5.9. Activation of the TriangleQGIS plugin

Figure 5.10 shows the TriangleQGIS plugin interface.

Q
Select layer to triangle
Minimum Angle
Maximum Area
Name of new Mesh
Shape Descriptor

Descriptor Threshold

o]

TrianglePlugin

|mercier_non_convex_j
|0

Ih'\ercier_non_con\.

INO Shape Descriptor ;]
IO

Cancel I

Figure 5.10. The TrianglePlugin interface
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5.2.6. Installation of the virtual box, QGIS plugin and Geo-PUMMA

To install the “Virtual Box Machine”, it is recommended to visit the website
(Figure 5.11) (https://www.virtualbox.org/) and to download, from the “download”
tab, files corresponding to the operating system (Figure 5.12).

VirtualBox

Welcome to VirtualBox.org!

Download 5 1
VirtualBox °

Figure 5.11. Landing page of VirtualBox

Download VirtualBox

Here, you will find links to VirtualBox binaries and its source code.

VirtualBox binaries
By downloading, you agree to the terms and conditions of the respective license.

» VirtualBox 5.1.10 platform packages. The binaries are released under the terms of the GPL version 2.
o Windows hosts
05 X hosts
e Linux distributions
Solaris hosts

Figure 5.12. “Download” section of the VirtualBox website

To install VirtualBox, the downloaded archive must be executed, following the
instructions of the dialog box. Figure 5.13 shows the first screen. It is only necessary
to click “Next”. The second screen (Figure 5.14) allows the installation folder to be
chosen. Accept the default options. Click “Next”. The third screen (Figure 5.15)
allows the selection or not of the option for the creation of shortcuts. Choose the
selected options and click “Next”. The fourth screen (Figure 5.16) gives a warning
on the possibility of losing the connection during installation. Click “Yes” to
continue. The fifth screen (Figure 5.17) allows the validation of the choices before
launching the installation. If everything is OK, click “Install”. Windows users may
receive a warning similar to the one shown in Figure 5.18. Click on “Install” to
continue the installation process.
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ﬁ! Dracle VM VirtualBox 5.1.4 Setup

/ Setwp Wizard,

Version 5.1.4

Welcome to the Oracle VM
VirtualBox 5.1.4 Setup Wizard

The Satup Wizard wil install Oracie VM VirtualBox S. 1.4 0n
your computer, Cick Next 1 contnue or Canca! to exit the

Next = Cancal

Figure 5.13. First screen of the installation dialog box

y Oracle VM VirtualBox 5.1.4 Setup

Custom Setup

Select the way vou want features t be instalied.

Click on the icors in the tree below to change the way features will be installed.

=0 = | WriaBox LSS Support
el + | VirnualBox Networang

ive 0 » | VirtuaBox Bridge
Lo 23 -] viruaBox Host-C
- P v| ViraBox Pytheon 2.x Su
»

Locathon:

Version 5.1.4 Dk Usage

C:\Program Fiies|Oracle WirualBos |

< Badk

Orade W VirtualBox 5.1.4
application,

This feature recuires 166ME on
your hard drive. [thas 3ef 3
subfeatures selected. The
subfestures require 692KE on yo...

Browse

Cancel

Figure 5.14. Second screen of the installation dialog box
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18 Oracle vM ViruzlBor 5.1.4 Setup

Custom Setup
Select the way you want featres o be inctalled.

Please choose from the options below:

E|Creat'e & shortout on the deskiop
[l create 2 shortout n the Quick Launch Bar

[“re=nister fle assodations

Version 5. 1.4 < Back Next = Cancal

Figure 5.15. Third screen of the installation dialog box

1) Oracle VM VirtualBox 5.1.4

Warning:
Network Interfaces

Instaling the Orade WM VirtualBox 5. 1.4 MNetworkng feature
wil reset your network cornection and temporarily
disconnect you Fom the netwark,

Proceed with installation nawve?

Vergion 5,14

Figure 5.16. Fourth screen of the installation dialog box
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i Cracle YM VirtualBox 5.1.4 Setup X
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instalabon settings, dick Back. Cick Cancel to et the wazard.

Version 5. 1.4 <Back || Instl Concel |

Figure 5.17. Fifth screen of the installation dialog box

Oracle Y Virtualbox 5.1.4
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ke seversl anutes.

Swom:

t‘ Windows Secunty - B

Would you like to install this device software?

Mame: Oracle Corporation Universal Serial Bus ...
> 4 Publisher: Oracle Corporation

Corp| O] Always trust software from "Oracle Corporation™. Install Don't Install

Care| @ Youshould only install driver software from publishers you trust. How can | decide
which device software is safe to install?

Carpeta e arehive?

Figure 5.18. Sixth screen of the installation dialog box

Once the installation is terminated and successful, open VirtualBox
(Figure 5.19).
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What follows is related to the virtual box installation, allowing the running of
Geo-PUMMA. The source of the scripts are available here” and the virtual box
installation package here’. For that, click on “File”, then select “Import Virtual
Service”. A screen similar to that shown in Figure 5.20 appears. Select the Virtual
Box file and click on “Next”. This operation can take some time given the size of
the file.

§ Oracle VM Virtuslfics Manager ~u . & Al a l;_-._,il&l
File | Machine Help |
& Preferences.. CukG
T
() Dnport Appliance.. Carksl
R Export Apphance. SOE | PR
Crlel plef part of ths vandaw i5.a bst oF al virtual machines on your computer, The kst i ematy naw
@ use vou haven't meated any virtual mahines vet, ™ e
. I P 6
n 100l bar located at the a3 of the vindaw, L -
& 2
Yacan press the FRkey to get nstant help, or vt A
= o Coteg ["rREloN 2 or helatest formalion and nans, g"
- 1.7
N4

Import an appliance into VirtualBax (=)

Figure 5.19. Main screen of Virtual Box, option File ==> Import Appliance

|2 o)
) Import Virtual Appliance s S "
Appliance to import
VirtualBox currently supports importing appliances saved in the Open Virtualization Format
(OVF). To continue, select the file to import below.
C:\Users), ... \GEOPUMMA_648_3_1_VF.ova a3
[ Expert Mode ] [ Next ] [ Cancel

Figure 5.20. Screen to import virtual services

2 https://forge.irstea.fr/projects/geopumma.
3 http://doi.org/10.5281/zenodo.821563.



Representation of the Drainage Network in Urban and Peri-urban Areas 165

Once the virtual machine is loaded, it is necessary to verify if the operating
system allows the use of 64-bit virtual boxes. If this is not the case, only the Ubuntu
option (32-bit) will appear (see Figure 5.21 for the details of the verification of the
existence of a problem or not).

If the 64-bit option does not appear, try the following commands:

1) switch off the computer;

2) switch it on again and immediately press the ESC or F10 button to access the
BIOS (some computers allow the access to this functionality with another button);

3) in the BIOS menu, activate the option that allows the use of virtual machines;

4) accept and restart after saving the modifications.

Once the computer is switched on again, the Ubuntu option (64-bit) should be
available.

"(Z3 GEOPUMMA 648 3 1 VF - Settings 2
E General ‘ General
(] system Besic | Advanced | Desaiption | Enaryption |
= oispray Name: GEOPUMMA_64B_3_1 VF
E Storage Tyoe: [Linux le "j; }
‘; Audic Vfrsw:ni|uwm(6+biﬂ =)
By Network
@ Serial Ports
& s
[l shered Folders
El User Interface

e A

Figure 5.21. Window for the configuration of the virtual box

The disk space allocated to the virtual box cannot be accessed from the original
operating system. However, it is possible to configure a shared folder that will be
accessible from the operating system and from the virtual box. To do that, in the
configuration menu, go to “Shared folders” and select the desired location by
clicking on the chosen folder. Create a folder named “name_folder” on the hard disk
and select it. Select also the option “Auto-mount” and “make permanent”. Then
click “OK” to close the window and click again on “OK” to add the folder (see
Figure 5.22 for the visualization of these steps).
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Figure 5.22. Add a folder to the hard disk, shared between
the operating system and the virtual box. For a color version
of the figure, see www.iste.co.uk/baghdadi/qgis4.zip

The last step is to adjust the basic options for the memory. The allocated memory
must not exceed the limit value in green that varies according to the computer
characteristics (Figure 5.23). It is also necessary to activate the option for 3D
acceleration (Figure 5.24).

{23 GEOPUMMA_64B_3_1 VF - Settings ? =
E General | System
|| [ System Motherboard | Processor | Acceleration |
Display Base Memory: D 6000 MB =
o e e
Storage il 12286 1E
Boot Order: Floppy =
IF Audio Optical
hd}
Hard Disk
@ MNetwork [F] ®P Network
@ Serial Ports Chipset: |PIX3 i
& v
Extended Features: Enable 1/0 APIC
|ﬂ Shared Folders
[ Enable EFI (special OSes only)
E‘ User Interface [¥] Hardware Clack in UTC Time

Figure 5.23. Screen for memory allocation. For a color version

of the

figure, see www.iste.co.uk/baghdadi/qgis4.zip
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Figure 5.24. Option to activate 3D acceleration. For a color version
of the figure, see www.iste.co.uk/baghdadi/qqgis4.zip

Then, click to show the launch screen of the virtual box (Figure 5.25).

51 GEGPUMMA B48_3 [Rumeing] - Orotle VM VirtualBar
Fie Machine View Tnput_Devces Voo

https: //forge.irs

+0 Centro UC
IDRC CRDl MMJ\_.

Figure 5.25. Welcome screen of the Geo-PUMMA virtual box

Lo )

tea fr/projects/geopumma/wik

5.3. lllustration of the TriangleQGIS plugin and some Geo-PUMMA

scripts

Explanations provided in this chapter allow an understanding of how the tools
are working. If the user wishes for more details on the use of a specific GRASS or
QGIS command presented in this chapter, they can refer to the Geo-PUMMA User’s
manual available at this link* that provides details on the various steps.

4 https://forge.irstea.fr/projects/geopumma/files.
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The following steps illustrate the triangulation of badly shaped polygons. As
explained in the methodology, it is first necessary to select non-convex elements,
elements which are too long and thin, and elements with an area which is too large.

The triangulation step is important to improve the hydrological model mesh.
That is why, according to the chosen improvement criteria (non-convexity,
maximum area, or long and thin elements), it could be necessary to add nodes to get
a satisfactory triangulation. This is not necessary when polygons are triangulated
because of the convexity criterion. On the other hand, nodes are added inside the
polygon for polygons with an area which is too large, and nodes are added at the
polygon edges in order to get smaller triangles for long and thin polygons.

5.3.1. Insertion of nodes for long and thin polygons

The method to add nodes at the edges of long and thin elements is described
here. A maximum distance of 5 m between two nodes on the boundary of long and
thin elements is recommended. To insert nodes, the v.split GRASS command can be
used as explained below.

v.split input=mercier_long_elements output=mercier_long_elements_split length=5

This way, we ensure that the triangulation will lead to small-sized triangles that
allow us to build satisfactory polygons in a second step. Figure 5.26 shows the initial
polygon, associated with a road segment (Figure 5.26(a)) with nodes initially
separated with irregular distances (Figure 5.26(b)). After inserting nodes with a
maximum distance, a polygon with nodes separated by a maximum distance of 5 m
is obtained (Figure 5.26).

S0,
2o,
= oﬁ-—-},“—ge—:§%

L

Figure 5.26. a) Polygon associated with a road segment, b) with the initial nodes and
c¢) the newly inserted nodes in red that ensure a maximum distance of 5 m separating
the nodes. For a color version of the figure, see www.iste.co.uk/baghdadi/qgis4.zip
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GRASS function to insert nodes:
- v.split

QGIS tool to verify the nodes:

- Triangulation tools: Vector > Geometric tools > Nodes extraction

5.3.2. Triangulation using the TriangleQGIS plugin

The TriangleQGIS plugin can be used directly with vectorial layers in the .shape
format. These layers can be obtained from various GISs (ArcGIS, GRASS-GIS,
OpenJump, OrbiGIS, etc.). We recommend saving then again in the QGIS .shape
format, using options described in Figures 5.27. It is recommended to do this step
for all the files that contain elements selected from the convexity criteria
(mercier_non_convex), the maximum area criterion (mercier big areas) and the
long and thin elements criterion (mercier long elements). Figure 5.27 shows the
steps to follow (1-5 to save the files in the vectorial format).

[/ Save vector layer as... - o x ¥ Save layer as... -=

Format [ESRI Shapefile Step 17|

Save as pldipsamzana.'mercwerinonimnvexishp Browse

CRS  [selected CRS (USER:100002, * Generated casj-_i--l

Encoding System hd

I~ Save only selected featuras

I~ skip attribute creation

¥ Add saved file to map ) Step §

Symbelogy export No symbology hd
Scale 1:50000 33

B [T Extent (current: layer)

w Datasource Options |

w Layer Options |

P Custom Options.

Step 6

OK I Cancel | Help |

Lnaﬁtwﬁ.pz [ /media/s...psanzana vl O 00 @ @’t

E computer Name |Size
9 geopumn [ geopumma

= mercier_initial_mesh

= mercier_out

= mercier_initial_ditch

| Step 4 |

pJ
‘ G E
File name: Imercier_non_convex_sh Save

Files of type: |ESR\ Shapefile [OGRI (*.shp *.5HP) j Cancel

Figure 5.27. Steps to save a file in the QGIS vectorial format. For a color
version of the figure, see www.iste.co.uk/baghdadi/qqgis4.zip

First, the identifiers of the badly-shaped elements must be loaded. Elements
selected from the convexity criterion are triangulated first. Figure 5.28 shows the
selected badly shaped elements from the convexity criterion.
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Figure 5.28. HRU selected with a Convexity Index = 0.590. For a
color version of the figure, see www.iste.co.uk/baghdadi/qgis4.zip

Figure 5.29 shows the interface for choosing the various triangulation options

available in the TriangleQGIS plugin. Table 5.2 shows how to fill the fields for non-
convex elements.

Q TrianglePlugin

Select layer to triangle mercier_non_convex_ ¥
Minimum Angle
Maximum Area

Name of new Mesh nercier_non_cony

Shape Descriptor No Shape Descriptor =

jinj

Descriptor Threshold

OK I Cancel |

Figure 5.29. Interface of the TriangleQGIS plugin
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Non-convex elements Non-convex elements
Non-convex elements . . . . . .
s layer. Triangulation with layer. Triangulation with
Case layer. No constraint in . . °
. . constraint on the constraint of 30° on the
the triangulation . 2 ..
maximum area 20,000 m minimum angle
Input GIS
layer to mercier_non_convex_shp | mercier non convex_shp mercier_non_convex_shp
triangle
Minimum
angle 0 Keep empty 30
Maximum
Keep empty 20,000 Keep empty

area
Name of
the new mercier_non_convex_t mercier_non_convex_area | mercier_non_convex_angle
mesh
Shap M No shape descriptor No shape descriptor No shape descriptor
descripted
Descriptor
threshold 0 0 0

Table 5.2. Options to generate the various triangulations with the TriangleQGIS
plugin (to fill the required fields in the graphical interface)

Table 5.3 shows the result of each triangulation. For the new generated vectorial
mesh, comparison criteria are the number of triangles and statistics on areas and
minimum angle. In the first example, a triangulation without restriction on the
maximum area and minimum angle was selected. In this case, the triangulation uses
only existing nodes on the initial boundary (the total number of obtained triangles is
174). In the second example, the triangulation is realized using a restriction on the
maximum area of 2 ha. In this case, the program inserts new nodes inside the
polygon so that the generated triangle size is lower than 2 ha. The total number of
triangles is 203 triangles. In the third example, the triangulation is realized with a
restriction on the angles that must be larger than 30°. This requires inserting new
nodes inside the polygon as previously. The total number of triangles is 814
triangles. The number of triangles generated from a single polygon can dramatically
increase the final number of elements in the model. We see that up to 800 triangles
can be generated.

Although the triangulation with restriction on the area (Figure 5.30(c)) or
restriction on the angles (Figure 5.30(d)) leads to well-shaped elements, the final
element number is very large and includes very small triangles, so that the final
result cannot be considered as satisfactory for the modeling. The method providing
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the best compromise between the number of final elements and “good shape” was
finally retained, i.e. the triangulation without restriction (Figure 5.30(b)).

Figure 5.30. a) Non-convex polygon, b) triangulated without restriction,
¢) triangulated with restriction on the maximum area (2 ha) and d) triangulated with
restriction on the minimum angle 30°

Polveon No. A Min Max Median Min
e 0 aream’ | aream’ area m’ angle °

Initial 29,35 1

(Figure 5.30(a)) . ) . :

Triangulated without 174 0.17 6.618 510 1.6

restriction (Figure 5.30(b))
Triangulated with restriction
on the maximum area 203 1.58 1.928 437 2.1
(Figure 5.30(c))
Triangulated with restriction
on the minimum angle 814 0.12 1.417 109 30
(Figure 5.30(d))

Table 5.3. Number of triangles (4), area and angles for the element in Figure 5.30

For long and thin elements, generally associated with road segments, the
triangulation step is also relevant. Possible options for the triangulation are
described in Table 5.4. Figure 5.31 shows an HRU associated with a road segment.
As the Mercier subcatchment is rather rural, we use here a .shp example taken in the
El Guido subcatchment in Chili. Initially, with the options of Table 5.4, this road
segment is represented by an ensemble of nodes (Figure 5.31(a)). Then a
triangulation according to various criteria is realized: a triangulation without
restriction (Figure 5.31(b)), with restriction on the area that must not exceed 200 m”
(Figure 5.31(c)) and with restriction on the angles that must be larger than 30°
(Figure 5.31(d)). In a second step, nodes with a maximum distance of 5 m are
inserted in the polygon initial boundary and a triangulation without restriction is
performed.
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Figure 5.31. a) HRU associated with a road segment with the original nodes.
b) Triangulation without restriction. c) Triangulation with restriction on the maximum
area of 200 m’. d) Triangulation with restriction on the minimum angle of 30°.
e) HRU where nodes are separated with a maximum distance of 5 m (f) and its
triangulation without restriction on the area or on the angles. For a color version of
the figure, see www.iste.co.uk/baghdadi/qgis4.zip

Table 5.5 shows the results obtained for each triangulation.

. . Min
Polygon No. A arglrllnz arel\ia;z Medllirzl o anfle
Initial
(Figure 5.31(a)) i i i 3439 !
Triangulated without restriction 105 0.07 467 327 44
(Figure 5.31(b)) ) ) )
Triangulated with restriction on
the maximum area 218 0.01 201 15.7 21.1
(Figure 5.31(c))
Triangulated with restriction on
the minimum angle 476 0.01 78 7.2 30
(Figure 5.31(d))
Triangulated with restriction and
after insertion of nodes 278 0.01 125 12.3 1.2
(Figure 5.31(%))

Table 5.5. Number of triangles (4), area and angles for the element in Figure 5.31
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The triangulation without restriction of the polygon leads to very long polygons,
because the distance between nodes is not controlled by the user (Figure 5.31).
Triangulation with restriction on the maximum area (Figure 5.31(c)) and on the
minimum angles (Figure 5.31(d)) introduces new nodes inside the polygon that will
not lead to good results once these triangles are dissolved according to the Form
Factor (see section 5.3.3). The polygon that is triangulated after insertion of nodes
on the boundary leads to smaller and equidistant edges, better suited for the
subsequent dissolution step according to the Form Factor criterion (section 5.3.3).

For very large elements, the segmentation is realized with a constraint on the
maximum area. Figure 5.32 shows an HRU representative of a polygon with large
area, 19 ha, that is triangulated according to different options: without any restriction
(Figure 5.32(b)), restriction on the maximum area fixed to 2 ha (Figure 5.32(c)) and
restriction on the minimum angle fixed to 30° (Figure 5.32(d)). Table 5.6 shows the
options that must be chosen to run these various triangulations and Table 5.7
presents the results with statistics associated with each triangulation.

Figure 5.32. a) Very large polygon, b) triangulated without restriction,
¢) triangulated with restriction on the maximum area (2 ha), and d) triangulated
with restriction on the minimum angle 30°
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. Max Median Min
No. Min 5 area angle
A area m area m>2 ) .
m
Initial
) - - - 192.14 22.8
(Figure 5.32(a))
Triangulated without restriction
160 0.45 24.27 1.19 1

(Figure 5.32(b))

Triangulated with restriction on
the maximum area 164 | 045 19.34 1.16 1
(Figure 5.32(c))

Triangulated with restriction on
the minimum angle 841 | 0.09 5,532 228 30
(Figure 5.32(d))

Table 5.7. Number of triangles (4), area and angles
for the very large element in Figure 5.32

The number of triangles obtained after the triangulation without restriction is
160, with a maximum area of 24,271 m?. This decomposition does not fulfill the
maximum area restriction of 20,000 m* and it is necessary to insert nodes inside the
polygon to generate decomposition with smaller triangles. The triangulation with
restriction on the maximum area results in 164 triangles that indeed lead to a
maximum area of 2 ha. The triangulation with restriction on the angles leads to more
regular polygons but their number increases up to 841 triangles. The most
appropriate segmentation is therefore the second one, with restriction on the
maximum area.

In summary, from the presented examples, the following recommendations can
be made for the various types of badly-shaped elements:

1) non-convex HRUs: triangulation without restriction on areas and angles;

2) very long and thin HRUs: triangulation without restriction on areas and
angles, but starting from a polygon where the distance between boundary nodes is
lower than 5 m;

3) very large HRUs: triangulation with restriction on the maximum area with a
typical value of 2 ha (new nodes are inserted inside the polygon to fulfill this
criterion).
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GRASS tools to insert nodes:
- v.split

QGIS tools to verify nodes:
- Geometrical treatment tools: Vector > Geometry tools > Node extraction

QGIS tool to perform triangulation:
- TriangleQGlIS plugin

Figure 5.33 shows the triangulation of all the polygons that required it in the
Mercier case study subcatchment (see Figure 5.4).

The use of the plugin implemented in QGIS allows us to use the Triangle®
software directly on vectorial layers. It can be used to perform a Delaunay
triangulation or triangulation with constraints, as shown in the previous figures. Our
case study deals with the improvement of a distributed hydrological model mesh,
but this plugin can also be used for other types of meshes requiring improvement of
the elements’ shape.

0
"‘\4\\\

Figure 5.33. Mesh where all the badly-shaped elements
have been segmented using the TriangleQGIS plugin

5.3.3. Dissolution of triangulated elements

Once the most appropriate triangulation tool has been selected to segment each
element, dissolution of the obtained triangles can be performed using scripts from
the Geo-PUMMA toolbox. This dissolution step allows us to rebuild pseudo-regular
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polygons that respect convexity and form factor criteria. The final result is therefore
closer to the initial polygons, with a smaller number of elements than if all the
triangles were kept. This step cannot be performed in QGIS and requires the use of
the Geo-PUMMA toolbox and GRASS functions. These steps are however
presented for completeness of the presented example. The interested reader can refer
to Sanzana et al. [SAN 17] and to the Geo-PUMMA User’s Manual [GEO 17] for
further details.

The script allowing the segmentation of non-convex elements is:

p.B8.a.convexity segmentation.py

Script: p-B8.a.convexity segmentation.py
Inputs: e Mercier non_convex_triangle layer (clean topology)

e Mercier non_convex layer (pre-Triangle)
e A threshold convexity index

e A maximum area value

Output: e Mercier non_convex_processed

Figure 5.34. shows the result of the segmentation using this script.

Figure 5.34. Polygons dissolved using a convexity criterion (Cl > 0.75)
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The script allowing the segmentation of elements according to the Form Factor
criterion is:

p-B8.b.formfactor segmentation

Script: p.B8.b.formfactor_segmentation.py

e  Mercier_long_elements_triangle layer
Inputs: e A maximum area value
A threshold value for the Form Factor

Output: e  Mercier_long_elements processed

Figure 5.35 shows the result of the segmentation using this script.

Figure 5.35. Polygon dissolved according to the Form Factor criterion FF = 0.20

The script allowing the segmentation of very large elements is:

|p.BS.a.convexity_segmentation.py

Script: p.B8.b.formfactor segmentation.py

Inputs: e  Mercier_big areas_triangle layer

e  Mercier_big areas layer (pre Triangle)
e A threshold on the convexity index

e A maximum area value

Output: e  Mercier_big_areas _processed

Figure 5.36 shows the result of the segmentation using this script.
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Figure 5.36. Polygon dissolved according to the
maximum area criterion Amax = 2 ha

It can be seen that the dissolution dramatically reduces the final number of
polygons required to represent HRUs. These elements, once segmented into pseudo-
regular elements, allow a routing of the flow of water from each element to the
catchment outlet. This routing tree will be satisfactory as illustrated in section 5.3.4.

5.3.4. Effect of the model mesh improvement

In a mesh generated to represent hydrolandscapes, the segmentation procedure
will directly affect the hydrological connectivity. The flow routing from one element
up to the catchment outlet can be obtained using the p.olaf-py script that also belongs
to the Geo-PUMMA toolbox [SAN 17]. Flow routing is computed for each HRU
and follows the topography toward the lowest neighbor or a river reach. Figure 5.37
shows one example for a subcatchment of the Mercier catchment. The figure shows
the initial segmentation and topography contour lines (Figure 5.37(a)), the flow
routing using the initial mesh (Figure 5.37(b)), the model mesh after improving non-
convex elements only (Figure 5.37(c)) and the model mesh once all the elements
requiring it have been improved (Figure 5.37(d)).

Topology problems are solved using the proposed segmentation, even if the final
number of elements is increased as compared to the initial mesh. However, the
segmentation of non-convex and very thin and long elements with threshold values
of 0.75 for the Convexity Index and 0.2 for the Form Factor leads to a good
compromise between accuracy and the increase in the number of elements.
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a) Initial HRUs and Contour Elevation

&) Outlet

River

Elevation

Initial Segmentation
— OLAF

N

A 500 .

by Initial Mesh ¢) Improved Mesh (only convex elements) d) Improved Mesh (convexity and form factor)
24 HRUs p.convexity.py (CIT=0.75;Amax=2ha) p.form_factor py (FFT=0.20)
81 HRUs 98 HRUs

Figure 5.37. a) Subcatchment in the Mercier and topography contour lines.
lllustration of the effect of badly shaped elements improvement. b) Extraction of the
drainage network using the initial mesh, c) the mesh where only non-convex
elements have been improved, and d) mesh where all the badly-shaped elements
are segmented. “OLAF” arrows correspond to flow direction between model
elements. For a color version of the figure, see www.iste.co.uk/baghdadi/qgis4.zip
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