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ABSTRACT 

The assessment of the Suitability of Physical Habitat (SPH) and the Weighted Usable Area (WUA) for fishes has 

been traditionally performed by means of simple habitat models based on experimental campaigns. In parallel 

with the improvements of the computer capabilities, some eco-hydraulic numerical models have been developed 

for the detailed analysis of river hydrodynamics. Recently, specific modules for habitat simulation have been 

introduced in several 2D hydraulic models. This work presents a new modelling tool to assess fish suitability 

based on the hydraulic model Iber. The model has been developed to work in a coupled way with the other 

modules, using the same easy workflow of Iber. The model includes enhances as tools for the geometry / mesh 

built-up process (LIDAR points cloud), the possibility to choose several fish species from a database or defiend 

by the user, the possibility to calculate different steady flows in the same simulation and a specific postprocess 

tools to represent the WUA as a function of discharge. 

1. INTRODUCTION 

The Water Framework Directive, WFD [1], introduced a challenge for EU countries regarding 

the ecological and environmental management. This new framework pushed the member 

states to legislate to improve the ecological state of water bodies, both continental and coastal 

[2]. 

 

 The characterization and quantification of physical habitat is a wide used tool for the 

environmental management of aquatic ecosystems. A commonly used methodology for the 

assessment  of physical habitat for fishes is the Instream Flow Incremental Methodology, 

IFIM [3], which combines hydraulic and biological models to create a habitat model. On one 

hand, biological models are usually defined by means of relationships between physical, 

chemical, hydraulic aspects and the suitability of the fish towards these. On the other hand, 

hydraulic models provide the hydraulic micro- and macro-habitat conditions, being the water 

depth and velocity the main variables resulting from the simulations. 
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 The high cost of field campaigns, in general, and the difficulties for data collection in 

rivers, in particular, has pushed the development of new tools for eco-hydraulic modelling. 

The integration of biological models into tools for numerical simulation of river hydraulics 

has been a common trend in recent years. Currently, models like RHYHABSIM [4], in 1D, 

and River2D [5], in 2D, both integrated into a numerical habitat model [6], are widely used 

for the characterization and quantification of the Suitability of Physical Habitat (SPH) and the 

Weighted Usable Area (WUA) for fishes. However, the process of building-up the model and 

the numerical techniques used by these tools makes them quite complex to use and with 

limitations  under complex flows and irregular geometries [6–9]. 

 

 In the present work, the 2D-numerical hydraulic model Iber [10] is presented as a 

numerical habitat model. The biological model has been integrated into Iber allowing to 

calculate the SPH and WUA for fishes. This new module is integrated in a unique user-

friendly interface [11]. In addition, some enhances have been implemented that facilitate the 

built-up process and the results analysis. Some are the construction of model geometries and 

mesh from a cloud af LIDAR points, the possibility to choose several suitability curves for 

various fish species, or feed user's defined database of curves, the possibility to calculate 

different steady flows in the same simulation, and a specific tool to obtain the relation 

between discharge and WUA. 

 

2. NUMERICAL MODEL 

Iber is a two-dimensional hydraulic model based on Finite Volume Method, FVM [12,13]. It 

solves 2D Saint Venant equations (2D-SWE) using 1st order Roe or 2nd order Minmod 

schemes [14]. The equations 2D-SWE (Equations 1, 2 and 3) are solved with an unstructured 

finite volume solver explicit in time. 
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were h is the water depth, qx and qy are the X- and Y-direction fluxes, g is the gravity 

acceleration, ρ is the water density, zb is the bottom elevation, τb is the friction caused by the 

bottom and ui’ are the turbulent stress forces. A detailed explanation about the model can be 

found in [10]. 

 

2. IBER AS A HABITAT MODEL 

The Iber model is integrated into the pre- and post-process interface GiD [11], which provides 

an easy workflow. To create a project, tt least three main steps are needed: pre-process (e.g. 

mesh importation/creation from DTM file and implementation of hydraulic conditions); 

calculation options and process (modules activation and configuration); and post-process 

(results visualization, analysis and exportation). The main contribution of the fish module is  

remains in the possibility to choose one or more types of fish from a database before 
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calculating (interface improvements). This new module is prepared to be integrated with other 

Iber modules (Figure 1). 

 

 

 
 
Figure 1: Modules implemented in Iber. 

 

2.2 Pre-process tools 

Apart from the geometry and mesh creation enhanced tools, the main new capabilities in the 

pre-process in relation with habitat simulation are. 

 

 A new boundary condition called “Stepped discharge” (Figure 2a). This tool consists in a 

list of discharges that are used to perform a simulation. The discharge remains constant until 

the steady flow is achieved, controlling the point where steady flow occurs by means of a 

tolerance (difference between inlet and outlet discharges). The “Stepped discharge” tool 

allows analysing, in the same model, several steady flows reducing the computational time 

(the next discharge starts with the hydrodynamic conditions calculated with the previous one) 

and the built-up and analysing time. 

 

 A biological model based on suitability curves of several fishes and their stadiums. This 

module was implemented in the code. Apart from choosing form variety of existing species, 

the user has the possibility to introduce its own suitability curves (Figure 2b). The current 

version includes suitability curves for velocity, depth and. The substrate is associated to a land 

use or soil type, as is done with the bottom roughness. Thus can be spatially distributed and 

loaded into the model form a land use or soil type georeferenced database (Figure 2d). 

 

a) b) c) 

   

 
Figure 2: New tools implemented into the new habitat module of Iber. Pre-process tools. 
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2.2 Calculation options 

In order to activate the new habitat module of Iber, it is only necessary to select one or more 

of the fish species of the database (Figure 3). The current version includes two species 

families: salmonidae (Salmo trutta) and cyprinidae (Barbus bocagei, Chondrostoma polylepis 

and Squalius cephalus).  

 

 
 
Figure 3: New tools implemented into the new habitat module of Iber. Calculation options. 

 

2.2 Post-process tools 

Apart from the general tools to analyse the results, the current version has the possibility to 

analyse partial and global results of SPH in the program. The SPH is represented for each 

specie and stadium in each element and each time step (Figure 4a), so the definition of the 

most suitable areas depend on the spatial discretization of the mesh (Figure 4b). 

 

a) b) 

  
Figure 4: Visualization of the depth suitability index. 
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 In addition, automatically calculates directly the WUA for each discharge (unsteady flow 

or steady flow through “Stepped discharge” option), providing not only a value but also the 

evolution along the simulation (Figure 5). Partial results are also calculated (e.g. wet area) and 

written in an ASCII plain file (e.g. ranges of WUA) for each specie and stadium. Indeed, Iber 

provides direct relationship between WUA and discharges. 

 

 
Figure 5: New tools implemented into the new habitat module of Iber. Post-process tools. 

 

3. APLICATIONS 

The new model was applied in two rivers: Eume (Galicia, Spain) and Cinca (Aragón, Spain). 

Two different reaches compose the first one, a discontinuous part (step-pool morphology) in 

the upper basin, and a low slope continuous part in the lower reach characterize the first one. 

The second one is a gravel braided river. 

 

 The study on Eume River proved the capability of Iber to ensure good results in a river 

with complex morphology. In Figure 6, results of different suitability indexes are presented 

for SPH representation. .The capability of a detailed 2D model when representing the 

complex hydraulics allows obtaining also very detailed space distribution of the indexes. It 

can be observed that the indexes vary along the river axis, but also in the width. 

 

 In Cinca River, apart from the SPW, the evolution with time of the WUA was studied 

Cinca River was studied. The case corresponds to a 10 days simulation in a 10-km length, 

where the discharge varied between minimum values of 10 m3/s and maximum values of 

250 m3/s. Chondrostoma polylepis was the objective fish. Figure 7 shows the WUA evolution 

during the period. A first analysis of the results shows that low discharges provide more 

WUA for the fry stadium. For juvenile and adults, when the flow rises, even though the value 

of SPH increases, their WUA remains relatively constant along the simulation (0.03 and 0.06 

respectively). 
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Figure 6: Representation of the SPH in Eume River. Salmo trutta suitability distribution for water depth (left), 

water velocity (middle) and product (right) in the step-pool part (above) and continuous part (below). 

 

 
 
Figure 7: Evolution of the WUA in Cinca River (Chondrostoma polylepis). 

 

4. CONCLUSIONS 

The integration of a biological model into Iber, provides a new eco-hydraulic numerical 

model based on a 2D hydrodynamic model that uses the Finite Volume Method, and thus 

benefits from the robustness and stability of this family of numerical schemes. The new 

habitat model includes several improvements, and benefits form the easy workflow and the 

user-friendly interface which Iber is based on. 
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 The model includes several pre-defined species and stadiums, with data loaded in a pre-

existing database. In addition, the user can feed the model specific suitability curves based on 

depth, velocity and substrate variables. That provides the possibility to analyse the SPH and 

the WUA for any specie and stadium provided the required suitability curves are previously 

obtained, 

 

 The model was applied to two rivers, in which different morphology (step-pool and 

continuous reach) and temporal scenarios were tested. The model provided suitable results for 

both cases with a low model construction effort thanks to the capability to simulate several 

steady flows with the new tool “Stepped discharge”. Also the results show the advantages of 

using a detailed 2D model, able to properly represent the complex hydrodynamics patterns 

resulting from also complex morphologies. In addition, unsteady flows were analysed in order 

to know the SPH and the WUA variations as a function of the discharge, but also of the 

hydrograph shape. 

 

  



SimHydro 2019: Which models for extreme situations and crisis management? 12-14 June 2019, Sophia Antipolis 

 

REFERENCES 

[1] D.O.C.E., Directiva 2000/60/CE del Parlamento Europeo y del Consejo de 23 de octubre 

de 2000 por la que se establece un marco comunitario de actuación en el ámbito de la 

política de aguas, (2000) 69. 

[2] J.M. Díez-Hernández, J.A. García-Rivera, Aplicación IFIM para el estudio de caudales 

ecológicos del embalse de Ruesga (Palencia), in: 6o Congr. For. Español, 2013: pp. 1–

13. 

[3] K.D. Bovee, A guide to stream habitat analysis using the Instream Flow Incremental 

Methodology, Instream Flow Information, FWS/OBS¬82/26. Fort Collins, Color. 12 

(1982) 248. 

[4] I.G. Jowett, RHYHABSIM river hydraulics and habitat simulation computer manual, 

National Institute of Water and Atmospheric Research report (unpublished), Hamilton., 

1996. 

[5] P. Steffler, J. Blackburn, Two-dimensional depth averaged model of river 

hydrodynamincs and fish habitat. User ManualRiver2D, University of Alberta, Canada, 

2002. 

[6] J.M. Díez-Hernández, L. Burbano, Revisión de los modelos eco-hidráulicos uni-

dimensionales (1D) y bi-dimensionales (2D) en corrientes fluviales, Av. En Recur. 

Hidraul. 15 (2007) 75–88. 

[7] A. Ghanem, P. Steffler, F. Hicks, C. Katapodis, Two-dimensional finite element 

modeling of flow in aquatic habitats, Water Resour. Eng. 95-S1 (1995). 

doi:10.7939/R3VH5CS4G. 

[8] A. Ghanem, P. Steffler, F. Hicks, C. Katapodis, Two-dimensional hydraulic simulation of 

physical habitat conditions in flowing streams, Regul. Rivers Res. Manag. 12 (1996) 

185–200. doi:10.1002/(SICI)1099-1646(199603)12:2/3<185::AID-RRR389>3.0.CO;2-

4. 

[9] Y. Secretan, M. Leclerc, S. Duchesne, M. Heniche, Une méthodologie de modélisation 

numérique de terrain pour la simulation hydrodynamique 2D, Rev. Des Sci. Éau. 14(2) 

(2001) 187–212. 

[10] E. Bladé, L. Cea, G. Corestein, E. Escolano, J. Puertas, E. Vázquez-Cendón, J. Dolz, A. 

Coll, Iber: herramienta de simulación numérica del flujo en ríos, Rev. Int. Métodos 

Numéricos Para Cálculo y Diseño En Ing. 30 (2014) 1–10. 

doi:10.1016/j.rimni.2012.07.004. 

[11] R. Ribó, M. De Riera, E. Solano, GID Reference Manual, Ed. CIMNE, Spain, 1999. 

[12] L. Cea, M.E. Vázquez-Cendón, Unstructured finite volume discretization of two-

dimensional depth-averaged shallow water equations with porosity, Int. J. Numer. 

Methods Fluids. 63 (2009) 903–930. doi:10.1002/fld.2107. 

[13] R.L. LeVeque, Finite Volume Methods for Hyperbolic Problems, Cambridge Texts Appl. 

Math. 31 (2002). 

[14] E.F. Toro, Riemann Solvers and Numerical Methods for Fluid Dynamics, Springer, 

Berlin (Heidelberg), 2009. doi:10.1007/b79761. 

[15] A.K. Rastogi, W. Rodi, Predictions of heat and mass transfer in open channels, J. 

Hydraul. Div. 104 (1978) 397–420. 

[16] M. Gómez, J. Recasens, B. Russo, E. Martínez-Gomariz, Assessment of inlet efficiency 

through a 3D simulation: numerical and experimental comparison, Water Sci. Technol. 

74 (2016) 1926–1935. doi:10.2166/wst.2016.326. 

 


