
 

Contemporary Engineering Sciences, Vol. 11, 2018, no. 66, 3253 - 3266  

HIKARI Ltd,  www.m-hikari.com 

https://doi.org/10.12988/ces.2018.87336 

 

 

MODCEL vs. IBER: A Comparison of  

 

Flooding Models in Riohacha, a Coastal Town of 

 

La Guajira, Colombia 
 

 

Andrea Nardini1, Leyner Cardenas Mercado2 and Jhonny Pérez Montiel2 

 
1 Fundación CREACUA-Centro Recuperación Ecosistemas Acuáticos 

Riohacha, La Guajira, Colombia  

 
2 Grupo de Investigación GISA, Facultad de Ingeniería 

Universidad de La Guajira 

Km 5 Vía a Maicao, Riohacha, Colombia  

 

 
   Copyright © 2018 Andrea Nardini, Leyner Cardenas Mercado and Jhonny Pérez Montiel. This 

article is distributed under the Creative Commons Attribution License, which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is properly cited 

 

Abstract 

 

We compare two flood models applied to Riohacha. MODCEL, a conceptual model, 

had already been calibrated; IBER, a physically based 2D hydraulic model, has 

been calibrated and validated now with the same dataset used in MODCEL. 

MODCEL performs better according to several indicators. One cause of this 

difference is the low resolution of topography, a key input for IBER. Additionally, 

IBER is weak in representing hydraulic works, particularly concerning their real 

maintenance status, an information that MODCEL instead includes as the cells 

schematization is based on the actual flow directions reported by the people 

interviewed. This procedure however requires a deep insight into the actual 

behaviour of the physical system and a vast modelling experience. Furthermore, 

MODCEL software is less user-friendly than IBER. Both models, anyway, in the 

case at hand, capture sufficiently well the behaviour of urban flooding and the 

impact of interventions. Which is why they constitute key planning tools in the face 

of the flood problem in Riohacha and similar cases. 

 

Keywords: urban flooding, “green” urban adaptation, mathematical modelling, 

IBER, MODCEL, comparison 
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1. Introduction 
 

Floods are one of the most wide-reaching and commonly occurring natural hazards 

in the world, affecting on average about 70 million people each year [1]. The danger 

of flooding is determined in terms of the recurrence of flood depths and flow 

velocities. To evaluate these risks quantitatively it is necessary to have 

mathematical simulation models [2]. A number of software packages, some quite 

sophisticated, are presently available for dealing with floods. They can be assigned 

to two classes: 

 i) “physically based“ models with two dimensions (2D) based on a realistic 

representation of the terrain and of the processes of infiltration – storage – runoff; 

their basic element is topography, i.e. a refined Digital Terrain Model (DTM).   

 ii) “schematic-conceptual” models are mainly based on a good representation of 

the underlying system of channels, tunnels, hurdles, piping, manholes, stockpiling 

tanks, etc., jointly with the representation of water motion and storage processes, 

obtained by a number of related 1D elements. 

 

Flood risk modelling has attracted considerable interest among researchers and 

practitioners over the past decades and various one-, two-, three-dimensional (1D, 

2D and 3D) [3]. 2D models are presently considered “state of the art” in modeling 

floods [4], but they rely on detailed information, particularly of topography, and 

their use involves a heavy computational load due to the integration algorithms. 1D 

river models, on the other hand, yield satisfactory results when applied to the main 

bed of a river; less so, when an event includes overflowing transients toward (or 

from) adjacent plains.  

 

Conceptual models offer an important advantage over “physically based” models 

since they accept a conventional topography, while the analyst is compelled to make 

up for the scarcely detailed topographic information by acquiring a deep 

understanding of how the system really operates, thus finally identifying the key 

elements to consider in its representation. There can be need, of course, for further 

improving the knowledge of some topographic details, but this concerns only few, 

very specific cases, that can be solved with little cost [5]. 

 

MODCEL has been the main tool used in the project named “Green urban 

adaptation for facing floods relying on MODCEL mathematical modelling in 

Riohacha, La Guajira- Colombia” [6, 7]. Riohacha is a relatively small Colombian 

coastal town (around 200,000 inhabitants) that is experiencing rapid economic and 

urban development with planning problems, very humble homes predominate, flat 

topography which makes it very vulnerable to flood risks. 

 

For the above, the present work does not intend to provide new methodologies, its 

objective is to have the experience and criteria to choose the most appropriate model 

between MODCEL and IBER to simulate the floods in the coastal city of Riohacha. 

The purpose of that project was to provide means for reducing flooding risk in the  
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town of Riohacha with a system view, considering a large part of the town (an urban 

watershed), and finally delivered an integrated plan of solutions, agreed with the 

community and institutions, and based on the Sustainable Urban Drainage System 

(SUDS) and urban river restoration philosophy [7, 8]. A by-product of that project 

was a wealth of data collected by direct inquiries on the field concerning previous 

events, particularly the floods of 2010 and 2011 due to a severe occurrence of the 

“La Nina” (ENSO) phenomenon.  

 

We wished to take advantage of such data in comparing the performance of 

MODCEL with that of IBER, a well-known “physically based” model for 

representing flooding, that offers the user a “friendly interface” [9]. The comparison 

investigated how well the results of both models fitted the real measurements, as 

well as their ease and versatility of use. With this we obtain the best model to better 

plan the risk of flooding in the city of Riohacha. This article presents the steps we 

followed for applying the IBER model in an urban area (the analogous procedure 

for MODCEL, presented in [7], is not repeated here), and comments the results 

obtained from the comparison. 

 

2. Tools and preparation of information 
 

2.1 Description of modeling tools 

MODCEL (modeling by cells) is a hydrodynamic, conceptual model for simulating 

floods in rural or urban environments. It parcels the area considered into cells, 

connected with one another through a variety of options. Cells usually co-operate 

in forming complex structures, representing the topography of the natural ground 

or urban schemes defined by streets, squares, buildings, etc. Some cells operate 

mainly as transporters, with a well-defined prevailing direction, such as rivers, 

piping, rainwater drainage or flow over floodplains; in this case, the main hydraulic 

connection is described by St. Venant’s dynamic equation. Other cells work instead 

mainly as storage units [10]. The model is a composition of zero-dimensional 

elements (tank-type cells), of mono-dimensional ones (e.g. the cells that compose 

a channel are 1D) and of equations that express the laws of water interchange (e.g., 

a weir, or the flow through an orifice); in the whole, however, it is almost 3D, since 

it can represent the flow on the surface in various directions, the flow in the 

underground sewage network and also its pseudo-vertical connections [11]. 

Being a schematic-conceptual model, MODCEL‘s variables express the equivalent 

(or piezometic) elevation of the water level in each cell (more precisely, at a 

conceptual reference point of the cell). Anyway, in order to analyze the hazard and 

evaluate the risk, this information must be translated in terms of the geographic-

territorial reality (areas effectively flooded) [7]. 

 

IBER (bidimensional hydraulic modeling) is a free software implementing a family 

of bidimensional mathematical models for the simulation of free-surface flow (plus 

processes of solids or contaminant transport) in rivers and estuaries. IBER includes 

several different calculation modules, connected with one another, such as hydrody- 
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namic module, sediment transport module (as bottom load or suspended load), 

water quality module, among others. The hydrodynamic module of IBER solves St. 

Venant’s bidimensional equations, including the effects of turbulence and of surface 

friction by wind [9]. 

 

2.2 Area of study  

The area considered for the MODCEL study (Figure 1) is split into two parts, an 

urban flooding sub-watershed, with an area of 14.86 km2
, i.e., the urban section of 

the town of Riohacha (La Guajira, Colombia), and a rural sub- watershed named El 

Patrón.  

 
Figure 1. Location of the urban watershed. (a) site of Colombia in South America, 

(b) location of the municipality of Riohacha in La Guajira, (c) definition of the 

flooding watershed within the town of Riohacha. 

 

This latter is likely to become part of the solutions and this is why it was comprised 

in the study area, as defined in MODCEL, although not when modeling IBER, as it 

turned out not to influence the urban area. Each cell is identified with a number and 

has specific features, such as area, hydraulic connections, etc.  

 

2.3 IBER modeling:  main steps 

As a first step, we resumed the information obtained by the project MODCEL; it 

was then adapted as required for interpretation by IBER version 2.3.1. Such 

information is mainly used for defining the study area, land use, initial conditions, 

internal and boundary conditions. 

 

2.3.1 Land use. We started from the file we had created in MODCEL with 

extension .shp, where land use is classed as follows: 1=vegetation; 2=bare soil; 

3=pavement; 4=buildings. We then used the tool ArcGis10.2 (Licence Universidad 

de La Guajira,  
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2016) for creating a file RASTER, later converted into an ASCII-type card index. 

The maps of land use of both models are substantially identical. It is worth pointing 

out that in MODCEL the land use is completely described by a single parameter: 

the “runoff coefficient” [10]; in IBER, instead, this description includes several 

parameters, i.e.: Manning’s coefficient (determining the roughness and the resulting 

friction by the flow against the surface) and the parameters connected with the 

process of infiltration [12]. In order to assign Manning’s coefficients in IBER, we 

first loaded the file. ASCII we had created in ArcGis, then we assigned roughness 

values to each class of land use. Starting with the values offered by the software 

“by default”, after calibration we finally chose as most adequate for each class of 

land use the following values of Manning’s coefficient:  vegetation (0.30); bare soil 

(0.25); pavement (0.38); buildings (0.46). 

 

In order to account for infiltration, IBER offers several ways; the simplest one 

(when missing specific information) is to use Horton’s model [13] where three 

parameters have to be specified (the initial f0 and infinite time fc infiltration rates 

and the constant k) for each element of the computation mesh. As expected, the 

infiltration rate (fc) in IBER turned out to be higher in the areas where bare soil 

prevails, such as cells 203 and 503. Again, these values were obtained from the 

calibration exercise. 

 

2.3.2 Initial conditions, boundary and internal conditions. The event considered 

for calibration (“calibration event”) was, as in the case of MODCEL, that of 

September 18th, 2011; the initial condition considered was that of “dry cells”, in 

the whole sub-watershed, i.e. with a water depth equal zero, with the exception of 

wetlands, for which an initial elevation was assumed as equal to the natural 

minimum elevation of the aquifer (so that the effective depth for wetlands is the 

difference between the elevation attained and the initial elevation). The initial depth 

in the four wetlands present in the study area was as follows: “31 de Octubre” 0.25 

m; “La Esperanza” 1.00 m; “Bocagrande” 0.50 m and “Laguna Salá” 0.50 m. 

In IBER the boundary conditions (interaction between the limits of the study area 

and the surroundings) are named conditions of flow input and flow outlet [14]. For 

calibration, input to the system is the rain recorded on the calibration event. The 

runoff of the urban sub-watershed normally drains through box culverts toward the 

delta of the river Rancheria named El Riito, although there may happen to be a 

backward flow under conditions of river flood and/or “mar de leva” (surge, a 

combination of astronomical and meteorological tide).  

MODCEL accepts box culverts as orifice-type structures, IBER considers box 

culverts as connection structures, but not as an outlet condition. Accordingly, we 

had to include in IBER this outlet as a weir (with a subcritical flowrate). In order to 

represent this hydraulic structure in IBER we had to define the runoff coefficient 

and the level of the weir. The latter can be expressed either as an elevation (absolute 

form) or as height over the bottom [12]. The weir elevations assumed in IBER, for 

each outlet condition, were: on the street 3.28; house (vivero) 2.13; El Riito 

fishmarket 1.20.  
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The internal conditions in IBER refer to hydraulic connections, i.e., the ways of 

communication between a given part of the system and the others within the study 

area: these can be a gate, a weir or an internal sink. For gate-type internal conditions, 

IBER requires the following information: bottom elevation (ZB), gate elevation 

(ZD), percentage gate width (%), free outlet coefficient (Cd), submerged outlet 

coefficient (Cda) [12]. For ZB, we took the data of MODCEL in each structure, while 

the percentage gate width, Cd and Cda were assumed by default. For weirs, 

characteristic data are: elevation (Zw), percentage of weir length (%), outlet 

coefficient (Cd ) [12]; weir elevations were obtained from MODCEL, the length 

percentage and weir Cd were assumed by default. 

 

While representing the rain-to-runoff process, IBER uses the topography included 

in the DTM for moving water from place to place, so it does not need a structure 

like MODCEL’s cells. The underground tunnel of MODCEL was introduced in 

IBER as a sink: the purpose of this structure is to withdraw water from its location 

in order to lighten the surface runoff. For taking it into account within IBER, one 

has to specify the location of the sink (x,y.z) and a diagram of the flowrates 

extracted because, in this version, IBER does not calculate them as it could be 

desirable [12]. Accordingly, to ensure a correct comparison between both models, 

we assumed for the sinks the flow rate diagrams obtained by the simulation 

MODCEL referring to the model we were calibrating.  

 

The box culvert that controls drainage from Laguna Salá towards the delta was 

considered in MODCEL as a simple structure connecting cells, and the same in 

IBER; indeed, it is the only box culvert explicitly considered in IBER, since it is a 

physical passage under the road embankment, a passage that the DTM cannot see. 

 

2.3.3 Loading information into IBER.  

 

All information was introduced by the user’s interface of IBER. We started by 

creating the geometry, after saving the project with extension .gid. For this exercise, 

we created the geometry by drawing the surfaces, extracting their contours from the 

cell Shapefile of MODCEL. The result was loaded in the interface of IBER as 

background image, over which we digitalized (with lines) the contours or polygons 

of the single cells.  

 

We use the term “cells” as referring to analogous parcels of territory. We had to 

assign the surface (polygon) of each cell in order to obtain its geometry, and we 

repeated this process for the 67 cells of the study area selected for IBER. 

Afterwards, we created a non-structured computation mesh, where the elements had 

the size of 4 m for the cells considered in the comparison, and of 6 m for the 

remaining ones (1035539 elements). We hence assigned the DTM, the initial 

conditions, input and outlet conditions, internals conditions, land use and 

infiltration model parameters.  
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We then proceeded to assign the parameters for calculation, such as the maximum 

time for simulation -given as 45000 seconds- and the interval for sampling the 

results, fixed as 900 s; the condition of stability CFL (number of Courant-

Friedrichs-Levy) was fixed by default as 0.45; the limit dry-wet (that determines at 

which depth one starts to consider that an element remains dry) was assumed as 

0.01. For the numerical calculation scheme we chose the hydrological method: this 

scheme is conceived for hydrological calculations of the rainfall-runoff 

transformation [12], so that it is useful in estimating the flooding level in areas of 

interest. 

 

3. Calibration  
 

We have calibrated both MODCEL and IBER on the same “calibration event” 

(September 18, 2011). For MODCEL, the parameter to be calibrated was the runoff 

coefficient associated with land use; furthermore, we adapted certain hydraulic 

coefficients usually representing, especially, the flow in channels (Manning) or over 

weirs or through orifices. We also adjusted some physical features of the 

connections, such as the width of the channel that joins two cells, or the elevation 

of the threshold between them; these adjustments are but steps in a preliminary 

procedure of physical interpretation, aiming at understanding how the watershed 

works and refining its representation, before entering the actual process of 

calibration. 

 

In order to appraise the quality of fitting, the cells were assigned to either of two 

classes: tank-type cells and transport cells. The former behave like a tank where 

storing water is the prevailing process, such as is the case of wetlands; the latter are 

characterized by mainly transferring volumes of water with a certain delay, as 

streets do.  

 

For tank-type cells, the figure used to calculate the quality of fitting was the 

elevation of the water level because, although measurements do not refer to the 

schematic center of the cell, they should report the same value of the water surface. 

For transport-type cells, the water depth was considered since it is the variable that 

determines the runoff (also because measurements of elevation taken at different 

points in the cell are not supposed to give the same value, owing to a significant 

slope of the flow). Figure 2 shows the cells we took into account when estimating 

and comparing the fitting quality of the models. 
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Figure 2. Cells considered for estimating the fitting quality of the models. 

 

4. Results and discussion 
 

For calibration, we ran 50 simulations, hup to the best setting. At the end of this 

procedure, we examined the quality of fitting between the values simulated by 

MODCEL and IBER and those measured in field, separately for tank-type cells and 

for transport-type cell.  

 

The results were submitted to numerical elaboration according to statistical 

methods, as reported in Table 1 and Figures 3 (very similar results hold for 

measurements taken in the houses). It appears that MODCEL represents field 

measurements more closely. A similar exercise was done for tank-type cells 

(wetlands), obtaining substantially the similar results. 

 

Table 1. Fitting quality indicators of models MODCEL and IBER considering 

water depths measured in the centers of transport cells. 

 

Cell 

 

L.M 

(m) 
L.S MODCEL (m) 

L.S 

IBER 

(m) 

ek 

MODCEL 

(m) 

ek 

IBER 

(m) 

er 

MODCEL 

(%) 

er 

IBER 

(%) 

103 0,190 0.320 0.165 -0.130 0.030 -68.421 13.251 

201 0,470 0.410 0.134 0.060 0.340 12.766 71.455 

203 0,160 0.120 0.381 0.040 -0.220 25.000 -138.275 

205 0,900 0.910 0.374 -0.010 0.530 -1.111 58.435 

302 0,740 0.700 0.520 0.040 0.220 5.405 29.783 

306 0,510 0.590 0.181 -0.080 0.330 -15.686 64.434 

310 0,270 0.300 0.021 -0.030 0.250 -11.111 92.229 

503 0,170 0.160 0.409 0.010 -0.240 5.882 -140.625 

506 1,410 1.420 0.866 -0.010 0.540 -0.709 38.547 

511 0,530 0.580 0.868 -0.050 -0.340 -9.434 -63.711 
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Table 1. (Continued): Fitting quality indicators of models MODCEL and IBER 

considering water depths measured in the centers of transport cells. 

 
514 1,050 0.960 0.913 0.090 0.140 8.571 13.061 

515 0,500 0430 0.311 0.070 0.190 14.000 37.715 

604 0,380 0430 0.382 -0.050 0.000 -13.158 -0.447 

e̅    -0.004 0.135 -3.693 5.835 

 MODCEL IBER 

|eM| 0.130 0.540 

RMSE 0.062 0.301 

r 0.986 0.674 

σe 0.061 0.269 

σexp
2  0.971 0.443 

LM: depth measured in the point nearest to the center of the cell of MODCEL, L.S. MODCEL: simulated 

depth in the cell center; L.S. IBER: simulated depth in the mesh element containing the cell center. ek, error, 

er: relative error, er: average error,|eM|:maximum absolute error, RMSE: root mean square  error, r: 

correlation coefficient, σe: standard error deviation, σexp
2 : explained variance. 

 

If any, we noticed that IBER’s fitting indicators were somewhat better in the center 

of tank-type cells, i.e., it worked better in cells of this type than in transport-type 

cells. This may be due to the fact that the DTM used in these cells was very detailed, 

adequately representing the bottom level. This remark confirms the concept that in 

2D modeling the precision of the DTM has a considerable influence on the results 

since some particular features of the terrain must be identified clearly and in detail; 

such is the case of buildings, sidewalks, streets, houses [15-18], while in wetlands 

(Tank-type cells) precision is less important. [19] showed the effect of topography 

when comparing models HEC-RAS 1D and HEC-RAS 1D/2D. According to [3], 

you can find significant differences in the amount of water entering the 2D domain 

from the 1D model and consequently significant differences were also predicted in 

the flood inundation extent. In our study, the water level previously determined 

allowed us to verify which of the models was the most accurate under the limitations 

of detailed topographic information. 

 

 
Figure 3. Water depths measured in the centers of transport cells for models 

MODCEL and IBER. 
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The validation of a model has a very important role when its reliability must be 

proved [10, 20]. We therefore proceeded after calibration, as we had done for the 

project MODCEL, to validate IBER by referring to the event of November 29, 

2011, that was very impressive indeed, and of which we have information recorded 

on the field. The performance of the two models was very similar to the calibration 

and as such is not reported here. 

 

A rather important aspect shown by IBER modeling, also confirming one of the 

alternatives of the project MODCEL described in [7], is the connection between 

wetlands. IBER gives evidence that the runoff water flows through the lowest areas 

including the delta area known as El Riito ad finally into the Caribbean Sea; as a 

result, we could confirm that wetlands are naturally connected with each other.  

 

 

5. Conclusions 
 

IBER represented adequately the urban floods of the town of Riohacha; its 

somewhat lesser performance, when compared to MODCEL, is mainly due to the 

lack of a detailed topography and to an insufficient representation of some hydraulic 

structures connecting the cells. Such representation is however not easy and can be 

affected by subjective bias (it is however expected that future versions allow to 

improve on this detail).  A suspect may arise that the “handmade” calibration did 

not achieve the optimum for IBER performance; this cannot be excluded; however, 

keeping a similar number of parameters to be calibrated, the sensitivity indicates 

that no significant improvement would be achieved. 

 

MODCEL gave a better representation of floods in Riohacha and allows to evaluate 

the effect of implementing alternative solutions such as hydraulic structures. 

Anyway, its use requires a vast knowledge of the program, a good experience with 

the model and the type of problems: this can be a limit to its use. It is confirmed 

that it is the best model for flood risk planning in the city of Riohacha. 

 

The interface of IBER is friendly for its users and allows a clear understanding of 

the functions of its tools, although it appears necessary to revise manuals and even 

to take training courses; on the other hand, MODCEL requires more experience for 

its understanding, and must be joined with an additional software for representing 

the information in a graphic form: this can affect its acceptance. We recommend 

that MODCEL improve the user’s interface, for a more explanatory introduction of 

information: work on this detail is presently under way at the Universidad Federal 

de Rio de Janeiro (UFRJ). 

 

MODCEL is more stable than IBER: no “crashes” happened during the processes 

of preparation, implementation and obtainment of results of a simulation. On the 

contrary, IBER sometimes suffered failures during implementation. Also, IBER  
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requires a lot more processing time that tends to increase with the size of the area 

of interest. 

MODCEL is more versatile than IBER because it can be adjusted to limitations like 

poor topography and the complexity of existing infrastructures, thus allowing 

simulation of complex alternative solutions, while IBER can only obtain good 

results if provided with high –precision topography that is often scarcely available 

in urban areas. 

Anyway, both models are good enough in capturing the behavior of urban runoffs 

and their possible change as the result of proposed interventions: this makes them 

key planning tools for facing the problem of floods in Riohacha and all other similar 

cases. 
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