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Abstract  

 
There has been a significant increase in the number of published tidal-stream energy resource assessments in 

recent years due to the growing availability of open-source hydrodynamic models, and freely available data for 

model bathymetry (e.g. GEBCO_2014 and ETOPO) and boundary conditions (e.g. TPXO, FES, EOT). This study 

examines how the choice of bathymetry and tidal constituents affects the quantification of a tidal-stream energy 

resource, by conducting sensitivity tests for the Gulf of California. We find that the mean KPD (Kinetic Power 

Density) and annual mean power are significantly underestimated when using just GEBCO_2014 or ETOPO 

bathymetry data sources on their own. For the Midriff region, between San Lorenzo and San Esteban Islands 

(herein the San Lorenzo Passage), the annual mean power potential was estimated to be around 50 MW when 

using freely available bathymetry data, while the annual mean power increased to ~200 MW when using a bespoke 

dataset that was a combination of GEBCO and higher-resolution bathymetry provided by CICESE (The Centre 

for Scientific Research and Higher Education at Ensenada). Current speeds reduce from 2.4 m/s when using high-

resolution to around 1.2 m/s and 0.8 m/s when using open source bathymetry products. Finally, we compared the 

estimated energy using tidal levels predicted from 29 tidal constituents compared with simulations that included 

just the principal semi-diurnal lunar (M2) and solar (S2) constituents. The annual mean KPD reduced by almost 

1/3rd in the San Lorenzo Passage, when just considering M2 and S2 constituents, suggesting that diurnal and higher 

order harmonic constituents are important for accurate resource assessments in this region. 

 

Key words: Tidal-stream energy, bathymetry, sensitivity tests, annual mean power, GEBCO, ETOPO, Gulf of 

California, Mexico 

 

1. Introduction 

Over the last two decades, there has been increased interest in tidal energy exploitation [1]. Tidal energy offers 

many benefits compared to other sources of renewable energy, because of the regular and predictable nature of 

tides [2]. There are two main ways of harnessing tidal energy: (1) tidal range via the use of tidal barrages or 

lagoons; and (2) tidal current (tidal-stream). Tidal barrages or lagoons are major constructions that are generally 

associated with relatively high environmental impacts [3]. In contrast, tidal-stream generators make use of 

the kinetic energy of moving water to power turbines [2], similar in principle to wind turbines. The main 

differences are the flow density and the thrust that each device is capable of tolerating under regular operational 

conditions. The kinetic energy in Marine current devices is defined as the movement of the total velocity of the 

current across the swept area of a horizontal axis device that can be used to generate electricity with an attached 

generator [1] and [4]. 

This paper focuses on tidal-stream energy, which has been assessed in a growing number of published studies for 

different sites around the world using a variety of modelling techniques and tidal hydrodynamic models. A wide 

range of different bathymetric sources (e.g., global, regional and local bathymetry products, boat surveys and/or 

bathymetry charts) have been used to configure the underlying numerical model grids. Details of the studies that 

mention the specific bathymetric data sources they used, are summarised in Appendix A Table 1; a few of them 

will be revisited in the discussion section. Furthermore, different studies have considered different numbers and 

https://en.wikipedia.org/wiki/Kinetic_energy
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combinations of tidal constituent when conducting energy resource assessments. For example, several past studies 

have investigated the variability of the available tidal-stream energy using just the M2 tidal constituent e.g. for the 

Johnstone Strait, Vancouver Island [5], Masset Sound Haida Gwaii in Canada [6] and Pentland Firth, in the UK 

[7]. Therefore, here we consider it pertinent to conduct sensitivity testing comparing energy resource estimates 

calculated from numerical hydrodynamic simulations based on a variety of free global bathymetry products, and 

higher resolution datasets, and considering considered different numbers and combinations of tidal constituent. 

We focus on the Gulf of California, (Mexico) herein GC, building on an earlier study by [8]. 

The GC, located at the northwest of Mexico City (capital of Mexico) is about 1100 km in length. Furthermore, 

the GC is between 48 and 240 km in width between the Baja California peninsula and the mainland. The GC is 

divided into three main regions: (1) the northern region; (2) the central or Midriff region; and (3) the southern 

region. The bathymetry in the GC varies from around 200 m in the northern Gulf to 2,500-3,600 m depth at the 

entrance area with the Pacific Ocean. Peak spring tidal currents exceed 1.5 m/s around the Midriff Island in the 

Gulf of California [9] and [10]. Therefore, this region, where water depths are around 400 to 600 m, has potential 

for tidal-stream energy extraction. The first theoretical tidal-stream energy resource quantification was conducted 

recently by [8]. The GC is relatively deep, and diurnal tidal constituents are typically larger in the northern GC 

rather than at the entrance of the GC (Fig. 1) where water depths are approximately between 2000 and 3000 m 

depth. A study by [8] found that the resource characterisation in this region contrasts considerably from previously 

identified tidal-stream sites around the world, where water depth is typically less than 80 m. Currently 

developments of first-generation turbine requires tidal-stream flows > 2 m/s [11] and a maximum depth of < 80 

m [12] [13]. 

The overall aim of this paper is to examine how choice of bathymetry product and number and combination of 

tidal constituents affects the quantification of the tidal-stream energy resource for the GC. We undertake 

sensitivity tests in which we estimate and compare the maximum theoretical undisturbed mean KPD and annual 

mean power output calculated from hydrodynamic model runs that used: (1) just GEBCO_2014 bathymetry data 

[14]; (2) just the ETOPO bathymetry data [15]; and (3) GEBCO_2014 data merged with higher resolution data 

from CICESE (The Centre for Scientific Research and Higher Education at Ensenada), for the upper part of the 

GC. We then consider how different numbers of tidal constituents affects the quantification of the tidal-stream 

energy resource for the GC. Crucially, and as explained in more detail below, we do not vary the number of tidal 

constituents at the model boundary when we run the model for a 1 month simulation; we just vary the number of 

tidal constituents we use to predict a complete year of tidal currents for estimating the tidal resource at different 

sites. The structure of the paper is as follows: in Section 2 we briefly describe the numeral model set up and 

configuration. The methodology is then outlined in Section 3. The results are presented in Section 4 and finally 

conclusions are given in Section 5.  
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Fig. 1. Amplitude of the main semidiurnal and diurnal tidal constituents: (a) M2, (b) S2, (c) K1 and (d) O1, 

estimated by the TELEMAC model described in Section 2. 

 

 

2. Gulf of California model configuration and validation 

The GC hosts several deep basins, such as Tiburon, Delfin and Wagner, which are 400, 800 and 200 m deep, 

respectively. The Midriff region contains some important Islands, such as Smith, Salsipuedes, San Lorenzo, and 

San Esteban Islands. The biggest of the Gulf islands are Angel de la Guarda and Tiburon. The areas of most 

interest to this study is the region around the Midriff Islands in the central region, as a previous study indicates 

that currents in this region exceed 1.5 m/s [9] and hence, as first shown by [8], there is good potential for tidal-

stream energy exploitation here, albeit in relatively deep (>200 m) water – hence likely floating turbine technology 

would be required for energy conversion. 

A depth-averaged barotropic model of the GC was previously configured by [8] using the TELEMAC modelling 

suite [16]. Here we briefly describe the configuration and validation of that model. The TELEMAC modelling 

suite was chosen because of its: (1) computing performance - parallel processing, using the University of 

Southampton’s supercomputer, IRIDIS, optimizing the simulation time; (2) the finite element method enabled 

variable mesh resolution to focus modelling effort in areas of interest; and (3) model inputs and outputs are 

compatible with a number of pre and post-processing software (e.g. Blue Kenue, Fudaa, MATISSE, Janet). 

TELEMAC has been recently utilised in previous energy resource assessments, for different regions, e.g. [17, 18 

and 19]. The open ocean boundaries conditions were driven utilising only tidal levels (not velocities) predicted 

from the TPXO 7.2 dataset (see Reference [8] for further details). The computed tidal harmonics from the 

numerical simulation are then explored to examine the impact of their application to theoretical tidal resource 
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assessment within the annual yield estimate. The model mesh was built utilising the Blue Kenue software 

developed by the National Research Council Canada (Fig. 2). The resolution of the mesh is ~60 km in the open 

ocean and along the Pacific Ocean coast, subsequently increases to ~5 km at the entrance to the GC and to ~1 km 

in the area of interest, around the Midriff Islands. It reduces to ~3 km resolution in the northern most reaches of 

the GC.  

The model was extensively validated against tide gauge and ADCP (acoustic Doppler current profiler) 

measurements to ensure the accuracy of the predicted hydrodynamic conditions in the GC. Locations of the ADCP 

data are shown in Table 1. Data for 11 tide gauge stations (see [8] for more details) located in the GC region and 

along the Mexican Pacific ocean coastline were obtained from CICESE, along with current velocity data from 4 

ADCP moorings. A variety of methods were utilised to assess the reliability of the model performance in 

accurately reproducing observed tidal levels and tidal currents. Therefore, modelled and observed tidal level and 

currents were compared, along with the amplitude and phase for the main tidal constituents (M2, S2, N2, K1, O1, 

P1, Q1), calculated using the T_TIDE MATLAB software package [20]. Additionally, percentage errors were 

calculated to quantify the model’s ability to reproduce the hydrodynamic conditions (see [8] for all the metrics of 

the model validation).  

In this paper we focus on carrying out two main sensitivity tests focusing on different bathymetries and choice of 

tidal constituents. However, when setting up the model originally, we also undertook numerous sensitivity tests 

to assess model perform for a range of different domain areas, mesh resolutions and using different uniform and 

spatially varying bottom friction coefficients. The grid resolution was gradually increased, to quantify if validation 

against observations improved with higher resolution. With higher resolution model run times increase 

significantly, so there is a balance between capturing approach resolutions and ensuring the simulations can be 

made in appropriate time-scales. Numerous sensitivity tests were undertaken to assess model perform using a 

range of uniform and spatially varying bottom friction coefficients and the different friction law options that are 

available in TELEMAC (e.g., Nikuradse, Manning and Chézy formula). Overall, differences between the model 

predictions and measurements were lowest when the Manning’s law was used to define friction and when a 

spatially uniform value of 0.030 (s/m1/3) was used. In addition, the accuracy of the model predictions were 

sensitive to the resolution and quality of the bathymetry data interpolated onto the model grid (see Appendix B 

which includes the steering file for the model settings in TELEMAC 2D [21]). 
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Fig. 2 Model grid for the: (a) whole domain area; and (c) just the Midriff area. Combined bathymetry used 

(GEBCO_2014 and CICESE) for the: (b) whole domain area; and (d) just the Midriff area, ADCP locations are 

given as black symbols, which correlate to the mooring locations in Table 1 as (1) San Lorenzo, (2) San 

Esteban, (3) Ballenas Channel, (4) Delfin Basin shown as pentagram, diamond, circle and square respectively. 

  

3.  Sensitivity tests to assess the theoretical energy 

First, we undertake sensitivity tests in which we estimate and compare the peak tidal currents, maximum 

theoretical undisturbed mean KPD (Kinetic Power Density) and annual mean power output calculated from the 

hydrodynamic model, but with the mesh depths defined using different bathymetry products. We ran two 

simulations first, using just bathymetry data from two well-known and well-used sources: (1) General Bathymetry 

Chart of the Oceans, 2014 version (GEBCO_2014) [14]; (2) ETOPO bathymetry data [15], which are available at 

resolutions of ~900 and ~775 m, respectively. A third run used the GEBCO data merged with the higher resolution 

single beam echo sounder data from CICESE (the Centre for Scientific Research and Higher Education at 

Ensenada, https://www.cicese.edu.mx/). The higher resolution (~450 m) bathymetry data covers the northern 

https://www.cicese.edu.mx/
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(north of 27° to 32°) GC. The extent of the bathymetry dataset is shown in Fig. 3 for the GC, and the Midriff 

region of the GC and the northern GC. The higher resolution bathymetry dataset was combined with GEBCO 

using a merge function in ArcGIS software which combined multiple inputs of datasets even though the data 

overlap. Consequently, none of the points from either the GEBCO_2014 or CICESE data sets were omitted or 

altered. A cross-sectional from the central region of the GC is shown in Fig. 4, highlighting the main differences 

for the three different products utilized in this work. The three different model bathymetries within the Midriff 

region are shown in Fig. 5, and can be seen to vary between the main islands in this area.   

Second, we examined how current speeds, mean kinetic power density and annual mean power estimates varied 

depending on which tidal constituents were used to predict tidal levels. The open ocean boundaries were driven 

using tidal levels predicted from the TPXO 7.2 dataset [22 and 23]. The ocean model was always forced by the 

eight main diurnal and semi-diurnal constituents (M2, S2, N2, K1, O1, P1, Q1), three nonlinear constituents (M4, 

MS4, MN4), and two long period constituents (Mf, Mm), at 1/4° resolution. Our high-resolution grid simulates the 

interaction among constituents, thus resolving higher harmonics (e.g., M4, M6 and M8). We ran the model for a 1-

month period and carried out a harmonic analysis on the predicted tidal levels, using T_TIDE in MATLAB. To 

avoid computational constraints, we then used the tidal current harmonics to predict the tidal currents for a full 

year. First, we estimated the peak current speeds, mean kinetic power density and annual mean power, considered 

all the 29 tidal constituents returned by the T_TIDE harmonic analysis [8]. Then, the peak current speeds, KPD 

and the annual maximum theoretical undisturbed mean power, were calculated considering: (1) only the M2 tidal 

constituent; (2) only the S2 constituent, and the finally (3) the M2 plus S2 constituent. 
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Fig. 3 Bathymetry survey by CICESE research centre for the: (a) Gulf of California; (b) midriff area; and (c) northern Gulf of California. 
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(a) (b) 

(c) (d) 
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Fig. 4. Bathymetric cross-sectional profile (location showed in inlay in panel a) considering:  just GEBCO, just ETOPO and GEBCO_2014 merged with CICESE, data sets, 

Y axis is depth in m.  

 

(e) (f) 

(g) (h) 
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Fig. 5 Model bathymetry created using: (a) just GEBCO_2014 data, (b) just ETOPO data and (c) GEBCO_2014 merged with CICESE data, for the Midriff area.



 

12 

 

4. Results 

The results are presented in three sub-sections below. The first sub-section discusses the model validation, 

obtained using the three different bathymetries. The second and third sub-sections describe the results of the 

bathymetry and tidal constituent sensitivity tests, respectively. 

 

4.1 Model validation 

This section presents the GC model validation and how the validation varies across the three different bathymetry 

products (Fig. 6) Model validation is important as it gives confidence in the model’s ability to reproduce the tidal 

flows in the region with reasonable accuracy. Percentage errors and RMSE were used to quantify the validation 

for the three different bathymetry products utilized within the model simulations, at the 11 tide gauge stations (see 

[8] for the tide gauge locations), and are listed in Table 2 and Table 3, respectively. The largest percentage error 

is at La Paz (11.5 %) using the ETOPO bathymetry product, while the smallest errors are at Ensenada (1.1 %, 1.2 

% and 1.2 %) using the three different products respectively (GEBCO, ETOPO, and GEBCO merged with 

CICESE). The mean percentage error across all sites is 5 % using the combined bathymetry data. The percentage 

errors are largest at Guerrero Negro (9.6 %, where the tide gauge is in an enclosed bay), Cabo San Lucas (3 %), 

Manzanillo (6.1 %) and Acapulco (7.7 %). However, the mean percentage error overall for GEBCO_2014 and 

CICESE merged bathymetry product was slightly better at around 4 to 6 %. Therefore, the model provides better 

representation of tidal levels across all the domain region using the combined GEBCO_2014 and CICESE 

datasets.  

A comparison between eastward (u) and northward (v) velocity components for the 4 ADCP locations utilising 

the three bathymetry products are shown in Fig. 7 and 8 respectively. Graphically, significant differences can be 

seen when using just the GEBCO_2014 and ETOPO products. For u and v current components, smaller predicted 

current speeds were found at San Lorenzo (Fig. 7a and 8a) and San Esteban Island (Fig. 7b and 8b) while closer 

approximations of the current speeds were predicted at Ballenas channel (Fig. 6g and 7g) and Delfin Basin (Fig. 

7j and 8j) using GEBCO_2014 only. In contrast, both velocity components were overestimated while using 

ETOPO bathymetry data only within Ballenas channel (Fig. 7h and 8h) and Delfin basin (Fig. 7k and 8k).  
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Table 1 ADCP location and deployment details 

Site Name Depth device deployment/ 

water depth in m  

Longitude (decimal °) Latitude (decimal °) 

San Lorenzo 395/410 -112.37 28.25 

San Esteban 577/588 -112.41 28.37 

Ballenas 

Channel 

578/595 -113.38 29.20 

Delfin 337/354 -113.23 29.38 

 

 

Table 2 Statistic percentage errors calculated of tidal level constituents for the 11 tide gauges stations using 

different bathymetry products. 

Site 

number 
Site Name 

% Error  

GEBCO 

% Error 

ETOPO 

% Error 

GEBCO merged with 

CICESE 

1 Ensenada 1.1 1.2 1.2 

2 San Quintin 4.4 4.8 4.5 

3 Isla Cedros 4.3 4.5 4.4 

4 
Guerrero 

Negro 
9.4 8.9 9.6 

5 
Cabo San 

Lucas 
2.10 2.7 3.0 

6 La Paz 11.2 11.5 10.9 

7 Loreto 6.3 4.5 5.9 

8 
Bahia de los 

Angeles 
7 6.8 3.0 

9 San Felipe 5.1 3.3 3.8 

10 Manzanillo 6 6 6.1 

11 Acapulco 7.4 7.4 7.7 

All Mean 5.4 5.6 5.0 
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Table 3 RMSE calculated of tidal level constituents for the 11 tide gauges stations using different bathymetry 

products. 

Site 

number 
Site Name 

RMSE  

GEBCO 

RMSE 

ETOPO 

RMSE 

GEBCO merged with 

CICESE 

1 Ensenada 0.03 0.03 0.03 

2 San Quintin 0.11 0.11 0.11 

3 Isla Cedros 0.1 0.1 0.1 

4 
Guerrero 

Negro 
0.25 0.24 0.26 

5 
Cabo San 

Lucas 
0.04 0.04 0.06 

6 La Paz 0.19 0.18 0.19 

7 Loreto 0.08 0.06 0.08 

8 
Bahia de los 

Angeles 
0.22 0.22 0.09 

9 San Felipe 0.33 0.21 0.25 

10 Manzanillo 0.07 0.07 0.07 

11 Acapulco 0.07 0.07 0.07 

All Mean 0.13 0.12 0.11 
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Fig. 6 Comparison of the measured (blue) and predicted (red) tidal time-series at: (1) Ensenada; (2) San Quintin); (3) Isla Cedros; (4) Guerrero Negro; (5) Cabo San Lucas (6) 

La Paz; (7) Loreto; (8) Bahia de los Angeles; (9) San Felipe; (10) Manzanillo; (11) Acapulco. All plots use the model run for the period from 27 November 2015 to31 December 

2015 using the GEBCO data merged with the higher resolution data from CICESE, for the northern Gulf of California showed on figures 3a, b and c. 
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Fig. 7 Comparison of the observations (blue) and model results (red) for the u velocity component (eastward velocity) with different bathymetry products as follows: (a,d,g,j) 

just GEBCO data; (b,e,h,k) just ETOPO data; and (c,f,i,l)  GEBCO merged with CICESE; at: (a,b,c) San Lorenzo; (d,e,f) San Esteban; (g,h,i) Ballenas Channel; and (j,k,l) 

Delfin Basin. All plots use the model run for the period from 27 November 2015 to 31 December 2015 and comparison them with observations. 
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Fig. 8 Comparison of the observations (blue) and model results (red) for the v velocity component (northward velocity) with different bathymetry products as follows: 

(a,d,g,j) just GEBCO data; (b,e,h,k) just ETOPO data; and(c,f,i,l)  GEBCO merged with CICESE; at: (a,b,c) San Lorenzo; (d,e,f) San Esteban; (g,h,i) Ballenas Channel; and 

(j,k,l) Delfin Basin. All plots use the model run for the period from 27 November 2015 to 31 December 2015 and comparison them with observations. 

   



 

19 

 

Percentage errors and RMSE were calculated to quantify the model skill, for each of the three bathymetries, at the 

4 ADCP locations and these are listed in Table 4 and Table 5 (see Fig 2d for the ADCP locations). The largest 

error of the v component is in Ballenas channel using GEBCO (17.0 %) and ETOPO (26.1 %) bathymetric data 

on their own. Ballenas channel is relatively deep at around 800 to 900 m, and we assume that the bathymetry 

products influence negatively the predicted u and v component. The smallest errors for the u and v components 

are at Delfin basin; which are 2.7 % and 3.7 %, respectively, when using the combined GEBCO and CICESE 

data. Therefore, we can conclude that a higher resolution bathymetry data can contribute significantly to improve 

the current validation. In summary, the model validation improved when the higher resolution bathymetry data 

for the Midriff region (obtained from CICESE with a resolution of~450 m) was merged within the GEBCO dataset 

(~900 m resolution) (Fig. 6e,f) compared to just using GEBCO (Fig. 7a,b) or ETOPO data alone (Fig. 8 c,d). In 

addition, the absolute current velocity comparisons are shown in Table 6. Furthermore, amplitude and phases of 

the u and v velocity components utilising M2 and S2 model simulation are shown in table 7 and 8 respectively. 

Amplitude and phases results were estimated using the merged bathymetry data (GEBCO_2014 merged with 

CICESE). 

Table 4: Percentage error of u and v velocity components using different bathymetry products 

Site Name 

% Error  

GEBCO 

u 

% Error  

GEBCO 

v 

% Error  

ETOPO 

u 

% Error  

ETOPO 

v 

% Error  

GEBCO 

merged 

with 

CICESE u 

% Error  

GEBCO 

merged 

with 

CICESE v 

San 

Lorenzo 

13.81 11.38 11.82 5.89 
11.3 8.5 

San 

Esteban 

14.77 9.20 12.55 4.31 
11.5 6.7 

Ballenas 

Channel 

3.25 16.97 15.28 26.12 

6.7 25.0 

Delfin 8.50 5.99 2.92 3.28 2.7 3.7 

Mean 10.08 10.88 10.64 9.90 8.04 11 

 

 

 

 

 

 



 

20 

 

Table 5: RMSE error of u and v velocity components using different bathymetry products 

Site Name 

RMSE  

GEBCO 

u 

RMSE  

GEBCO 

v 

RMSE  

ETOPO 

u 

RMSE  

ETOPO 

v 

RMSE 

GEBCO 

merged 

with 

CICESE  

u 

RMSE 

GEBCO 

merged 

with 

CICESE v 

San 

Lorenzo 

0.18 0.14 0.16 0.07 
0.18 0.12 

San 

Esteban 

0.21 0.11 0.18 0.05 
0.19 0.10 

Ballenas 

Channel 

0.03 0.29 0.16 0.45 

0.09 0.32 

Delfin 0.05 0.03 0.02 0.02 0.02 0.03 

Mean 0.12 0.15 0.13 0.15 0.12 0.14 

 

Table 6: Comparison of the measured and predicted absolute current velocity in (m/s) for the bathymetry 

products used on this study. 

Site Name 

Absolute 

current 

velocities 

(observations) 

Absolute 

current 

velocities 

ETOPO 

 

Absolute 

current 

velocities 

GEBCO 

 

Absolute 

current 

velocities 

GEBCO 

merged 

with 

CICESE 

RMSE 

ETOPO  

RMSE 

GEBCO  

RMSE 

GEBCO 

merged with 

CICESE  

San Lorenzo 0.35 0.22 0.12 0.16 0.14 0.22 0.20 

San Esteban 0.37 0.26 0.14 0.19 0.11 0.22 0.18 

Ballenas 

Channel 

0.38 0.57 0.26 0.44 

0.32 0.16 

0.20 

Delfin 0.16 0.16 0.12 0.18 0.01 0.05 0.03 
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Table 7: Comparison of the measured and predicted u and v velocity amplitudes and phases at the four ADCP 

sites for M2 tidal constituent. 

Site Name 

Amplitude M2 

model (m)  

 

Amplitude M2 

Observations (m) 

 

Phase M2 

model (°) 

 

Phase M2 

Observations (°) 

 

u v u v u v u v 

San Lorenzo 0.009 0.013 0.030 0.003 210 139 178 186 

San Esteban 0.010 0.015 0.039 0.003 220 139 222 169 

Ballenas 

Channel 

0.029 0.031 0.023 0.005 221 141 229 181 

Delfin 0.014 0.011 0.013 0.001 215 121 210 207 

 

 

Table 8: Comparison of the measured and predicted u and v velocity amplitudes and phases at the four ADCP 

sites for S2 tidal constituent. 

Site Name 

Amplitude S2 

model (m) 

 

Amplitude S2 

Observations (m) 

 

Phase S2 model 

(°) 

 

Phase S2 

Observations (°) 

 

u v u v u v u v 

San Lorenzo 0.0091 0.0132 0.0303 0.0033 210 139 178 186 

San Esteban 0.0104 0.0156 0.0393 0.0036 220 139 222 169 

Ballenas 

Channel 

0.0297 0.0316 0.0239 0.0056 221 141 229 181 

Delfin 0.0146 0.0115 0.0134 0.0011 215 121 210 207 

 

There are a few cases, at particular sites, when the GEBCO_2014 merged with CICESE bathymetry does not give 

the lowest root mean square error (RMSE) difference listed in Tables 3, 4, 5 and 6. However, when the RMSEs 

are averaged across all the 11 tide gauge sites, or all 4 current sites, then the GEBCO_2014 merged with CICESE 

bathymetry consistently gives the best overall agreement between the observed and measured time-series. The 

averaged RMSE errors are listed in the last row of Tables 3, 4, 5 and 6. In all cases it can be seen that the 

GEBCO_2014 merged with CICESE bathymetry consistently gives the best agreement. 
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4.2 Bathymetry sensitivity tests  

Next, we compare the maximum current speeds and the estimated ‘theoretical’ power from the three different 

bathymetry simulations, for the Midriff region (Fig. 4c and 5c). Current speeds vary significantly between the 

three different bathymetry products within the four main regions where current speeds exceed 1 m/s (Fig. 9). The 

largest current speeds were localised within San Lorenzo Passage (channel between San Lorenzo and San Esteban 

Island) reaching a maximum of about 2.4 m/s in the deeper-water (~500 m) for the combined GEBCO and 

CICESE bathymetry. In contrast, when using just GEBCO or ETOPO bathymetry products, the current speeds in 

this channel reduce to around 1.2 m/s and 0.8 m/s, respectively. Similarly, in the region of Ballenas channel 

(channel between Angel de la Guarda Island and the Baja California Peninsula) relatively large differences were 

found. Using the combined bathymetry dataset (Fig. 9c) the flow speed was estimated to be around 1 m/s, whereas 

using GEBCO data only (Fig. 9a) the current speed reduced to 0.5 m/s. However, the use of ETOPO bathymetry 

overestimated the current speed within Ballenas channel at around 1.8 m/s (Fig. 9b). 
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Fig. 9 Maximum current speed calculated using: (a) just GEBCO_2014 data, (b) just ETOPO data (c) GEBCO_2014 merged with CICESE. Bathymetric contours are 

superimposed in m.  All figures include the 29 tidal constituents originally used the model set up by [8]. 
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The annual mean power is significantly underestimated when using just the GEBCO_2014 or ETOPO bathymetry 

data sources on their own for the Midriff region (Fig. 10). For the region with fastest current speeds, San Lorenzo 

Passage, the annual mean power was 150 MW and 20 MW when using the GEBCO_2014 and ETOPO 

bathymetries, respectively (Fig. 10a and c. Whereas the annual mean power was calculated as ~200 MW when 

using the bespoke dataset (Fig. 10f). Similarly, in the region between San Lorenzo and the Baja California 

peninsula (Marker B on Fig. 5a) where the currents speeds are around 1.4 m/s, the annual mean power was 

estimated to be around 160 MW when using the combined bathymetry products whereas the resource reduces 

approximately to 80 MW and 40 MW when using GEBCO_2014 and ETOPO runs respectively. In the case of 

Ballenas channel, the annual mean power was estimated to be 150 MW when using the combined bathymetry 

data, however, the annual mean power was significantly overestimated at around 180 MW when using just 

ETOPO bathymetry (Table 9). 

 
Fig. 10 (a,c,e) Annual mean kinetic power density, (c,f,i) Annual mean power and (b,d,f), (a,b) just GEBCO_2014 

data; (c,d) just ETOPO data and (e,f) GEBCO_2014 merged with CICESE, for the Midriff region. Bathymetric 

contours superimposed in m above. 
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Fig. 11 Annual mean kinetic power density (a) just the M2 constituent, (c) S2 constituents (e) M2 plus S2 

constituents. Annual theoretical mean power for (b) just the M2, (d) S2 constituents (f) M2 plus S2 constituents. 

All plots use the GEBCO_2014 data merged with the higher resolution data from CICESE, for the Midriff region, 

for the model bathymetry. Bathymetric contours superimposed in m above. 
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Table 9: Annual mean theoretical power (MW) by location using different bathymetry products. Marker Fig. 5a 

(A) San Lorenzo Passage. (B) channel between the Baja California Peninsula and San Lorenzo, (C) Channel 

between San Esteban and Tiburon Island and (D) Ballenas Channel between the Baja California Peninsula and 

Angel de la Guarda Island  

Site 

Marker 

GEBCO ETOPO GEBCO merged 

with CICESE 

A ~120 ~20 ~200 

B ~80 ~40 ~160 

C ~140 ~10 ~40 

D ~70 ~180 ~150 

 

4.3 Tidal constituent sensitivity tests 

In the next stage of testing, we considered how different numbers and combinations of tidal constituents affect 

the quantification of the tidal-stream energy resource for the GC. Note again, that we did not vary the number of 

tidal constituents used to force the model boundary; we only varied the number of tidal constituents used to predict 

a year of tidal currents used for quantifying the tidal-stream energy resource. The results of these tests are shown 

in Fig.11. The annual mean KPD was first estimated using only the M2 tidal constituent (Fig. 11a). The annual 

mean KPD was calculated of around 0.18 to 0.08 kW/m2, while the maximum value reached was calculated as 

~0.25 kW/m2 where the fastest currents were occurring (San Lorenzo Passage). Furthermore, significant 

differences were found where the annual maximum theoretical undisturbed mean power was calculated utilising 

M2 and S2 on their own in San Esteban Passage. Using the M2 tidal constituent, the estimation of the annual power 

is between 90 and 100 MW (Fig. 11b), while using just the S2 tidal constituents the annual power reduced 

significantly to around 15 to 20 MW (Fig. 11d). This is because S2 generally is around half that of M2 in the 

region.  

Similarly, the annual mean power was calculated using M2 plus S2, where the results indicated an annual mean 

power range of 140 to 150 MW (Fig. 11f). When considering predicted tidal levels, calculated using all 29 tidal 

constituents, the maximum annual mean was calculated in San Esteban Passage was ~200 MW. The mean annual 

power reduces significantly to around 70% using just M2 plus S2 tidal constituent from approximately 200 MW 

to 140-150 MW. The annual mean power in San between Lorenzo Island and the Baja California peninsula 

(Marker B on Figure 5a) was calculated between 60 to 70 MW when using the M2 tidal constituent, whereas the 

annual mean power increased by almost the double (approximately 120 to 130 MW) when using the M2 plus S2 

tidal constituents. Similarly, in the case of Ballenas (Marker D on Fig. 5a) the annual mean power reduces from 

60 to 70 MW when using only M2 to 120 to 130 MW when using M2 plus S2 (Table 10). 
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Table 10: Annual mean theoretical power (MW) by location using different tidal constituents with GEBCO 

merged with CICESE. (A) San Lorenzo Passage. (B) channel between the Baja California Peninsula and San 

Lorenzo, (C) Channel between San Esteban and Tiburon Island and (D) Ballenas Channel between the Baja 

California Peninsula and Angel de la Guarda Island 

Site 

Marker 

M2 tidal constituent S2 Tidal 

constituent 

M2 plus S2 Tidal 

constituent 

A 90 - 100 MW 15 – 20 MW 140 -150 MW 

B 60 – 70 MW 8 – 10 MW 120 - 130 MW 

C 120 – 130 MW 10 – 15 MW 140 – 160 MW 

D 60 – 70 MW   10 – 12 MW 120 – 130 MW 

 

5. Discussion 

In this paper, we have conducted two different sensitivity tests, as follows: (1) using three different bathymetry 

products that were a combination of open source data and bespoke surveys; and (2) including different numbers 

and combinations of tidal constituents, when predicting tidal levels and quantifying the tidal energy resource. In 

the bathymetry sensitivity test, we compared three different bathymetry products which resulted in either an over 

or under-estimation of the resource. We utilized exactly the same mesh resolution within the three simulations. 

Thus, the computational mesh resolved the resource equally as well as the current speeds. Therefore, we assumed 

that the changes of the resource are related to the bathymetry data which allow the water to be squeezed through 

a smaller channel. Furthermore, the distribution of the water within the domain area especially in the narrow 

channels within the midriff region would be different. 

We considered four locations where current speeds are highest. At markers A, B and D (in Figure 5a) the annual 

mean power as underestimated by more than a half, whereas at location C the annual mean power was 

overestimated when using GEBCO_2014 only in comparison with GEBCO_2014 bathymetry merged with 

CICESE. We find therefore that global and freely available bathymetry data products under-resolve the resource 

by 75 %. For the location with fastest current speeds at San Lorenzo Passage, the annual mean power was 

estimated to be around 50 MW when using freely available bathymetry data (GEBCO and ETOPO), while the 

annual mean power increased to ~200 MW when using a bespoke dataset that was a combination of GEBCO and 

higher resolution bathymetry provided by CICESE. 

Uncertainty in tidal-stream resource estimation has been the focus for other geographic regions for good reason. 

For example, two studies of the Johnstone Strait (British Columbia, Canada) found the annual mean tidal-stream 

resource varied between 4015 MW [24] and 1320 MW [25] when using different bathymetry products. The main 

differences in the estimated energy resource within this region could be a result of the use of different bathymetry 

products, however, part of the differences could also be as a result of using differing methodologies to assess the 

site. A study carried out by [26] concluded the flow constrains as a result of the bathymetry data, where the 

coefficient of variation in the Florida Current is approximately 0.3%, resulted in a slight flow reduction. Similarly, 

a study by [27] stated that the bathymetry data would alter the local tidal currents along Ireland’s coastline; 

consequently, the tidal current resource could vary significantly. Another study refers to the variability of the 
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power as a result of the velocity changes due to the bathymetry data [28]. They state that a combination of seabed 

bathymetries and coastal shapes within the near-shore site in the Iroise Sea on the western Brittany coast, France 

can alter the hydrodynamics and consequently the power density estimated can change. 

In regard to tidal constituents, we compared the energy resource estimated using tidal levels predicted from 29 

tidal constituents with time-series predicting just included the M2 and S2 tidal constitutes. The annual mean KPD 

decreased by almost 1/3rd in San Lorenzo Passage, when just considering the M2 plus S2 constituents, suggesting 

that diurnal and higher order harmonic constituents are important for accurate resource assessments in this region. 

In the sensitivity tests, in which we compared the estimated energy estimates using all the constituents and just 

M2 plus S2, the annual mean KPD had relatively large differences. The resource decreased by almost 1/3rd in San 

Lorenzo Passage when using only the M2 tidal constituents. Similarly, within the region of Ballenas channel the 

annual mean power reduced significantly from 140 MW, when using all 29 tidal constituents, to 70 MW when 

using only the M2 tidal constituent. The variability of the resource using a limited number of tidal constituents to 

predict the tidal current annually indicates that the M2 constituent, as expected, plays an important role in the 

energy calculation and contributes more than 50 % of the total energy resource, while S2 contributes less (~20 %). 

Therefore, the results suggested that diurnal and higher order harmonic constituents are important for accurate 

resource assessments in this region. 

A clear example of the variability of the energy resource when only M2 and S2 tidal constituents where used is 

highlighted in a study by [29]. The theoretical undisturbed kinetic power density was estimated to be around 9 

kW/m2 at Casquets which is located in the Channel Islands (West of Alderney) when using just M2 plus S2 tidal 

constituents. While an assessment carried out by [19] estimated the kinetic power density (in the same region and 

utilizing the same methodology) of 7 kW/m2 when using only the M2 tidal constituent. Therefore, these results 

pointed out that the kinetic power density was underestimated by 20 % when using only the M2 tidal constituents. 

Annual power variability using multiple tidal constituents was also assessed by Adcock et al. [30 and 31] where 

the annual mean power was calculated in Pentland Firth, UK. The first paper (in 2013) estimated a mean power 

of 1.9 GW when using M2 plus S2 tidal constituent, whereas a subsequent study conducted by the same authors 

(in 2014) included eight main tidal constituents (K1, K2, M2, MU2, N2, NU2, O1 and S2). The results by [31] 

indicated that the maximum available mean power is 2.16 GW while using only M2 and M2 plus S2 tidal 

constituents, the annual power reduces by approximately 20 % (1.74 GW) and 5% (2.15 GW), respectively. 

 

6. Conclusions 

To quantify the tidal-stream energy resource in any given region requires accurate bathymetry and hydrodynamic 

processes. These need to be quantified and best practices identified. The best model validation against tide gauge 

and ADCP measurements was obtained using the bespoke merged GEBCO and CICESE bathymetric dataset. 

Model simulations using the merged bathymetry data predicted peak current speeds of up to 2.4 m/s in San 

Lorenzo Passage whereas the maximum current speed using ETOPO alone was less than 1 m/s in San Lorenzo 

Passage. In comparison, using bathymetry, model simulations predicted 1 m/s in the Ballenas channel and the 

maximum current speed increased to 1.8 m/s, when using just ETOPO. We concluded that the tidal-stream 

resource of the Gulf of California was higher when using higher-resolution bathymetry products, which has 

interesting applications for the potential global resource and tidal energy industry. The number and combination 



 

29 

 

of tidal constituents used, also affected the annual energy estimations. In San Lorenzo passage. the annual mean 

power varied from 15-20 MW, 90-100 MW and 140-150 MW, when using just the M2 constituent, just S2 and M2 

plus S2, respectively. When using all 29 tidal constituents the annual mean power was estimated to be ~200 MW. 

In conclusion, the results from this study indicate that it would be advisable to validate different bathymetry 

products in order to ascertain accurate velocities at any given region. This validation should include the main 

semi-diurnal and diurnal constituents to define the specific tidal-stream energy resource at any given site.  
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Appendix A Table 1 List of studies that mentioned and used one or more different  

Bathymetry products at the time of writing. 

 
Location Current 

speed 

Modelling approach Bathymetry used Reference 

USA, East and 

west coast. 

From 1.5 

up to 6.67 

m/s 

WXTide32 National Oceanic and 

Atmospheric Administration 

NOAA, USA 

[32]  

Canada, East and 

west coast. 

average 

flow speed 

of 2.11 m/s 

WebTide Tidal 

Prediction Model 

(v0.7.1) 

Canadian Hydrographic Service, 

admiralty charts by Nautical 

Data International (NDI). 

 

[33]  

Canada 

Northwest 

Territories 

British Columbia 

Quebec 

Nunavut 

New Brunswick 

PEI 

Nova Scotia 

Newfoundland  

 

From 2.7 

m/s to 8.23 

m/s. Please 

see 

reference 

for full 

details 

Tide 2D Nautical data including 

Canadian Sailing Directions and 

a total of 950 nautical charts by 

The Canadian Hydrographic 

Service 

[24]  

UK, Portland Bill 3.6 m/s TELEMAC 2D Southampton Oceanography 

Centre bathymetry survey 

[17] 

Canada, Johnstone 

Strait 

4.7 to 7.7 

m/s 

TIDE2D Canadian Hydrographic Service 

and the National Oceanic and 

Atmospheric 

Administration NOAA, USA. 

[25]  

Masset Sound, 

located in Haida 

Gwaii 

2.5 m/s One-dimensional 

model 

Bathymetry data provided by 

Canadian Hydrographic Service 

department of fishery and 

oceans 

[6]  

Bay of Fundy, 

Canada 

Average 

spring tide 

excess 5 

m/s 

TELEMAC 3D High-resolution bathymetric by 

Natural Resources 

Canada using a multi-beam 

sonar. Bathymetric contours by 

the Canadian hydrographic 

service and various data sets 

collected by Massachusetts 

Geographic Information 

System. 

[18]  

Ireland Above 1.9 

m/s 

MIKE 21 local bathymetry provided by 

the Danish Hydrographic 

Institute 

[34]  

Georgia Coast, 

USA 

Mean from  

0.34 to 1.07 

m/s 

ROMS The medium resolution 

shoreline (1/70,000) data from 

National. 

Oceanic and Atmospheric 

Administration (NOAA) and the 

digital 

sounding data from National 

Geophysical Data Centre 

(NGDC) 

[41]  

USA coastline 1 m/s  ROMS Hydrographic Surveys Database 

(NOS, 2008a). NOAA 

Electronic Navigational Charts 

(NOAA, 2008a) and National 

Geophysical Data Centre 

Geophysical Data System 

database (GEODAS) (NGDC). 

[35]  

Canada, Bay of 

Fundy 

More than 

5 m/s 

FVCOM Survey by Bedford Institute of 

Oceanography and the 

bathymetry used by Tarbotton 

and Larson (2006). Triton 

consultants 

[36]  

Coastline, USA  HYCOM, ROMS, 

HYCOM GLOBAL, 

NCOM 

National Oceanic and 

Atmospheric Administration 

NOAA, USA 

[37]  

 

 

 

  

Location Current 

speed 

Modelling approach Bathymetry used Reference 
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UK, Pentland Firth 5 m/s  ADCIRC The bathymetry data were 

purchased from Seazone. 

http://www.seazone.com/ 

[30]  

UK, Anglesey 

Skerries 

Up to 1.4 

m/s 

ADCIRC Bathymetry data provided by 

Seazone. 

http://www.seazone.com/ 

[38]  

South Carolina, 

USA 

0.87 m/s ROMS 3D US National Ocean Service data 

and boat surveys 

[39]  

Indonesia, Alas 

strait 

1.2 m/s The Princeton Ocean 

Model (POM) 

Bathymetric chart of Alas Strait 

(map 

Number 293, edition 2006) 

provided by Indonesian Navy 

Hydro-Oceanographic Division. 

[40]  

New Zealand, Tory 

Channel 

2 m/s RICOM Swath bathymetry and digitizing 

of contours and soundings from 

the Land Information New 

Zealand Hydrographic Charts 

(NZ 463, 

4633, 614e615, 6142, 

6151e6154, 6212). 

[41]  

Puget Sound, 

Canada 

2 m/s 

during 

spring tide 

FVCOM Bathy from digital elevation 

model and light detection and 

ranging (LiDAR). 

[42]  

Pentland Firth, UK 3 m/s ADCIRC  The bathymetry data was the 

same as Adcock et al. (2013). 

purchased from Seazone 

http://www.seazone.com/ 

[31]  

Ireland, Bull mouth 

and Shannon 

Estuary. 

2.02 m/s 

during 

spring tide 

Measure data No provided information [27]  

Coast of New 

jersey, USA 

(please see 

reference for 

details of the 21 

points) 

1.26 m/s Finite Volume Coastal 

Ocean Model 

(FVCOM) 

NOAA Coastal Services Centre 

and  ETOP5.  

[43]  

Colombia, 

Buenaventura Bay. 

Mean 

current 

speed 0.8 

m/s 

H2D ETOPO1 and Sistema de 

Modelado costero (SMC) 

bathymetry module from 

University of Cantabria Spain. 

[44]  

Brazil, Sao Marcos 

Bay. 

2.63 m/s SisBaHiA Digitising nautical charts for 

São Marcos Bay 

[45]  

UK, Irish Sea Above 2.5 

m/s 

ROMS Digitised Admiralty data. 

(http://digimap.edina.ac. 

uk) 

[13]  

Indonesia, Strait of 

Larantuka 

3 to 4 m/s Delft3D GEBCO 30 arc-second [46]  

Pentland, Firth UK 2 m/s  ROMS GEBCO 30 arc-second [47]  

Puget Sound, 

Canada 

2 m/s 

during 

spring tide 

FVCOM Bathy from digital elevation 

model and light detection and 

ranging (LiDAR). 

[42]  

Uruguay 0.35 m/s MOHID - Water 

Modelling System 

GEBCO 30 arc-second and 

regional bathymetry charts. 

[48]  

Brazil, Baía de 

Todos os Santos 

Max 1.0 

m/s 

ROMS No provided information [49]  

France, W. 

Brittany coast. 

From 1 m/s 

to 4 m/s  

Data Analysis No provided information [50] 

Channel Islands, 

UK and France. 

>2.5 m/s 

mean 

spring tide 

TELEMAC 2D  T-Carta 90 + GEBCO [19]  

France, English 

Channel. 

1.5 m/s 

average  

MARS2D  Bathymetry provided by 

SHOM-IFREMER 

[51] 
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Example of the steering file used in the model simulation within the Gulf of California created in 

TELEMAC 2D. A brief explanation of the purpose of the variables is provided, in brackets, for each line. 

 

/                       INFORMATION ENVIRONMENT  / 

/----------------------------------------------------------------------/ 

BOUNDARY CONDITIONS FILE           = 'BC_BATHY_CICESE.cli' (Formatted boundary 

conditions file) 

GEOMETRY FILE                      = 'Selafin_BCF_with_Bathy_CICESE.slf' (Binary mesh file 

containing mesh coordinates) 

BINARY DATABASE 1 FOR TIDE           = './tpxo/h_tpxo7.2' (forcing file elevation) 

BINARY DATABASE 2 FOR TIDE           = './tpxo/u_tpxo7.2' (forcing file tidal velocities) 

MINOR CONSTITUENTS INFERENCE      = YES (For TPXO tidal data base only. Inference of minor 

constituents from the one read in input files linked to keywords BINARY DATABASE 1 FOR TIDE and BINARY DATABASE 

2 FOR TIDE.) 

RESULTS FILE                      = 'Results_33days_BCF_CICESE.slf' (Binary results file) 

/----------------------------------------------------------------------/ 

/                       GENERAL OPTIONS 

/----------------------------------------------------------------------/ 

VARIABLES FOR GRAPHIC PRINTOUTS    = U,V,S,H,B (U,V=Flow speeds, H=Depth, S =Free 

surface,  B= Bottom friction) 
TIME STEP                                            = 10 (Seconds) 

NUMBER OF TIME STEPS                             = 285120 / 33 days every 10 seconds (Total 

duration of simulation) 

NUMBER OF FIRST TIME STEP FOR GRAPHIC PRINTOUTS = 1 (Period between output to 

results file (time steps)) 

GRAPHIC PRINTOUT PERIOD                        = 60 (Period between output to results file (time steps)) 

LISTING PRINTOUT PERIOD                         = 10 (Period between listing file output (time steps) 

MASS-BALANCE                                              = YES (Determines whether or not the mass-balance over 

the entire domain is checked. For each time step) 

/----------------------------------------------------------------------/ 

/                       INITIAL CONDITIONS 

/----------------------------------------------------------------------/ 

ORIGINAL DATE OF TIME                     = 2015;11;28 (initial simulation date) 

ORIGINAL HOUR OF TIME                    = 0;0;0 (Initial simulation time) 
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INITIAL CONDITIONS                             = 'TPXO SATELLITE ALTIMETRY' (This is used to 

define initial water depth conditions.) 

/----------------------------------------------------------------------/ 

/                       BOUNDARY CONDITIONS 

/----------------------------------------------------------------------/ 

OPTION FOR LIQUID BOUNDARIES                    = 2;2  (Thompson method to find unknown boundary  

velocities)  

/                       TIDE CONDITIONS    / 

/----------------------------------------------------------------------/ 

OPTION FOR TIDAL BOUNDARY CONDITIONS            = 1 (Option for tidal boundary conditions. 

For real tides, option 1 is recommended.) 

TIDAL DATA BASE                                    = 2 (Number 2 corresponds to TPXO forcing 

file) 

SPHERICAL COORDINATES                             = YES (Spherical Mercator coordinates 
for simulations  

/over large domains) 

LATITUDE OF ORIGIN POINT                 = 23.107399 (Used to determine tide-

generating potential) 

LONGITUDE OF ORIGIN POINT                      = -111.902617 (For spherical 

coordinates) 
 

SPATIAL PROJECTION TYPE                          = 2 

GEOGRAPHIC SYSTEM                                            = 5 (Mercator for TELEMAC) 

 

CORIOLIS                                                             = YES (Includes the effect of the Coriolis 

force) 

/----------------------------------------------------------------------/ 

/                       HYDRODYNAMICS-PHYSICAL SETUP 

/----------------------------------------------------------------------/ 

LAW OF BOTTOM FRICTION                     = 4 (Number 4 correspond to manning law that was used to 
model bed friction over the whole domain ) 

FRICTION COEFFICIENT                            = 0.030 (Friction coefficient relating to Manning law friction 

applied uniformly over the domain) 

TURBULENCE MODEL                                = 4 (Constant turbulent viscosity throughout the  

/domain, Smagorinski model.) 

DIFFUSION OF VELOCITY                       = YES 

VELOCITY DIFFUSIVITY                          = 1.E-6 (for option 4, the keyword VELOCITY DIFFUSIVITY must 

be the value of molecular viscosity (10-6 m2/s) because it is used as such in the turbulence model.) 
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/-------------------------------------------------- 

/ ADVECTION-DIFFUSION 

/-------------------------------------------------- 

TYPE OF ADVECTION                                   = 1;5 (these numbers specifying the variables and method 

are used to solve the advection step, the first number indicates the variable U and V (velocity components and the number 5 

indicated the method that is PSI distributive scheme, mass-conservative (mandatory for H),  

 

SUPG OPTION                                        = 0;0 (Upwind scheme, no upwinding) 

MATRIX STORAGE                                   = 3 (keyword configures the type of matrix 

storage. It is strongly recommended to use the default value as 3) 

FREE SURFACE GRADIENT COMPATIBILITY               = 0.6 

TREATMENT OF THE LINEAR SYSTEM                   = 2 (Uses velocity from momentum 

equation rather than continuity equation to improve computational efficiency) 

TREATMENT OF FLUXES AT THE BOUNDARIES         = 1;1 

INFORMATION ABOUT SOLVER                            = YES 

MAXIMUM NUMBER OF ITERATIONS FOR SOLVER   = 100 

SOLVER                                                 = 3 (Conjugate gradient method for the  

/hydrodynamic propagation step) 

SOLVER ACCURACY                                       = 1.E-6 (Accuracy during propagation 

step) 

/----------------------------------------------------------------------/ 

/                       NUMERICAL OPTIONS 

/----------------------------------------------------------------------/ 

ZERO                                                = 1.E-10 

TIDAL FLATS                                         = YES (Enables wetting and drying in 

shallow regions) 

OPTION FOR THE TREATMENT OF TIDAL FLATS          = 1 (Enables wetting and drying in shallow 

regions) 

TREATMENT OF NEGATIVE DEPTHS                         = 2 (specifies the type of treatment of the 

negative depths, there are three options: 0 : no treatment, 1 : smoothing of negative depth,  2 : Flux control). 

CONTINUITY CORRECTION                                 = YES (corrects velocity particularly in 

the boundary points) 

DISCRETIZATIONS IN SPACE                              = 11;11 (binary triangle (4 node 

triangle) velocity and linear depth) 

/-------------------------------------------------- 

/    PROPAGATION   / 

/--------------------------------------------------  
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IMPLICITATION FOR DEPTH                           = 1. (To account for semi-implicit discretization of 

time) 

IMPLICITATION FOR VELOCITY                             = 1. (To account for semi-implicit discretization of 

time) 

IMPLICITATION FOR DIFFUSION OF VELOCITY           = 1.(Recommend as default where the wave 

equation is not applied) 

MASS-LUMPING ON H                                     = 1. (This number refers to the method to 

accelerate the computational simulation as well as consider the setting values of H within the model) 

&FIN (end of the steering file) 

 


