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ABSTRACT 

Between 2005 and 2006, field sampling and physical habitat simulation (2D) 
were carried out in two Catalonian rivers, Ter and Llobregat. The hydrometry 
included depth and velocity measurements at different heights in the water column. 
Based on these data, 3 equations were adjusted to estimate velocities at different 
heights as a function of the mean water column velocity. The accuracy of these 
equations was compared in the 2 sites separately. 

For the environmental flow assessments, physical habitat simulation was applied 
with the 2-dimentional software River 2D. Habitat suitability criteria for depth, 
mean velocity, nose height and nose velocity (i.e., at the vertical position where the 
fish were observed) were considered for the native brown trout. The WUA vs. flow 
functions were calculated for two alternatives: based on both depth and mean 
velocity as well as depth and nose velocity at a fixed height above the river bed. The 
analyses allowed us to assess the practicability of focal velocity assessments for 
habitat studies, based on simple and economic methods. The results also showed the 
influence of considering the fish position in the water column for habitat-based 
environmental flow studies. 
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1. INTRODUCTION 
In the first decade of the XXIth Century, the European Union is striving 

hard to implement the Water Framework Directive (WFD), with a relevant 
change in the way we manage the water resources. In this context, the 
environmental flow assessments are very important to achieve a good 
ecological status in the water bodies. In Spain, the environmental 
administration has carried out some studies on environmental flows 
assessments, especially in Catalonian Basins and the Júcar River Basin (one 
of the pilot basins for the implementation of the WFD). 

Among the techniques available, the physical habitat simulation 
developed in the framework of the IFIM methodology (Bovee, 1982) is the 
most frequently used (Tharme, 2003). Nowadays, many studies of habitat 
simulation are based on 1-dim or 2-dim hydraulic models, which use mean 
water column velocity; 3-dim models, which simulate velocity profiles, still 
require a relatively great effort in terms of computation and thus in budget. 
In spite of the general use of mean velocity, it is well known that not only 
mean velocity but also nose velocity (point velocity at the location of fish or 
other aquatic animals) can be critical for the activity of many aquatic 
species, like benthic fish and invertebrates (Freeman et al., 1990; Grossman 
& De Sostoa, 1994) or any fish species that occupy different focal-point 
velocities to optimize energy intake (Hill & Grossman 1993, Hughes 1998). 

Only a few studies have estimated the water velocity in different 
positions of the water column, so that the fish behaviour can be better 
integrated into habitat simulation (Milhous, 1999; Martínez-Capel et al., 
2004). These studies demonstrated that nose velocities make a clear 
difference in the estimation of weighted usable area (WUA) and the 
environmental flow assessments. In this new study, a 2-dim habitat 
simulation was made in two Catalonian rivers, where a detailed work of 
hydrometry and field survey made it possible to address these objectives: 
I) To observe the trends in the errors when estimating nose velocities by 3 
hydraulic methods, II) To incorporate nose velocities in 2-dim habitat 
simulation with current software, River 2D (Steffler & Blackburn, 2002) and 
PC worksheets, and III) To estimate the importance of using nose velocities 
instead of mean velocities, in terms of environmental flows. 
 
 2. GENERAL SETTING  

This study took place in two study sites of the main rivers in Catalonia 
(NE Spain), the rivers Llobregat and Ter; both rivers flow from the Pyrenees 
Mountains to the Mediterranean Sea. The environmental flow study was 
funded by the Catalonian water administration, in order to obtain more 
information for implementing the regional plan of environmental flows, 
approved in 2004 (Agència Catalana de l’Aigua, 2005). These rivers are very 
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important for the water supply of Barcelona, and also for irrigation and 
hydroelectric production. The study sites are shown in Fig.1. 
 

 
Figure 1. Map of the Catalonian Basins, for the location of the study sites 

(LL:Llobregat, T:Ter), with colors indicating the hydrologic regions. 
 

The first site, river Ter, is located below the 3 consecutive large dams of 
Sau, Susqueda and Pasteral, at 135 m.a.s.l., and it was classified as 
hydrologic type A2. With a larger watershed area than the other site, the 
flow regime is affected by snowmelt but also by the large runoff in the 
watershed. Maximum flows occur in May but the difference between spring 
and winter flows are not great. The length of the simulated segment was 173 
m, including only a pool and two short riffles. Most representative substrate 
types were boulders (>1024 mm), cobbles (64-256 mm), gravel (8-64 mm) 
and bedrock, with an estimated presence of 36, 24, 10 and 10%, respectively. 
In the first survey (with discharge 1.346 m3/s) Maximum depth was 1.48 m, 
average width 17.6 m and average gradient 1.6 m/km. In total 19 transects 
were carried out for hydrometry, and 5184 points were measured in the 
survey of the river bed and banks. 

The second site, river Llobregat, is located some kilometres below Baells 
Dam, at 423 m.a.s.l., and it was classified as hydrologic type A1 (Agència 
Catalana de l’Aigua, 2005), with a strong influence of snowmelt, minimum 
flow in winter and maximum in spring (May). The length of the simulated 
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segment was 256 m, including riffles, glides and pools. Most representative 
substrate types were cobbles (64-256 mm), boulders (>1024 mm) and 
bedrock, with an estimated presence of 41, 20 and 9% of the site area, 
respectively. In the first survey (with discharge 2.066 m3/s) maximum depth 
was 2.1 m, average width 19.4 m and average gradient 1.9 m/km. In total 21 
transects were done for hydrometry, and 7262 points were measured in the 
survey of the river bed and banks. 
 
3. METHODS 
 
3.1 Field work 

In each site, hydraulic and habitat characteristics were measured along 11 
transects perpendicular to flow; water depths were recorded with a graduated 
rod (nearest cm) and water velocity with a Valeport® electromagnetic 
current meter (nearest mm). Velocity was measured in several heights in the 
water column; where depth was ≤ 0·45 m, one measurement at the height of 
0·4×depth (height from the bottom); where depth was between 0.45 - 1.20 
m, two measurements at 0·2 and 0·8×depth; in deeper areas three 
measurements at 0·2, 0·6 and 0·8×depth (three points method). The average 
velocity was calculated at each point from the corresponding measurements. 

Substrate categories considered were: bedrock, large boulders (>1024 
mm), boulders (256-1024 mm), cobbles (64-256 mm), gravel (8-64 mm), 
fine gravel (2-8 mm), sand (62µm-2 mm), and silt (<62µm). In order to 
obtain a digital elevation model of the river bed and the banks, for the 2-
dimentional habitat simulation, a total station was used in the survey. In both 
sites the riverbed survey had a mean density over 1.2 nodes/m2. 
 
3.2 Data analysis 

Before any calculation with the velocity measurements, these data were 
filtered, in order to discard negative and null values in the database, as well 
as data from transect points where velocity near the bottom was higher than 
near the surface (considered as anomalous velocity profiles). The filtered 
database was used to calculate relationships between mean water column 
velocity and other velocities at different heights in the water column, 
hereafter named as nose velocities (velocity measurement at the height in the 
water column where a fish was located). In all the points of each transect 
where there were 2 or 3 measurements in the water column, these data were 
matched to their corresponding height (distance from the river bottom); the 
average velocity was calculated and matched to a height of 0·4×depth. 

We tried three different methods to compute nose velocity from the 
average at the same point. The first method (A) was the empirical solution 
based on the power law of velocity distribution: 

Fvel = Avel · a (Fh/D)b 
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Where the symbols correspond to: 
Fvel: Nose velocity (m/s) at a certain height (at the fish position), 
Avel: Average velocity (m/s) in the water column at the same exact location, 
Fh: Nose height (m), i.e., vertical distance from stream bed to fish position, 
D: depth (m), 
a, b: coefficients obtained by regression analysis. 

Coefficients a and b were calculated by iteration, in order to minimize the 
median error of all the measurements of nose velocities. 

The second method (B) was based on the power law equation in the 
following form (Schlichting, 1968): 

Fvel = Avel × {(m+1) (Fh/D)m} 
Where the symbols are the same as previously mentioned; m is a constant 

and it was calculated in order to minimize the median error of all the 
measurements. 

The third method (C) for the test was proposed by Milhous (1999): 
Fvel = Avel × {Log (a Fh/D65)/Log (b D/D65)} 

Where the symbols are the same as previously mentioned. D65 is the 
percentile 65 of the diameter distribution of the riverbed sediment; in this 
equation, it is taken as the characteristic roughness height in the reach. In the 
original form, a and b were fixed, in this case they were calculated in order 
to minimize the median error of all the measurements. 

For each method, the percentage of error was calculated in each 
measurement (in points where 2 or more velocity measurements were done). 
These results were summarized in a histogram of the errors in each river for 
each of the 3 models (in classes, <15%, 16-25%, 26-50%, 51-100%, 101-
150%, >150%), and also the median error was calculated. The discussion of 
the results was based in the errors and the characteristics of each study site. 

In the two study sites, physical habitat simulation was applied with the 2-
dimentional software River 2D, that allowed us to export the hydraulic 
results (depth and average velocity) at each node of the river mesh. Then, 
nose velocities were calculated at each node with the most accurate method 
of each study site (i.e., with lower median error in percentage). 

Given the hydraulic results, the combined habitat suitability at each node 
was calculated in two ways: based on depth and mean water column velocity 
(SId×SImv), and based on depth and nose velocity (SId×SIfv) at the most 
suitable nose height for the target species. Habitat suitability criteria for 
depth, mean water column velocity and nose velocity for native brown trout 
(Salmo trutta fario), in the fish length of 10-20 mm, were obtained from 
other study (Martínez-Capel et al., 2007), which also took place in 
Mediterranean rivers. Those microhabitat surveys (from September 2005 to 
August 2007) had a total sample size of 144 independent measurements (235 
fish observed). Despite the variability in the maximum total depth and mean 
velocity across the 5 sites (from 0.83 to 1.55 m maximum depth, from 1.28 
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to 2.48 m/s maximum mean velocity) the nose height of the fish was in a 
narrow range, because 85% of the data were within the interval 0 - 20 cm 
above the river bed (confidence interval 95% was 0.09±0.02 m). For this 
study 0.09m was the nose height selected to calculate the nose velocity in 
both study sites. 

With the combined habitat suitability and the areas derived from Thiessen 
polygons exported from River2D, the weighted usable area curves (WUA vs. 
flow) were calculated in the two ways, based on mean velocity and on nose 
velocity assessment. For curves comparison, two data were extracted from 
them, the optimal discharge (for maximum WUA) and the discharge 
corresponding to 80% of the maximum WUA; the latter was used in 
environmental flow studies of Catalonian Rivers (Martínez-Capel et al., 
2006). 
 
4. RESULTS 

The evaluation of the 3 methods for nose velocity estimation is 
summarized in Tab.1. In the River Ter, the methods gave little differences in 
the median results, and also the errors were considerably lower than in the 
other site. In the River Llobregat, the errors had a high variability depending 
on the method, and B was the only method with a median error similar to the 
ones obtained in the river Ter. According to the results in both sites, method 
B seems to show the best performance in general, thus it would be 
recommended to be implemented in other habitat simulation studies. 
 

Table 1. Frequency histogram data (in terms of percentage) and median error 
estimated in the calculation of nose velocity, in each study site, for the three 

methods, A, B and C. 

  Error Distribution (intervals)  

R. Ter 
0-

15% 
16-
25% 

26-
50% 

51-
100% 

101-
150% > 150% 

Median 
error 

A 50,0% 24,4% 21,1% 2,0% 0,2% 2,3% 15,1% 

B 60,9% 19,7% 10,4% 4,7% 1,8% 2,5% 11,1% 

C 53,9% 25,4% 15,2% 2,7% 0,4% 2,3% 13,4% 

R. Llobregat   

A 21,0% 14,5% 13,8% 50,0% 0,0% 0,4% 58,0% 

B 43,1% 19,9% 16,7% 5,4% 2,2% 12,7% 17,6% 

C 5,1% 2,5% 14,9% 69,6% 0,7% 7,2% 62,9% 
 

According to these results, the equations used in the nose velocity 
assessments in the two sites were the following (both following method B): 
- River Ter, Fvel = Avel · (1+0.330) (0.09/D)0.330 
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- River Llobregat, Fvel = Avel · (1+0.367) (0.09/D)0.367 
Where the symbols mean Fvel = nose velocity, Avel = average velocity, 

D = depth. 
In Fig.2, both WUA curves for comparison in the two study sites can be 

seen. The profiles of the curves, in R. Ter, are very similar. However, in the 
R. Llobregat, the profiles change because of the trend in the last part of the 
curves, which is decreasing when based on mean velocity but slowly 
increasing when calculated with nose velocity. Both rivers show in common 
that the estimation of nose velocities gives a higher estimation of the WUA, 
because the velocities at the lowest part of the water column are usually 
more suitable for brown trout (size 10-20 mm), according to the microhabitat 
suitability studies developed in Mediterranean rivers. 
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Figure 2. Comparison of weighted usable area curves (WUA, m2/m) obtained in the 

river Ter and River Llobregat in two ways, based on depth and mean velocity 
suitability (WUA1) and based on depth and nose velocity suitability (WUA2) for 

brown trout (size class 10-20 mm). 
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From a more practical perspective, the WUA curves are useful to 

establish objective criteria for minimum flow assessments. For this study, 
two parameters common in other environmental flow studies, are shown in 
Tab.2. These results showed that there were significant differences when 
these parameters were used in environmental flow studies; however, there 
was no clear pattern in the results. While in R. Ter the optimum discharge 
was larger (21% more) when using mean velocity, in R. Llobregat was the 
opposite, because discharge doubled in case of considering nose velocities. 

The discharge values to obtain 80% of the maximum WUA follow the 
same trend in the two rivers, that is, discharge was higher when considering 
nose velocities (38 and 14% more). It is important to note that the 
differences in the calculation of both curves arise in 2 steps, first the use of 
nose velocities in the nose height where most of the fish (brown trout) were 
observed, second the use of different habitat suitability criteria, calculated 
specifically for nose velocities (measured at the height of the fish’s nose). 
 

Table 2. Comparison of critical discharge values (m3/s) obtained from the WUA 
curves (m2/m) of the river Ter and River Llobregat in two ways, based on depth and 
mean velocity suitability (WUA1) and based on depth and nose velocity suitability 

(WUA2) for brown trout (size class 10-20 mm). 
 R.Ter R.Llobregat 

 WUA1 

Curve 
WUA2 
Curve 

WUA1 
Curve 

WUA2 
Curve 

Maximum WUA 2.000 1.650 2.350 4.960 

80% Maximum WUA 0.635 0.879 0.752 0.855 

 
5. CONCLUSIONS  

In our opinion, the large differences in the methods performance, and the 
high variability in the River Llobregat can be related to some of the factors 
affecting velocity profile and turbulence in the water column. 

One of the main differences between the study sites is habitat diversity, 
because the River Ter has a high percentage of pool habitat and a very low 
one of riffle; this factor can make the velocity profile very similar 
throughout the whole reach, therefore the methods for nose velocity 
predictions can be adjusted more accurately. In this site, gradient is also 
lower and the water turbulence would be expected to be very little or null in 
the site. However, in the River Llobregat, the data set is more heterogeneous, 
because the velocity profile and turbulence can be very different in the pool, 
with much slower waters and eddies than in riffles and glides, with a 
relevant area in this site. As a conclusion, method B would be recommended 
to be implemented in other habitat simulation studies, and similar error 
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ranges could be expected in study sites with homogeneous hydraulic 
conditions and a dominant habitat type. 

The consideration of the fish position in the water column can be of a 
great relevance in the assessment of environmental flow regimes, from a 
practical perspective, as was shown in the WUA curves comparison. This 
result is coherent with other studies (Milhous, 1999; Martínez-Capel, 2004) 
and the same could happen with other aquatic biota, like invertebrates. In 
one of the previous studies, the WUA for rainbow trout was higher when 
focal velocity was considered instead of mean velocity (Milhous, 1999), but 
the opposite happened in the other study with the Iberian barbel (Martínez-
Capel, 2004). 

The results indicate that, in general, we could expect higher flow needs 
when nose velocities are considered; this can be related to the fact that 
velocity (in this study) was the main variable limiting the microhabitat 
suitability, and it was necessary to get higher flows to produce high nose 
velocities unsuitable for the target species, because nose velocity at 0.09 m 
was usually lower than mean column velocity. When the 80% criterion was 
used, the trend was clear; however, the optimal flow values gave 
contradictory results. The differences between sites are due to the different 
hydraulic conditions, which are related to the proportion of mesohabitat 
types; in study sites with more habitat diversity we could expect a situation 
more similar to the River Llobregat. 

For further research, nose velocity predictions in uniform habitat types 
could give more accurate results, thus a stratification of the study sites would 
be necessary. Nose velocity prediction with simple methods can be a 
promising tool to improve physical habitat simulation, when 3-dim models 
cannot be afforded and the behaviour of the target species requires the use of 
water velocities in different elevations of the water column. 
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