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Resumen
Uno de los retos más importantes en la restauración fluvial es la identificación de los paisajes naturales en cuencas con una larga
historia de ocupación humana. Los usos intensivos asociados a la construcción de diferentes infraestructuras preceden a menudo
a la primera percepción remota. En consecuencia, los patrones morfológicos indicativos del paisaje fluvial están oscurecidos, y la
información adecuada para desarrollar estrategias de restauración fluvial no está disponible. Este es el caso de la cuenca del río
2
Hijar en el norte de España (150 km ), en la que hemos enlazado principios generales de procesos hidro-geomorfológicos con
herramientas informáticas para caracterizar el paisaje fluvial. La gran mayoría de los paisajes fluviales del río Hijar se encuentran
actualmente enmascarados por las infraestructuras humanas (más del 90%). El paisaje fluvial reconstruido ofrece un contexto a
escala de cuenca para apoyar la planificación de la restauración fluvial, en el que áreas con mayor productividad y diversidad
ecológica podrían constituir proyectos de restauración de las características del cauce, de la ribera o de la llanura de inundación.
Palabras clave: Planificación de cuenca, Restauración ecológica, Geomorfología fluvial, Paisaje fluvial
Abstract
One of the major challenges in river restoration is to identify the natural fluvial landscape in catchments with a long history of
river control. Intensive land uses associated to the construction of different infrastructures often predate the earliest remote
sensing. Consequently, morphological patterns indicative of the fluvial landscape can be obscured, and information to develop
2
river restoration strategies can be unavailable. This is the case in the Hijar River catchment in northern Spain (150 km ). To
address this issue we coupled general principles of hydro-geomorphic processes with computer tools to characterize the fluvial
landscape. The vast majority of the fluvial landscape in the Hijar River is presently masked by human infrastructures (more than
90%). The reconstructed fluvial landscape provides a catchment scale context to support restoration planning, in which areas of
higher potential for ecological productivity and diversity could be targeted for in-channel, floodplain and riparian restoration
projects.
Key words: Catchment planning, Ecological restoration, Fluvial geomorphology, Fluvial landscape

1. Introduction
A catchment scale perspective that considers the complete fluvial landscape is critical for successful river restoration
(Kondolf et al., 2007, Nilsson et al., 2007). The fluvial landscape is defined as all landforms and biologic communities
that affect and are affected by the flow of water, sediment and organic materials within the hierarchically branching
network of river corridors. The fluvial landscape is comprised of active and former river and side channels, offchannel water bodies, confluence environments, wetlands, floodplains, terraces, and riparian vegetation (Fausch et
al., 2002, Nakamura, 2006), and subsurface patterns of hyporheic flow and associated organisms (Poole et al. 2006).
The processes and landforms that comprise the fluvial landscape vary with location in a catchment governed by
hillslope and valley topography, river network structure, channel elevation profiles, basin scale, and the stochastic
nature of climate (Poff et al. 1997, Benda et al., 1997, Ward et al., 2002). The fluvial landscape is thus a dynamic
entity, formed and altered over time by storms, erosion and floods that bring water, sediment and organic material
downslope and downstream from all points in a catchment.
Regulating discharge with dams and weirs, hardening channel banks, constructing dikes and levees, dredging
channels, and draining wetlands have furthered human occupation and development of productive, flood prone
lands. However, these activities individually, and in concert, have acted to eliminate the fluvial landscape or to
obscure evidence of it over the last couple of centuries (Logan and Furze, 2002). River control activities have reduced
in-channel and off-channel habitats important to many aquatic species, reduced the renewal of sediment and
organic material, altered the riparian groundwater and hyporheic flow systems, and have led to species declines or
extirpations.
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River restoration planning, design and implementation (e.g., levee removal, placement of in stream structures)
necessarily and typically occur at the scale of individual channel reaches (100 – 1000 m; Wohl et al., 2005). However,
local restoration projects can be more effective if they are designed using a catchment (fluvial landscape) context to
strategically place them for the greatest ecological benefit (Gilvear and Casas, 2005). A catchment scale context
provides a larger frame of reference for smaller scale projects, such as how valley form, river network structure and
natural disturbances affect restoration projects positively or negatively. Restoration activities within the framework
of a catchment perspective can target meso-scale habitats such as large floodplains and islands (Jahnig et al., 2010)
or confluence environments (Benda et al. 2004) and can include a wide variety of measures (Gilvear and Casas,
2008).
Design of a river-restoration strategy requires two important steps: 1) recognizing the spatial and temporal
characteristics of the fluvial landscape that govern geomorphic and ecosystem interactions (referred to as a ‘guiding
ecological image’ (Palmer et al., 2005) or a ‘geomorphic template’ (Brierly et al. 2008), and 2) recognizing human
alterations to the fluvial system and the consequences for geomorphic and ecological processes. Although
information from satellite imagery, aerial photography, field surveys, and data on land use and local biology can
inform descriptions of fluvial landscapes, information on a reference condition may not be available in catchments
with long-term human development.
In this paper we outline a different approach for creating a catchment scale perspective for river restoration
planning (see Benda et. al 2011). We illustrate how hydro-geomorphic principles can be evaluated with computer
analysis tools to characterize fluvial landscapes in catchments where they have been mostly obscured by extensive
2
land use. We apply our approach to the Hijar River Catchment (250 km ), located in the Cantabrian Region of
Northern Spain, that has a long history of land development extending back to the Bronce Age.
The steps in our analysis include: 1) defining the natural fluvial landscape in the Hijar River catchment; 2) evaluating
how the fluvial landscape is created and influenced by topography, valley morphology, river network structure, basin
scale and other landforms and processes; 3) comparing the current, regulated fluvial landscape with the natural
fluvial landscape that we infer from our analysis; and 4) describing how our analysis can provide a catchment scale
context for restoration planning, including identifying a provisional set of candidate areas for restoration.
2. Study Area
2

The Hijar river catchment (250 km ) is located in the province of Cantabria, northern Spain, and it runs from west to
east for more than 30 km before joining the Ebro and Izarilla tributaries just 2 km before entering the Ebro reservoir
(Fig. 1). The Hijar river system is flanked by the Cordel Mountain Range (2111 m) on the north and the Híjar
Mountain Range (1950 m) on the south and Peña Labra Mountain Range on the west (2149 m; Fig. 1). Sandstone
dominates in all mountain ranges alternating with slate in the north, while the valley is mainly composed of deep
alluvial sediments (IGME, 1989).
The Hijar catchment has a mediterranean climate but influenced by the humid temperate weather of the Cantabrian
coast. The average annual temperature in the Hijar catchment is around 9ºC, while precipitation ranges from 600
mm to 1000 mm from the valley to the ranges. Snow is common from late autumn to early spring above 1000 m,
3
while rainfall is concentrated in winter and spring. Mean annual flow is 3,2 m /s, with the largest spates
3
concentrated between November and April (mean annual maximum flow is 60,7 m /s) and dry periods (mean annual
3
minimum flow is 0 m /s) from June to October.
Regarding vegetation, oaks (Quercus robur, Q. petrae and Q. pyrenaica) dominate southern slopes in the Hijar
catchment, while beech (Fagus sylvatica) and holly (Ilex aquifolium) are predominant on northern slopes up to
1100m. Above this belt, birch (Betula sp.), shrubs (Genista sp., Erica sp. and Ulex sp.) and mountain grasslands are
dominant. However, in many parts of the Hijar catchment native forest has been highly modified to create pasture
land. Riparian vegetation along the Hijar river is dominated by willow groves formed by Salix cantabrica, S.
atrocinerea, S. eleagnos and S. caprea. We can also find ash (Fraxinus excelsior), hazel (Corylus avellana) or black
poplar (Populus nigra), whilst in steep valleys beech or oak forest can dominate the riparian forest. In many parts of
the Hijar catchment the riparian forest has been completely modified by human activity. In here the vegetation is
usually dominated by brambles (Rubus spp.), roses (Rosa spp.), hawthorn Crataegus monogyna, and blackthorn
(Prunus spinosa) scrub.
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Figure 1. The Hijar River catchment is located in the uppermost part of the Ebro River catchment. The location of the two main
tributaries that feed the Ebro reservoir, the Hijar and Izarilla rivers is also indicated

Evidences of human settlements in the Hijar river catchment started during the Bronce Age (3,000 ybp) but they
st nd
were not important till the Romans got established in the nucleus of Iulobriga during the 1 -2 century. Massive
deforestation in the catchment occurred then in connection to the need for wood for buildings, iron industry and the
development of agriculture and pastures. More recently, the industrial development of Reinosa, plus urban
development and flood protection in towns and the need for water supply has extensively modified the fluvial
landscape of the Hijar River. Nowadays river control structures in the catchment include more than 35 bridges, 15
weirs and minor dams (<10m), and more than 20 km of river length with presence of levees and dikes (unpublished
2
data). Average population density in the catchment is rather low (8,63 inhabitants/km ), despite the 15 000
inhabitants around the urban centre of Reinosa in the mouth of the Ebro Reservoir.
Despite the Hijar river being included in the natura 2000 network, and the requirements of the Water Framework
Directive for all waters to reach a good ecological status by 2015, there has still being in the last 15 years numerous
river engineering works in the catchment that might counteract reaching the objectives of these European
directives. The Hijar River system could benefit from certain types of river restoration activities if framed in a proper
catchment planning. Thus, the analysis presented here could be used to help guide planning efforts in the Hijar River
catchment, in order to achieve current legislation requirements.
3. Methods
The Hijar River system was divided into two sections for our analysis: 1) the Mainstem, which is 35 km long, and 2)
the Izarilla River, 16 km long whose confluence with the mainstem is 2 km before it enters the Ebro reservoir (Fig. 1).
We used available topographic data with the analysis toolkit ‘NetMap’ (www.netmaptools.org; Benda et al. 2007,
2009) to examine relationships among valley geometry, river-network structure, landforms, channel elevation
profiles and the potential for channel-floodplain and confluence interactions. We used 2010 satellite imagery to map
the current extent of the fluvial landscape in the Pas River catchment and to estimate the degree to which riverine
processes are presently constrained by human land use.
The steps in the analysis (explained in greater detail in Benda et al 2011) included: 1) developing a synthetic,
attributed (attributes include channel gradient, width, depth, elevation, and length) and routed stream layer using
digital elevation data provided at 5-m horizontal resolution and 0.1 m vertical resolution, 2) estimating the area of
flood inundation adjacent to the channel at specified elevations above the channel in units of bankfull depths, 3)
predicting the potential for tributaries to geomorphically and ecologically influence channels, 4) characterizing valley
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morphology in terms of degree of confinement, 5) predicting spatially variable sediment yields throughout the river
network using a topographic index of erosion, 6) mapping across-valley profiles to determine valley-hillslope
topography and identify constraints on channel-valley connectivity, and 7) mapping the current extent of the active
channel and floodplain surface area along the largest channels in the Hijar River basin using satellite imagery (Google
Earth).
A synthetic channel network was delineated using flow directions inferred from a 5-m digital elevation model (DEM);
algorithms for flow direction and channel delineation are described by Clarke et al. 2008. GIS data on channel
locations were used for drainage enforcement in low-relief areas. The channel network was divided into a linked set
of channel segments (scale 10 – 100m). Contributing area, channel length and channel gradient were calculated
from the DEM for each segment. Bankfull channel width and depth were estimated using a regional regression of
drainage area and mean annual precipitation to field-measured widths and depths over a range of channel sizes
encompassing 195 river sites (selected in areas with little to no engineered works) in the region of Cantabria:
0.4365
0.4408
0.1731
0.1516
bankfull width = 1.683*area
* precipitation
; bankfull depth = 0.63* area
* precipitation
.
To characterize valley-floor surfaces, DEM cells were classified according to elevation above the channel. Each cell
within a specified radius (1500 m) of a channel is associated to the closest channel cell, with distance to the channel
weighted by intervening relief. Valley-floor DEM cells are associated with channels that are closest in Euclidean
distance and have the fewest and smallest intervening high points. The elevation difference between each valley
floor cell and the associated channel location is normalized by bankfull depth and valley floors are characterized in
terms of number of bankfull depths above the channel. This procedure is repeated for every channel segment.
In practice, zones of frequent inundation are defined by an elevation above the channel equivalent to two bankfull
depths (Rosgen, 1996, Castro, 1997). To illustrate a wide range of flow inundation-valley topography relations in the
Hijar catchment, we delineated surfaces above the DEM-inferred channel using elevation equivalents of one, two,
and three bankfull depths. Estimated bankfull depths for the Hijar range from 4,5 m at the mouth to 0,94 m at the
upstream extent of this analysis. We therefore delineate inundation depths between about 1 and 5 m. Because
elevations above the channel are referenced to a nearby location on the channel, the extent of the delineated area
is dependent on the degree to which local elevation differences can be resolved with the DEM, rather than on the
absolute accuracy of the elevation values. We do not know the accuracy to which the available 5-m DEM in the Hijar
catchment can resolve these elevation differences, without field verification our results must be viewed as a testable
hypothesis.
The probability of observing confluence related changes in the morphology of mainstem channels (confluence
effects) depends on the size of the tributary relative to the mainstem (Benda et al. 2004b). In the Hijar River, a
logistic regression equation was used to predict the probability of confluence effects as: Pe = exp(g(x))/1(1 +
exp(g(s))). Where Pe is the probability of a confluence effect and g(x) is fitted to regional data in the western United
States on confluence effects (in Benda et al., 2004b). Confluence effects are defined as wide floodplains, side
channels, mid channel bars, meanders, terraces, log jams, deeper pools and changes in substrate. Based on (1) there
is an 85% probability that a tributary with a drainage area one tenth that of the mainstem will create a confluence
effect. The probability decreases to less than 10% for tributary basins that have a drainage area less than about
1/1000 of the mainstem.
In the Pas River average annual sediment yields were estimated using a topographic index of erosion. Erosion in the
form of shallow landslides, gullies and surface erosion is often driven by slope steepness and slope convergence
(Dietrich and Dunne, 1978, Sidle, 1987). To estimate a measure of erosion potential in the Pas River catchment, a
dimensionless index that employs slope gradient and local topographic convergence was used (Miller and Burnett,
2007): GEP = (AL*S)/b. Where GEP is the ‘generic erosion potential’, b is a measure of local topographic convergence
(the length of an elevation contour crossed by flow out of a pixel, values less than one pixel indicate convergent
topography), AL is a measure of local contributing area (within one pixel length) and S is slope gradient (Miller and
Burnett, 2007).
GEP was converted into average annual sediment yield by specifying a catchment average erosion or sediment yield
rate, and then distributing that rate linearly according to the GEP index. High values of GEP yield average annual
erosion rates in excess of the catchment mean value and low values of GEP yield erosion rates less than the
catchment mean value. In the model, the cumulative sum (area weighted) of downstream routed GEP-based
average sediment yields must equal the assigned catchment average at the mouth of the river. Estimated sediment

389

Sesión 5: Índices e
Indicadores

I CONGRESO IBÉRICO DE RESTAURACIÓN FLUVIAL RESTAURARÍOS. LEÓN, 18-20 DE OCTUBRE 2011

2

yield rates in northern Spain that includes the Hijar River basin range between 500 and 1500 t/km /yr (Benda et al
2
2011). Thus, we applyed a sediment yield rate of 1000 t/km /yr.
We compared the extent of the topographically inferred fluvial landscape to the current extent of active channel
surfaces mapped from 2010 satellite imagery available from Google Earth. The present day fluvial landscape (e.g.,
active channel and floodplain [unvegetated or lightly vegetated fluvial surfaces located adjacent to the channel]) was
mapped in four areas of the Hijar catchment (Fig. 1). Mapping was done only in the larger rivers where valley walls
and riparian vegetation did not obscure the existing channel and gravel bars and where the fluvial landscape is
bounded by human infrastructure including roads, agricultural fields and urban centers.
Our analysis is used to identify a provisional set of candidate channel-valley segments that would have the greatest
potential for improving aquatic and riparian habitats through restoration. Candidate segments will have some
combination of the following characteristics: wide floodplains (as depicted by valley floor elevations equivalent to
one, two and three bankfull depths); significant tributary confluences; transitions in valley floor width (constrained
to unconstrained and vice a versa); proximity to sources of sediment and organic material; and closely aligned,
parallel running tributary-mainstem channels.
4. Results and discussion
Each of the two river sections present a distinct downstream sequence of geomorphic attributes. We describe
2
results for each river channel separately. The Hijar River drains 168 km and has predicted bankfull widths up to 400
m and depths up to 4,5 m. Estimated channel gradients range from greater than 12% in the headwaters to less than
2% through broad-valley segments downstream (Fig. 2).
Figure 2. The channel longitudinal profiles and the associated slope gradients (rise/run) in the Hijar mainstem (left) and Izarilla
(right) channels were calculated using a 5-m digital elevation model
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Wide fluvial landscapes (200–800 m) are predicted to occur within river kilometre (RK) 0 to 5, although with
considerable differences in surface area between one, two and three bankfull depths (section B in Fig. 3 and A, B and
C in Fig. 4). The probability of confluence effects in this part is high (up to 0,8; D in Fig. 4) given the size of the Ebro
and Izarilla tributaries in relation to drainage area of the mainstem channel. Thus the large widening of the fluvial
landscape in this part is quite possibly associated to the confluence of the main three tributaries in the catchment
2
(Fig. 4), in association also with the predicted increase in average sediment yield of 132 t/km /yr (D in Fig. 4).
However, this area is actually highly constrained due to urban development and flood defences (see XS5 in Fig. 5),
thus river restoration actions might have a huge cost.
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Figure 3. Fluvial landscape defined for the Hijar river catchment at different bankfull depths. Critical areas of interest are shown
beginning from the river mouth upstream the Hijar tributary (A, B, C, D and E) and then following the Izarilla tributary (B, F and G)

Further upstream from RK 5 to RK 10(Section C in Fig. 5) there is also a prediction of wide fluvial landscapes, in which
differences between predicted fluvial corridors indicate variable valley floor elevations, likely reflecting the presence
of low terraces and of flood defences which constrain the fluvial landscape (differences between XS1 and XS2 in Fig.
5). Confluence effects are relatively absent from this part and sediment yield is relatively constant (D in Fig. 4).
The next section upstream from RK10 to RK15 in the mainstem (section D in Fig. 3) is quite likely one of the most
interesting regarding river network geomorphic effects in the Hijar catchment. In here the probability of confluence
2
effects rises above 0,5 for a couple of kilometres and sediment yield increases up to more than 200 t/km /yr. This is
clearly associated with fluvial landscape widening above 200m (B and C in Fig. 4). Moreover, there are a couple of
relatively large tributaries on the southern side that run parallel to the mainstem what might contribute largely to
the widening of the fluvial landscape (between XS2 and XS3 in Fig. 5). Again the presence of flood defences all
throughout this section prevents the actual fluvial landscape to reach its potential dimensions (see XS3 in Fig. 5). The
other remarkable section in the Hijar mainstem is just after the Guares confluence at around RK20. This is the
section of the Hijar river in which the fluvial landscape widens from less than 50 m upstream to more than 200 m.
Upstream from RK20 hillslopes, high terraces and alluvial fans bound both sides of the channel (XS4 in Fig. 5),
thereby reducing the width of the fluvial landscape (Fig. 4). The confluence of the Guares river has got a clear effect
2
downstream (Fig. 4) with and increase in sediment yield of 120 t/km /yr.
2

The Izarilla tributary drains 60 km and has predicted bankfull widths up to 400 m and depths up to 3,5 m. Estimated
channel gradients range from greater than 10% in the headwaters to less than 2% through broad-valley segments
downstream (Fig. 2).
The wider fluvial landscapes (300–700 m) are predicted to occur within RK0 to RK5, just downstream the confluence
with the larger tributary in its catchment (Section F in Fig. 3). However, the Izarilla tributary has been severely
canalised in this part (XS5 in Fig. 5), thus losing the highest percentage of the potential fluvial landscape in here.
Confluence effects are relatively high upstream from here and sediment yield increases progressively upstream (Fig.
4) from the many tributaries that the Izarilla receives from the south. The Izarilla tributary has a well conserved
meandering channel from RK5 to RK8 (Section G and above in Fig. 3 and XS6 in Fig. 5) which might only need to
recover the riparian vegetation through cattle exclusion. Usptream from here very narrow fluvial corridors (< 50 m)
are also predicted in the Izarilla tributary due to constrains imposed mainly by hillslopes (Fig. 4).
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Figure 4. Predicted fluvial landscape width in the Hijar and Izarilla tributaries at an elevation above the channel equivalent to one,
two and three bankfull depths (A to C and E to G, respectively). The predicted tributary confluence effects and average sediment
2
yields (using a catchment wide average of 1000 t/km /yr) are also shown for Hijar mainstem and Izarilla tributary (D and H,
respectively)
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Figure 5. Across-valley elevation profiles show the location of the predicted fluvial landscape with associated satellite images
(Google Earth). The narrow, present day extent of the fluvial landscape (e.g., channel and floodplain) is denoted by “C“. Elevated
surfaces that are considered to be levees are denoted by “D“. The fluvial landscapes depicted in the cross sections correspond to
elevations associated with two bankfull depths
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