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Resumen 

El objetivo general de este trabajo es explorar las potenciales interacciones entre la 
alteración hidrológica y el estado de la vegetación de ribera en diversas cuencas 
hidrográficas españolas. La mayor parte del área de estudio está dentro de la región 
Mediterránea, una región caracterizada por un particular comportamiento climatológico, 
ecológico y socio-económico. Las cuencas estudiadas son: Guadiana, Guadalquivir, Tajo, y 
Duero. Para complementar el estudio y comparar resultados con otras regiones climáticas 
españolas se estudiaron dos Demarcaciones atlánticas: Cantábrico y Miño-Sil. El 
funcionamiento fluvial, en las áreas mediterráneas, presenta grandes variaciones en el 
régimen hídrico, siendo uno de los principales controladores de la estructura, composición y 
distribución de la vegetación de ribera. 

Para investigar las interacciones mencionadas previamente, se presenta un nuevo 
índice, Riparian Forest Evaluation (RFV). El objetivo de este índice es valorar el estado de la 
vegetación de ribera en base a los principales controladores hidro-morfológicos responsables 
de la dinámica fluvial, y por tanto, relacionados con el desarrollo del corredor ribereño. RFV 
divide la evaluación del bosque de ribera en cuatro componentes: continuidad longitudinal, 
transversal, y vertical (dimensiones espaciales), y condiciones del regenerado (dimensión 
temporal). La clasificación final está basada en las mismas cinco clases fijadas por la 
Directiva europea Marco del Agua (DMA) (2000/60/CE) para valorar el estado ecológico de 
las masas de agua. La aplicación de este índice en 187 masas de agua ha mostrado su 
facilidad de aplicación y su consistencia desde un punto de vista legislativo y técnico-
científico. 

En paralelo al diseño del índice RFV, se ha desarrollado una nueva herramienta para 
dar apoyo a la evaluación del bosque de ribera (RFV) y la extracción de variables hidro-
morfológicas a escala de masa de agua en lugar de a escala local (muestreo de campo local). 
Se trata de Riparian Characterisation by LiDAR (RiC-DAR), que permite valorar el estado del 
bosque de ribera de una manera semiautomática, en un modo cuasi-continuo, usando LiDAR 
de alta resolución. Esto hecho permite mejorar significativamente la calidad y cantidad de 
información comparado con la toma de datos en campo, lo que permite reducir los recursos, 
particularmente cuando se trabaja a escala de masas de agua. 

Una de las potenciales causas de la degradación del bosque de ribera es la alteración 
hidrológica; así una vez se ha realizado la evaluación del bosque de ribera basada en 
elementos hidro-morfológicos ligados al régimen hídrico (RFV), se han identificado las 
potenciales relaciones entre la alteración hidrológica y la degradación de la vegetación riparia. 
Para ello, se requiere contar con series de aforos fiables y de una duración apropiada. Para 
satisfacer este requerimiento, se ha creado una nueva herramienta: el Servidor de Datos 
para el Estudio de la Alteración Hidrológica (SEDAH). Esta herramienta genera datos diarios 
y mensuales completados para más años, construyendo así bases de datos más aptas para 
el estudio de la alteración hidrológica. (http://ambiental.cedex.es/Sedah) 

Haciendo uso de las herramientas y métodos desarrollados previamente, se han 
calculado diferentes indicadores de alteración hidrológica en 87 masas de agua que han sido 
analizados conjuntamente con el estado de la vegetación de ribera. Los resultados 
estadísticos han mostrado relaciones significativas entre ellos: la degradación de la 
vegetación podría estar fuertemente ligada a la alteración del régimen hídrico en años secos 
y a las sequías en el entorno mediterráneo. A su vez se ha analizado la relación del estado 
del bosque de ribera con el estado ecológico basado en la DMA, mostrando una relación no 
significativa. Esta y otras potenciales relaciones son discutidas a lo largo del documento. Los 
resultados permiten proponer recomendaciones de gestión de la vegetación de ribera y de 
manejo del régimen de caudales para masas de agua reguladas.  



 

 

 Abstract 

The general objective of this work is to explore the potential interactions between 
hydrologic alteration and degradation of the riparian vegetation, mainly focused in the 
Mediterranean Environment. The majority of the study area is part of the Spanish 
Mediterranean region, a geographical environment characterized by a singular climatologic, 
ecological and socio-economical behavior. The basins analysed in this work are: Guadiana, 
Guadalquivir, Tagus, Douro. In order to complete the results and compare those to other 
climatic regions in Spain, two Atlantic Districts where selected: Cantábrico and Miño-Sil. The 
river functioning, in the Mediterranean areas, presents great variations in the flow regimes 
being one of the main drivers of the riparian vegetation development.   

To explore the interactions stated above, a new index is presented, Riparian Forest 
Evaluation (RFV). This index is aimed to assess the status of the riparian vegetation based 
on the main hydromorphological drivers responsible of the river dynamic, and so, related to 
the development of the riparian corridor. RFV split the evaluation of the riparian forest into 
four components: longitudinal continuity, transversal continuity, vertical (structure) continuity 
and regeneration (temporal) continuity.  The final classification is based in the same five 
classes to those stated in the European Water Frame Work directive to assess the ecological 
status.   The application of this index over 187 water bodies has shown to be easily applicable 
and consistent from a regulatory perspective.  

In parallel to the design of RFV, a new tool has been developed to enhance the 
evaluation of the riparian forest and river morphology (RFV and morphological parameters) at 
water body scale rather than at local scale, i.e. when field surveyed at different sites. The 
Riparian Characterisation by LiDAR, RiC-DAR allows to assess the status of the riparian 
vegetation semi-automatically in a quasi-continuous way using high resolution LiDAR. This 
improves significantly the quantity and quality of information gathered through field sampling 
methods, reducing resources when working at larger scales.   

One of the potential major causes of degradation of the riparian forest is the hydrologic 
alteration; hence, once the evaluation of the riparian forest is done consistently based on 
hydro-morphological features linked to the hydrological regime (RVF), this work has identified 
potential relationships between hydrologic alteration and degradation of riparian vegetation. In 
order to do this, it is required to count with reliable series of flow records describing both 
reference and altered regimes. To satisfy this need, a new tool has been created, SEDAH, 
data server for assessing hydrologic alteration. This tool has completed daily and monthly 
gaps in the flow series to build up an improved database to assess the hydrologic alteration. 
This application is available on line (http://ambiental.cedex.es). 

 Making use of the tools and methods developed previously, this work uses these data to 
work out indicators of hydrologic alteration through 87 water bodies to be analysed against 
the riparian status. These indicators are statistically analysed exploring significant 
relationships with the status of riparian vegetation and ecological status, showing some 
potential significant relationships; hence it seems that the degradation of riparian vegetation, 
particularly the regeneration, is associated with the alteration of the hydrologic regimen in dry 
years and draughts in Mediterranean environments. Furthermore, the analysis of the status of 
the ecological status and the status of the riparian vegetation has shown the lack of 
significant influence of the riparian vegetation in the final ecological status using the WFD 
approach applied in Spain. This and other potential relationships are discussed in this work. 
The results allow giving guidance on the management of both riparian vegetation and 
environmental flows of water bodies affected by flow regulation. 
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PURPOSE OF THIS THESIS 

1. WHAT IS THE PURPOSE OF THIS THESIS? 

The purpose of this thesis is: 

a. To provide a set of tools to improve the assessment of the status of the 
riparian vegetation.  

b. To analyse how the main components of the hydrologic regime may 
interact with the status of the riparian forest.  

c. To provide a description of the preferential research lines on the 
interactions between status of the riparian vegetation and hydrologic 
alteration. 

2. WHAT IS NOT THE PURPOSE OF THIS THESIS?  
This thesis is not aimed: 

a. To provide a definitive assessment methodology of the riparian vegetation.   
b. To answer the complex cause-effect process between hydrologic 

alteration (potential cause) and degradation of riparian vegetation (likely 
effect).  

c. To provide a detailed set of management rules to improve the status of 
the riparian corridor.  
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GENERAL INTRODUCTION 
 

1. BACKGROUND 

During the last centuries humans have 
increased the use of natural resources in 
order to satisfy their needs and to assure 
their own well-being. This trend has been 
especially remarkable in the case of water, a 
core resource for most of human necessities 
and for the productive processes developed 
by the diverse human societies. This 
progressive increase of the pressure on 
water, and on the ecosystems most directly 
dependent on it, has produced a wide range 
of effects on their structure and functioning 
(Magdaleno, 2011). 

The Water Framework Directive (WFD) 
(European Commission, 2000) is a crucial 
landmark of European environmental 
legislation that places river ecology as the 
focus of water resource management.  More 
than decade after its publication, great 
advances have been achieved, but many 
changes are still necessary to fulfil its 
ambitious objectives and deadlines (Hering 
et al., 2010). 

Riparian forests are one of the most 
valuable ecological elements of river 
systems. They maintain high levels of 
biological diversity and productivity as well 
as presenting dynamic habitats for many 
different species (Bennett and Simon, 2004).  

The reduction and alteration of riparian 
forests have resulted in an increase in 
scientific and technical work related to 
understanding these ecosystems as well as 
their protection and recovery. The WFD and 
other directives have recognised the 
structure of riparian areas as one of the core 
features for use in the hydromorphological 
assessment of the ecological status of 

freshwater bodies. However, in most cases, 
the status of riparian forests worldwide has 
not been well studied, and they are most 
likely one of the least-understood ecological 
features of rivers. There are few 
comprehensive procedures capable of 
assessing the status of the core elements of 
riparian stands. In most cases, these 
procedures are not associated with the 
hydromorphological functioning of the river, 
complicating further discussions about the 
causes of the alteration and the available 
measures for restoration (Hughes and Rood, 
2003). 

In Spain, a diverse array of water and 
biodiversity decrees and laws require that 
water and natural resource managers assure 
the protection of riparian vegetation.  

Different indexes have been proposed 
for the assessment of riparian stands; most 
of those indexes have shown different 
problems in their application or results (e.g. 
the delineation of study re- ach not 
representative of the overall area, strictly 
based on woody vegetation, not linked to the 
river structure, too resource intensive, results 
difficult to interpret, etc.) (Kleynhans et al., 
2007; Magdaleno et al., 2010). Furthermore, 
they are not related to the specific 
dimensions of fluvial ecosystems. 

Nowadays the new developments in 
remote sensing have improved the 
characterization and management of fluvial 
environments. One of these technologies is 
the airborne laser scanning, LiDAR (Light 
Detection and Ranging). The LiDAR 
provides a cloud of points (x, y, z) of the 
elements present within the river system; this 
geospatial cloud provides a powerful tool to 
analyse the links between morphological 
features and riparian vegetation, and also 
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assess the status of the riparian forest 
(Magdaleno and Martínez, 2006).  

Within the last decade, the proliferation 
of light detection and ranging (LiDAR) 
technology has improved researchers’ 
abilities to analyse riparian canopy 
properties and associate structural attributes 
with fine-scale geomorphic features, avian 
habitat, and riparian zone connectivity 
(Seavy et al., 2009a; Benjankar et al., 2011; 
Johansen et al., 2010). Such tools also 
provide useful information to analyse 
species composition and distribution through 
spectral analysis (Fernandes et al., 2010), 
and to develop spatially explicit approaches 
to linking geomorphic and vegetation co-
evolution (Girvetz and Greco, 2009; Stella et 
al., 2011; Harper et al., 2011) and large 
scale monitoring (Wiederkehr et al., 2010; 
Tormos et al., 2011). 

Another major influence on the recent 
growth in Mediterranean region riparian 
research has been the advance and 
proliferation of remote sensing and GIS tools 
(Dufour et al., 2012). Along med-rivers, 
geospatial methods have been used to map 
riparian vegetation and land covers at large 
scales in order to evaluate landscape 
connectivity and status (Piégay, 1996; 
Aguiar and Ferreira, 2005; Ivits et al., 2009; 
Tormos et al., 2011). 

In Mediterranean rivers, flow regimes 
are characterised by (i) significant inter-
annual variability, with large differences 
between wet and dry years, (ii) a substantial 
seasonal (intraannual) variability, which 
includes intense and long dry periods, and 
(iii) frequent extreme flooding. Based on 
these attributes, the flow regime controls the 
composition, structure and dynamics of the 
river ecosystem. Importantly, permanent 
changes in the flow regime result in 
significant morphological alterations 
(Magdaleno and Fernández, 2011). These 
alterations are linked to shifts in sedimentary 
dynamics and to changes in the composition, 

distribution and succession of riparian 
vegetation because these factors play a key 
role in the river planform and cross-section 
shape (Gran and Paola, 2001; Hupp and 
Osterkamp, 1996).  

Spanish rivers are regulated by more 
than 1,200 large dams and are therefore 
subject to substantial alterations in natural 
flow regimes. The flow alterations, which are 
not occasional or temporal, result in (i) a 
drastic reduction in flow downstream from 
the dam (when the water comes from that 
dam) or (ii) an intense modification in the 
seasonal regime (intra-annual variability), 
when the channel itself is used to convey the 
water used for summer irrigation. 

Some authors (Bendix and Hupp, 2000; 
Gurnell and Gregory, 1995) have analysed 
the interactions between hydrological and 
biomorphological processes, highlighting the 
importance of riparian stands in the overall 
status of fluvial ecosystems.  

These attributes are closely related to a 
range of hydric conditions that determine the 
quality of riparian forests as refuges for a 
large number of species that inhabit riverine 
environments. However, riparian forests 
have been subjected to progressive 
alteration in the last centuries, mainly due to 
human pressures (particularly river 
regulation and agricultural development, but 
also forestry, gravel mining or urban 
occupation) that have greatly degraded their 
ecological structure and function (Hughes 
and Rood, 2003).  

Most existing global literature focuses on 
the effects found downstream from dams, as 
they can explain up to 91% of total changes 
in flow and bed mobility parameters (Burke 
et al., 2009). However, the wide variety of 
effects does not allow a general quantitative 
relationship between flow alteration and 
ecological response to be developed (Poff 
and Zimmerman, 2010). The impact of flow 
modification on vegetation varies depending 
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upon the taxonomic group considered (Bunn 
and Arthington, 2002), because aquatic, 
littoral, riparian and floodplain plants differ in 
flood tolerance and dependence (Blanch et 
al., 1999). However, despite the importance 
of physical habitats for communities in fluvial 
ecosystems (Power et al., 1988), where their 
characteristics can change more easily and 
quickly than in other ecosystems, studies on 
ecologically significant habitat features 
associated with river morphology and flow 
regime are scarce. Such studies are 
essential, as these changes are key to 
understanding the long-term ecological 
consequences of dams and other 
disturbances (Ligon et al., 1995).  

In this context of lack of understanding 
and tools for assessing the status of the 
riparian vegetation, new methods have to be 
explored in order to create an operational 
framework of sustainable managed rivers. 
Thus, this work is aimed to provide a set of 
tools to improve the assessment of the 
status of the riparian vegetation and suggest 
the preferential research lines on the 
interactions between status of the riparian 

vegetation and hydrologic alteration. 

2. STUDY AREA 

Selection of the study sites 

The study was applied in 6 large 
Spanish basins characterised by highly 
variable environmental conditions (table 1): 
the Guadiana and Guadalquivir basins in 
southern Spain, the Tagus and Douro basins 
in central Spain, and the Cantábrico and 
Miño-Sil basins in northern Spain (figure 1).  

The analysis of the status of the riparian 
vegetation and the hydrologic alteration of 
more than eighty water bodies has been 
conducted in order to achieve the aims 
formulated previously. The selection of these 
water bodies as the area of interest for those 
analyses was based on the following 
reasons: 

I. The water bodies are distributed 
through different catchments with very 
different environmental conditions: 
climate, geology and eco-regions. This 

Figure 1 Basins and water bodies considered in this work. 
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will allow identifying potential different 
patterns depending on the 
geographical context.  

II. The selection of the water bodies 
within the catchments was based on 
the availability of hydrologic data and 
riparian vegetation assessments.  

III. Additionally, within the Tagus basin, 
through the Jarama River, further 
assessments were performed to 
develop and test the functionalities of 
the software developed in this thesis 
based on high resolution LiDAR. 

Description of the study basins 

The respective areas of the Guadiana 
and Guadalquivir basins are 55,527 km2 (in 
the Spanish part of the basin) and 57,527 
km2. The basin climate is Mediterranean-
Continental for both, characterised by a well-
defined dry season and remarkable thermal 
oscillations, which contribute to scarce 
rainfall, high summer temperatures and very 
low summer flows (from June to September). 
The average annual rainfall over the basins 
(for the interval 1940/41 – 2005/06) reaches 
522 mm for Guadiana (CHGuadiana, 2011), 
and 573 mm for Guadalquivir (CH 
Guadalquivir, 2011). The high variability of 
the flow regime enhances the high 
biodiversity in the riparian forests in these 
basins. In Guadiana, these forests are 
commonly dominated by willows (Salix spp.), 
ash trees (Fraxinus spp.), salt cedars 
(Tamarix gallica) and Securinega tinctoria, 

although in many channels, typical 
Mediterranean non-riparian species are 
mixed inside the riparian stands (e.g., holm 
oaks, cork oaks, Portuguese oaks, rock-
roses). In Guadalquivir, the riparian forests 
are dominated by willows (Salix spp.), 
poplars (Populus alba), ash trees (Fraxinus 
spp.), salt cedars (Tamarix spp.) and 
oleanders (Nerium oleander). The study 
included 4 water bodies in the Guadiana 
basin and 21 in the Guadalquivir basin, 
distributed across their territories, and 
characterised by highly diverse ecological 
and hydromorphological conditions.  

The Tagus and Douro basins cover 
55,772 km2 and 78,859 km2, respectively. 
They share a Mediterranean-Continental 
climate, strongly impacted by the altitudinal 
range, and in western regions, by the 
influence of the Atlantic. The Tagus basin 
receives an average rainfall of 648 mm per 
year (1940/41-2005/06), which decreases to 
612 mm in the Douro territory over the same 
time interval. Within these basins, the 
riparian forests are dominated by alders 
(Alnus glutinosa), willows (Salix spp.), ash 
trees (Fraxinus spp.), poplars (Populus spp.), 
elm trees (Ulmus minor) and salt cedars 
(Tamarix spp.). The study included 22 water 
bodies in the Tagus basin and 23 in the 
Douro basin, conditioned by a large 
hydromorphological gradient (CHDuero, 
2010; CHTajo, 2007).  

 

Table-1: Summary of basins analysed in this study. The number of water bodies used to develop 
the riparian vegetation index and those used to assess the impact of hydrologic alteration vary in 
each basin subject to the availability of flow series.  

Basin Size [km2] Average annual rainfall 
[mm] 

Count: water bodies assessed 
Hydrol. Alteration / Riparian Index 

Cantábrico 23,232 1,296  8 / 31 
Miño-Sil 17,629 1,248 9 / 24 
Guadalquivir 57,527 573 21 / 32 
Guadiana 55,527 522 4 / 23 
Douro 78,859 612 23 / 40 
Tagus 55,772 648 22 / 32 
   Total            87 / 182 
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The Cantábrico basin covers 23,232 km2, 
and 8 of its water bodies were included in 
this study, while the Miño-Sil basin covers 
17,619 km2, and 9 of its water bodies were 
included. These basins share an Atlantic, 
humid climate, with average annual rainfall 
values of 1,248 mm in the western 
Cantábrico basin, 1,296 mm in the eastern 
Cantábrico basin, and 1,235 mm in the 
Miño-Sil basin being recorded 
(CHCantábrico, 2011; CHMiño-Sil, 2010). 
The thermal and rainfall oscillations in these 
basins are much more attenuated than in the 
other basins addressed in this study. This 
behaviour enhances the lower variability in 
the structure and composition of their 
riparian forests (Lara et al., 2004), which are 
dominated by alders (Alnus glutinosa), large 
willows (Salix spp.) and mixed stands.  

Hydromorphological dynamics of 
rivers in the Mediterranean region 

The majority of the study area is part of 
the Spanish Mediterranean region, a 
geographical environment characterized by 
a singular climatologic, ecological and socio-
economical behavior.  

The river functioning, in the 
Mediterranean areas, presents great 
variations in the flow regimes and the 
marginal growth of vegetation in the basis, 
foster the instability and the large temporal 
variability of channels (Graf, 1988). The 
climate characteristics and the abundance of 
mountainous areas enhance a higher flood 
risk in many Mediterranean regions. Poesen 
and Hooke (1997) and López-Bermúdez et 
al. (2002) have shown an increase in flood 
frequency in the last eight centuries, 
especially in the 18th and 19th centuries, 
mainly caused by the progressive 
deforestation of these regions.  

Roberts (1989), working with polinic 
records, indicates that the alteration of the 
vegetal cover is clearly distinguishable from 
2000 BC. Wainwright and Thornes (2004) 

show that the slow but constant transition of 
agriculture, for about six thousand years, 
was the most striking factor that influenced 
the landscape evolution. It would have 
produced large changes in the hydrologic 
cycle, and an increase of the erosion rate of 
several orders of magnitude. The initial 
impacts would be, after these authors, slight 
and local. 

The alluvial stratigraphy evidences the 
outburst of significant changes in the 
hydrological regimes and in the fluvial 
morphology in different Mediterranean 
regions. Vita-Finzi (1969) found two different 
phases with high rates of accretion. First 
would be associated to the Pleistocene 
Epoch, and the second one, known after 
Younger Fill, is related to medieval and late-
roman epochs (250-1450 AD), and has a 
basic human background, although some 
authors insist on the existence of other 
factors, mostly climatic, that could have also 
influenced that process (Grove, 2001). 

In the early 20th century, many 
Mediterranean regions still kept a strong 
rural and agricultural activity. However, in 
subsequent decades, due to different 
reasons, a phase of decay of these activities 
was produced. This was the case in the 
Iberian Peninsula, along the period 1950-
1980. The progressive abandonment of rural 
areas may have, in the global scale, positive 
and negative effects on the sediments 
emission, according to different factors. 
Llorens et al. (1997) and Lasanta et al. 
(2001) show that the emission o sediments 
may increase after the land abandonment, 
but the vegetation cover tends to increase 
with time, provoking a reduction of the 
erosion rate in the medium and long term. 
Osborne and Woodward (2001) indicate that 
the increment of the cover may be enhanced 
by the increase of the average temperatures 
in the global scale. 
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On the other hand, a high number of 
reports show the current trend of many 
Mediterranean rivers to narrowing and 
incising (Magdaleno and Fernández, 2010). 
On many occasions, channel patterns have 
changed from braided to meandering or 
sinuous. This trend, observed from 1850, 
may be originated in the climatic changes 
followed since the end of the Little Ice Age, 
and in the trend to stabilization of several 
basins, formerly very instable due to human 
activities. This stabilization could have also 
been enhanced by the fixation of torrential 
channels. This human-based works would 
have reduced the arrival of sediments to the 
main channels, and would have fostered, 
accordingly with the river regulation and the 
growing occupation of the floodplains, the 
colonization of channels by vegetation. In 
most recent times, the increase of forested 
areas and the land abandonment would 
have additionally reduced the sedimentary 
load in the main watercourses (Hooke, 2006). 

After the spread of the processes of 
incision, colonization and stabilization of the 
riparian vegetation, and loss of connectivity 
of the channels with their floodplains, due to 
human activities, all of them may interact 
and feedback, fostered by the lack of 
sediments in the channels. The connectivity 
of the different components of the river 
system plays an essential role in the 
extension and importance of those changes, 
and in their ability to propagate (Hooke, 
2006). 

3. METHODS 
The river flow regime is the fundamental 

engine of the geomorphological activity (Poff 
et al., 1997, 2006), also, alteration of the 
flow regime results in modifications of 
riparian ecosystem, through impacts on 
vegetation, landform and habitat (Bendix and 
Hupp, 2000). Consequently, it is necessary 
to assess and quantify the status of the 
riparian vegetation and identify which 

aspects and components of the flow regime 
have changed, and how these modifications 
affect the vegetation dynamics. 

Two fundamental questions must be 
analysed: 

- Firstly, it is necessary to identify how 
effectively to assess the different 
components of the riparian vegetation; 
this assessment must consider the 
different elements of the structure and the 
future recovery (riparian dynamic) of the 
riparian vegetation. The tools and 
methods to analyse the dynamic of the 
riparian vegetation need to consider 
morphological and hydrological aspects.  

 
- Secondly, assuming that one of the 
main drivers degrading the riparian 
vegetation is the hydrologic alteration, it is 
necessary to analyse the potential 
implications of the different components 
of the hydrologic regime on the different 
components of the riparian vegetation.  

 
- Finally, in the Mediterranean 
environment there is a lack of detailed 
knowledge of the relationships among 
ecological status, riparian vegetation and 
hydrologic, this makes necessary to 
explore these relationships. 

4. OBJECTIVES 
The main objectives of this work are to 

review and propose new methods to assess 
the riparian vegetation and, to explore 
potential interactions between hydrologic 
alteration and degradation of the riparian 
vegetation, mainly focused on the 
Mediterranean environment. In parallel to the 
development of this main targets there are 
other specific aims also covered within this 
study: 

a. To explore the use of new 
technologies, LiDAR and GIS-
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based tools to improve the 
assessment of the status of the 
riparian vegetation.  
 

b. To improve the quality and 
quantity of the flow series to 
assess the hydrologic alteration. 
 

c. To analyse how the main 
components of the hydrologic 
regimen may interact with the 
status of the riparian forest.  

 
d. To identify potential interactions 

on the classification of the 

ecological status of water bodies, 
and the status of the riparian 
vegetation. 
 

e. To provide a description of the 
preferential research lines on the 
interactions between status of the 
riparian vegetation and hydrologic 
alteration. 

5. DISSERTATION SCOPE 

The contributions of this work related to 
the research topics mentioned in the 
previous sections are developed in the 

Figure 2 Flowchart of the structure and contents of the thesis dissertation 

Proposals for: 
1. Management of hydrologic alteration 

and riparian vegetation  
2. Preferential research lines 
3. Applications of new technologies 

 
Chapter-6: General conclusions 
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Chapter-2 
RiC-DAR 

Assessment of RFV and 
morphology using LIDAR 

 

Chapter-4 and 5 
Riparian vegetation, hydrologic alteration and ecological 

status relationships 

 

Chapter-3 
SEDAH 

Data Server for Hydrologic Alteration 
Assessment 
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following chapters (figure 2):  

Chapter 1 reviews the existing methods 
used to assess the status of the riparian 
vegetation and the need, both scientific and 
regulatory, for a method able to consider the 
hydro-morphological dynamic character of 
rivers. This chapter introduces a new index; 
RFV, designed to fulfill this gap by 
considering the spatial and temporal 
dimensions of the riparian vegetation from a 
geomorphological point of view.   

Due to the large amount of resources 
required to survey long extensions of rivers, 
the assessment of the status of the riparian 
vegetation through a water body is usually 
based on the evaluation of a few locations at 
local scale, which makes the selection of the 
assessment sites a key stage in the process. 
To avoid the inconvenience of an 
inappropriate selection of sampling sites, 
chapter 2 explores and develops the 
creation of a new tool to provide a quasi-
continuous LiDAR based assessment. 
Chapter 2 presents the use of a specific 
module created to calculate the index design 
in chapter 1 assessing long extensions of 
rivers in a quasi-continuous way.  

One of the potential major causes of 
degradation of the riparian forest is the 
hydrologic alteration; hence, once the 
evaluation of the riparian forest is done 
consistently based on hydro-morphological 
features linked to the hydrological regime 
(chapter 1), it is possible to identify potential 
relationships between hydrologic alteration 
and degradation of riparian vegetation. In 
order to do this, it is required to count with 
reliable and long series of flow records 
describing both reference and altered 
regimes. Chapter 3 analyses the existing 
flow records through all Spanish gauging 
stations and complete the gaps using 
different statistical methods, allowing making 
use a much larger amount of data to assess 
the hydrologic alteration. Chapter 4 uses 
these data to work out indicators of 

hydrologic alteration through 87 water 
bodies all around the study area. Afterward, 
these indicators are statistically analysed 
searching significant relationships with the 
status of riparian vegetation evaluated and 
ecological status. The results give an 
indication of the main potential causes to 
investigate when managing environmental 
flows.  Additionally, chapter 5 completes this 
analysis by exploring the relationships 
between ecological status, as stated by the 
Water Framework Directive, and the status 
of the riparian vegetation. 

Finally, chapter 6 includes the final 
synthesis of the dissertation results, and 
proposes a set of different actions and 
measures that help assessing the riparian 
environment and may make possible the 
improvement and recovery of functioning 
riparian forests in Mediterranean 
environments, in the context of the European 
and national legislative requirements and the 
river basin management plans.  
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CHAPTER-1: EVALUATING THE QUALITY OF RIPARIAN 
FOREST VEGETATION: THE RFV (RIPARIAN FOREST 
EVALUATION) INDEX 
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Fernando Magdaleno and Roberto Martínez 

Evaluating the quality of riparian forest vegetation: the Riparian Forest Evaluation 
(RFV) index 

ABSTRACT Aim of study: This paper presents a novel index, the Riparian Forest 
Evaluation (RFV) index, for assessing the ecological condition of riparian forests. The 
status of riparian ecosystems has global importance due to the ecological and social 
benefits and services they provide. The initiation of the European Water Framework 
Directive (2000/60/CE) requires the assessment of the hydromorphological quality of 
natural channels. The Directive describes riparian forests as one of the fundamental 
components that determine the structure of riverine areas. The RFV index was 
developed to meet the aim of the Directive and to complement the existing 
methodologies for the evaluation of riparian forests. 

 

1. INTRODUCTION 

Riparian forests are one of the most 
valuable ecological elements of river systems. 
They maintain high levels of biological 
diversity and productivity and provide 
dynamic habitats for many different species 
(Bennett and Simon, 2004). They also 
provide many other ecological and social 
benefits and ecosystem services, performing 
critical functions in both hydrological and 
biogeochemical cycles, protecting water 
quality, and providing important habitats for a 
rich diversity of flora and fauna (Naiman and 
Décamps, 1997; Lohman, 2004). These 
attributes are closely related to a range of 
hydric conditions that determine the quality of 
riparian forests as refuges for a large number 
of species that inhabit riverine environments. 
However, riparian forests have been 
subjected to progressive alteration in the last 
centuries, mainly due to human pressures 
(particularly river regulation and agricultural 
development, but also forestry, gravel mining 

or urban occupation) that have greatly 
degraded their ecological structure and 
function (Hughes, 2003).  

The reduction and alteration of riparian 
forests have resulted in an increase in 
scientific and technical work related to 
understanding these ecosystems and their 
protection and recovery (Naiman et al., 1993; 
Hughes, 2003). The Water Framework 
Directive (2000/60/EC) and other directives 
have recognised the structure of riparian 
areas as one of the core features for use in 
the hydromorphological assessment of 
freshwater bodies. Some authors (Gurnell 
and Gregory, 1995; Bendix and Hupp, 2000; 
Richter and Richter, 2000) have analysed the 
interactions between hydrological and 
biomorphological processes, highlighting the 
importance of riparian stands in the overall 
status of fluvial ecosystems. Thus, monitoring 
has become fundamental to assess the 
impacts of human activities on ecological 
functioning and the effectiveness of changes 
in management (NRC, 2002).  
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However, in most cases, the status of 
riparian forests worldwide has not been well 
analysed, and they are most likely one of the 
least-understood ecological features of rivers. 
There are few comprehensive procedures 
capable of assessing the status of the core 
elements of riparian stands. In most cases, 
these procedures are not at all associated 
with the hydromorphological functioning of 
the river, complicating further discussions 
about the causes of the alteration and the 
available measures for restoration (Hughes, 
2003).  

In Spain, a diverse array of water and 
biodiversity decrees and laws require that 
water and natural resource managers assure 
the protection of riparian vegetation. A wide 
range of measures is to be adopted to 
preserve the quality of riparian forests. For 
instance, environmental flow requirements 
are also to be calculated based on their 
needs (e.g. Law 11/2005, Decree 907/2007).  

Different indexes have been proposed for 
the assessment of riparian stands (table 1). 
However, most of those indexes have shown 
different problems in their application or 
results (e.g. the delineation of study reach not 
representative of the overall area, strictly 
based on woody vegetation, not linked to the 
river structure, too resource intensive, results 
difficult to interpret, etc.) (Kleynhans et al., 
2007; Magdaleno et al., 2010). In fact, few of 
these protocols have been found to integrate 
the diverse dimensions of the functioning of 
riparian forests on the basis of the dominant 
hydromorphological processes typical in river 
systems. Furthermore, they are not related to 
the specific dimensions of fluvial ecosystems. 

 The range of riparian widths oscillates 
across meters and hundreds of meters, and 
the complexity of the forest structure and 
composition is also largely variable. Thus, 
surveys should preferably be adapted to the 
river pattern and supply a real image of the 
overall quality of the riparian stands.  

The main goals of this paper are as 
follows: (i) to develop an easy-to-apply 
fieldwork methodology for the assessment of 
riparian stands; (ii) to develop an improved 
tool to evaluate and interpret changes in 
riparian areas; (iii) to provide technicians and 
managers with a river-based procedure for 
the assessment of the quality of riparian 
vegetation, and the selection of the most 
necessary actions for its improvement or 
restoration. 

2. MATERIALS AND METHODS 

A description of the RFV index 

The parameters that constitute the RFV 
(Riparian Forest eValuation) index are based 
on the ecological connectivity of riparian 
vegetation. Although forest connectivity has 
normally been considered in spatial terms, 
temporal changes are of equal importance 
(Amoros and Bornette, 2002). These 
temporal-spatial relationships between 
connectivity and ecosystem dynamics have 
been analysed with respect to fluvial 
geomorphology (e.g. Poole, 2002), landscape 
ecology (Kondolf et al., 2006), biodiversity 
maintenance (e.g. Liebold and Norberg 2004), 
nutrient cycling (Stanley et al., 1997) and 
food web structure (Woodward and Hildrew 
2002). 

The RFV index has been designed to 
assess the spatial connectivity of riparian 
vegetation (in its three dimensions: 
longitudinal, transversal and vertical). But 
also the regeneration capacity of this 
vegetation, which guarantees its continuity in 
the future (Magdaleno et al., 2010). The 
forest features selected were those 
connected to the essential 
hydromorphological and biological processes 
occurring in the riparian areas (fig. 1).  
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Considering the vast hydromorphological 
variability among Spanish basins, the index 
was designed to include an assessment 
procedure that incorporates the structure and 
function of different river systems. These 
elements (structure and function) are 
influenced by diverse variables (e.g. the type 
and gradient of the valley, soil controls, 
riparian vegetation and land uses), but the 

flow regime is most likely the most influential 
variable in the development of the 
geomorphic attributes of river systems 
(Bendix and Hupp, 2000; Bunn and 
Arthington, 2002; Sidle and Onda, 2004; 
Hupp and Rinaldi, 2007). The dominant 
(channel-forming) discharge of a river is 
closely related to these attributes. The most 
relevant attribute is the relationship between 

Table 1 Previous indexes proposed for the assessment of riparian stands, with indication of name, 
original author(s), procedure or scope, and places of application 
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the dominant flow and the bankfull width 
(Simonson et al., 1994; Peck et al., 2003; 
Schmidt and Potyondy, 2004).  

Thus, the connectivity thresholds used in 
the RFV index are determined both according 
to and proportionally to the bankfull width of 
the river channel, which is not dependent on 
the time of the year when the analysis is 
performed. This approach links the 
assessment area to the channel dimensions, 
avoiding over-evaluation in small systems or 
under-evaluation in larger ones. The active 
floodplain is the best indicator of the bankfull 
level. Therefore, the most feasible identifier of 
this level is the breakline of the floodplain 
(Rosgen, 1996). It is often helpful to use other 
field indicators to determine the bankfull level 
(such as the elevation associated with the 
highest level of the deposition elements, 
changes in vegetation, changes in the slope 
that occur along transversal sections, 
changes in the bank materials, bank scouring 
or staining lines). 

A longitudinal profile with a minimum 
length of twenty (20) bankfull widths (wb) 

should be examined to determine the nature 
and presence of a representative indicator of 
the bankfull level for the reach. The indicated 
value (20 wb) is in accordance with values 
recommended in the literature (e.g. Fausti et 
al., 2004; Gerstein and Harris, 2005) and with 
the preliminary tests performed during the 
development of the RFV index.  

RFV parameters  

I. Longitudinal connectivity of the 
riparian forest 

Longitudinal connectivity has long been 
recognised as a basic feature of river 
systems (Vannote et al., 1980; Andersson et 
al., 2000). For the RFV, this parameter is 
determined along a transect with a length of 
10 to 14 times the bankfull width (to integrate 
the longitudinal connectivity along the 
different mesohabitats present in the channel 
[Keller and Melhorn, 1978]) (fig. 2). The 
selection of the specific length in the 10-14 
width range is based on the heterogeneity of 
the channel ecomorphology found in the 
reach (the greatest heterogeneity will require 

Figure 1 Rationale for the RFV index. The assessment features of the riparian vegetation were selected 
from those sustaining or associated to core biological processes. The hydromorphological pattern or the river 
was the basis for the design of an assessment index capable of guiding the riparian conservation and 
management. Flow components were thus related to biological processes to select the features finally 
incorporated to the RFV index.  
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a longer transect). This parameter evaluates 
the connectivity of the autochthonous riparian 
forest. The connectivity is assessed 
exclusively for all of the autochthonous tree 
and shrub taxa of the forest. Herbaceous taxa 
and allochthonous taxa are considered as 
discontinuities in the assessment. A lack of 
vegetation due to rocky obstructions in the 
channel, or in the confluence of the tributaries 
and secondary channels in the main channel, 
is not negatively interpreted when 
determining this parameter. The longitudinal 
connectivity is analysed on both banks lines 
but not on in-channel islands. The 
assessment of this parameter is based on the 
procedure shown in table 2, according to the 
percentage of the length of both banks that is 
covered with autochthonous riparian forest 
(>90%, 70-90%, 50-70%, 30-50%, <30%). 
The thresholds were set following the 
indications by Kinzig et al. (2006) and Knight 
and Cullen (2010) on vegetation connectivity. 

II. Transversal connectivity of the 
riparian forest 

In the last several decades, there has 
been a wide recognition of the importance of 
the lateral dynamics of river systems for their 
adequate ecological functioning (Naiman and 
Décamps, 1997). The transversal connectivity 

of the autochthonous riparian forest is 
assessed along five to seven channel 
sections, equally distant and orthogonal to 
the channel axis, to assess the lateral 
dimension of the riparian vegetation in the 
channel transect. The connectivity is 
exclusively based on all the autochthonous 
tree and shrub taxa of the forest and the 
autochthonous macrophyte species. Other 
herbaceous taxa or allochthonous taxa are 
considered as discontinuities in the 
assessment. 

The length of the channel sections should 
equal the total width of the riparian forest 
when this vegetation is connected to natural 
non-riparian vegetation or when the riparian 
forest grows in the maximum width allowed 
by the fluvial valley. If not the case, the 
section length should equal the bankfull width 
for any of the two banks (fig. 2). This length 
includes the area most frequently covered by 
riparian vegetation in reference conditions 
(Bjorkland et al., 2001; 2006).  

The transversal discontinuities are 
considered to represent a lack of canopy 
cover, the existence of allochthonous taxa or 
the development of human land uses (e.g. 
any type of infrastructure, arable land, 
plantations and urban designs). The 

assessment of this parameter is 
based on the procedure 
presented in table 2, according 
to the percentage of channel 
sections that is covered with 
autochthonous riparian 
vegetation (>90%, 70-90%, 50-
70%, 30-50%, <30%). As in the 
former feature, the thresholds 
were set following the indications 
by Kinzig et al. (2006) and 
Knight and Cullen (2010) on 
vegetation connectivity. 

 

Figure 2 Selection of the study reach for application of the RFV index 
(wb=bankfull width).  
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III. Vertical connectivity (complexity) of 
the riparian forest 

The vertical connectivity (i.e., the 
complexity) of the riparian forest, as the third 
core spatial dimension of vegetation 
connectivity (Lindenmayer et al., 2000), is 
assessed along the channel sections 
described for the previous parameter (ii) in 
terms of both the structure and composition 
of the vegetation (fig. 2). This third parameter 
is assessed in the manner shown in table 2, 
following a descriptive analysis that takes into 
account the forest density, the connectivity 
between strata and the relative presence of 

epiphytic, lianoid, nemoral and ruderal flora. 

The assessment does not score 
negatively for a lower density of vegetation in 
forests where the vegetation is naturally 
sparse (e.g. riparian forests in temporal, 
intermittent or ephemeral channels) in 
reference conditions. 

The final score of this parameter is an 
average of its partial values for both the 
riverbanks and in all of the studied sections. If 
the final score is not an integer, it is adjusted 
to the closest integer value. If the fractional 
part of the score is 0.5 or less, it is rounded 
down; otherwise, it is rounded up (i.e., a final 
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score of 3.7 would represent a good status [4], 
whereas a final score of 3.5 would indicate a 
moderate status [3]). 

IV. Regeneration capacity of the riparian 
forest 

The determination of the short-, medium- 
and long-term dynamics of riparian forests is 
essential for recognising the future state of 
riparian stands (Amoros and Bornette, 2002). 
The regeneration capacity of a riparian forest 
is assessed along the transect that is defined 
for longitudinal connectivity. The assessment 
of connectivity is based on the existence of 
sprouts or saplings of autochthonous riparian 
trees and shrubs on both banks of the 
channel.  

In cases where there is an almost a total 
lack of light, restrictive competition with other 
autochthonous plant species or rocky 
obstructions in the channel, the absence of 
regeneration of the riparian forest is not 
negatively factored into the RFV index. This 
fourth parameter is to be assessed in the 
manner shown in table 2. 

Final assessment of the ecological 
quality of the riparian forest 

The final assessment of the ecological 
quality of the riparian forest is performed 
through a direct aggregation of the 
quantitative values obtained for each 

parameter. The final status of the riparian 
forest is classified using colour codes 
associated with EQRs (Ecological Quality 
Ratios, as defined by the Water Framework 
Directive). The qualitative assessments (Very 
Good, Good, Moderate, Poor and Bad) are 
defined according to the quality of the 
longitudinal, transversal and vertical 
connectivity and the regeneration capacity 
(tables 3 and 4).  

The final score for the riparian forest is 
determined from the score resulting from the 
aggregation of the partial parameters (table 
4). In some cases, when the score can be 
associated with two possible conditions, the 
final identification is made by considering the 
partial scores of each parameter (as shown in 
table 4). In this case, the four-figure code 
would not be dependent on the order in which 
the parameters were ordered; the four figures 
that compose the code in table 4 are ordered 
from higher to lower value of the parameters. 
For example, if a forest was determined to 
have a score of 17 after aggregating the 
partial scores (e.g. longitudinal connectivity = 
5, transversal connectivity = 5, vertical 
connectivity = 2 and regeneration capacity = 
5), it could be classified as either a good or 
moderate status forest. However, because 
the score code is 5525, the status would be 
classified as moderate (yellow colour) (table 
4). 
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3. PRACTICAL APPLICATION OF 
THE RFV INDEX 

Study area 

The RFV index has been extensively 
applied in six large Spanish basins: the 
Guadiana and Guadalquivir basins in 
southern Spain, the Tagus and Douro basins 
in central Spain and the Cantábrico and 
Miño-Sil basins in northern Spain (fig. 3 and 
table 5). They characterise by highly variable 
environmental conditions, which induce the 
existence of very diverse riparian forests. 

The climate in the Guadiana and 
Guadalquivir basins is Mediterranean-
Continental, characterised by a well-defined 
dry season and remarkable thermal 
oscillations, which contribute to limited rainfall, 

high summer temperatures and very low 
summer flows (from June to September). The 
high variability of the flow regime enhances 
the high biodiversity in the riparian forests in 
these basins. In Guadiana, these forests are 
commonly dominated by willows (Salix spp.), 
narrow-leafed ash trees (Fraxinus 
angustifolia), french tamarisks (Tamarix 
gallica) and tamujos (Securinega tinctoria); 
although in many channels, typical 
Mediterranean non-riparian species are 
mixed inside the riparian stands (e.g. holm 
oaks (Quercus ilex), cork oaks (Quercus 
suber), Portuguese oaks (Quercus faginea) 
and rockroses (Cistus spp.)). In Guadalquivir, 
the riparian forests are dominated by willows 
(Salix spp.), white poplars (Populus alba), 
narrow-leafed ash trees (Fraxinus 
angustifolia), salt cedars (Tamarix spp.) and 
oleanders (Nerium oleander). The water 
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bodies included in the study were distributed 
across their territories and characterised by 
highly diverse ecological and 
hydromorphological conditions (CHGuadiana, 
2011; CHGuadalquivir, 2010).  

The Tagus and Douro basins share a 
Mediterranean-Continental climate, which is 
strongly influenced by the altitudinal range 
and, in western regions, by the Atlantic. In 
these basins, riparian forests are dominated 
by alders (Alnus glutinosa), willows (Salix 
spp.), ash trees (Fraxinus spp.), poplars 
(Populus spp.), elm trees (Ulmus minor) and 
salt cedars (Tamarix spp.). The study 
included water bodies conditioned by a large 
hydromorphological gradient (CHTajo, 2007; 
CHDuero, 2010).  

The Cantábrico and the Miño-Sil basins  
share an Atlantic humid climate (CHMiño-Sil, 

2010; CHCantábrico, 2011). The thermal and 
rainfall oscillations in these basins are much 
more attenuated than in the other basins 
addressed in this study. This behaviour 
enhances the lower variability in the structure 
and composition of their riparian forests (Lara 
et al., 2004), which are dominated by alders 
(Alnus glutinosa), large willows (Salix spp.) 
and mixed stands. 

Methods 

The analysis comprised the application of 
the RFV index in a wide range of physical 
and environmental conditions in different 
Spanish basins. Furthermore, the index was 
compared with the results derived from the 
application of another index traditionally used 
in Spain for the assessment of the status of 
riparian forests.  

Figure 3 Distribution of the six basins and the water bodies included in the 
analysis. They were chosen to evaluate the application of the RFV index on a 
wide array of hydromorphological and ecological conditions in riparian areas. 
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The first task was developed for 170 of 
the 182 pre-selected water bodies in the 
basins indicated in the study area, excluding 
those 12 with incomplete data (CHTajo, 2007; 
CHDuero, 2010; CHGuadalquivir, 2010; 
CHMiño-Sil, 2010; CHGuadiana, 
2011;CHCantábrico, 2011). For all of these 
bodies, a table was constructed that included 
the four parameters integrated in the index  
(longitudinal connectivity, transversal 
connectivity, vertical connectivity and 
regeneration capacity) and the final 
(aggregated) value to analyse the results 
offered by the index.  

In a second step, the value of the RFV 
index was compared to the status of the 
riparian forests as shown in the management 
plans of four of these basins (Cantábrico, 
Miño-Sil, Douro and Tagus). These four 
basins were selected due to the availability of 
data regarding the forest status in a wide 
range of water bodies. The forest status in all 
the plans was derived from the application of 
the QBR index (Munné et al., 1998, 2003). 
The objective of this second step was 
twofold: i. to check the differences in the 
values derived from the application of both 
methods, and ii. to determine the feasibility of 
applying the RFV index under different 
hydromorphological and ecological gradients 
compared with previous approaches.  

For both targets (the application and then 
the comparison of the index), the statistical 
analysis was performed with SPSS 17 (IBM, 
2008). Values range from 1 to 5, setting a 
gradient from 1 (bad status) to 5 (very good 
status). Correlation between qualitative 
variables could be potentially verified by 
studying a contingency table, using the 
Pearson´s Chi-squared test. Several tests 
were developed in order to detect possible 
correlations between different parameters. 
Every contingency table analyzed 5x5 pairs, 
implying 16 degrees of freedom in the Chi-
squared test.  

The test comparing RFV index and QBR 
index showed that there was not enough 
dispersion of data in the 5x5 contingency 
matrix. Due to lack of data in some cells of 
the RFV-QBR matrix, especially the cells 
which link high values of one index to low 
values of the other, the significance of the 
possible correlation could not be evaluated 
through this test. In order to characterize 
the behaviour of both indexes, a descriptive 
analysis was carried out. Two box-and-
whisker plots were constructed using 170 
case studies (figure 4 and 5). First plot shows 
the distribution of values in every basin, and 
the second plot compares RFV and QBR 
results for every basin.   
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4. RESULTS 

The RFV index was successfully applied 
in the 170 water bodies and allowed for the 
assessment of the riparian vegetation status 

in the four basins previously indicated. 
Figure 4 shows the box-and-whisker plot, 
which illustrates the results extracted for 
any of those basins. The highest scores 
were calculated for the riparian forests of 
the northern Spanish basins (Cantábrico 
and Miño-Sil), which reached a median 
status of 4 (Good) despite having water 
bodies with degraded and poor forests. 
The status of the riparian stands in the 
Cantábrico basin was, in general terms, 
the best of the six basins analysed. The 
status of the forest found in the northern 
Spanish basins is consistent with the 
overall quality of the riparian areas in 
those regions, which are not as affected 
by agricultural and urban uses as are the 
central and southern basins (Draft 
Management Plans: CHTajo, 2007; 
CHDuero, 2010; CHGuadalquivir, 2010; 
CHMiño-Sil, 2010; CHGuadiana, 2011; 
CHCantábrico, 2011). 

The riparian stands in the Guadiana 
basin had a median status of 3 
(Moderate), still showing a relatively high 
number of water bodies with forests that 
only reached a value of 2 (Deficient) or 
even 1 (Poor). The median status in the 
Guadalquivir, Douro and Tagus basins 
was even worse, just reaching the value 
2 (Deficient). However, in those cases, 
there were also a number of forests with 
worse scores (1 – Poor) and some that 
reached higher values (4 – Good, or even 
5 – Very good in the Tagus basin). The 
range of the water bodies that were 
considered in the analysis comprised 
different physical and environmental 
conditions, which were detected by the 
index despite showing general trends in 
the overall assessment. These results 
are consistent with the general degree of 

alteration in those basins illustrated by the 
IMPRESS (Pressures-Impacts) analyses that 
are endorsed in the Draft Management Plans. 
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Regarding the comparison of RFV with 
the QBR index, figure 5 offers a schematic 
view of the corresponding values of the two 
indexes in the four basins for which QBR 
index data were available (Cantábrico, Miño-
Sil, Douro and Tagus). The classes covered 
by the QBR index (Very good, Good, Fair, 
Bad and Very bad) are illustrated with 
different plots in the figure.  

For the better-preserved basins 
(Cantábrico and Miño-Sil), both indexes 
supplied similar results for the better and 
worst-preserved riparian forests; Classes 1 
and 5 of the RFV for both basins and Class 4 
for the Miño-Sil basin showed similar 
conditions according to the QBR index. 
However, for lower-intermediate classes (2 
and 3) of the RFV index, QBR supplied 
higher scores. That is, the RFV index 
penalised the existence of some degree of 
fragmentation in the spatial-temporal 
connectivity of the forest.  

For the worst-preserved basins (Douro 
and Tagus), the trends were rather similar for 
both and somewhat different from the 
previous diagnosis. The riparian forests with 
the worst statuses (Classes 1, 2 and 3 of the 
RFV index) acquired very similar figures after 
the application of both indexes, only scoring 
slightly better for QBR. However, the stands 
with a better status showed a trend to be 
more positively scored with the RFV than the 
QBR index, although some cases may be 
found (for Class 4) where the RFV index 
again gave more negative scores. 

5. DISCUSSION AND CONCLUSION 

The application of RFV to different case 
studies (170 water bodies) provided an 
assessment of the status of the conditions of 
riparian forests. The spatial connectivity and 
regeneration capacity of these forests, in the 
context of the associated river systems and 
the Draft Management Plans of the study 
basins, was described. The northern basins 

in Spain, which are less affected by human 
pressures along their floodplains and riparian 
areas, maintained higher quality in their 
riparian forests. In contrast, the worst-
preserved basins, distributed along central 
and southern Spain (Douro, Tagus, Guadiana 
and Guadalquivir), received a lower score by 
the index.  

In general terms, the comparison with the 
QBR method (Munné et al., 1998, 2003) 
indicated that the RFV index assigns lower 
scores to riparian forests that show an 
intermediate degree of fragmentation, while 
extreme conditions are similarly described by 
both tools. The only exception to this trend is 
in some high-quality forests of big, largely 
altered basins, where the RFV index gives 
higher scores to the riparian stands. This 
exception could be related to the procedure 
used in both indexes for scoring the quality of 
the forest connectivity, or it could be related 
to the selection of the transects used for the 
assessment. Further applications of the RFV 
and QBR indexes in additional basins and 
forest types could help us understand the 
behaviour of the assessment tools in those 
specific situations. The findings of this paper 
are consistent with some (unpublished) works 
(Lago, 2011; Simón, 2011; Sanz, 2012; 
Suárez, 2012) based on the comparative 
application of a large set of 
hydromorphological indexes for rivers in 
central Spain (including the RFV and QBR 
indexes). These works showed a very close 
functioning of both indexes under extreme 
conditions (very good or bad) and a tendency 
of the RFV index to assign lower scores to 
the riparian forests in intermediate conditions 
of alteration.  

The RFV index showed and easy 
applicability, despite being based on a more 
thorough assessment of the riparian forests 
than previous tools. Other of its main 
advantages was its ability to describe the 
status of the forest regarding its ecological 
functioning, which was not so directly 
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addressed by the former tools (linked to the 
river dimensions and forest species existing 
in the river basins where they were 
developed). This better understanding of the 
forest structure is essential for the 
improvement of the riparian conservation and 
management. The RFV index allows the 
adoption of management guidelines aimed at 
the protection of the better-conserved 
connectivity parameters, and the restoration 
of those in worse status. Being the index 
based on the geomorphic pattern of the river, 
the adoption of those measures is much 
easily related to the river structure. This fact 
would be especially important in 
Mediterranean rivers. In these cases, the 
variability of flows normally induces high 
heterogeneity in the physical and ecological 
riparian processes. The RFV index allows a 
better assessment of these complex channels, 
and highlights the existence of alteration in 
any of its spatial dimensions, and in the 
present and future regeneration of the forest 
species.  

Many previous works have already 
indicated an interest in developing flexible 
indicators for the assessment of riparian 
stands. Colwell and Hix (2008) found that, 
during the adaptation of the QBR index to 
rivers in Ohio (U.S.), the use of QBR for the 
assessment of riparian forests required an 
early adjustment to fit the specific conditions 
of channels in that region. Thus, their paper 
supports the necessity of using procedures 
that are capable of representing the 
functioning and the structure of river systems 
under variable physical and environmental 
conditions. The inconveniences derived from 
the lack of representativeness of sampling 
sites during the assessment of riparian 
forests was also highlighted by Kleynhans et 
al. (2007), who also proposed amendments 
to some previous tools used in Australia. 
These amendments facilitated the 
interpretation of the results derived from the 
forest sampling, and they improved the 
delineation of the riparian areas taken into 

account during the analyses. Finally, in a 
study dealing with the assessment of riparian 
stands in montane channels of Greece, 
Zogaris et al. (2009) used variable widths for 
vegetation plots (2-50 meters), which related 
to the extent of the riparian woodland on each 
river bank. The riparian width was defined by 
recognisable vegetation and topographic 
changes associated with a lack of high 
floodwater interaction, reduced soil wetness 
and/or minimal groundwater influence.  

The use of the bankfull width as the 
fundamental variable for establishing the 
riparian sampling site was in accordance with 
some other tools, such as the Stream Visual 
Assessment Protocol - SVAP (Bjorkland et al., 
2001; 2006). The authors of SVAP used this 
geomorphic feature to define the area where 
the riparian quantity and quality was to be 
quantified. Thus, following the same 
assumption that is now considered in the 
RFV index: the prevalent influence of the 
hydromorphological pattern on the 
assessment procedure. These authors also 
consider forest connectivity to be an essential 
parameter to describe the status of the forest: 
their assessment tool evaluates if the 
forested riparian sites have a correct mix of 
shrubs, understory trees and new shrub and 
tree regeneration. Thus, their work also 
supports the design and application of the 
RFV index.  

In short, the extensive application of the 
RFV and its comparison with previous 
assessment tools allow us to draw the 
following conclusions:  

1. The selection of the specific 
dimensions of the area where the 
forest analysis is conducted should be 
based on the geomorphic structure of 
the associated channel. This 
approach allows for a better 
adaptation of the forest sampling to 
the river features, as shown for the 
diverse and complex situations during 
the application of the index.  
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2. The use of the spatial-temporal 
connectivity of autochthonous 
vegetation was a valuable indicator of 
the overall quality of riparian stands, 
and it was fully related to the habitat 
quality and to the ecomorphological 
functioning of the riparian areas. The 
results derived from the application of 
the index to a large 
hydromorphological gradient support 
these assumptions, which, through the 
comparison analysis, contrasted with 
other traditional procedures in 
different basins.  

3. This work indicates that the procedure 
for determining the sampling transect 
and the quality of the ecological 
dynamics of the riparian forests is of 
little relevance for stands that can be 
more easily assessed (given their 
extremely high or low quality or their 
homogeneity). However, the 
procedure is largely influential for 
more complex and partially altered 
situations.  

4. The application of the RFV index to a 
wide range of different river types has 
demonstrated the index’s consistency, 
ease of use and general applicability. 
However, further research could 
supply new evidence for the behaviour 
of the index in rivers characterised by 
singular hydromorphological patterns 
(e.g. in temporal channels). 
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CHAPTER-2: RiC-DAR (Riparian Characterization and LiDAR), a 
new tool to support riparian assessments.  

 

 

Related publication: Ingeniería Civil 157/2010 

Índice RFV para la valoración del estado del bosque de ribera. 

Fernando Magdaleno, Roberto Martínez y Violeta Roch 

ABSTRACT This paper presents an index (RFV – Riparian Forest 
EValuation) for the assessment of the ecological condition of the riparian forest in 
perennial rivers. The development of the Directive 2000/60/EC requires the 
utilization of methods for the assessment of the hydromorphological quality of the 
natural channels. Among others, it includes the condition of the riparian forest as 
one of the fundamental components in the determination of the structure of the 
riverine areas. The RFV index is presented with that aim, and also to improve the 
existing methodologies for the valorisation of the riparian forests. Its calculation is 
based on the assessment of the spatial continuity of the forest (in its three core 
dimensions – longitudinal, transversal and vertical) and the temporal continuity of 
the forest, represented by its natural regeneration, as a guarantee of its future 
continuity. This index makes possible the valorisation of the quality and degree of 
alteration of the riparian forest. Besides, it helps to determine the management 
scenarios that are necessary to improve the status of the riparian forest, and to 
develop processes of restoration of its structure and composition. 

 

Related publication: Actas I Congreso Ibérico de Restauración Fluvial, 
2011 

Aplicaciones del LiDAR en la restauración fluvial: simulación hidráulica y 
empleo de RiC-DAR en el estudio geomorfológico y de vegetación de ribera 

Roberto Martínez y Fernando Magdaleno 

ABSTRACT Nowadays the new developments in remote sensing have 
improved the characterization and management of fluvial environments. One 
special case of these technologies is the airborne laser scanning. This laser 
system is known as LiDAR (Light Detection and Ranging), which have widely 
improved their horizontal and vertical resolution with lower cost. Laser Scanning 
is an efficient technology for capturing geometric data. This paper shows the 
capabilities that LiDAR can supply in river restoration projects. 
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Related publication: Actas de las I Jornadas Técnicas SIGTEFOR 

Aplicaciones de la teledetección laser (LiDAR) en hidrología forestal y en la 
gestión de ecosistemas fluviales 

Roberto Martínez, Silvia Merino y Fernando Magdaleno 

ABSTRACT La utilización de sensores láser desde plataformas aéreas 
(LiDAR) ofrece nuevas posibilidades en el cartografiado de sistemas fluviales, 
tanto en áreas densamente cubiertas por vegetación, como en aquellas que 
presentan una escasa cubierta. La información topográfica de alta resolución que 
se obtiene a partir de las medidas láser puede ser utilizada en el análisis y 
estimación de diversas variables hidrológicas, y en el estudio de diferentes 
componentes del medio fluvial. Entre éstas, cabe citar la vegetación riparia, la 
morfología fluvial, el régimen hidrológico o el grado de alteración de los 
ecosistemas debido a las presiones de origen antrópico. La gestión del medio 
fluvial puede ser mejorada en gran medida gracias a la precisión y fiabilidad de 
esta información. En muchas ocasiones, el escaso relieve de los valles fluviales y 
la densa cubierta vegetal que existe en ellos han dificultado la aplicación de otras 
técnicas de teledetección. Sin embargo, los datos obtenidos mediante altimetría 
láser son especialmente aconsejables para estos trabajos, mediante análisis 
numéricos o a través de la simple interpretación de las imágenes obtenidas. Este 
artículo muestra las posibilidades de uso de los datos LiDAR en hidrología forestal 
y en la gestión de zonas húmedas, a lo largo de tramos con condiciones climáticas 
bien diferenciadas. En todas ellas, se comparan los resultados obtenidos 
mediante la aplicación de distinto software, con el fin de mostrar la mejor 
metodología de tratamiento de la información láser. Asimismo, se muestra la 
diferencia con otras técnicas de teledetección, y se muestra la fácil integración de 
los datos LiDAR con otras herramientas y metodologías de estudio de las 
variables citadas. 

 

Related publication: Topografía y Cartografía XXV, 147 

Metodología para la caracterización de formaciones de vegetación de ribera 
y su morfología fluvial asociada utilizando datos LiDAR e imagines digitales de alta 
resolución. 

Tomás Fernández, Alfonso Gómez, Francisco Arjonilla y Roberto Martínez 
Fernando Magdaleno.  

ABSTRACT En el presente documento se presenta una nueva metodología 
para la caracterización de formaciones de vegetación de ribera y su morfología 
fluvial asociada. La metodología está basada en la utilización de sensores 
aerotransportados LiDAR y Cámara Digital multiespectral de gran formato junto a 
perfiles batimétricos tomados en campo. Este trabajo pone de manifiesto la 
utilidad de los datos por sensores LiDAR y cámaras digitales aerotransportadas en 
aplicaciones medioambientales. 
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Related publication: Ingeniería Civil 142/2006 

Aplicaciones de la teledetección laser (LiDAR) en la caracterización y gestión 
del medio fluvial. 

Fernando Magdaleno y Roberto Martínez  

ABSTRACT Recent advances in remote sensing may improve the 
characterization and management of fluvial environments. This is specially the case 
of airborne laser. Technological innovation in these sensors have widely improved 
the horizontal, and vertical resolution of data and images extracted from them. 
These techniques, generally known as LiDAR (Light Detection and Ranging) are 
being nowadays used in many fields related to civil engineering, thematic mapping 
and natural resources management. However, up to date, there are very few 
references on the application of this tool to the analysis and characterization of 
rivers. This paper reviews the main characteristics of remote sensing based on laser, 
the development of this technique in the last few years, and more specially, its 
applicability for the analyses of fluvial ecosystems. Real utilization of LiDAR data in 
river management is also shown, in different reaches and streams, some of them 
belonging to the Ebro basin in Spain. 

 

To be submitted to: Journal: Expert systems with applications 

Roberto Martínez and Fernando Magdaleno 

RiC-DAR (Riparian Characterization and LiDAR), a new tool to support riparian 
assessments.  

ABSTRACT  

1. This paper presents a novel tool (RiC-DAR: Riparian Characterization by 
LiDAR) for the assessment of different fluvial parameters and status of riparian 
vegetation. 

2. RiC-DAR allows the assessment of the riparian forest based on the RFV 
(Riparian Forest Evaluation) index. The initiation of Directive 2000/60/CE requires 
the application of specifically tailored methods for assessment of the 
hydromorphological quality of natural channels. The Directive describes riparian 
forests as one of the fundamental components that determine the structure of 
riverine areas.  

3. RiC-DAR allows reduces the time of RFV assessments by reducing the 
number of items to be collected in the field. Parameters like transversal and 
longitudinal continuity are assessed objectively.   

4. RiC-DAR allows the comparison of different hydromorphological features 
(e.g. bankfull width) to the distribution of the riparian distribution.  

5. RiC-DAR is a tool that allows for a quasi-continuous and semi-automatic 
evaluation and mapping of the ecological quality of forests and associated 
hydromorphological features based on LiDAR data.  
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1. INTRODUCTION  
One of the major influences on the recent 

growth in the Mediterranean region riparian 
research has been the advance and 
proliferation of remote sensing and GIS tools 
(Dufour et al., 2012). Along med-rivers, 
geospatial methods have been used to map 
riparian vegetation and land covers at large 
scales in order to evaluate landscape 
connectivity and status (Piégay, 1996; Aguiar 
and Ferreira, 2005; Ivits et al., 2009; Tormos 
et al., 2011). At smaller scales, these tools 
have also been used to characterize riparian 
surfaces and canopy mortality (Dufour et al., 
2009), changes in corridor pattern (Ferreira et 
al., 2005b), post-flood vegetation colonization 
(Hervouet et al., 2011), roughness generated 
by the vegetation (Forzieri et al., 2010). 
Recent improvements in remote sensing and 
GIS technology allow finer descriptions with 
very high spatial resolution images that can 
be used to distinguish individuals and species 
(Hamada et al., 2007; Dunford et al., 2009). 
Often, these rely on low-altitude aerial 
photography from planes, balloons, or 
unmanned aerial vehicles. In applied contexts, 
GIS and remote sensing have been used to 
detect invasive species (Hamada et al., 2007) 
and to provide information for river surveys at 
large scale in conjunction with field data 
collection in Italy (Carone et al., 2010), Spain 
(Magdaleno et al., 2010), California (Seavy et 
al., 2009a), and Australia (Johansen et al., 
2010), among other areas.   

Within the last decade, the proliferation of 
light detection and ranging (LiDAR) 
technology has improved researchers’ 
abilities to analyse riparian canopy properties 
and associate structural attributes with fine-
scale geomorphic features, avian habitat, and 
riparian zone connectivity (Seavy et al., 
2009a; Benjankar et al., 2011; Johansen et 
al., 2010). Such tools also provide useful 
information to analyse species composition 
and distribution through spectral analysis 

(Fernandes et al., 2010), and to develop 
spatially explicit approaches to linking 
geomorphic and vegetation co-evolution 
(Stella et al., 2011; Harper et al., 2011) and 
large scale monitoring (Tormos et al., 2011).  

Riparian forests are one of the most 
valuable ecological elements of river systems. 
They maintain high levels of biological 
diversity and productivity as well as 
presenting dynamic habitats for many 
different species (Bennett and Simon, 2004). 
These attributes are closely related to a 
range of hydric conditions that determine the 
quality of riparian forests as refuges for a 
large number of species that inhabit cool 
environments. However, riparian forests have 
been subjected to progressive alteration in 
recent decades, mainly due to human 
pressures (particularly river regulation and 
agricultural development) that have greatly 
degraded their ecological structure and 
function (Hughes and Rood, 2003).  

Different procedures have been 
developed to assess the impact of those 
impact, however not all these procedures has 
been found to integrate the diverse 
dimensions of the functioning of riparian 
forests on the basis of the dominant 
hydromorphological processes, and 
furthermore, they are not related to the 
specific dimensions of fluvial ecosystems; the 
only index which explicitly integrates and 
assesses those components is the index RFV 
(Magdaleno and Martínez, 2014).  

Moreover, none of these methods 
includes a procedure for semi-automatic 
calculation of the index to enhance the 
analysis of the status of riparian stands in 
very large or very complex reaches.  

The required field surveys to assess 
appropriately the riparian corridor (e.g. 
through RFV) may need a significant amount 
of resources, i.e. time. Additionally, some 
quantitative components of the riparian 
corridor are evaluated subjectively by the 
surveyor. LiDAR data have been used in 
many countries for the automatic or semi-
automatic capture of the features of riparian 
vegetation (Arroyo et al., 2008; Farid et al., 
2006; Dowling and Accad, 2003) because 
they enhance the possibility of three-
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dimensional analysis of vegetation and terrain 
features. This potential use of LiDAR across 
the riparian environment has led to develop 
an specific tool (RiC-DAR) to support the 
analysis of different riparian parameters.  

Thus, the aims of creating the tool, RiC-
DAR, riparian characterisation and LiDAR, to 
support the assessment of riparian vegetation 
(RFV index) and morphology are as follows: 
(i) to support technicians and managers in the 
assessment of RFV and its different 
components; ii) to reduce the time in field 
surveys, and simultaneously improve the 
accuracy of the evaluation of RFV using 
LiDAR; and (iii) to fill an existing gap in the 
analysis of hydromorphological parameters 
linked to riparian vegetation. 

2. STUDY AREA 
The current study has been developed in 

the middle Jarama River, in a 22 km reach 
located. This section of the river flows 
through Madrid Community between 
Torrelaguna and San Sebastián de los Reyes 
(Figure 1).  

The Jarama River is located in the 
Mediterranean region with annual rainfall 

around 500-600mm and annual mean 
temperatures of 15º C. The valley of this 
reach is characterised by wide terraces and 
fertile plains. The upper end of the reach is 
influenced by limestone lithology, however 
downstream Torrelaguna, loams and clays 
domain the floodplain.   

The riparian vegetation is very degraded 
in this section although it keeps part of the 
main riparian species that potentially would 
domain in this area: first strip of Alnus 
glutinosa with presence of Salix alba and 
Salix salviifolia. The species in the second 
band are Fraxinus angustifolia and Populus 
alba.  

3. MATERIALS AND METHODS 

Description of RiC-DAR 

This software is designed to support the 
assessment and measure geomorphological 
and riparian vegetation features. Some of 
these features are related to parameters that 
are part of the RFV index, which has allowed 
creating a specific module that calculates the 
RFV index based on the LiDAR data.  

Figure 1 Location of the testing area: Middle Jarama River 
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LIDAR data can be either terrestrial or 
aerial. Aerial LiDAR data are preferable when 
the large reaches of rivers are going to be 
evaluated. Terrestrial LIDAR data are more 
appropriate for local/site scale assessment. In 
both cases, RIC-DAR uses classified “.las” 
files, the classification should at least contain 
vegetation and soil types. The software does 
not use either digital terrain models or 
elevation models derived from these data. 
The results are more consistent because the 
original cloud of points is used directly. 

RiC-DAR allows working out the following 
hydromorphological parameters (including the 
RFV index): 

a. Continuity of riparian vegetation parallel to 
the channel. The software measures the 
percentage of coverage along the 
riverbanks. 

b. Continuity of riparian vegetation 
perpendicular to the channel. The 
software measures the percentage of 
coverage along the floodplain. 

c. Distribution of riparian vegetation height. 
The software measures different 
percentiles of riparian vegetation height of 
areas selected by the user. 

d. Assessment of sections and buffer strips. 
The software generates images 3D from 
the selected areas to be assessed 
visually by the user or to measure 
elements using the tools provided by the 
application.  

e. Bankfull width assessment. The software 
can generate measures of bankfull width 
for pre-selected cross sections.   

f. Estimation of coverage of different strata. 
The software has been developed to do 
an initial assessment of two vegetation 
strata based on heights: bushes and trees.  

g. Relations between riparian vegetation and 
hydromorphological features. The 
distance between different bands of 
riparian vegetation and the boundary of 
different return periods can be assessed 
within the software.   

h. RFV index. A special module makes use 
of the measures of riparian vegetation 
continuity and allows depicting the status 
of the riparian vegetation along long 
reaches of river.  

Technical specifications of RiC-DAR 

The RiC-DAR application runs on a 
desktop client ArcGIS-ArcView 9.x under 
Windows (XP, Vista, 7) operating systems. 
Arc Objects libraries from Visual Basic have 
been used to improve the management of 
LiDAR data and enhanced using external 
modules running either in the background or 
through DLL's coded in C/C++ which allow 
computing intensive geometrical tasks.  

High resolution LIDAR data is the optimal 
choice, i.e. resolutions ranging from 10 
points/m2 to 80 points/m2. It is highly 
recommended that aerial imagery is gathered 
when LiDAR data is collected as it provides a 
good evidence to support the different 
calculations.  

Working with RiC-DAR to assess the 
RFV index  

The user works in ArcGIS environment in 
the usual method employing vector formats 
and raster files. The first layers to be created 
and edited by the user are the course of the 
river and the bankfull lines (shapefiles). Once 
defined, there are different ways to introduce 
the limits of the reach used in determining the 
RFV index and extracting different 
information.  

After the reach has been defined, the 
longitudinal length is defined to evaluate the 
RFV distribution along the entire reach. For 
example, if a reach of roughly 10 km is 
studied, it is possible to obtain an RFV index 
value every 500m long sections within the 
10km reach. The longitudinal and lateral 
continuity parameters are directly calculated 
by RiC-DAR, however, the vertical and 
temporal continuity parameters require 
additional information that is provided by the 
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user via a pop-up window; this information 
can be obtained either from field data or from 
LiDAR data using 3D data viewer integrated 
in RiC-DAR.  

a. Longitudinal connectivity: the 
connectivity inside the first vegetation line is 
calculated. The user selects the width of the 
line evaluated. It is possible to discriminate 
between bush and tree strata. This is a semi-
automatic process, designed to obtain the 
connectivity percentage.  

b. Transversal connectivity: the 
connectivity is calculated over all of the 
indicated sections belonging to the reach, 
and the vegetation coverage is evaluated in 
each sector. It is possible to discriminate 
between bush and tree strata. This is a semi-
automatic process that determines the total 
coverage. 

c. Vertical connectivity: the section to be 
evaluated appears on the screen (3D viewer), 
and the user must assess each section; a 
pop-up database is completed. Thus, this is a 
semi-automatic, but supervised process. A 
prior visit to the site or site photographs are 
recommended. 

d. Temporal connectivity: it is necessary to 
perform fieldwork and/or photographic 
analyses of the site to determine this score. 
The user completes a pop-up database. This 
is a labour-intensive task and represents the 
most time consuming step. 

The software evaluates the four 
parameters and provides a status value for 
each section within the entire reach. The final 
result is a polygon shapefile coded in colors 
according to the calculated RFV index values: 
high (blue), good (green), moderate (yellow), 
poor (orange) and bad (red) status. The 
application calculates and maps the RFV 
index in quasi-continuous mode all through 
the study reach.  

LiDAR specifications used in this 
study 

CEDEX contracted Blom SLU to fly the 
reach in 2009 using a rotatory LiDAR and 
photographic equipment mounted in a 
helicopter (table 1). Figure 2 shows an extract 
of the LiDAR data.  

Table 1 Flight parameters and data properties 

Altitude Sweep width LiDAR Points/m2 GSD 

100 m 73 m 30 (Average) 
20 to 80 1,8 cm 

Figure 2 Extract of the LiDAR data used in this study 
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Method 

The above data were used to trial and 
test the different functionalities created in this 
application. The parameters measured by 
RiC-DAR were cross-checked with those 
gathered in the field and the high resolution 
aerial imagery; this iterative process allowed 
to design more precisely the different 
functionalities and also provide reassurance 
on the correct working of the software.  

The RFV index module integrated in RiC-
DA was tested against four sites distributed 
along the reach (table 3) that were field 
surveyed independently. The four RFV 
components and the final RFV status were 
then compared to the values obtained using 
RiC-DAR.   

4. RESULTS 
The different functionalities of RiC-DAR 

described previously were tested and 

validated using field data. The following lines 
summarise the results obtained in this work. 

a) Continuity of riparian vegetation 
parallel to the channel. The results for 
this parameter are assessed as part of 
the RFV validation (table 3 and figure 
4 and 9). 
 

b) Continuity of riparian vegetation 
perpendicular to the channel. The 
results for this parameter are 
assessed as part of the RFV 
validation (table 3 and figure 7). 

c) Distribution of riparian vegetation 
height. Different sites and strata were 
measured using both LiDAR and field 
data. The tool shown in figure 3 was 
used to measure the height and 
compare those with those measured 
in the field showing equal results. 
Figure 4 and table 2 show the results 
of an analysis done at buffer strip level, 

Figure 3 RiC-DAR viewers to assess the distribution of riparian vegetation height. The bottom viewer shows the 
3D view of the riparian section selected and the top window shows the statistics and the external contour of the 
riparian vegetation.  
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where different percentiles can be 
shown for the entire area. 

 

 

Table 2 Results of the distribution of heights 
through the different classes. 

 

 

d) Assessment of parallel and cross 
sections. Figure 5 shows how the 
application selects sections of river, in 
this case cross sections perpendicular 
to the channel planform. The 3D 
viewer shows the cloud of points and 
calculates heights, continuity of 
riparian forest and bankfull width 
(figure 3 and 7). The results for this 
parameter are assessed as part of the 
RFV validation. 
 

e) Bankfull width assessment. The 
application measures the distance 
between stable vegetation through the 
different cross sections. The results 
are the same than those measures in 
the field, due to the high density of 
points collected which makes easy to 
identify break points on the banks.  

 

 

Figure 6 The figure shows the points 
identified by the application to measure the 
bankfull width. Alternatively, the bankfull width can 
be measure by the user manually using the 
measure tool. 

 Bush 
height Poplars Tree 

height 
Percentil 25 0.9 0.8 3.7 
Percentil 50 2.6 3.2 9.4 
Percentil 75 4.9 8.1 13.9 

Figure 4 LIDAR data in one of the test sites. This 
data where classified previously into three different 
classes: poplars plantation (dark brown), riparian tress 
(green) and riparian bushes (light brown). The total 
length of the site is around 300m. The contour blue line 
shows the boundaries of the analysis performs by RiC-
DAR. Different parameters can be worked out within 
the riparian corridor: height distribution per strata, 
coverage, etc.  

Figure 5 Selection of points and extraction of cross sections in RiC-DAR 
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f) Estimation of coverage of different 
strata. Figure 4 shows how once the 
LiDAR data are classified in different 
strata, the user can create different 
buffer strips along the channel to work 
out different parameters for the total 
area of the riparian corridor.  
 

g) Relations between riparian 
vegetation and hydromorphological 
features. Figure 8 shows the results of 

Figure 7 Analysis of cross sections. This information can be used both for RFV index assessment and 
independently. The user selects the wide of the section and the number of sections through the reach. 

 

Figure 8 The bottom window shows a 3D cloud of points, where the distribution of vegetation, 
topography and return period lines (see vertical lines show 10 years return period) can be visually assessed 
together. This allows assessing the status of the transversal continuity through different return periods 
across the floodplain. 
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combining return period layers and the 
topography and riparian vegetation 
distribution. This allows measuring the 
distance of the different riparian bands 
to hydromorphological features (return 
periods). 
  
h) RFV index. Results have 
shown (table-3) that RiC-DAR 
produces very similar results that field 
survey based assessments. The 
longitudinal, transversal and vertical 
continuity are less time consuming 
and accurate when assessing using 
RiC-DAR.  The regeneration element 
is the most time consuming task of all 
four components. The total time of 
evaluation using RiC-DAR is three 
times shorter than a field survey and 
that has not got into account the trip 
time to the sites and equipment 
preparation. The results produced by 
RiC-DAR can be displayed 
immediately on the GIS showing the 
spatial distribution of the different 
quality classes defined in the RFV 
index (figure 9).  
 

5. CONCLUSIONS 

The different trials and test performed up 
to date have shown some initial findings that 
in some cases will require further 
investigations to get enough scientific back 
up. The main conclusions extracted from the 

Figure 9 RFV classification in different sections 
through the Jarama River.  

Table 3 Comparative results of four sites where the RFV components have been surveyed in the field and also 
assessed independently using RiC-DAR. The times required to produce the final outputs are also presented. The 
times for field surveys don’t account for traveling to the sites.  

Site Method Long. 
connect. 

Transv. 
connect. 

Vertic. 
connect. 

Temp. 
connect. 

Length 
(m) 

Time 
(min.) 

Sum/ 
Code 

Class 
RFV 

Middle 
Jarama-1 

(very 
altered) 

Field 
survey 2 1 2 1 200 70 6 / 

2211 Bad (red) 

RiC-DAR 2 1 2 1 200 20 6 / 
2211 Bad (red) 

Middle 
Jarama-2 
(altered) 

Field 
survey 3 3 3 2 220 65 11 / 

3332 
Poor 
(orange) 

RiC-DAR 2 4 3 2 220 22 11 / 
4322 

Poor 
(orange) 

Middle 
Jarama-3 

(very 
altered) 

 

Field 
survey 2 2 2 2 500 100 8 / 

2222 
Poor 
(orange) 

RiC-DAR 2 3 2 2 500 35 9 / 
3222 

Poor 
(orange) 

Middle 
Jarama-4 
(slightly 
altered) 

 

Field 
survey 3 3 3 3 440 90 12 / 

3333 
Moderate 
(yellow) 

RiC-DAR 3 3 3 3 440 35 12 / 
3333 

Moderate 
(yellow) 
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development of RiC-DAR and the different 
tests in the field are: 

- RiC-DAR allows for the assessment of 
quasi-continuous river reaches with a 
reduced-amount fieldwork. If LiDAR data 
are available, it avoids the need to 
assess long-river reaches with a unique 
sample reach. 

- The longitudinal and transversal 
connectivity are measured precisely.  

- Most of the work is performed at the 
office, minimising time and resources.  

- RiC-DAR can work out other 
geomorphological variables linked with 
riparian vegetation, thus enabling more 
intensive studies.  

- The information is digital and can be 
therefore saved for future assessments 
and comparisons.  

- The RFV index can be successfully 
evaluated using RiC-DAR. The tool was 
specifically developed to enhance semi-
automatic analyses of riparian forest 
status. The application of this software 
saves time and resources, in addition to 
enabling high accuracy of the coverage 
and connectivity calculations. RiC-DAR 
can even evaluate the RFV index in a 
quasi-continuous mode. 

Some inconveniences linked to the 
LiDAR technology are: 

- High-density LiDAR data are required, 
which are usually captured by helicopter; 
therefore, it can be expensive for 
assessing short lengths of rivers.  

- LiDAR technology produces high 
volumes of data; therefore high-
performance workstations are required 
for the analysis.  
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ABSTRACT Several tasks and studies have been developed since 2008 till 2010 
all around Spain in order to evaluate the hydrologic alteration of water bodies. In 
most cases this alteration has been evaluated through IAHRIS (Martínez and 
Fernández, 2006). The necessity of creating a new tool that allowed a better 
performance of the National Gauging Station Network data was showed up by 
developing these works. The output data series should be adapted to the different 
existing hydrologic tools, e.g. IAHRIS and IHA. SEDAH (Data Server for Evaluating 
Hydrologic Alteration) helps solve some of these problems by supplying an easy way 
to select gauging stations, dates, flow series typology, etc. Moreover, other useful 
utilities are available: a preliminary assessment of the quality of data, classification of 
altered or reference flow series and exportation of data in different file formats. The 
web application works with different databases, daily, monthly and annual series 
belonging to: actual series from gauging stations, completed series by statistical 
procedures or modeled series SIMPA. 

Through SEDAH the user has easy access to all this volume of information ready 
to be used in a wide range of assessments: hydrologic alteration, environmental 
flows regime, river restoration projects, etc.   

 

 

1. INTRODUCTION 
In the context of this work, different 

activities related to the evaluation of eco-
hydrological alteration in Spanish water 
bodies took place in 2009 and 2010 at 
institutional level. The assessment has been 
carried out by Indicators of Hydrologic 
Alteration in Rivers, IAHRIS in Spanish 
(Martinez and Fernandez, 2006), which 
allowed the Ministry of Environment and 

Rural and Marine Affairs (MARM) and the 
different River Basin Authorities to estimate 
the degree of alteration of the water bodies 
and to set the objectives that the associated 
environmental flow regime had to meet in 
every one of them. 

 
IAHRIS, Indicators of Hydrologic Alteration in 
Rivers, is a freely distributed piece of 
software that provides: 
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• Parameters to characterise the 
hydrological regime of a river. 

 
• Indicators that assess the degree of 
alteration of the hydrological regime. 

 
• Criteria to assign the condition of a 
heavily modified water body (Water 
Framework Directive, 2000). 

 
• Environmental flow regimes scenarios 
that the user can generate from natural 
regime patterns. 

This information is obtained from the 
series of daily flows or monthly discharges of 
at least fifteen years. In line with the work 
aforementioned, after getting feedback from 
the organizations  that used this tool, it is 
necessary to propose an application that 
makes data management and incorporation 
of new data in the application IAHRIS. In 
particular, selection tools allowing an 
optimum use of the series of gauging which 
are the basis of the assessment methods of 
environmental flows.  

This work involves adapting the CEDEX 
gauging database incorporating 
methodologies to complete data and tools for 
selecting data according to the user criteria. 
Because the burden of preliminary work the 
user must address before starting to work 
with IAHRIS, the creation of a web 
application is proposed which would present 
different features aimed at obtaining, pre-
processing and processing of data for further 
study in IAHRIS. The develped tool is called 
SEDAH (Data Server for the Study of 
Hydrologic Alteration).  

The proposed tool aims to facilitate 
different tasks, preliminary and necessary, for 
most studies related to the estimation of the 
alteration of the water regime provided by 
IAHRIS: 

 

 
• Location of the gauging stations and 
data sets. 

 
• Preliminary assessment of the quality 
of gauging series for our study. 

 
• Classification of natural and altered 
series. 

 
• Possibility of using completed year 
series. 

 
• Provide the generation of file formats 
compatible with IAHRIS. 

2. MATERIALS AND METHODS 
The set of works described in this article 

is developed from the digital gauging 
yearbook from 2007-2008 (MARM, 2010) 
managed by the Centre for Hydrographic 
Studies of the CEDEX.  

During the processing of the data 
different tools have been used: 

 
- MS Access 2007: employed for 
management, creation and treatment of 
different databases. 

 
- MS Excel 2007: employed for multiple 
intermediate calculations. 

 
- CHAC (Hydro-meteorological Calculation of 
Discharges and Floods): model developed by 
the CEDEX that has been used in the 
completion of monthly data. 

 
- SPSS: statistical package used in the 
completion of daily data and the generation 
of clusters of monthly data.  

 
The data have been uploaded to a 

publicly accessible server, where the 
management and processing of data are 
available to the user via a web application 
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coded in "php". The application and data are 
available on the server: 
http://ambiental.cedex.es. 
 

Conceptual model 

The application’s framework is shown in 
Figure 1; it consists of two blocks, on one 
side the databases that provide information 
to the system and on the other, the elements 
that allow to locate, characterize, compare, 
select and to export the data requested by 
the user. The databases consist of data from 
the gauging yearbook edited in 2007-2008 
and from two other databases that have been 
completed as part of this project: monthly 
data completed by CHAC and daily data 
completed by linear interpolation. The 
application also incorporates values from the 
SIMPA model, Integrated System of 
Dischargue Precipitation Modelling (Estrela, 
T.  y Quintas, LA 1996; and Ruiz García, JM 
1998).  

The remaining functions of the 
application are responsible for managing the 
above information, and for visualising, 
comparing, selecting and extracting it in 
different formats. 

 

Data analysis 

In the hydrological year 2007-2008 the 
ROEA (Red Oficial the Estaciones de Aforo) 
reached 1,784 gauging stations, of which 
1,165 are in service. Gauging stations on 
rivers involve 1,155 (of which 661 are in 
service) and reservoirs, 349 (of which 326 
provide measurements), see table 1.  

The previous analysis of the gauging 
yearbook and the analysis of its data provide 
an overview of the types of data that are 
lacking, both daily and monthly. 
The results from this analysis of daily and 
monthly data are listed below. 

I. Daily flow series 

An initial analysis of the information 
contained in the yearbook, shows the nearly 
13 million of daily records in the yearbook for 
all gauging stations summarised in figure 2. 
Figure 2 is made from the stations that lack 
at least a daily flow: 727 stations of 1,123.   
Thus, the remaining 396 stations have 
complete daily data along their corresponding 
series. 

Table 1 Gauging stations per River Basin District. Source: Memoria del anuario de aforos 2007-
2008. (MARM, 2010). 
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CHAC 
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Figure 1 Conceptual model of SEDAH. The different databases: gauged data, completed data (using 
different methods) and SIMPA, are the input to the system. The system can interrogate the data to extract 

and allow visualising the different series for the selected period. The application can export the data in 
different formats, including typical software to assess the hydrologic alteration. 
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As can be seen in most stations, 465 (63.9%) 
do not exceed 5% of incomplete days 
throughout the series.  

By this analysis, it follows that completing 
a small volume of data generates a large 
volume of full years spread over all the 
stations. Therefore, stations that can be 
completed in relation to the daily data, are 
summarized as follows: 1.123 total stations; 
727 (65%) stations with at least one gap; 465 
(64%) of stations with less than 5% of gaps 
for the total series extent.  

II. Monthly flow series 

For the selection of completed stations 
with CHAC a preliminary study of the data 
has been performed to limit the volume of 
stations to be completed.  

The first item of interest to narrow down 
the stations is the minimum number of full 
years shown per station. IAHRIS needs at 
least 15 full years with data for both 
reference and altered regime. Figure 3 shows 
the number of stations that can be completed 

according to the minimum of full years to be 
considered.  

After noting the information in figure 3 
seems reasonable to be in the range of at 
least 10 to 12 full years. A minimum of 12 
years guarantees that more than 5% of 
stations could be incorporated into IAHRIS. 
This corresponds with a range of 69 to 102 
potential new stations. Less than 10 years of 
complete data may not be sufficient from a 
statistical point of view.  

From all available stations, the ones with 
more than 30 full years have not been 
selected for the completing process, on the 
grounds that they have enough consistency 
for the study of hydrologic alteration on their 
own, involving a great deal of analysis to 
consider them in the process of completing.  

Under these criteria come into play the 
stations shown in Table 2 for the minimum 
and maximum number of completed years 
under consideration.  

Figure 2 Percentage of incomplete daily data through the existing 727 incomplete gauging 
stations. 
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The stations marked as "... and less than 
15 years" would complete years until the 15 
years required by IAHRIS, and the marked as 
"... and less than 30 years", would complete 
years complementing the ones they already 
have. 

 
To get a rough picture of the quality of the 
data, a histogram of frequencies of the six 
groups of stations was performed (figure 4). It 
can be seen that the distribution of the 
percentage of incomplete months is similar in 
the different groups. None of the stations 
lacks more than 50% of the data. Around 
15% of the stations have between 0% and 
10% of incomplete months. Most stations 
(over 50%) have between 10% and 20% of 
incomplete months.  

Completing series 

I. Completing daily series 

For this part of the study it should be 
considered that the purpose of the 
completion of daily data is to make available 
to the user of IAHRIS a greater number of 
years than the available in the gauging 
yearbook. Until now one single day missing 
in a year rendered all the information 
remaining 364-365 days unusable due to 
IAHRIS requires values for the whole series. 
For this reason, the completion of data is 
devised under simplified criteria. The 
possible loss of extreme values that could be 
lost in the series is not considered. In later 
stages a more comprehensive study 
considering the loss of values in more 
complex cases will be developed.  

Following the reasoning considered so 
far, the gaps in all stations whose mean 
daily flow series have a maximum of 10% of 
missing data were completed, namely, the 
equivalent to the absence of 36 values of 
daily flows in a year. 
 

The distribution of gaps within one 
month were analysed per each year of the 
stations above, that is, the years which have 

Figure 3 Number of gauging stations potentially completing up to 15 years.  

Table 2 Gauging stations filtered out by number of 
complete years. 
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a maximum of 36 days without data; so that 
the proposed annual series for the 
completion meet the following requirements:  

1. Must not contain more than 6 gaps 
(20%) in a single month. This 
prevents voids to be clustered in a 
short lapse of time, causing the 
completion by linear interpolation to 
be unreliable. 
 

2. Groups of gaps within each 
consecutive year in all gauging 
stations were identified to locate 
greater than or equal to five 
consecutive gaps.  

The series completed in this first phase 
corresponds to less than or equal to five 
consecutive gaps. This approach prevents 
completing large consecutive gaps, which 
could be extreme events (floods and 
droughts) not included in the series which 
linear interpolation could not complete 
correctly.  

The process of completion of data was 
performed using the SPSS-19 software, 
through the module: Transform-Replace 
missing values.  

This module provides several procedures 
for filling in the gaps: 

- Total media 
- Average of adjacent values 
- Median of adjacent values 
- Interpolation 
- Linear trend 

Finally the chosen method has been 
automated linear interpolation for all years of 
the series that met the requirements referred 
above. With the generated set of data a new 
table in the database was added. 

II. Completing monthly series 

Just as in the case of daily data, the main 
objective is to provide more data to the series 
so complete years with missing values can 
be recovered and be used by IAHRIS.  

The methodology followed in the case of 
the monthly data is listed below. Firstly it was 
differentiated into River Basin Districts to 
assess the quality and scope of the study on 
a regional basis. The tool used to proceed to 
complete data was CHAC developed by the 
CEDEX.  

Figure 4 Histogram of frequencies of the quality of the flow series to be completed for each set of annual 
data (monthly data).  
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The different tasks performed are as 
follow: 

 
1. Select the stations with more than 10 
complete years and less than 30 complete 
years. 

 
2. From the selection above the series of 
gauging stations are grouped onto River 
Basins, so an Excel file with LEMA structure 
(CHAC format) was created containing all the 
information of monthly discharges of all 
yearly series available for each station. 

 
3. The above values are integrated into 
LEMA format within CHAC. 

 
4. Before the completion of data, 
homogeneous stations because geographic 
proximity and analysing characteristics 
variables of the series (average, CV, 
coefficient of bias) are grouped and a rough 
assessment is made by the method of double 
accumulations. 

 
5. A general completion by river basin is 
performed to see the potential of completion 
shown by each of the basins using the 
method of bivariate regression (multiple 
correlation). In this method a regression 
equation for each pair of stations that can be 
correlated to the station to complete is 
created. In order to choose the equation that 
gives the most satisfying result a prioritization 
matrix is generated. This priority matrix is 
based on the multiple correlation coefficients 
and the number of common data between 
stations, these common data can be given 
greater or lesser weight exponent in CHAC 
through the prioritization exponent. To 
complete a given month, two stations with the 
highest priority coefficient and which in turn 
contains the month to be completed will be 
taken, so the coefficient of priority will be 

successively reduced until the pair of stations 
containing such month. This decrease in the 
coefficient of prioritization is controllable from 
CHAC and it is known as prioritization 
threshold, it is the coefficient of prioritization 
which should not be lowered to not 
accumulate errors in the data being 
completed because the lower the coefficient 
of prioritization is, the lower the coefficient of 
multiple correlation between the three 
stations, but the greater the number of 
completed data. 

 
6. The series were completed with two 
prioritization thresholds: 0.7 and 0.8 and a 
single prioritization exponent: 0.1. 

 
7. The results obtained complete values from 
data incorporated into CHAC, which at this 
point has not distinguished between altered 
values and reference or natural values. 

 
8. Gauging stations are classified in the 
following typologies: 

• Type-1: Stations that help complete data 
with full years between 10 and 30. 

• Type-2: Stations that help complete data 
with more than 30 full years. 

• Type-3: Stations to be completed. 

• Type-4: Stations that are not part of the 
completion. 

• Type-5: Stations that help complete data 
at a later stage, once observed that 
stations are lost in the process of finding 
the year of alteration (see following steps). 

 
9. The interest in the completion of data lays 
especially in the natural part or reference of 
the data, being also necessary the data being 
completed between data of the same nature, 
i.e. natural data helps complete natural data. 
Thus, only the not altered part of the series 
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was taken considering the location of 
reservoirs and their years of construction. 

 
10. Proceed to identify the year of alteration 
in the seasons of type-1, 2 and 3. 

 
11. The reservoir or reservoirs bigger than 5 
hm3 that affects each station was located by 
mapping analysis. From all the reservoirs that 
could affect a station it is selected the one 
whose year of construction is the oldest. This 
date is the proposed date of alteration. The 
proposal to improve the method of obtaining 
the year of alteration will be improved 
significantly in later phases of this project. 

 
12. Stations that are either altered or not are 
reassessed with the following code. 

- 0, not altered. 

- 1, have altered and reference years. 
- 2, completely altered. 
- 3, have not been evaluated. 

 
13. After finishing this phase it is necessary 
to complete new stations due to the ones lost 
for being totally altered. These stations will 
be classified as Type-5. 

 
14. The number of stations Type-1, 2, 3 and 
5 are classified by statistics: Media, 
coefficient of variation and bias coefficient, 
which are provided by CHAC. All these 
stations (without distinguishing basins) are 
processed by means of SPSS software to 
obtain clusters based on the aforementioned 
variables. 

 
15. The different clusters of stations are 
processed with CHAC following a review of 
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double accumulations in which less 
homogeneous stations within the group are 
eliminated. 

 
16. The results obtained are included in the 
database of completed monthly data. 
 

It must be considered that IAHRIS needs at 
least 15 complete years to take into account 
information from a station. 
The histograms by basin of the stations have 
at least 10 complete years of monthly data 
and not more than 30 are shown in figures 5-
13. 
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3. RESULTS 
The data processing leads to the 

generation of two types of results, on one 
hand the databases of flows or discharges 
from the completed series and on the other, 
databases that characterize the series, 
whether completed or real data from the 
yearbook.  

The set of all this information is used by 
the different functionalities of the web 
application designed in this project. 

Flow data and monthly discharges  

The results can be divided into daily data; 
in this case the values are given as flow 
(m3/s); and monthly data given as 
contributions (hm3). 

I. Final daily data 

A database was created that is 
comprised of both the original data of the 
yearbook as the final table of completed data. 
These tables are used by the web application 
to perform the tasks requested. Information 
re gauging series in reservoirs is also 
available, but only the data of the yearbook 
because this information has not been 
processed at all.  

Firstly the table of completed values was 
filtered out, the tables in the yearbook all the 
years which have complete days over 329 
days/year (365 days/year-36 gaps). This 
filtered table has: 11,695,492 records, of 
which 17,262 are gaps (0.14%). Those gaps 
are distributed over 1,482 years. 
The 1,482 years would be the maximum that 
could be recovered if all gaps were 

completed, but as explained above, from the 
36 gaps/year set as a maximum to fill up the 
data there must be another filtering so that 
there is no more than six gaps in one month, 
or gaps over five consecutive days within this 
selection of records.  

Therefore, the proposed final completed 
table contains daily data for every day of the 
series (for each season and year), the years 
filled originally had no more than 36 gaps in 
one year and no month with less than 24 
complete data.  

The final filtered table holds: 11,257,034 
records, of which 3,652 were gaps, a mere 
0.032% of the data, but it involves the 
incorporation of 813 new years to the data 
series. 

II. Final monthly data 

A database composed of different tables 
was created. On the one hand the original 
input data provided by the yearbook. These 
data are used for both gauging stations, as 
for reservoir data. Furthermore, the database 
contains the results from the different 
procedures of completion of data; comprises 
four tables, two tables (for the prioritization 
threshold 0.7 and 0.8) which contain the 
information of completed data without 
grouping the clusters 10 and 5 in CHAC and 
another pair of tables (for the prioritization 
threshold 0.7 and 0.8) holding the information 
of completed data gathering the clusters 10 
and 5.  

 
The results of the cluster grouping are 

shown in Tables 3 and 4. After a K-means 
analysis with SPSS 20 groups have been 

Table 3 Centre of the clusters selected. 
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proposed, according to the variables, CV, 
coefficient of bias and a mean. The 
processing was performed with SPSS. From 
each of the clusters with greater volume of 
information (Table 5) the missing values are 
completed with CHAC.  

 
The different results are shown in Tables 

6 and 7, where the years added to the series 
for each cluster and depending on the type of 
analysis of the groups are listed. 

 

Table 4 Number of cases per cluster of gauging station (monthly). 

Table 5 Clusters used for completing series using CHAC 

Table 6 Results: years completed (monthly) Table 7 Results of years completed (monthly data) 
from the clusters-10 with cluster-5. 
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Data characterization 

In order to have an initial idea of the data 
from the gauging station giving added value 
to the set of data included in the application, 
a small utility was developed to characterize 
the flow and contributions data, so that they 
can be compared to the same periods of time, 
sections of the series in the yearbook and 
completed series. In this way the user can 
quickly assess the suitability of using one or 
the other depending on the objectives of your 
study.  

Table 8 shows the fields that have been 
calculated for the series of daily data. The 
program generated a new table traversing 
the series and calculating both the number of 
gaps and their size for every year in each 
station, allowing to characterize the quality of 
data held by each year.  

These numerical values were translated 
into colour codes in the viewer (Figure 14) 
where the series in the yearbook and the 
completed series are compared in a yearly 
basis.  

The colour legend displays completed 

years in blue, through green, yellow, orange 
and red, depending on the amount of data 
available within the year are fully complete 
(blue) or lack most of them (red) . The full 
legend is displayed in the application. 

Viewer functionalities 

The main features of the web-viewer 
(Figure 15), linked to the study of 
hydrological alteration, are divided into the 
following groups: 

 
- Location of gauging stations both in 
reservoirs and rivers. The location of the 
station can be made via progressive drop-
down menus, based on River Basin districts 
or Autonomous Regions; or directly by the 
code of the gauging station. It also has a GIS 
viewer that helps in this task, placing the 
desired station. 

 
- GIS Viewer. This viewer locates and obtains 
information from the main elements to be 
considered in studies of hydrological 
alteration, such as: the location of reservoirs, 
year of construction of the dam, location of 
gauging stations and location of the main 
population centres. 

Table 8 Characterisation of the daily flows. 

Figure 14 Schematic of the different series: existing data (yearbook) and completed. 
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- Comparison of characterized series of data 
in the yearbook and completed for both daily 
and monthly flow series. Different colour 
codes identify what years do not have data, 
or what years most of the gaps are 
concentrated in a series. 

 
- Year of alteration. In this first phase an 
estimate of the year from which the series 
goes from natural to disturbed can be 
observed for some stations. The construction 
year of the oldest and larger than 5 hm3 
reservoir upstream of the gauging station has 
been considered. A more detailed study will 
be developed in later phases. 

 
- The information sheet for each gauging 
station yearbook is shown in "pdf" format. 

 
- The statistical summary of the data series in 
each gauging station, as shown in the 
gauging yearbook. 

 
- Select the range of years to be studied and 
export in different formats. The series can be 
exported for both daily and monthly data, 

whether yearbook series or completed series. 
Available formats are: 

 
• IAHRIS native format extension "csv"; 
incorporating the data of the location in the 
file header. 

 
• IHA format. 

 
• Excel format, where the user can edit the 
data according to their particular needs. 

 

4. DISCUSSION 

SEDAH is a new tool not comparable to 
any other tool up to date. In terms of 
extracting series of flows before this tool was 
created, the users had to request 
permissions to the yearbook holders, CEDEX 
or River Basin Districts, in order to get 
access to the data. SEDAH has speeded up 
this process giving free online access to the 
data. The improvements not only refer to the 
time saving, but also SEDAH is adding extra 
value to the extraction process, the user can 

Figure 15 Landing page: SEDAH. http://ambiental.cedex.es 
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visually assess the quality of the data, look 
for spatial location of gauging stations, use 
complete series of data and extract the data 
in multiple formats. All this new features 
simplify the process of assessing and 
studying the hydrologic alteration through 
different water bodies. Before SEDAH, the 
assessment of hydrologic alteration using 
IAHRIS, required a manual and tedious work 
to prepare the different flow series, this task 
could take hours, now all this work is 
simplified and can be tackled in a matter of 
minutes. Some details are discussed below.  

The application solves in this first phase, 
most of the pre-analysis of data for the study 
of hydrological alteration, especially those 
relating to pre-study of the available series, 
the ability to use completed data series and 
exporting to the analysis software native 
formats.  

Each of these tasks is substantially 
simplified through the viewer for annual 
series, the hard work in incorporating series 
with completed data, and the export modules. 
In relation to the completed series and the 
efforts made for its production, it is interesting 
to consider the possible lines to follow in 
future phases. After this project and 
considering the purpose of the use of these 
data, it is suggested that future developments 
focus their efforts on the completion of daily 
data rather than monthly data. The study of 
monthly series has taken a long time of study 
and preparation being data providing much 
less information in the analysis of the 
hydrological alterations compared to daily 
data.  

In future studies, focusing on the daily 
data, the possibility of trying to filter under 
less restrictive criteria should be evaluated, 
proposing completion methodologies for 
years who miss more than 36 gaps or contain 
more than 5 days consecutive gaps. The 
potential loss of extreme events should be 
assessed for these studies linking it to 
existing series and morphological 

characteristics of the sections considered. 
Detailed studies to determine the starting 
year of the altered series should also be 
developed. These studies would consider the 
contributions and sizes of basin in the 
gauging station and in each of the reservoirs 
upstream of the gauging station, plus the 
volume of reservoir and year of construction 
of the dam.  

SEDAH applications are diverse in the 
study of hydrological data analysis, especially 
in hydrologic alteration of the flow regime and 
river restoration. These features range from 
being a tool generating series files for later 
analysis in IHA or IAHRIS to more direct 
applications like checking the availability of 
data for a specific period, selection of the 
gauging stations of interest, characterization 
data from gauging stations, preliminary 
assessment of the alteration year in a serie, 
etc. 

5. NOTE 

Recently SEDAH has been updated 
incorporating modeled series in natural 
regime, SIMPA (Estrela, T. and Fifth, LA 
1996; and Ruiz Garcia, JM 1998).  
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CHAPTER-4: A global approach to the response of riparian 
vegetation status to hydrologic alteration in Mediterranean 
basins 

1. INTRODUCTION 
The Water Framework Directive (WFD) 

(European Commission, 2000) is a crucial 
landmark of European environmental 
legislation that places river ecology as the 
focus of water resource management. More 
than a decade after its publication, great 
advances have been achieved, but many 
changes are still necessary to fulfill its 
ambitious objectives and deadlines (Hering et 
al., 2010). 

In Europe, 44% of water abstraction goes 
towards power generation, 24% to agriculture, 
21% to the drinking water supply and 11% to 
industrial uses. However, these average 
values hide significant differences. For 
instance, in southern Europe, agriculture 
represents up to 60% of the total amount of 
abstracted water and even 80% in certain 
regions (EEA, 2009). In Mediterranean rivers, 
flow regimes are characterised by (i) 
significant inter-annual variability, with large 
differences between wet and dry years, (ii) a 
substantial seasonal (intra-annual) variability, 
which includes intense and long dry periods, 
and (iii) frequent extreme flooding. Based on 
these attributes, the flow regime controls the 
composition, structure and dynamics of the 
river ecosystem (Belmar et al. 2013). 
Importantly, permanent changes in the flow 
regime result in significant morphological 
alterations (Magdaleno and Fernández, 
2011). These alterations are linked to shifts in 
sedimentary dynamics and to changes in the 
composition, distribution and succession of 
riparian vegetation because these factors 
play a key role in the river planform and 
cross-section shape (Gran and Paola, 2001; 
Hupp and Osterkamp, 1996). Spanish rivers 
are regulated by more than 1,200 large dams 
and are therefore subject to substantial 

alterations in natural flow regimes. Of the 
total amount of water regulated by these 
reservoirs, 75% is dedicated to irrigation (INE, 
2008). The flow alterations, which are not 
occasional or temporal, result in (i) a drastic 
reduction in flow downstream from the dam 
(when the water comes from that dam) or (ii) 
an intense modification in the seasonal 
regime (intra-annual variability), when the 
channel itself is used to convey the water 
used for summer irrigation. 

Riparian forests are one of the most 
valuable ecological elements of river systems. 
They maintain high levels of biological 
diversity and productivity as well as 
presenting dynamic habitats for many 
different species (Bennett and Simon, 2004). 
They also provide many other ecological and 
social benefits (Naiman and Decamps, 1997; 
Lohman, 2004). The reduction and alteration 
of riparian forests have resulted in an 
increase in scientific and technical work 
related to understanding these ecosystems 
as well as their protection and recovery. The 
Water Framework Directive (2000/60/EC) 
and other directives have recognised the 
structure of riparian areas as one of the core 
features for use in the hydromorphological 
assessment of the ecological status of 
freshwater bodies. Some authors (Bendix 
and Hupp, 2000; Gurnell and Gregory, 1995) 
have analysed the interactions between 
hydrological and biomorphological processes, 
highlighting the importance of riparian stands 
in the overall status of fluvial ecosystems. 
Thus, monitoring has become fundamental to 
assess the impacts of human activities on 
ecological functioning and the effectiveness 
of changes in management.  

In Spain, a diverse array of water and 
biodiversity decrees and laws require water 
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and natural resource managers to assure the 
protection of riparian vegetation. A wide 
range of measures is to be adopted to 
preserve the quality of these forest stands, 
and environmental flow requirements must 
also be calculated considering their needs 
(e.g., Spanish law 11/2005, Decree 
907/2007).  

This current hydrologic study has been 
carried out for a whole range of hydrologic 
alteration scenarios in Spain (see annes 1). 
The indicators of hydrologic alteration (IHA) 
prepared for this target achieve the goals set 
by European and Spanish legislation. The 
IHA were calculated with the software 
IAHRIS 2.2 (Martínez and Fernández, 2010a), 
which can assess alterations in flow regimes. 
The application was prepared on the basis of 
the data handled by the Spanish Water 
Districts.  

The objective of this paper is to show the 
potential relationships between flow 
management and the ecological status of 
riverine areas in Spain, although mainly 
focused on the Mediterranean riparian forest. 
The utilisation of indexes as the RFV 

(Riparian Forest Evaluation) (Magdaleno and 
Martínez, 2014) for the evaluation of riparian 
forest status together to the IHA analyses 
presented in this work allow (I) to support 
technicians and managers in the assessment 
of riparian core features in rivers; (ii) to fill an 
existing gap in the procedures for the 
hydromorphological analysis of riparian 
areas; and (iii) to develop new tools and 
management strategies to evaluate alteration 
in riparian areas and to interpret the 
ecological meaning of those changes 
(hydrologic base).  

2. STUDY AREA 
The study was applied in 6 large Spanish 

basins characterised by highly variable 
environmental conditions (table 1): the 
Guadiana and Guadalquivir basins in 
southern Spain, the Tagus and Douro basins 
in central Spain, and the Cantábrico and 
Miño-Sil basins in northern Spain (figure 1).  

The respective areas of the Guadiana 
and Guadalquivir basins are 55,527 km2 (in 
the Spanish part of the basin, as it is a trans-
boundary basin shared with Portugal) and 

Figure 1 Basins and water bodies included in the 
analysis. 



Chapter 4: Response of riparian vegetation to hydrologic alteration 

68 

57,527 km2. The basin climate is 
Mediterranean-Continental for both, 
characterised by a well-defined dry season 
and remarkable thermal oscillations, which 
contribute to scarce rainfall, high summer 
temperatures and very low summer flows 
(from June to September). The average 
annual rainfall over the basins (for the 
interval 1940/41 – 2005/06) reaches 522 mm 
for Guadiana (CHGuadiana, 2011), and 573 
mm for Guadalquivir (CHGuadalquivir, 2010). 
The high variability of the flow regime 
enhances the high biodiversity in the riparian 
forests in these basins. In Guadiana, these 
forests are commonly dominated by willows 
(Salix spp.), ash trees (Fraxinus spp.), salt 
cedars (Tamarix gallica) and Securinega 
tinctoria, although in many channels, typical 
Mediterranean non-riparian species are 
mixed inside the riparian stands (e.g., holm 
oaks, cork oaks, Portuguese oaks, rock-
roses). In Guadalquivir, the riparian forests 
are dominated by willows (Salix spp.), 
poplars (Populus alba), ash trees (Fraxinus 
spp.), salt cedars (Tamarix spp.) and 
oleanders (Nerium oleander). The study 
included 4 water bodies in the Guadiana 
basin and 21 in the Guadalquivir basin, 
distributed across their territories, and 
characterised by highly diverse ecological 
and hydromorphological conditions.  

The Tagus and Douro basins cover 
55,772 km2 and 78,859 km2, respectively. 
They share a Mediterranean-Continental 
climate, strongly impacted by the altitudinal 

range, and in western regions, by the 
influence of the Atlantic. The Tagus basin 
receives an average rainfall of 648 mm per 
year (1940/41-2005/06), which decreases to 
612 mm in the Douro territory over the same 
time interval. In these basins, riparian forests 
are dominated by alders (Alnus glutinosa), 
willows (Salix spp.), ash trees (Fraxinus spp.), 
poplars (Populus spp.), elm trees (Ulmus 
minor) and salt cedars (Tamarix spp.). The 
study included 22 water bodies in the Tagus 
basin and 23 in the Douro basin, conditioned 
by a large hydromorphological gradient 
(CHDuero, 2010; CHTajo, 2007). 

The Cantábrico basin covers 23,232 km2, 
and 8 of its water bodies were included in this 
study, while the Miño-Sil basin covers 17,619 
km2, and 9 of its water bodies were included. 
These basins share an Atlantic, humid 
climate, with average annual rainfall values of 
1,248 mm in the western Cantábrico basin, 
1,296 mm in the eastern Cantábrico basin, 
and 1,235 mm in the Miño-Sil basin being 
recorded (CHCantábrico, 2011; CHMiño-Sil, 
2010). The thermal and rainfall oscillations in 
these basins are much more attenuated than 
in the other basins addressed in this study. 
This behaviour enhances the lower variability 
in the structure and composition of their 
riparian forests (Lara et al., 2004), which are 
dominated by alders (Alnus glutinosa), large 
willows (Salix spp.) and mixed stands.  

Table 1: Summary of basins analysed in this study 

Basin Size [km2] Average annual rainfall 
[mm] 

Number of water bodies 
assessed 

Cantábrico 23,232 1,296 8 
Miño-Sil 17,629 1,248 9 
Guadalquivir 57,527 573 21 
Guadiana 55,527 522 4 
Douro 78,859 612 23 
Tagus 55,772 648 22 
   Total           87 

 



Chapter 4: Response of riparian vegetation to hydrologic alteration 

69 

3. MATERIALS AND METHODS 
This study is based on the assessment of 

the following three elements for the 87 water 
bodies: (i) assessment of the hydrologic 
alteration using IAHRIS, (ii) assessment of 
the riparian vegetation using RFV and (iii) 
characterisation of the water bodies using the 
system B proposed by the WFC. Once the 
different assessments have been produced 
for each water bodies, different analysis have 
been performed to explore relationships 
between the different descriptors provided by 
the three assessments (Figure 2). The 
detailed methods are described next.  

Riparian vegetation assessment 

The riparian vegetation was assessed 
using the RFV index (Magdaleno and 
Martínez, 2014). The parameters that 
constitute the RFV index are based on the 
ecological connectivity of riparian vegetation. 
Although forest connectivity has normally 
been considered in spatial terms, temporal 
changes are of equal importance (Amoros 
and Bornette, 2002). These temporal-spatial 
relationships between connectivity and 
ecosystem dynamics have been analysed 

with respect to fluvial geomorphology (e.g., 
Poole, 2002), landscape ecology (Kondolf et 
al., 2006), biodiversity maintenance (e.g., 
Liebold and Norberg 2004), nutrient cycling 
(Stanley et al., 1997), and food web structure 
(Woodward and Hildrew 2002). 

The riparian forest ecological status 
evaluation index, the RFV index, has been 
designed to assess the spatial connectivity of 
riparian vegetation (in its three spatial 
dimensions: longitudinal, transversal and 
vertical), in addition to the temporal 
connectivity of this vegetation, represented 
by its natural regeneration.  

Final assessment of the ecological 
quality of the riparian forest is performed 
through aggregation of the quantitative 
values obtained for each parameter. 
Qualitative scores (Very Good, Good, 
Moderate, Poor and Bad) are defined 
according to the quality of the longitudinal, 
transversal, vertical, and temporal 
connectivity. 

The aggregated RFV value and its 4 
components were calculated for the 87 pre-
selected water bodies in the afore-mentioned 

Figure 2 Flow chart of the methodology followed in this study: (i) Analysis of hydrologic alteration for the 87 
water bodies using IAHRIS; (ii) Assessment of riparian vegetation status using RFV index; (iii) Distribution of 
status of riparian vegetation and hydrologic alteration through the three environmental descriptors; and 
statistical analysis of correlations between hydrological indicators and status of riparian vegetation. 
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basins, figure 2 (ii).   

Hydrological alteration assessment 

Hydrologic alteration was assessed using 
one set of hydrologic alteration indicators, 
IHA (Fernández et al., 2008).  

Gauged data were obtained from the 
Spanish Hydrologic Studies Centre (CEH) 
database (CEH, 2012). The archive contains 
discharge series recorded before and after 
the main alteration (dam construction, 
fundamentally). Minimums of 15 years 
(Martínez and Fernández, 2010b) of records 
were considered for analyses to ensure 
the inclusion of wet, average and dry 
periods.  

The hydrologic indicators were 
implemented using specialised software: 
Indicators of Hydrologic Alteration in 
Rivers (IAHRIS), developed specifically 
for Mediterranean rivers by the 
Polytechnic University of Madrid and 
CEDEX (Martínez and Fernandez, 2010a).  

The IAHRIS software computes 
indicators based on flow magnitude, 
variability and seasonality: six indicators 
for habitual values (dry, wet, normal years 
and weighted conditions), eight for flood 
events, seven for drought events and 
three global indicators (see annex). 
Alteration is assessed dividing the altered 
value by the value corresponding to the 
natural or reference state. The variation 
interval ranges from 0 (the most degraded 
status, i.e. maximum alteration) to 1 

(optimum status, i.e. minimum alteration) 
(CIS-WFD, 2003). In order to compare the 
results (figure 2), this range of values was 
divided into five classes according to the five 
categories defined for RFV. Thus, the 
classes were defined as follows: very good 
(>0.8 to 1), good (>0.6 to 0.8), moderate 
(>0.4 to 0.6), poor (>0.2 to 0.4) and bad (0 to 
0.2). The 21 IHA were calculated for the 87 
water bodies. 

Water body typologies and 
characterization 

The 87 water bodies studied in this work 

Figure 3 Distribution of the 87 water bodies throughout the different descriptors. Number 
of water bodies in brackets.   

 

Table 2 River types present in this study (21) and their 
environmental descriptors.  

River 
type 

Region Geology Physiography 
101 Mediterranean Siliceous Plain 
102 Mediterranean Calcareous Plain 
103 Mediterranean Siliceous Plain 
104 Mediterranean Argillaceous Mid-mountain 
106 Mediterranean Siliceous Mountainous 
107 Mediterranean Calcareous Mountainous 
108 Mediterranean Siliceous Mid-mountain 
109 Mediterranean Calcareous Mid-mountain 
111 Mediterranean Siliceous Mountainous 
112 Mediterranean Argillaceous Mountainous 
114 Mediterranean Calcareous Plain 
116 Mediterranean Calcareous Mid-mountain 
117 Mediterranean Argillaceous Plain 
121 Atlantic Siliceous Mid-mountain 
122 Atlantic Calcareous Mountainous 
125 Atlantic Siliceous Mountainous 
127 Atlantic Calcareous Mountainous 
128 Atlantic Siliceous Plain 
129 Atlantic Calcareous Plain 
131 Atlantic Siliceous Mountainous 
132 Atlantic Calcareous Mountainous 
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were classified according to the WFD system 
B (Annex II). This classification of ecotypes 
was performed at national scale in Spain 
(CEDEX, 2004) based on non-altered 
geographical, morphological, climatic and 
geological variables. But this classification 
did not include hydrological variables, other 
than mean annual discharge.  

Within the 87 water bodies analysed, 
there are 21 typologies represented. For the 
purpose of this study, every river type has 

been described based on their underpinning 
components (CEDEX, 2004) as follows: 
region (linked to climate): Mediterranean or 
Atlantic; geology: siliceous, calcareous, or 
argillaceous; and physiography: plain (main 
stems and slope <2%), mountainous 
(slope>2%), or mid-mountain (tributaries and 
slope <2%). Table 2 shows the 
characteristics of every river type present in 
this study. The distribution of the 87 water 
bodies throughout these descriptors is shown 

Table 3 Contingency analysis of RFV and its four components (longitudinal, transversal, vertical and 
temporal) against three environmental descriptors (region, geology and physiography) characterising the water 
body typology. The value of Chi-square is shown in brackets for every test. (Chi-square function; ∝: level of 
confidence; d.f.=degrees of freedom (rows-1 x columns-1); p=critical probability). 

 Region 
(Chi-S) 

Geology (Chi-S) Physiography 
(Chi-S) 

∝=0.05; d.f.=4; p=9.5 ∝=0.05; d.f.=8; 
p=15,5 

∝=0.05; d.f.=8; p=15.5 

RFV global Significant association 
between RFV index with:   
-Mediterranean water 
bodies at bad and poor 
status.  
-Atlantic water bodies at 
good status. 
(33.2) Fig. 4a. 

- Significant association between RFV 
index with: 
-Plain rivers: bad and poor status. 
-Mid-mountain rivers: moderate status. 
-Mountainous rivers: good and bad status.   
(29.1) Fig. 5a. 

RFV-
longitudin
al 

Significant association 
between RFV-long with:  
-Mediterranean water 
bodies at poor and 
moderate status.  
-Atlantic water bodies at 
high and good status.  
(19.7) Fig. 4b. 

- 
 

 

Significant association between RFV-long 
with: 
-Plain rivers: poor, moderate and high 
status. 
-Mid-mountain rivers: good status. 
-Mountainous rivers: good and bad status.  
(20.5) Fig. 5b. 

RFV-
transversal 

Significant association 
between RFV-long with:  
-Mediterranean water 
bodies at poor and 
moderate status.  
-Atlantic water bodies at 
high and good status.  
(25.7) Fig. 4c. 

- Significant association between RFV-
trans. with: 
-Plain rivers: poor status.  
-Mid-mountain rivers: moderate and good 
status. 
-Mountainous rivers: good and bad status. 
(17.0) Fig. 5c. 

RFV-
vertical 

Significant association 
between RFV-long with:  
-Mediterranean water 
bodies at poor and 
moderate status.  
-Atlantic water bodies at 
high and good status.  
 (18.3) Fig. 4d. 

- - 

RFV-
temporal 

Significant association 
between RFV-long with:  
-Mediterranean water 
bodies at moderate and 
good status.  
-Atlantic water bodies at 
good status.  
(11.5) Fig. 4e. 

- - 
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in figure 3. 

Analysis of hydrological and riparian 
data 

Previous to the analysis of the 
relationship between hydrological and 
riparian data, two explorations were 
produced in order to assess how the 
environmental descriptors are linked to both 
the riparian vegetation and the flow regime. 
These results will allow characterising in a 
comprehensive fashion the water bodies 
analysed in this study. First of both 
evaluations consisted in a set of 15 crosstab 
analyses of the RFV index, together with its 
four components (longitudinal, transversal, 
vertical and temporal), and three of the 
descriptors defining the river typology: region, 
geology and physiography. For every of the 
15 crosstab analyses the Pearson´s chi-
square was calculated and compared to the 
critical probability (p) corresponding to a level 

of significance of 95% (∝=0.05). When the 
value of chi-square is greater than the 
critical-p, there is a significant relationship 
between both variables. Results are shown 
table 3. The second of the evaluation 
consisted in a set of 135 crosstab analyses of 
the 45 IHA´s and three of the descriptors 
defining the river typology: region, geology 
and physiography. For every of the 135 
crosstab analyses the Pearson´s chi-square 
was calculated and compared to the critical 
probability (p) corresponding to a level of 
significance of 95% (∝=0.05). When the 
value of chi-square is greater than the 
critical-p, there is a significant relationship 
between both variables. Results are shown in 
table 4. 

The second part of the study involved the 
finding of relationships between hydrologic 
alteration (potential causes) and degradation 
of riparian vegetation (effects). This analysis 

Table 4 Contingency analysis of the whole range of indicators of hydrologic alteration (see annexe) against 
three of the environmental descriptors (region, geology and physiography) characterising the water body typology. 
The table uniquely shows the IHA´s presenting association with any of the descriptors. The value of Chi-square is 
shown in brackets for every test. (Chi-square function; ∝: level of confidence; d.f.=degrees of freedom, (rows-1 x 
columns-1);  p=critical probability). 

    
IHA Region 

(Chi-S) 
Geology 
(Chi-S) 

Physiography 
(Chi-S) 

∝=0.05; d.f.=4;  p=9.5 ∝=0.05; d.f.=8;  p=15,5 ∝=0.05; d.f.=8;  p=15.5 
IHA1 
(Dry) 

Atlantic water bodies are 
hydrologically less altered for this 
indicator than Mediterranean 
water bodies. 
 (13.8) Fig. 6a. 

- - 

IHA2 
(Weighted) 

Atlantic water bodies are 
hydrologically less altered for this 
indicator than Mediterranean 
water bodies. 
 (10.4) Fig. 6b. 

- - 

IHA3 
(Dry) 

Atlantic water bodies are 
hydrologically less altered for this 
indicator than Mediterranean 
water bodies. 
 (16.3) Fig. 6c. 

- - 

IHA6 
(Dry) 

Atlantic water bodies are 
hydrologically less altered for this 
indicator than Mediterranean 
water bodies. 
 (17.0) Fig. 6d. 

- - 

IHA6 
(Weighted) 

Atlantic water bodies are 
hydrologically less altered for this 
indicator than Mediterranean 
water bodies. 
 (15.9) Fig. 6e. 

- - 
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consisted in a set of 225 crosstab analyses of 
the RFV index, together with its four 
components (longitudinal, transversal, 
vertical and temporal), and the 36 IHA´s. For 
every of the 225 crosstab analyses the 
Pearson´s chi-square was calculated and 
compared to the critical probability (p) 
corresponding to a level of significance of 
95% (∝=0.05). When the value of chi-square 
is greater than the critical-p, there is a 
significant relationship between both 
variables. All the different sets of variables 
explored at this stage of the study are ordinal 
data, which allows exploring the direction and 
strength of association (measure of rank 
correlation); Kendall´s tau-b correlation 
coefficient was used to measure this 
association. Values of Tau-b range from −1 
(100% negative association, or perfect 
inversion) to +1 (100% positive association, 
or perfect agreement). A value of zero 
indicates the absence of association. The 
critical value for Kendall´s tau-b coefficient is 
0,20 for the 225-crosstab sets, matrix 5x5 
(∝=0,1 and 16 degrees of freedom). Results 
are shown in table 5. 

The statistical analysis was performed 
with R statistics (R Core Team, 2013).  

4. RESULTS 
The first part of this study involves two 

sets of analysis to assess the distribution 
among environmental descriptors describing 
the water bodies, riparian vegetation and flow 
regime. The results of the first set of analysis 
(table 3) show the relationships between RFV 
(global, longitudinal, transversal, vertical and 
temporal) and the three of the typologies 
descriptors: region (linked to climate), 
geology and physiography. A significant 
correlation between the status of riparian 
vegetation and the region is exposed; 
Mediterranean region concentrates most of 
the altered riparian vegetation, not 
exclusively regarding the RFV index, but also 
for all of its four components. Geology 
doesn’t show any particular relationship with 
the status of riparian vegetation. 
Physiography presents significant association 
with RFV index and its longitudinal and 
transversal components; Mountainous water 
bodies concentrate good and bad status for 

 
Table 5 Contingency analysis of the whole range of indicators of hydrologic alteration (see annexe) against 

the RFV index and its four components (longitudinal, transversal, vertical and temporal). The table uniquely 
shows the IHA´s presenting correlation with the RFV index or any of its components. The value of critical-p is 26.3 
(16 degrees of freedom and ∝=0.05). The values of Chi-square and Tau-b are shown for every test. 

 
Category 

Hydrological 
Indicator 

RFV index RFV-long  RFV-trans  RFV-vert  RFV-temp   
Chi-S Tau-b 

(%) Chi-S Tau-
b (%) Chi-S Tau-

b (%) Chi-S Tau-
b (%) Chi-S Tau-

b (%) 

Habitual 
values 

IHA1 
(Dry) 

- - - - - - - - 33.4 20.9 

IHA2 
(Weighted) 

- - - - - - - - 26.6 28.2 

IHA2 
(Normal) - - - - - - - - 30,5 25,5 

IHA3 
(Dry) 28.1 12.1 - - - - - - 28.4 18.4 

IHA5 
(Dry) - - - - - - 28,3 6,8 - - 

IHA6 
(Dry) 31.2 11.1 - - - - - - - - 

Floods IHA12 - - - - - - - - 43.9 12.0 

Droughts 
IHA15 32.3 11.9 - - - - - - - - 
IHA20 - - - - 26.3 19.8 - - 26.5 11.7 
IHA21 36.1 39.4 - - - - 37.5 32.5 - - 
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riparian vegetation (RFV, RFV-longitudinal 
and RFV-transversal). Mid-mountain rivers 
are mainly at moderate status for riparian 
vegetation. Plain rivers present bad and poor 
riparian vegetation status (RFV index), 
although a relationship between plain rivers 
and riparian vegetation at high status for the 

longitudinal component of RFV is also shown. 

The results of the second set of analysis 
characterising the water bodies (table 4) 
show the distribution between IHA´s and 
three of the typologies descriptors: region 
(climate), geology and physiography. There 

Figure 4 Distribution of the 87 water bodies through the geographical region (climate), Mediterranean 
and Atlantic and status of riparian vegetation (table-3): a) Region and RFV index; b) Region and RFV-
longitudinal; c) Region and RFV-transversal; d) Region and RFV-vertical; and e) Region and RFV-temporal.  
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is significant correlation between region and 
five indicators of hydrologic alteration (see 
annex for further details on the indicators): 
IAH1, magnitude of annual volumes (dry 
years); IAH2, magnitude of monthly volumes 
(weighted); IHA3, habitual variability (dry 
years); and IHA6, seasonality of minimum 

values (dry and weighted years).All these five 
relationships indicate that the Mediterranean 
region tends to contain hydrologically altered 
rivers. Neither geology nor physiography 
show any significant association with 
indicators of hydrologic alteration.  

Figure 5 Distribution of the 87 water bodies through the physiographical classes, mountain, mid-
mountain and plain and status of riparian vegetation (table-4): a) Physiography and RFV index; b) 
Physiography and RFV-longitudinal; and c) Physiography and RFV-transversal. 
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The second part of this study explores the 
relationships between hydrologic alteration 
(potential causes) and degradation of riparian 
vegetation (potential effects). The RFV index 
and its breakdown of components show 
several significant correlations with eight of 
the IHA´s (table 5). RFV index presents 

significant correlation with the following IHA´s  
(see annexe for further details on the 
indicators): IHA3, habitual variability (dry 
years); IHA6, seasonality of minimum values 
(dry years); IHA15, magnitude of the extreme 
droughts; and IHA21 drought seasonality. 
RFV-longitudinal does not present any 

Figure 6 Distribution of the 87 water bodies through the geographical region (climate), 
Mediterranean and Atlantic and indicators of hydrologic alteration (table 5): a) Region and IHA-dry; 
b) Region and IHA2-weighted; c) Region and IHA3-dry; d) Region and IHA6-dry; and Region and 
IHA6-weighted. 
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significant correlation with any IHA´s. RFV-
transversal presents significant correlation 
with IHA20, number of days with null flow. 
RFV-vertical presents significant correlation 
with the following IHA´s: IHA5, seasonality of 
maximum values (dry years) and IHA21 
drought seasonality. RFV-temporal presents 
significant correlation with the following 
IHA´s: IHA1, magnitude of annual volumes  
(dry years); IHA2, magnitude of monthly 
volumes (weighted and normal years); IHA3, 
habitual variability (dry years); IHA12, 
variability of the flushing floods; and IHA20, 
number of days with null flow. The different 
relationships are commented in detail later on 
in the discussion.  

5. DISCUSSION AND CONCLUSIONS 

Environmental descriptors vs. riparian 
vegetation and hydrologic alteration 
distribution  

The 87 water bodies have shown a 
patent spatial distribution (Mediterranean vs. 
Atlantic) relating to status of riparian 
vegetation (table 3) and presence of 
hydrologic alteration (table 4). It is worth 
noting that the 75% of the water bodies 
analysed in this work are located on the 
Mediterranean region, therefore many of the 
finding from this work have more applicability 
in Mediterranean rivers. Comparing 
Mediterranean and Atlantic regions, the 
status of riparian vegetation is at worse 
status, mainly poor and bad, in the former; 
however this may not be caused exclusively 
by the hydrologic alteration. Human 
modifications of Mediterranean river corridors 
affect riparian vegetation directly and 
indirectly through land conversion and 
regulation of the hydrological regime. The 
riparian ecosystems in Mediterranean 
regions appear to be especially vulnerable 
because of cumulative impacts of these 
modifications, together with additive effects of 
climate change (Palmer et al., 2009; Seavy et 
al., 2009, Perry et al., 2012). Mediterranean 

rivers are characterized by the irregularity of 
flow and harsh hydrological fluctuations (Arab 
et al. 2004). Extreme seasonal variation of 
the flow regimes often causes a marked 
pattern of zero or low flow and the reduction 
of the water surface into isolated pools along 
the river when the flow ceases (Argyroudi et 
al. 2009). This results in intermittent flow in 
many rivers with a shifting between lotic and 
lentic conditions during the year (Morais et al. 
2004).  

The hydrologic alteration within the 
studied 87 water bodies is a frequent impact 
in the Mediterranean region (table 4) 
compared to the Atlantic region. The IHA´s 
relate this alteration, principally, to flow 
regulation in dry years, when the scarcity of 
water is even higher, which increases the 
necessity of water storage to attend to 
different human uses. The magnitude of 
annual discharge (IHA1-dry), and the habitual 
variability of annual discharge (IHA3-dry) are 
completely modified by, not just releasing 
less water at annual scale, but also altering 
the annual flow regime pattern. This 
alteration is even more significant when the 
seasonality of minimum monthly discharge 
(IHA-6) is analysed. The driest month in 
reference regime for Mediterranean rivers is 
frequently altered in dry years; river 
regulation increases the flows in this period 
to satisfy, fundamentally, irrigation 
requirements for agriculture. There are other 
altered components of the flow regime 
frequently present in Mediterranean rivers, 
not exclusively in dry years, but regarding 
weighted (wet, dry and normal) years. The 
magnitude of monthly discharge (IHA2-
weighted) and the seasonality of minimum 
monthly discharge (IHA6-weigthed) are 
usually modified in a generic way to fulfil 
human supplies in the Mediterranean region. 
All the altered components of the flow regime 
commented previously are likely to have a 
negative impact on the status of riparian 
vegetation, particularly in the Mediterranean 
region. Land conversion and other activities 
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are usually associated with reductions in 
riparian zone extent, community complexity, 
dispersal, and function (Katibah et al., 1984; 
González et al., 2010), although all these 
impacts can be difficult to separate from 
other environmental variables. The Atlantic 
region did not show any particular recurrence 
for any of the IHA´s.  

Further research including more available 
data and information are required to identify 
more precisely different links between 
region/climate and riparian vegetation and 
region/climate and hydrologic indicators. This 
research will complement the current 
definition of WFD-ecotypes, despite 
incorporating hydrologic variables, did not 
fully discriminate hydrologic variation in the 
basin. Ecotypes in tributary streams located 
in dry or semiarid climates embrace different 
flow regimes (both perennial and intermittent). 
There is little agreement between 
environmental and hydrologic classifications 
(Belmar et al., 2012).  

Two of the other environmental 
descriptors assessed in the 87 water bodies 
were geology and physiography (table 3 and 
table 4). Geology was divided in terms of 
calcareous, siliceous and argillaceous 
materials. This analysis showed that there is 
no particular link between geology and status 
of riparian vegetation, or between geology 
and hydrologic alteration. This suggests that 
geology has a minor role on the status of 
riparian vegetation.  

Relating to physiography, there are some 
trends in the distribution of riparian 
vegetation at good and bad status (RFV), 
hence, plain rivers frequently present riparian 
vegetation at bad and poor status. The 
location of these water bodies at wide and 
fertile valleys make them perfect candidates 
to develop urban and agricultural uses on the 
floodplain impacting, among other 
geomorphic features, the riparian vegetation. 
Hydrologic alteration may also play an 
indirect or direct role in the status of riparian 

vegetation. When observing the status of the 
riparian vegetation in mountainous rivers, 
both extremes, good and bad status, are 
found with similar frequency. The main 
reason for being at good status, might be the 
lack of human pressures through their narrow 
valleys, by the other hand, the water bodies 
at bad status are linked to the presence of 
dams, and other rural uses like grazing. 
Direct impacts of grazing, fire regime 
modification, cultivated agriculture and 
plantations, and urbanization may reduce 
riparian cover, influence floristic composition 
(Vasilopoulos et al., 2007; Dimitriou and 
Zacharias, 2010), and/or facilitate increased 
non-native species frequency and cover 
(Meek et al., 2010).   

Dams have a strong impact on the 
geomorphology downstream, consequently 
affecting riparian vegetation. Dams also 
affect hydrochory (i.e. dispersal by water), 
but the effects on species distributions are 
not consistent among studies. Differences in 
species composition, river geomorphology, 
topography and hydrology, dam operation 
and lag responses might explain some of the 
inconsistency, but more studies are needed 
to elucidate relationships between the 
variables involved (Nilsson et al., 2010). In 
Mediterranean climates, modification of the 
water regime from dams, diversion, or land 
cover changes can also affect soil conditions, 
nutrient cycling (González et al., 2010), with 
significant effects on ecosystem functions 
and vegetation patterns (Bejarano et al., 
2011a).  

When analysing the RFV components 
separately, two of its components (RFV-long 
and RFV-trans) show similar trends in the 
distribution of their status.  But, in the case of 
the RFV-long there is also a strong presence 
of riparian vegetation at good status in plain 
rivers. The reasons of this well preserved first 
band of riparian vegetation in contact with the 
river banks can be found through two 
different sources: (i) Spanish regulation via 
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Hydraulic Public Domain (MMA, 2008), 
protecting this space from human activities, 
and (ii) the first band of riparian vegetation is 
more resilient to different stressors due to its 
proximity to water. No association was 
identified between physiography and 
indicators of hydrologic alteration.  

Hydrologic alteration and status of 
riparian vegetation 

The following paragraphs discuss the 
results from the analysis of the second part of 
this work, the relationships between 
hydrologic alteration (causes) and 
degradation of riparian vegetation (effects). It 
is important to bear in mind that there is not 
direct cause-effect (hydrologic alteration – 
riparian vegetation degradation) as there are 
many factors taking part directly and 
indirectly in the status of riparian vegetation. 
Plants in Mediterranean ecosystems are 
adapted to multiple physical drivers and 
stressors, including floods, droughts and fire; 
hydrological influences on riparian vegetation 
are pronounced because of the extended dry 
season, but also because of an often flashy, 
stream flow regime (Stella et al., 2013). Also, 
plant species richness along fluvial corridors 
can be governed by other factors in addition 
to flow, such as fluvial geomorphic landforms, 
river size and biotic variables (Tabacchi et al., 
1996; Pollock, Naiman and Hanley, 1998). 
For example, Merritt and Cooper (2000) and 
Merritt and Wohl (2006) did not find 
differences in species richness between flow-
regulated and free-flowing reaches.  

Indirectly, changes in hydrological regime 
and geomorphological processes strongly 
influence riparian vegetation. The defined 
quantitative relationships between flow 
alteration and vegetation responses improve 
the basis for adaptive management, which 
will support stakeholders when defining 
ecosystem management goals, particularly 
for the design of environmental flows 
(Arthington et al., 2010). Approaches with 
strong precedent include releasing 

environmental flows to benefit riverine and 
riparian species (Hughes and Rood, 2003; 
Rood et al., 2005), as well as non-native 
species management (Reinecke et al., 2008). 

 In Mediterranean region riparian zones, 
important sources of change include (i) 
groundwater extraction and associated water 
table decline (Shafroth et al., 2010; 
Stromberg and Patten, 1996; Scott et al., 
1999); (ii) flow diversion and regulation, with 
effects on channel morphology, and riparian 
species extent, complexity, and function 
(Trush et al., 2000; Bombino et al., 2007); 
and (3) land uses changes in the watershed, 
and associated modification in sediment 
delivery and morphological processes 
(Piégay et al., 2004). 

Table 5 summarises all the analysis 
undertaken in this work, showing the 
components of the RFV index that have 
shown significant correlation with any of the 
46 IHA´s. In this analysis, three different sets 
of IHA´s were set: habitual values, floods and 
droughts. Every one of them is discussed 
separately next. It is worth noting that 
habitual values make distinction among wet, 
dry and normal years (and weighted period), 
see annex.  

Within the first set of IHA´s, habitual 
values, there are seven indicators that have 
shown a significant correlation with at least 
one of the RFV components. The magnitude 
of annual discharge in dry years (IHA1-dry) 
has shown a significant correlation with RFV-
temporal. The typical alteration of this 
indicator in dry years is related to the storage 
of water by decreasing the annual discharge 
in the river. The strength of this association 
(Tau-b) is also significant which implies that 
the correspondence between classes (5 
classes from bad to high, both for RFV and 
IHA) is very similar between both parameters. 
Consequently, the management and 
regulation of the water storage in dry years 
has a likely impact on the regeneration of the 
riparian vegetation. The magnitude of 
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monthly discharge in normal years and 
weighted (IHA2-normal and IHA2-weighted) 
has also a significant correlation with the 
regeneration of riparian vegetation (RFV-
temp). The monthly discharge is altered 
affecting the natural monthly discharge, 
typically by reducing the amount of water 
circulating on the fluvial system. The strength 
of this association is also significant; and, 
thus, its comportment is likely to impact the 
regeneration of the riparian vegetation. The 
habitual variability (intra-annual) in dry years 
(IHA3-dry) has shown a significant correlation 
with the status of the riparian vegetation 
(RFV index) and with its regeneration (RFV-
temp). The habitual variability is usually 
altered changing the natural intra-annual flow 
regime to supply water demands. The 
seasonality of maximum monthly discharge in 
dry years (IHA5-dry) is correlated to the 
status of the vertical component (riparian 
structure and plant richness) of the riparian 
vegetation (RFV-vert.). This seasonality is 
typically altered to store water of the monthly 
maximum to attend different human uses in 
critical periods. This may indicate some 
connections between the availability of water 
in dry years and the development of natural 
structures of riparian forest. The seasonality 
of minimum monthly discharge in dry years 
(IHA6-dry) is correlated to the status of 
riparian vegetation (RFV index). This 
minimum monthly discharge is usually higher 
when regulated to provide water, mainly, for 
irrigation.  

The second set of IHA´s relates to floods. 
In this work, floods are based on the Q5% 
threshold percentile of the flow duration curve. 
Uniquely, the variability of inter-annual 
flushing floods (IHA12) has shown significant 
correlation with some component of the RFV, 
the regeneration. The flow regulation of 
fluvial systems habitually reduces the 
frequency of floods events. This is likely to 
have an impact on the regeneration of the 
riparian vegetation. Floods create 
disturbance and increase water levels along 

ephemeral and perennial reaches alike, 
however, as a flood pulse subsides, the near-
channel soils remain wet at perennial sites 
but rapidly dry in ephemeral reaches. Seed 
mass tends to be lower (and less variable) 
along the channels of perennial-flow sites 
than of ephemeral sites, supporting the idea 
that seed mass varies in relation to site 
moisture level. Among the groups of 
disturbance-adapted species, seed mass is 
greater for xeroriparian species than for 
hydroriparian species (with values lower 
overall than for low-disturbance species). 
(Stromberg and Boudell, 2013).  

The last set of IHA´s involves droughts. 
In this work, droughts are based on the Q95% 
threshold percentile of the flow duration curve. 
Three different IHA´s have shown 
associations with different components of the 
RFV index. The magnitude of extreme 
droughts (IHA15) has a significant correlation 
with the status of the riparian forest (RFV-
index). Flow regulation typically reduces the 
magnitude of natural droughts, which add 
more stress to this critical period. The 
number of days with null flows (IHA20) has 
shown significant correlation with the 
transversal development of riparian 
vegetation (RFV-trans.) and with the 
regeneration of riparian vegetation (RFV-
temp.). Flow regulation usually increases the 
number of days with null flows, prolonging 
the period of stress, which could contribute 
impacting in the floodplain development and 
regeneration of riparian vegetation. Drought 
seasonality (IAH21) has significant 
correlation with the status and structure of 
the riparian vegetation. The strength of both 
correlations is also significant. The altered 
seasonality of droughts is typically due to 
modifications and/or extensions of the natural 
droughts period (intra-annual).  

It is worth remarking that there is not 
correlation between RFV-longitudinal and 
any of the indicators of hydrologic alteration. 
This indicates a high degree of independence 
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between the status or the first band of 
riparian vegetation and any sort of flow 
regulation. As said previously, the status of 
the first band is controlled more directly by 
other drivers, mainly by (i) Spanish decree 
protecting this space from human activities, 
Hydraulic Public Domain (MMA, 2008), and 
(ii) higher resilience to different stressors due 
to the proximity to water. 

Implications on riparian management: 
regeneration 

The results of this work have shown the 
importance of the regeneration to guarantee 
the good status of the riparian vegetation. 
Regeneration is affected by different 
elements of the hydrologic regime as per 
seen through the different IHA´s. Dispersal of 
seeds and propagules also plays a key role 
in free flowing systems, but on altered 
systems there is a complex interplay between 
fluvial processes, physical heterogeneity of 
sites, site history, local species pools, and 
stochastic dispersal processes (Merrit et al., 
2010). Hydrochory is a key mechanism for 
long distance dispersal of species. It 
increases the distribution range of many 
coastal and river species and connects 
coastlines and different parts of catchments. 
This increases the likelihood of species 
survival should the habitat be affected by 
major disturbance (Nilsson et al., 2010).  

Magnitude of annual discharge (dry 
years), magnitude of monthly discharge 
(normal and weighted) and habitual variability 
(dry years). These three components are part 
or the habitual values of the flow regime and 
change the intra-annual seasonality of the 
regime, which has a direct impact on the 
reproductive time window of riparian species. 
The time window most critical for recruitment 
may reflect either the distinctive 
Mediterranean region precipitation regime 
(Pettit et al., 2001) or the spring runoff period 
for snowmelt-dominated rivers (Peterson et 
al., 2000; Stella et al., 2006). Because many 
Mediterranean species have seeds with short 

viability, seed dispersal is usually directly 
from parent plants rather than from seed 
banks (Stella et al., 2006), and this can result 
in clustered establishment near parent trees 
(Pettit and Froend, 2001). 

Floods: Variability of flushing floods 
(interannual). The alteration of the flushing 
floods has impact on the seed dispersal 
outside the riverbanks, having and impact on 
the renewal of riparian vegetation, typically, 
beyond the first riparian band. Thus, one of 
the responses to reduced flooding is 
vegetation encroachment (Johnson et al., 
1995; Scott et al., 1996; Scott et al. 1997; 
Merritt and Cooper, 2000; Cooper et al., 
2003; Birken and Cooper, 2006; DeWine and 
Cooper, 2007; Magdaleno and Fernández, 
2011; Bejarano et al., 2011b). Flood 
magnitude is relevant not only in the context 
of disturbance, but also for hydrochory. 
Hydrochory may involve transport of either 
seeds (Pettit and Froend, 2001) or clonal 
plant fragments (Douhovnikoff et al., 2005), 
and is most effective during overbank floods 
when propagules are dispersed across 
floodplains (Gurnell et al., 2006; Nilsson et al., 
2010). Other investigations have pointed out 
the importance of periodic floods for 
increasing the number of potential 
regeneration sites, the delivery and 
establishment of seeds, and the vegetative 
regeneration processes, through channel 
movement, and supply of water, sediment 
and organic debris (Johnson et al., 1976; Poff 
et al., 1997; Molles et al., 1998; Bendix and 
Hupp, 2000; Hughes and Muller, 2003). 

Droughts: alteration of null flows by 
increasing the number of dry days has an 
impact on the water table and, therefore, on 
the reproductive time window riparian 
species, impacting the natural regeneration 
of riparian vegetation. Mediterranean region, 
seasonally fluctuating water tables and 
severe vapour–pressure deficits limit water 
availability for much of the growing season. 
Though riparian plants are generally well 
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adapted to disturbance (Lytle and Poff, 2004), 
many are intolerant of drought and rely on a 
phreatophytic root morphology, with deep 
roots permanently accessing groundwater or 
the stream (Karrenberg et al., 2002; Singer et 
al., 2012). Shallow-rooted plants, including 
seedlings and saplings, are particularly 
vulnerable to desiccation during water table 
recession, and this poses a major limitation 
on plant establishment (Stella et al., 2010). 
Despite their vulnerability to drought, riparian 
plants do demonstrate some adaptive traits. 
Rapid root extension and low shoot-to-root 
biomass ratios are common for riparian trees 
and potentially reduce stress related to 
seasonally-variable water tables (Kranjcec et 
al., 1998; Amlin and Rood, 2002).  

If riparian vegetation were left intact but 
propagule sources were fragmented along 
the river, it is likely that local populations 
would maintain species richness (contributing 
to richness) as long as the range of physical 
processes and habitats were maintained as 
well. However, over multi-decadal timescales 
or over the course of a single catastrophic 
event (prolonged droughts), the probability of 
rescue would diminish as a function of the 
degree of fragmentation from the meta-
population or meta-community. Populations 
of plants that are sensitive to the effects of 
natural drought cycles, disease, extreme 
winters, herbivory, human harvest, and fire 
are certain to suffer mortality and occasional 
localized extinction. (Merrit et al., 2010). 

Key components of the flow regimen 
playing a key role on the riparian 
vegetation status 

In dry years, seasonality of maximum 
and minimum monthly discharges has a likely 
negative impact. The alteration of droughts 
seasonality and the magnitude of extreme 
droughts, also impact negatively the status of 
riparian vegetation. These four components 
linked to periods of scarcity of water have, 
among others; a direct influence in water 
table reduction (Shafroth et al., 2010; 

Stromberg and Patten, 1996; Scott et al., 
1999), and therefore vegetation survival. The 
management of these components of the 
flow regime must avoid overstressing riparian 
vegetation in periods of scarcity of water. 

Dry years impose a very intense 
regulation scheme, which in many cases act 
inverting the natural flow regime pattern, i.e. 
higher flows in natural dry period and/or vice 
versa, or extending dry periods in time. Two 
of the main consequences of these 
alterations are the impact on the reproductive 
time window of riparian species and the 
decrease of the water table. In order to avoid 
these undesirable effects, the dispersal of 
riparian seeds and propagules, as well as the 
conditions for an optimum germination, and 
also the maintenance of appropriate levels of 
the water table must be ensured within the 
regulated river. Therefore, riparian vegetation 
restoration plans should pay special attention 
on how to balance the water necessities in 
dry years, and maintain riparian vegetation. 

Wet years have not shown any significant 
relationship with the status of riparian 
vegetation, this may be due to the lack of 
intense regulation in these years. Although 
flow regulation in wet years shouldn’t be a 
key element of the riparian restoration plans, 
further research is required in this matter to 
be able to incorporate this component in the 
plan more accurately in future. On regulated 
rivers, environmental flows that mimic natural 
discharge regimes should capitalize on 
climatic stochasticity, making the most of wet 
years where high flows can be delivered 
without conflicting with regulation goals (Poff 
et al., 1997; Hughes and Rood, 2003; Rood 
et al., 2005; Stella et al., 2010). 

Looking into the future  

Specific strategies for riverine and 
riparian management need to take into 
account future changes under non-
equilibrium conditions (Palmer et al., 2009). 
Globally, human pressure will increase in 
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med-regions (Underwood et al., 2009) and 
climate change is reducing the water supply 
in most of them (Klausmeyer and Shaw, 
2009). Climate change resulting from 
increased anthropogenic greenhouse gas 
emissions is projected to have a particularly 
strong effect on Mediterranean regions (Parry 
et al., 2007). With an average temperature 
rise of 2ºC more in the Mediterranean basins, 
decreased precipitation is projected, along 
with increased frequency and duration of the 
droughts and desertification. In 
Mediterranean rivers fed by snowmelt, 
reduced snowpack will alter the timing as well 
as the magnitude of flooding. The 
connectivity among catchments or tidal 
wetlands mediated by hydrochory may 
facilitate new establishment as an adaptation 
in response to climate change, provided that 
the downstream areas offer more favourable 
climates (Nilsson et al., 2010). 

Our ecological understanding of 
Mediterranean riparian zones will be 
improved by more basic research in 
understudied ecosystems, classification 
systems that apply across ecoregions, and 
an understanding of how biophysical 
processes differ with spatial scale, especially 
for small, ephemeral streams (Zaimes et al., 
2011) and for extremely large, regulated 
rivers subject to multiple human stressors 
(Stella et al., 2011). There is a lack of 
detailed knowledge on how different 
pressures interact with different elements 
ecological components of the fluvial system. 
This knowledge becomes less accurate when 
several pressures are present at the same 
time, or those same pressures acting with 
different intensities or scales in different 
environments. To understand how physical 
stressors interact with increased water 
scarcity and climate variability is essential in 
Mediterranean regions (Parry et al., 2007; 
Klausmayer and Shaw, 2009). It is also 
recommended to enlarge the scope of 
riparian studies beyond the site and reach to 
a true biogeographical perspective at the 

corridor, catchment, and regional scales. 
(Stella et al. 2013).  
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Annex 1: Indicators of Hydrologic 
Alteration (IHA)  

 

A summary of definitions and formulas 
for the estimation of the indexes used in this 
study are presented below. These indexes 
compare the reference (natural) and the 
altered regimes, and their values range from 
0 to 1. A value of IHA=0 is indicative of the 
maximum possible alteration; on the contrary, 
IAH=1 indicates a total absence of alteration 
(CIS-WFD, 2003). Indicators IHA1 to IHA6 
are calculated for wet, dry, normal years and 
weighted. A year is considered to be WET if 
its annual volume in natural regime is greater 
than the volume corresponding to 25% 
exceedance percentile. A year is considered 
to be NORMAL if its annual volume in natural 
regime lies between the volume 
corresponding to 25% and 75% exceedance 
percentile. A year is considered to be DRY if 
its annual volume in a natural regime is less 
than the input corresponding to 75% 
exceedance percentile. Weighted values are 
calculated as follows: IAH(weighted) 
=0.25*IAH(wet) +0.5* IAH(normal) +0.25* 
IAH(dry). There are 45 IHA. 

IHA1: Magnitude of annual discharges 

Objective: To assess the alterations of 
the magnitude of annual discharges. 

Observation: When an indicator of IHA1 
rises above 1 (the parameter observed for 
the altered regime shows a value higher than 
the value in natural regime), the inverse 
value is used to ensure that 0<IHA≤1. 

IHA2: Magnitude of monthly 
discharges 

Objective: To avoid compensations 
between different months of the year when 
working with annual values, this second 
indicator assesses the alteration of monthly 
discharges. 

 

IHA3: Habitual variability 

Objective: To characterise the annual 
habitual variability using the value of the 
interval Q10%-Q90% (Puckridge et al., 1998), 
where Qj% is the percentile j% of daily 
discharges during the year (that is, Qj% is 
only equalled or surpassed during j% of the 
year). IHA3 assesses the alteration of the 
annual habitual variability. 

IHA4: Extreme variability 

Objective: evaluate distortions by the 
circulating regime to the extreme variability of 
the normal values with respect to the natural 
regime. 

IHA5 and IHA6: Seasonality of 
maximum and minimum monthly 
discharges. 

Objective: To assess the alterations in 
the seasonality of maximum monthly 
discharges during the year (IHA5) and the 
minimum monthly discharges during the year 
(IHA6) (Growns and Marsh, 2000). 

Observations: In the estimation of the 
deviation from the minimum or the minimum 
discharge may be common to several months 
(e.g., minimum discharge=0). In such cases, 
the month containing the maximum delay 
should be selected.  

The maximum delay will be six months. 
In that case, IHA=0 (maximum alteration). 

IHA7: Magnitude of the maximum 
floods 

Objective: Evaluate alterations in the 
average value of circulating floods. 

IHA8: Magnitude of bankfull discharge. 

Objective: To determine the bankfull 
discharge (Qb), which is the flow that, in the 
long term, makes the greatest contribution to 
sediment transport and is thus most 
responsible for the channel geomorphology. 
The proposed index (exponent 0.5) takes into 
account the proportionality between the 
stream width and the square root of Qb 
(Savenijea, 2003). 
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IHA9: Magnitude of the connectivity 
discharge 

Objective: Evaluate the alteration in the 
frequency of flows that ensure periodic 
connection with the floodplain 

IHA10: Magnitude of flushing 
discharge. 

Objective: To estimate the flushing flood, 
which is the flow associated with the 5% 
exceedance percentile (Q5%) in the average 
flow duration curve (Baker et al., 2004). This 
factor has a number of environmental 
significances: flushing fine materials in the 
channel bed, influencing habitat availability 
for macroinvertebrates, guaranteeing the 
existence of a suitable spawning biotope for 
many species, promoting the dispersal of 
shoots and reorganising small-scale channel 
forms (Bunn and Arthington, 2002). The 
proposed index assesses the alteration in the 
flushing discharge.  

IHA11: Variability of the maximum 
floods 

Objective: Quantify the distortion in the 
inter-annual variability of maximum flows. 

IHA12: Variability of the flushing 
floods 

Objective: quantify distortions in the 
inter-annual variability of flushing floods. 

 

IHA13: Flood duration. 

Objective: To assess the alterations of 
the flood duration. The parameter for the 
characterisation of the flood duration is the 
maximum number of consecutive days when 
the Q5% threshold is equalled or surpassed 
(Baeza et al., 2003).  

IHA14: Flood seasonality. 

Objective: To evaluate the alterations of 
flood seasonality. 

IHA15: Magnitude of the extreme 
droughts 

Objective: Evaluate alterations in the 
minimum annual flows. 

IHA16: Magnitude of ordinary drought. 

Objective: To evaluate changes in the 
magnitude of ordinary droughts based on 
Q95% (daily discharge associated with the 
95% exceedance percentile in the average 
flow duration curve) as the threshold for 
ordinary droughts (Sugiyama et al., 2003; 
Clausen and Biggs, 2000). Drought 
represents a very important control in the 
integrity of fluvial ecosystems, especially in 
the Mediterranean climate.  

IHA17: Variability of the extreme 
droughts 

Objective: Evaluate alterations in 
variability of minimum annual flows. 

IHA18: Variability of the habitual 
droughts 

Objective: Evaluate alterations in the 
variability of the most frequent droughts. 

IHA19: Drought duration. 

Objective: To assess the alterations in 
the drought duration. In the natural regime, 
the parameter for the characterisation of 
drought duration is the maximum number of 
consecutive days with Q<Q95% (Baeza et al., 
2003).  

IHA20: Number of days with null flow 

Objective: Evaluate alterations in the 
characteristic number of days with null flow in 
natural regime. 

IHA21: Drought seasonality. 

Objective: To evaluate the alterations in 
the drought seasonality. 

IAGH: Four Global Alteration Indicator for 
habitual values (dry, wet, normal and 
weighted), generated from alteration 
indicators ΙAH1 to IAH6. 

IAGA: Global Alteration Indicators for 
floods, generated from alteration indicators 
IAH7 to IAH14. 
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IAGS: Global Alteration Indicators for 
droughts, generated from alteration indicators 
IAH 15 to ΙAH21. 
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CHAPTER-5: Riparian 
vegetation status and ecological 
status 

1. INTRODUCTION 
The aim of this chapter is to explore the 

relationship between the ecological status, in 
the way it is assessed within the statutory 
implementation of the Water Framework 
Directive (WFD) (European Commission, 
2000) in Spain, and the status of the riparian 
vegetation.  

The ecological and chemical status of 
surface waters are assessed according to the 
following criteria: 

• Biological quality (fish, benthic 
invertebrates, aquatic flora) 

• Hydromorphological quality such as 
river bank structure, river continuity or 
substrate of the river bed 

• Physical-chemical quality such as 
temperature, oxygenation and nutrient 
conditions 

• Chemical quality that refers to 
environmental quality standards for 
river basin specific pollutants. These 
standards specify maximum 
concentrations for specific water 
pollutants. If even one such 
concentration is exceeded, the water 
body will not be classed as having a 
“good ecological status” 

As stated above, the WFD does not 
consider specifically the riparian vegetation 
within the different criteria for assessing the 
ecological status of fluvial systems. Chapter-
1 detailed the importance of the role of the 
riparian vegetation as part of the different 
hydro-geomorphological processes in a 
healthy river. For this reason it is reasonable 
to try to response the following question, 

does the WFD (transposed to Spanish 
regulation) intrinsically incorporate the 
riparian vegetation as part of the assessment 
of the ecological status in rivers? This paper 
is aimed to help providing an answer to this 
question.   

2. STUDY AREA 

The study area for this work correspond 
to the same six River Districts studied in 
chapter-4, but the number of water bodies 
has been increased based on the information 
available. Thus, the total number of water 
bodies has augmented up to 170: Guadiana 
(23), Guadalquivir (32), Miño-Sil (24), 
Cantabrico (31), Tagus (30) and Douro (30). 
See chapter-4, section 2 for the a detailed 
description of the different River Districts.  

3. MATERIALS AND METHODS 
This work has compiled information of 

170 water bodies from six different River 
Districts. Firstly, there are two elements that 
have been assessed, (i) ecological status 
and (ii) status of riparian vegetation, and 
secondly a contingency analysis has been 
performed to explore potential relationships.  

Ecological status 

The information in relation to the 
ecological status of the 170 water bodies has 
been extracted from the River Basin 
Management Plans. These assessments 
were performed under the guidelines of the 
WFD.  

Riparian vegetation assessment 

The riparian vegetation was assessed 
using the RFV index (Magdaleno and 
Martínez, 2014). The parameters that 
constitute the RFV index are based on the 
ecological connectivity of riparian vegetation. 
Although forest connectivity has normally 
been considered in spatial terms, temporal 
changes are of equal importance (Amoros 
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and Bornette, 2002). These temporal-spatial 
relationships between connectivity and 
ecosystem dynamics have been analysed 
with respect to fluvial geomorphology (e.g., 
Poole, 2002), landscape ecology (Kondolf et 
al., 2006), biodiversity maintenance (e.g., 
Liebold and Norberg 2004), nutrient cycling 
(Stanley et al., 1997), and food web structure 
(Woodward and Hildrew 2002). 

The riparian forest ecological status 
evaluation index, the RFV index, has been 
designed to assess the spatial connectivity of 
riparian vegetation (in its three spatial 
dimensions: longitudinal, transversal and 
vertical), in addition to the temporal 
connectivity of this vegetation, represented 
by its natural regeneration.  

Final assessment of the ecological 
quality of the riparian forest is performed 
through aggregation of the quantitative 
values obtained for each parameter. 

Qualitative scores (Very Good, Good, 
Moderate, Poor and Bad) are defined 
according to the quality of the longitudinal, 
transversal, vertical, and temporal 
connectivity. 

The aggregated RFV value and its 4 
components were calculated for the 170 pre-
selected water bodies in the afore-mentioned 
basins.   

Analysis of ecological status and 
riparian vegetation 

The analysis of this study involved the 
finding of relationships between ecological 
status and degradation of riparian vegetation. 
This analysis consisted in a set of 5 crosstab 
analyses of the RFV index, together with its 
four components (longitudinal, transversal, 
vertical and temporal), and the ecological 
status. For every of the 5 crosstab analyses 
the Pearson´s chi-square was calculated and 
compared to the critical probability (p) 
corresponding to a level of significance of 
90% (∝=0.1). When the value of chi-square is 

greater than the critical-p, there is a 
significant relationship between both 
variables. All the different sets of variables 
explored at this stage of the study are ordinal 
data, which allows exploring the direction and 
strength of association (measure of rank 
correlation); Kendall´s tau-b correlation 
coefficient was used to measure this 
association. Values of Tau-b range from −1 
(100% negative association, or perfect 
inversion) to +1 (100% positive association, 
or perfect agreement). A value of zero 
indicates the absence of association. The 
critical value for Kendall´s tau-b coefficient is 
0,20 for the 5-crosstab sets, matrix 5x5 
(∝=0,1 and 16 degrees of freedom). Results 
are shown in figure 1. 

The statistical analysis was performed 
with R statistics (R Core Team, 2013). 

4. RESULTS 
The results are summarised in figure 1. 

The analysis has produced the following 
results (critical-p=23.5, 90%): 

- RFV index has not shown significant 
correlation with the ecological status. Chi-
squared is 21.17<critical-p.  

- The longitudinal connectivity of the RFV 
is not significant correlated to the 
ecological status. Chi-squared is 
22.65<critical-p. 

- The vertical connectivity of the RFV is not 
significant correlated to the ecological 
status. Chi-squared is 22.73<critical-p. 

- The temporal connectivity of the RFV is 
significant correlated to the ecological 
status, but the association is low. Chi-
squared is 25.41>critical-p; tau-
b=0.14<0.20. See histogram in figure-2. 
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- The transversal connectivity of the RFV is 
significant correlated to the ecological 
status with high association. Chi-squared 
is 25.81>critical-p. tau-b=0.23>0.20. See 
histogram in figure-3. The high 
association between statisticcal 
parameters allows the assessment of this 
relationship through a contingency table. 

The contingency table is shown in 
appendix-1.  

5. DISCUSSION AND 
CONCLUSION  

This paper introduces the topic and 
present the main results based on the most 

Figure 1 Results of the statistical analysis: correlations between ecological status and status of riparian 
vegetation.   

Figure 2 Histogram of the distribution of ecological 
status and status of riparian vegetation (regeneration 
component). Notation: Both ecological status and RFV, 
1 (Very good status), 2 (Good status), 3 (Moderate 
status), 4 (Poor status) and 5 (Bad status). Y-axis 
shows the number of water bodies within each group. 

Figure 3 Histogram of the distribution of ecological 
status and status of riparian vegetation (transversal 
component). Notation: Both ecological status and RFV, 
1 (Very good status), 2 (Good status), 3 (Moderate 
status), 4 (Poor status) and 5 (Bad status). Y-axis 
shows the number of water bodies within each group. 
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up to date analysis undertaken in this work. 
The following lines show a high level 
discussion which will be further detailed 
through a subsequent publication.  

The results have shown a lack of 
significant relationship between the 
ecological status and the status of the 
riparian vegetation. From a management 
perspective, the current WFD approach for 
assessing the ecological status on Spanish 
rivers could have undesirable effects, as it is 
known the enormous influence of riparian 
forest on fluvial systems. They maintain high 
levels of biological diversity and productivity 
and provide dynamic habitats for many 
different species (Bennett and Simon, 2004). 
They also provide many other ecological and 
social benefits and ecosystem services, 
performing critical functions in both 
hydrological and biogeochemical cycles, 
protecting water quality, and providing 
important habitats for a rich diversity of flora 
and fauna (Naiman and Décamps, 1997; 
Lohman, 2004). 

WFD does not state specifically the use 
of hydromorphological indicators to assess 
the ecological status. The Spanish regulation 
has not included riparian vegetation as a one 
of the elements to be evaluated; as a result, 
the final ecological status of many water 
bodies might me wrongly classified. The 
results shown in the analysis have shown the 
lack of coherence between river classified at 
good status whose riparian vegetation was 
strongly degraded. A further case by case 
analysis would be required to contrast if the 
degraded riparian vegetation is not having a 
major impact of the ecological status, but it is 
very unlikely that a healthy river is not 
impacted by the lack of an acceptable 
developed riparian forest.   

There are other countries in Europe, 
where the final evaluation of the ecological 
status in their water bodies makes use of the 
hydromorphological elements, i.e. water 
bodies cannot be at good ecological status if 

the morphology, for instances, is not at good 
status. Scotland is one of those countries, 
where a great amount of resources is 
employed to improve the physical condition 
of rivers due to the key impact of those 
pressures within the riparian systems. This is 
seen as a strategic goal and investment to 
achieve a more sustainable environment at 
long-term.  

The main findings of this work can be 
summarised as follows: 

- The riparian vegetation is not 
comprehensively implicit within the WFD 
ecological status assessment in Spain.  

- The status of the regeneration of the 
riparian vegetation is positively correlated 
to the ecological status denoting that this 
component of the vegetation could be 
implicitly assessed within the criteria set 
by the WFD.  

- The status of the transversal component 
of the riparian vegetation is positively 
correlated to the ecological status 
denoting that this component of the 
vegetation could be implicitly assessed 
within the criteria stated by the WFD.  

- The longitudinal and vertical components 
of the riparian vegetation are not 
characterized within the criteria stated by 
the WFD. 
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Annexe-1 

   Ecological Status  
   1 (V. good) 2 (Good) 3 (Moderate) 4 (Poor) 5 (Bad) Total 

Transvers

al 

RFV 

1  

Very 

Good 

Count 1 5 11 13 1 31 

Expected Count 1.6 2.2 9.7 12.8 4.7 31.0 

% within T-RFV 3.2% 16.1% 35.5% 41.9% 3.2% 100.0% 

% within ECO 11.1% 41.7% 20.8% 18.6% 3.8% 18.2% 

% of Total 0.6% 2.9% 6.5% 7.6% 0.6% 18.2% 

2  

Good 

Count 3 3 13 13 4 36 

Expected Count 1.9 2.5 11.2 14.8 5.5 36.0 

% within T-RFV 8.3% 8.3% 36.1% 36.1% 11.1% 100.0% 

% within ECO 33.3% 25.0% 24.5% 18.6% 15.4% 21.2% 

% of Total 1.8% 1.8% 7.6% 7.6% 2.4% 21.2% 

3 

Mod. 

Count 3 2 15 16 3 39 

Expected Count 2.1 2.8 12.2 16.1 6.0 39.0 

% within T-RFV 7.7% 5.1% 38.5% 41.0% 7.7% 100.0% 

% within ECO 33.3% 16.7% 28.3% 22.9% 11.5% 22.9% 

% of Total 1.8% 1.2% 8.8% 9.4% 1.8% 22.9% 

4 

Poor 

Count 2 2 6 19 10 39 

Expected Count 2.1 2.8 12.2 16.1 6.0 39.0 

% within T-RFV 5.1% 5.1% 15.4% 48.7% 25.6% 100.0% 

% within ECO 22.2% 16.7% 11.3% 27.1% 38.5% 22.9% 

% of Total 1.2% 1.2% 3.5% 11.2% 5.9% 22.9% 

5 

Bad 

Count 0 0 8 9 8 25 

Expected Count 1.3 1.8 7.8 10.3 3.8 25.0 

% within T-RFV 0.0% 0.0% 32.0% 36.0% 32.0% 100.0% 

% within ECO 0.0% 0.0% 15.1% 12.9% 30.8% 14.7% 

% of Total 0.0% 0.0% 4.7% 5.3% 4.7% 14.7% 
 Total Count 9 12 53 70 26 170 

Expected Count 9.0 12.0 53.0 70.0 26.0 170.0 

% within T-RFV 5.3% 7.1% 31.2% 41.2% 15.3% 100.0% 

% within ECO 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 5.3% 7.1% 31.2% 41.2% 15.3% 100.0% 
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CHAPTER-6: General conclusions 

Assessment of the status of riparian vegetation 

I. A better understanding of the riparian forest structure is essential for the 
improvement of the riparian conservation and management. The assessment 
of the riparian forest must be assessed within the context of the 
hydromorphological characteristics of the river reach. The RFV index 
developed in this work is designed to fulfil these requirements. 
 

II. The selection of the specific dimensions of the area where the forest analysis 
is conducted should be based on the geomorphic structure of the associated 
channel. The use of the spatial-temporal connectivity of autochthonous 
vegetation is a valuable indicator of the overall quality of riparian stands, and 
it is related to the habitat quality and to the ecomorphological functioning of 
the riparian areas, 

 
III. The RFV index shows and easy applicability, despite being based on a more 

thorough assessment of the riparian forests than previous tools. Other of its 
main advantages was its ability to describe the status of the forest regarding 
its ecological functioning, which was not so directly addressed by the former 
tools.  

 
IV. The RFV index allows the adoption of management guidelines aimed at the 

protection of the better-conserved connectivity parameters, and the 
restoration of those in worse status. 

 

Tools to assess the status of riparian vegetation 

V. Active remote sensing techniques, particularly LiDAR, have a strong potential 
to assess the structure of riparian forest. High resolution LiDAR is able to 
generate a high definition cloud of points depicting a 3D “image” of the 
riparian vegetation at water body scale.  
 

VI. GIS tools based on LiDAR data are the most reliable alternative to field work 
to assess riparian condition, allowing assessing long sections of riparian 
corridors at a quasi-continuous scale. The tool produced through this work, 
RiC-DAR, has proved reducing significantly the amount of time required in the 
field, when evaluating RFV, producing the same results that observations, but 
increasing the extent to which is applied and reducing resources. 

 
VII. RiC-DAR allows better estimations of quantitative measurements like 

longitudinal and transversal connectivity. These measurements can be 
combined with the assessments of other morphological variables, allowing a 
much complete analysis at wider scales.  
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VIII. In terms of monitoring, tools based on LiDAR allow a better monitoring of 
inter-annual assessment, records of different 3D images can be stored and 
compared in the features allowing a detailed comparison on the progression 
of the three main spatial components of the riparian corridor.  

 

Status of riparian vegetation and relationship with ecological status and 
hydrologic alteration 

IX. There is a lack of significant relationship between the ecological status and 
the status of the riparian vegetation. From a management perspective, the 
current WFD approach for assessing the ecological status on Spanish rivers 
could have undesirable effects, as it is well known the vast influence of 
riparian forest on fluvial systems. The transversal component of the riparian 
vegetation is significantly correlated to the ecological status.  
 

X. The assessment of the hydrological alteration requires the use of long 
continuous flow series both altered and reference conditions. Statistical 
methods to complete gaps through different flow series allow maximising the 
amount of data available to assess the hydrologic alteration. The web tool 
produces in this work, SEDAH, provides this information through different 
databases with different types of data (completed and original, daily and 
monthly, gauging stations and modeled). http://ambiental.cedex.es/Sedah 

 

XI. Water bodies located in the Mediterranean region are at worse status when 
compared to those in the Atlantic region, however this may not be caused 
exclusively to a more intensive hydrological alteration.  

 

XII. Catchment geology doesn’t seem to play a key role on the status of the 
riparian vegetation. 

 

XIII. Riparian vegetation through low gradient rivers on the lower sections of the 
catchment is more frequently degraded when compared to mountainous high 
gradient rivers.  

 

XIV. The regeneration of the riparian forest is the most sensitive component of the 
riparian vegetation to the hydrologic alteration. There is some significant 
relationships with IHA´s for habitual values, droughts and floods.  

 

XV. The longitudinal component (first band) of the riparian vegetation is not 
significantly altered for the water bodies studied in this work. There is not 
significant differences on the status related to low or high gradient water 
bodies, and either particular severe impacts from regulated flows. Two 
reasons could be associated with this (i) Spanish regulation via Hydraulic 
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Public Domain (MMA, 2008), protecting this space from human activities, and 
(ii) the first band of riparian vegetation is more resilient to different stressors 
due to its proximity to water. 

 

XVI. Management of flows during dry years and drought is key to minimise the 
impact of flow regulation on the status of riparian vegetation.  

 

Management proposals   

Based on the findings of this work, different management proposals are 
presented in order to improve and maintain the good status of riparian vegetation. 
These measures are aimed, primarily, to Mediterranean rivers, although their 
applicability can be extended to other ecoregions after further research.  

XVII. In the Spanish context, the Mediterranean region is extremely vulnerable to 
the cumulative, and universally increasing, pressures from land use, stream 
flow regulation and diversion, and climate change. 
 

XVIII. From a riparian forest perspective, the environmental flows management 
should be focused on the components of the regulated flow regime that have 
shown more likely correlation with the status of riparian vegetation in this 
work, but bearing in mind an holistic approach considering other biological 
communities and compatibility to uses.  

 

XIX. Regeneration of riparian vegetation: this study has shown how the alteration 
of several components of the hydrologic regime may have a likely impact on 
the regeneration of riparian vegetation; regeneration is the most impacted of 
the four RFV components. An appropriate maintenance of the riparian 
vegetation is key for the future persistence of riparian forests. Recovery of the 
regeneration of riparian vegetation must be of paramount importance in any 
program or strategy to recover riparian vegetation. A well structured 
(longitudinally, transversally and vertically) riparian forest is a static picture 
that does not allow seeing the actual problem, a degraded forest at mid/long-
term if the required attention is not paid to riparian regeneration. Therefore, in 
order to recover the natural temporal dynamic of the riparian forest, the 
natural mechanisms underpinning regeneration of riparian vegetation have to 
be restored. Hydrochory plays a key role on the recovery of riparian forest. 
The elements of the hydrologic regime affecting the regeneration should be 
assessed in a case-by-case basis to identify the best management option to 
balance human uses and the recovery of riparian vegetation in regulated 
systems. 
 

XX. The management of the flow regime must avoid overstressing riparian 
vegetation in periods of scarcity of water: dry years and droughts. 
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XXI. The recovery of the riparian vegetation on regulated rivers requires the 
inclusion of measures within the River Basin Management Plan. Some 
guidelines for developing the restoration measures are: 
 

a) To undertake a riparian vegetation assessment of the water bodies affected by 
flow regulation. This has to be done in a water body by water body basis. This 
assessment should, (i) identify the opportunities and constraints to allow developing 
a natural or reference riparian forest; (ii) present the species adapted to the local 
characteristic of the water body; (iii) identify the reproductive time window of the 
different species highlighting the critical periods (iv) assess the influence of non-
native species. These are the minimum requirements to set a baseline assessment. 
When this assessment is carried out in parallel with a river restoration plan (as we 
recommend), there will be several other items to be considered within this 
assessment: large woody material, geomorphological pressures, etc.  

b) To undertake a hydrologic assessment in a water body by water body basis, 
focusing on those significantly regulated.  This assessment should, (i) identify the 
components of the flow regime that are significantly altered; (ii) identify which of the 
elements identified in step one can be subject to a new proposal of management; (iii) 
identify which of the elements identified in step one are critical for riparian vegetation. 

c) To prepare a stakeholder engagement plan to discuss constraints and 
opportunities. In order to be cost effective, this plan should be part of a wider river 
restoration plan.  

d) An adequate flow regulation in scarcity periods, i.e. during dry years and 
droughts, is critical for improving the status of riparian vegetation. The reproductive 
time window should be respected in the critical period of dispersal and germination, 
and also evaluate the affection of the alteration on the water table decrease.  

f) All the process described above should be accompanied by a monitoring plan 
(pre /post), ideally linked to a river restoration monitoring plan.  

g) Recovering riparian vegetation should be part of a comprehensive river 
restoration program or strategy, and monitoring plan.  

h) The restoration plan should account with climate change effects on the wider 
environment. 

Description of preferential research lines 

 
XXII. To improve and develop new algorithms to extract information from remote 

sensing techniques, specifically from LiDAR. 
 

XXIII. To improve the ecological understanding of Mediterranean riparian zones and 
understanding of how biophysical processes differ with spatial scale.  

 
XXIV. To work on detailed analysis and long term monitoring to explore how 

hydrologic alteration influences the status of riparian vegetation across 
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different environmental regions, scales and constraints. Further research 
including more available data and information are required to identify more 
precisely different links between region/climate and riparian vegetation and 
region/climate and hydrologic indicators.  
 

XXV. To explore and monitor the relationship of the ecological status and riparian 
vegetation and propose new assessments/methods to integrate explicitly the 
status of the riparian vegetation within of the ecological status in the Spanish 
regulation. 
 

 

	  


