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1 A need for an unifying geographical framework at the European scale 
 
In the context of the implementation of the Water Framework Directive (WFD), many practical 
reasons as well as scientific issues have evidenced the need for an unifying typological concept, based 
on a geographical framework, for the comparison of stream and river ecosystems. One of the major 
scientific problems raised by the WFD is the comparison of ecological status at the EU scale. The 
ecological status is defined as “the quality of the structure and functioning of aquatic ecosystems” (art. 
2). Thus, the typology applies to whole aquatic ecosystems, and not only to a particular biological 
community, and should reflect the ecological “structure and functioning” of natural water bodies. 
Beside this basic requirement, a robust, operational and scientifically sound method is expected. 
 
The typology required by the WFD is mainly aimed towards the definition of type-specific reference 
conditions (RC) for hydro-morphological, physico-chemical and biological elements. For the definition 
of reference conditions, a clear distinction between natural variability and human impact is necessary 
(Verdonschot and Nijboer 2004). Thus, the typology must be based upon parameters that are not 
altered by human activities. As some Member States (MS) did not meet the criteria to select reference 
sites in their territories, it could be useful to seek elsewhere reference sites for the same type. For 
instance, for Dutch rivers it was necessary to establish reference conditions from predictions based on 
data from adjacent countries (Nijboer et al. 2004). Hence the necessity of a common framework to 
compare the national typologies. 
 
The lack of an unifying typological framework was particularly evident during the intercalibration 
(IC) process, for the definition of relevant IC types : what kind of ecosystems can be legitimately 
compared with the same biological metrics ? A metric responds to a given set of pressures, according 
to the sensitivity of a particular river type, i.e. according to the ecosystem functioning. Thus, it is 
important to compare national river types that present a broadly similar functioning, and affected by 
comparable pressures.  
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The WFD implementation will require an analysis of the pressure / impact relationships at a relevant 
scale for the managers and decision makers, to identify the key factors impacting the biological 
communities, and to define a hierarchy amongst these so as to set priority actions; this issue was 
analyzed in a preceding REBECCA report (Garcia et al. 2006). To address these questions, it is 
necessary to analyse the relationships in geographically homogeneous areas, where ecosystem 
functioning and sensitivity can be considered as relatively consistent. We expect more robust and 
significant relationships between pressures and biological responses by partitioning the dataset 
according to natural rivers characteristics, thus limiting the effect of natural variability. 
 
The pressures themselves frequently follow a regional pattern, making it possible to identify regional 
“river pathologies”. This is logic considering that human activities (human settlement, agriculture, 
water uses..) are ruled by the natural context (Gallant et al. 2004). Moreover, as the typology 
constitutes the first frame to delineate water bodies, a congruence between natural types and 
spatialization of human pressures would allow a grouping of water bodies into coherent evaluation 
and management units. This objective steers towards a hierarchical system that could be used at 
various levels of precision according to the needs of RC evaluation for different quality elements, for 
management and policy orientation, and for public communication.  
 
For these reasons, we developed in the REBECCA project a regionalization of European river 
ecosystems, based on the concept of “Hydro-ecoregions” (Wasson 1996, Wasson et al. 2002b and 
Wasson et al. 2002d). The two mains objectives are  

• to allow comparison of rivers ecosystems characteristics and functioning at the EU scale; 
• to identify relevant geographical entities for the development of pressures / impact 

relationships. 
 
 

1.1 Regionalization and Typology 
 
The WFD offers a choice between two typological systems : a fixed system A based upon “ecoregions” 
and obligate factors with fixed class boundaries, and a more open system B with many optional 
factors. But both systems are based on natural abiotic characteristics, and require at least a 
geographical basis including geology and altitude, coupled with the size of the water body. The 
conceptual background of the system A is sound, as the natural functioning of aquatic ecosystems 
depends primarily upon two factors :  
• the size of the river, related to its position in the hydrographic network, which determines the 

longitudinal zonation structuring abiotic structures and ecosystem functioning; the importance of 
this longitudinal dimension was recognized since the beginning of the XXth century (Huet 1949, 
Illies and Botosaneanu 1963, Vannote et al. 1980 and Wasson 1989).  

• The geographical characteristics of the basins, which determine essential parameters such as 
temperature, water chemistry, hydrological regime, morpho-dynamics, and system stability. The 
importance of this regional dimension was recognized more recently, but still deserve an 
increasing interest among aquatic ecologists working on large scales (Loveland and Merchant 
2004). 

 
However, the regional framework of the system A is not satisfactory for various reasons. Principally, 
the “ecoregions” proposed in the WFD annex XI are in fact the biogeographical regions drawn by 
Illies (1978) from the known distribution of aquatic insects (Limnofauna Europea). This 
biogeographical framework, although related to some important ecological factors like temperature, 
lacks a strong relationship with the actual ecosystem functioning. The role of dispersion barriers and 
refugia during the last glaciation appears predominant, and the lack of knowledge about species 
distribution in some areas is a serious drawback. This map is particularly weak for the Mediterranean 
area. Another disadvantage of the system A is that the predefined classes of altitude do not allow a 
proper delineation of the spatial discontinuities observed in the landscape. And finally, the rough 
distinction between calcareous, siliceous and “organic” geology is not sufficient. For these reasons, 
most member states (MS) derived specific typologies based on the “system B” parameters.  
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However, an ecoregional approach, integrating on a spatial basis the controlling factors of aquatic 
ecosystems functioning, offers numerous advantages : simplicity, robustness, and congruence with 
anthropic pressures. This approach was directly followed by some MS like France and Austria (Moog 
et al. 2004), and many others have integrated some regional delineation in their typology.  
 
Our purpose here is not to derive a European typology of rivers, but a regional framework that could 
constitute a basis for the comparison of river types at the European scale. We use the term “Hydro-
ecoregion”, or HER, to avoid any confusion with existing “ecoregion” maps, as these hydro-
ecoregions are primarily designed to categorize running water ecosystems. However, as the factors 
used in their delineation are also important in explaining lakes’ abiotic structure, HERs could also be 
useful for the comparison of lake ecosystems. 
 
 

1.2 Conceptual Framework of regionalization 
 
This regionalization differs from a mere typology of known objects, as the purpose is to delimit 
geographical entities in which unknown running water ecosystems should a priori present similar 
characteristics. It is a top-down approach, linking ecosystem functioning to the geographical features 
of their catchments, based upon the ecosystems hierarchical control concept. 
 
The geographical classification of terrestrial ecosystems started in Europe and Russia at the beginning 
of the XXth century and has been developed in the USA by Bailey (1976) who popularized the term 
“ecoregion” (see Bailey (1996)). This approach has been adapted to aquatic ecosystems by Omernik 
(1987), in order to define regional goals for water quality and management (Hughes and Larsen 1988, 
Omernik and Griffith 1991 and Warry and M. 1993); a good agreement was observed between these 
ecoregions and hydrochemistry, fish communities, and to a certain extent with benthic invertebrates 
(Rohm et al. 1987 and Whittier et al. 1988).  
 
The conceptual framework was substantially improved by the theories of hydrosystem hierarchical 
control, and particularly the nesting of physical structures from the basin to the microhabitat scale 
proposed by Frissell et al. (1986) and Naiman et al. (1992), on the basis of ideas expressed by Hynes 
(1975) and Lotspeich (1980). All of these authors recognized geology, relief and climate as the primary 
determinants of running water ecosystem functioning at the basin scale. More recently the role of 
temporal variability and spatial heterogeneity has been emphasised in structuring aquatic 
communities (Ward and Stanford 1983, Resh et al. 1988 and Townsend 1989)). The integration of these 
findings led to the hydrosystem concept, a four-dimensional dynamic structure ruled by hydrology 
and morphology (Amoros and Petts 1993). Thus, we can summarize as follows (fig.1) the hierarchical 
nesting of factors that determine running water ecosystems functioning. 
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Figure 1. Conceptual framework for the regionalization: schematic 
representation of the hierarchical control factors concept for running 
water ecosystems from Wasson et al. (2002a). See text for explanations 

 
 
At the local scale, aquatic communities biodiversity and productivity respond to “key factors” that can 
be grouped into three categories: physical habitat (hydraulics, substrate), hydro-climate (light, 
temperature, dissolved gases, hydrochemistry...), and trophic resources (endogenous production and 
exogenous organic matter); however, the influence of physical conditions upon essential parameters 
such as oxygen availability or trophic resources leads to assign a central role to the habitat factor. At 
the reach scale, the distribution and dynamic of these key factors depend upon hydro-
sedimentological regime and valley geomorphology; these “control factors” rule the reach morpho-
dynamics (river bed form and stability, substrate composition), the riparian vegetation structure, the 
lateral (floodplain) and vertical (hyporheic) connectivity, and the overall temporal variability of the 
system. Finally, at a regional scale, these controlling factors depend upon a limited set of “primary 
determinants”: geology (lithology), relief (geomorphology) and climate (temperature and 
precipitation). Soils and vegetal cover obviously affect the hydro-sedimentological balance, but they 
are ultimately determined by the geophysical and climatic characteristics.  
 
This conceptual frame justifies an attempt to regionalize aquatic ecosystems by delineating “Hydro-
ecoregions” (HER) on the basis of the primary determinants (geology, relief, climate) (Wasson et al. 
1993, Wasson 1996, Wasson et al. 2002c, Wasson et al. 2002d and Wasson et al. 2002a). The underlying 
hypotheses are: 1) within each HER, running waters ecosystems should present a limited range of 
variation (as compared to the whole area) for physical, chemical and biological characteristics, 
together with a similar pattern of longitudinal change; 2) ecosystems of various regions should differ 
with respect to at least one important abiotic parameter, leading to a consistent and significant 
difference in their biological structure. This should open the way to the definition of a limited set of 
river types in each region. 
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1.3 From HER to typology 
 
Obviously, the basic hypotheses enounced above are valid only for small and medium sized reaches, 
whose catchment is entirely situated in a given HER; these streams and rivers, called “endogenous”, 
account for a very high percentage of the hydrographic network. To get a typology of the reaches, it is 
necessary to add the longitudinal dimension, in using either the river width (hardly accessible on 
large scale), or surrogates such as stream order, distance from source, catchment area, or average 
discharge. 
 
For high order rivers crossing various HERs (called “exogenous”), the typology – and thus the 
prediction of their characteristics - must be done by considering the proportion of the various HERs 
encompassed by their catchment. In a given region, exogenous reaches will be considered as different 
from the endogenous ones if the characteristics of the upstream catchment induces a major difference 
in some important abiotic characteristic (hydrology, morpho-dynamic, water chemistry), when 
compared with the range of variability of the endogenous rivers. This concept is applied in France for 
the definition of the national river typology (Chandesris et al. 2006). 
 
Finally, when sufficient reference data are available at the local scale, the regional typology can be 
refined if necessary (Chandesris et al. 2006). In Austria, Moog et al. (2004) have optimised the 
typology by coupling a top down (regionalisation) and a bottom-up approach (faunistic typology) to 
get the best matching between the a priori physical framework and the observed ecosystems 
characteristics.  
 
 
2 Methods and data 
 
Since the pioneer works of Bailey (1976) and Omernik (1987), there has been considerable debate on 
how to delineate ecoregions, opposing qualitative and quantitative approaches (Omernik 2004). With 
the development of information technologies, some authors have advocated the use of automatic 
classifications based on GIS analysis, but without demonstrating a clear advantage of the quantitative 
approaches (Jensen et al. 2001, Zhou et al. 2003, Wolock et al. 2004, Hargove and Hoffman 2004). Other 
authors directly classify river reaches on the basis of both regional and local factors, that are evaluated 
at the catchment and reach scales for each river segment (Snelder and Biggs 2002).  
 
Moreover, the growing interest in the ecoregion approach led to an increasing number of works 
dedicated to various purposes (Loveland and Merchant 2004), leading to a certain confusion. A strong 
clarification of the conceptual and methodological issues was provided recently in the journal 
“Environmental Management” (McMahon et al. 2004, Omernik 2004, Loveland and Merchant 2004). 
These authors clearly define and support the qualitative approach, or “weight of evidence” (McMahon 
et al. 2001) as a valid method to delineate ecoregions. Our approach is clearly in line with the findings 
of these authors. The basic principles followed in the process of European HER delineation are 
summarized below. 
 
The approach is based upon a top-down control concept, following the principle that a classification is 
“better done according to the causes of the class differences than according to the effects that 
differences produce” Strahler (1975), cited in Lotspeich (1980). This method also allows the definition 
of several hierarchical regional levels, and the identification of the control factors. 
 
The HER delineation is done visually by seeking the natural discontinuities for each factor, and 
searching the regional congruence of their patterns (polythetic approach, Loveland and Merchant 
(2004)). The basic principle is to minimize intra-regional variability and maximize inter-regional 
differences. 
 
In the delineation process, the weight of each factor depends on the context of the others; in other 
words, the hierarchy of the factors can vary from one place to another (Omernik 2004). This 
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methodological point is very important, and constitutes a major obstacle to the use of automatic 
classifications.  
- For instance, under Mediterranean climate, hydric stress and high summer temperatures are 

considered as the major control factor, and geology appears less important. In mountainous area, 
altitude and climate are closely linked, while hydrology and habitat conditions are driven by 
snow melting and slope; the geomorphologic structure of the massif determines the HER 
boundary. In lowlands under humid climate, geology and permeability appear as more important 
factors.  

This process is made explicit a posteriori by classifications. The coherence of the delineation can also be 
tested a posteriori, by comparing it to multivariate analysis and automatic classifications of the 
geographical factors used for the HER construction. 
 
Basic parameters are natural characteristics: geology, relief and climate. Each factor is characterized by 
a limited set of key parameters, selected according to their relevance in terms of aquatic ecosystem 
functioning. The range of variation of each parameter is also analyzed in the light of its ecological 
effect. 
-  The geological map was interpreted in terms of lithological categories, corresponding to rock 

properties relevant to the physical functioning: hardness (susceptibility to erosion), permeability, 
influence on water chemistry; hydro-geologic maps were widely used. A 30 arc seconds DEM was 
used to derive altitude and terrain slope, and to analyse major landscape structures. Climatic 
parameters described the annual average and seasonal variability of precipitation and 
temperature. Specific indices were used to evaluate the hydric stress under Mediterranean 
climate, and the probability of water freezing. Worldwide climatic models are rather imprecise, 
and the natural vegetation maps (when available) were also used as a geographical indicator of 
the climate.  

 
Regionalization deals with some clear natural boundaries (geomorphologic and climatic), generally 
obvious in the landscape, but also with climatic or altitudinal gradients leading to “fuzzy borders” 
(Loveland and Merchant 2004). For altitude, we have singled out a regionalization by structural 
(geomorphologic) massif, with the hypothesis of a predictable longitudinal evolution of running 
waters within these massifs. Delineating regions in a climatic gradient is often more arbitrary, and we 
followed in this case changes in vegetal cover, or indices revealing a (dry or cold) stress for aquatic 
ecosystems. 
 
Running waters rapidly integrate the microscale (sensu Bailey (1996)), i.e. at a kilometer scale) 
heterogeneity of their watershed, that constitutes a great advantage for their regionalization. Such an 
heterogeneity, for instance in rock composition, can be considered statistically as a component of HER 
characteristics. Landscape heterogeneity (10-100 km2), such as rain shadow effects in mountainous 
area, or geological layers alternations, were considered in the same manner, leading to recognise a 
rather high internal heterogeneity in some regions. In every case the variation range for a given 
parameter is part of the HER characteristics. 
 
Finally, such a regionalization is basically a predictive hypothesis about the geographical pattern of 
running water ecosystems structure and functioning. The general HER approach has been validated in 
different ways, at the running water ecosystem level on the basis of independent physical, chemical 
and biological data collected from reference sites (Cohen et al. 1998, Ivol-Rigaut 1998, Andriamahefa 
1999 and Wasson et al. 2002a). The European HERs proposed here should be validated independently 
in the same way.  
 
The European Hydro-ecoregion GIS database 
 
The information layers used in the HER delineation must be 1) informative and exhaustive as regards 
the primary determinants recognized in the HER concept, 2) spatially homogeneous at the European 
level, and 3) easily available. The primary determinants are geology (interpreted in terms of lithology, 
hydrogeology and rock properties), relief (or topography), and climate. Additional information was 
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gathered concerning soils organic content, and natural (or potential) vegetation as a describer of 
climatic conditions.  
 
Digital layers were assembled in a GIS, and paper maps were scanned to produce geo-referenced 
digital images that could be visualized in the GIS. The table 1 summarizes the main data used for the 
regionalization. As data were coming from numerous sources, a large effort was required for data 
retrieval, classification, harmonization and assembly into a large database. The most important layers 
come from European institutions (EEA, JRC), or worldwide databases like EROS Data Center (USGS) 
or Climate Research Unit (CRU).  
 
Additional information concerning river regionalization or typology, when available, was compiled 
from various Member States. Although not directly used in the HER delineation, this information was 
considered as a valid national expert view when the rationale of the typology was coherent with the 
HER concept, i.e. when large scale regional features related to geology, relief or climate were used as 
high level key parameters in the typology. The national typology from Belgium (Flanders (Jochems et 
al. 2002) and Wallonia (Vanden Bossche and Usseglio-Polatera 2005)), Luxembourg (Ferréol et al. 
2005), Austria (Moog et al. 2004), Germany (Pottgiesser 2004), Catalunyia (Munné and Prat 2004) and 
Portugal (Alves  2002) were particularly useful in this process. This step was very important to ensure 
the nesting of the compatible national typologies in the HER framework. 
 
 
3 Results:  the European Hydro-ecoregions 
 

3.1 HER Delineation 
 
In a first step, the HERs were delineated according to the principles and methods enounced above. 
This work was iterative and included many exchanges between the authors, discussion with others 
European hydrobiologists, and  comparison with existing typologies.  
 
A total of 133 regions were identified (fig 2), corresponding to173 geographical polygons in the GIS, as 
some regions can be constituted by non contiguous areas; the proposed HER names are given in annex 
(Appendix table A-1). Each region is differentiated from the neighbouring ones by at least one 
identifiable key parameter related to geology, relief or climate; in most cases, a combination of 
characteristics makes a clear distinction between two adjacent HERs. 
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Data Layers Scale 
resolution Source Accessibility 

DEM (m) altitude 30-arc seconds 
(approx. 1 km) 

GTOPO30 database from the USGS (United States 
Geological Survey) Eros Data Center, USA Free upon request 

Geol_ouest 
GEOLOGY 
(Unesco) 

Geol_est 

1 : 5.000.000 
 

International Geological Map of Europe and the 
Mediterranean Region. Bundesansalt für 

Bodenforschung / Unesco 1972 

Copyright : paper 
version purchased by 

Cemagref 

GEOLOGY 
(USGS) geol_usgs 1 : 5.000.000 

Generalized Geology of Europe and Turkey. Map 
Showing Geology, Oil and Gas Fields, and Geologic 
Provinces of Europe including Turkey": 97-470 World 
Energy Data Volume I, Europe including Turkey, U.S. 

Geological Survey, Denver, CO. 

Downloadable at: 
http://energy.cr.usgs.g
ov/oilgas/wep/products
/geology/europe.htm 

HYDRO-
GEOLOGY 
(lithology) 

A5, A6, etc 1 : 1.500.000 

International Hydrogeological Map of Europe.BGR & 
UNESCO, Hannover & Paris 1970 

http://www.bgr.de/b1hydro/index.html?/b1hydro/fachbe
itraege/a201001/e_ihme.htm 

Purchased by 
Cemagref (Unesco 

publications) 

pp 

mean_temp 

frost_days 

wet_days 

10' (arc 
seconds) : 

approx. 10 km 

day_temp_range  

sunshine  

CLIMATE  
 

humidity  

CRU global high-resolution climate database  
Climate Research Unit,  

University of East Anglia 

Freely downloadable : 
http://www.cru.uea.ac.

uk/cru/data/hrg.htm 

borders 

mjrivers 

rivers 

water (lakes) 

cities 

GEOGRAPHY 
 
 

admins 

 
Country borders, major rivers, rivers, water bodies, 

cities, administrative borders 
 ESRI 

Distributed with AV 
software, copyright 

ESRI 

Natural 
vegetation 

veg_Allemagne, 
veg_Espagne. 1 : 3.000.000 UNESCO - Carte de la Végétation Naturelle de 

l’Europe 

Purchased by 
Cemagref (Unesco 

publications) 

ORGANIC 
CARBON  in 
Topsoils in 

Europe 

octop_grid 10 km ESDB (European Soil Database) from JRC 

Free under request. 
Downloadable at: 

http://eusoils.jrc.it/ESD
B_Archive/octop/octop

_data.html 

 

Table 1. Main geographical layers used in the European Hydro-ecoregions delineation. 

 
The level of precision of this first delineation is roughly equivalent, but slightly more detailed than the 
level 1 of  HER (HER-1) used in France: 22 HER-1 were identified in the metropolitan area in the 
original work (Wasson et al. 2002b, Wasson et al. 2002d), while 30 Europeans HERs are shared by 
France with the present map. The reasons for this is 1) some original French HER-1 appeared in fact 
too large for a good discrimination of biological communities and were further separated in the 
typology (Chandesris et al. 2006), and 2) some marginal areas, too small to be identified as individual 
region in France, correspond in fact to a portion of larger HERs whose identity is evident at the 
European scale. 
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Figure 2. Map of the Hydro-ecoregions of Europe (version 2, march 
2007). 

3.2 HER Classification  
 
This level of precision is intended to be relevant for the discrimination of biological communities, 
particularly for benthic invertebrates. However, the map could perhaps be simplified by examining 
the HERs’ characteristics proximities, and possible similarities over Europe. Moreover, to compare the 
ecological functioning of river ecosystems,  a more synthetic view is necessary. For these purposes, we 
have carried out classifications of the 133 individual HERs in order to 1) test the validity of the 
delineation and simplify the picture by grouping HERs of similar characteristics, and 2) present a 
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synthetic view of the spatial distribution of the geomorphological and climatical determinants of 
aquatic ecosystems at the European scale. 
 

3.2.1 Relief 
 
The relief (or topography) determines valley slope, and thus flow energy, erosion and sediment 
transport. Precipitation is strongly linked to topographical heterogeneities, and temperature is directly 
linked to altitude. Thus the topography is the first physical determinant of river ecosystems. Across 
European territory, common physical structures are evident (mountains, hills, lowlands), and we have 
therefore classified the HERs into groups of similar geomorphology. 
 
Relief characteristics were analysed mainly in using altitude and terrain slope, derived from the DEM. It 
is important to state that if the altitude are correctly evaluated at the European scale by the 1km DEM, 
the calculation of the slope is affected by the size of the DEM cells: a more precise DEM would give 
higher slope values.  
 
In a fist step, we examined the relationships between median altitude and slope (fig 3). The classes of 
the high relief can be easy discriminated by these parameters; three classes of mountains can be 
distinguished: 

- the high mountains, clearly separated, correspond to the central part of the Alpine chain; 
- the mountains with strong slope, correspond to European massifs like Pyrenees, Scandian 

Alps, pre-Alps, Apennines, Dinaric Alps, Pindos, Sierra Nevada, Cantabrian mountains and 
some lower median altitude islands or littoral massifs like Corsica, Crete, Calabria, and 
Peloponnesus; 

- the middle mountains, with lower slopes but the same pattern of distribution. 
 

Additionally, in the Iberian peninsula, the “mesetas” are separated as a particular class with high 
altitude and low slope. The Spanish “sierras”, appearing also as outliers in this figure, were classified 
as mountains.  
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Figure 3. Relationship between altitude and slope (median values) of the 

133 European hydro-ecoregions.  

 
 
However, median values alone are not sufficient to classify the regions. The HERs’ internal 
heterogeneity is also a very important parameter, particularly to discriminate classes within the 
regions of lower relief (hills, lowlands and plains). For each HER, the distribution of altitude and slope 
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was calculated on the basis of the DEM pixels (1 km2), and the 10th, 50th (median) and 90th percentiles 
were used to characterize the variability within each region; these distributions are given in annex 
(Appendix RELIEF fig A-1 and A-2). The corresponding maps are given in figures 4 and 5.  
In a first step, we classified altitude distributions in 7 classes and slope in 6 classes, corresponding to 
the most evident breaks in the HERs’ values distributions. The class limits, based on the median and 
90th percentiles, are given in tables 2 and 3 below.  
 

Altitude 
classes median (m)  90th percentile (m) 

1a <  125 AND <  250 
1b [125 ; 250] AND < 450 
2 [250 ; 450] AND [400 ; 800] 
3 [450 ; 750] AND < 1300  
4 [700 ; 1000] AND  [1350 ; 1750] 
5 [1000 ; 1500] AND [1600 ; 2000] 
6 > 1750 AND >2300 

Table 2. Characterisation of European Hydro-ecoregions : definition of altitude classes. 

 
 

Slope 
classes median (%)  90th percentile (%) 

1a <  0.4 AND <  1 
1b [0.4 ; 1] AND < 3 
2 [1 ; 2.5] AND [3 ; 6] 
3 [2 ; 6] AND [6 ; 11] 
4 [5 ; 9] AND  [11 ; 21] 
5 > 9 AND >18 

Table 3. Characterisation of European Hydro-ecoregions : definition of slope classes. 

 
Then, the combination of these two descriptors give the type of relief for a given HER. The slope was 
considered to be the primary factor for the classification, as it is more important than altitude to 
determine the physical characteristics of the rivers. Nine categories of relief were identified, 
corresponding mainly to the following combinations of altitude and slope classes (table 4).  
 

Relief category  Slope 
class  Altitude 

class 
High Mountains 5 AND 6 

Mountains 4 or 5 AND 3 to 5 
OR (Iberian peninsula) 3 AND 5 

Middle Mountains 3 AND 2 or 3 
Mesetas - plateau 1b AND 4 

Hills 2 AND 2 (or 1b) 
Mediterranean hills 3 AND 2 

OR 2 AND 3 
Mediterranean depressions 2 or 1b AND 1a or 1b 

Lowlands 1b AND 1a or 1b 
Plains 1a AND 1a or 1b 

Table 4. Classification of European Hydro-ecoregions according to the relief: combination 
of altitude and slope. 

 
However, others characteristics were taken into account, such as the geomorphological structure 
evidenced by the hillshade treatment of the DEM, to classify a given HER in a relief category; for this 
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reason, there is in few cases a slight overlapping of the categories definitions based only on altitude 
and slope (table 4). 

 

 
 

Figure 4. Visualisation of altitude in European Hydro-ecoregions. 

 
The geomorphological classification of the Mediterranean area raised a specific problem, due to the 
high heterogeneity of the relief and geology, a direct consequence of the particular tectonics of this 
area. This heterogeneity is increased by the intensity of erosion processes under Mediterranean 
climate. Thus, apart of the massifs that can be recognised as “mountains” or “middle mountains”, we 
identified the “Mediterranean hills”, like Provence or Tuscany, with a stronger relief than so-called 
hills in other part of Europe, and the “Mediterranean depressions” characterised by rather large 
littoral plains surrounded by or interspersed with steep relief. Some islands with a steep relief but low 
median altitude (Sardinia, Sicilia, Cyprus) are classified as middle mountains rather than hills due to 
their geomorphological structures.  
 
As a whole, the European relief can be basically classified into 6 categories : high mountains, 
mountains, middle mountains, hills, lowlands and plains; but the particularities of the Mediterranean 
area require an adapted classification, leading to identify the Mesetas, Mediterranean hills and 
Mediterranean depressions as specific geomorphologic category. All of the 133 HERs are classified 
into 9 relief types (Appendix table A-1) represented on the map (fig 6) 
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Figure 5. Visualisation of slope in European Hydro-ecoregions. 

 
Figure 6. Classification of European Hydro-ecoregions  according to relief 
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3.2.2 Geology and Lithology 
 
Together with the geomorphologic structures, the underlying geology is also a primary determinant 
of stream functioning. The rock properties (expressed by the lithology) determine both water chemistry 
and sediment loads, hence the river morpho-dynamics and substratum composition; the rock 
permeability conditions the hydro-geologic processes, and thus influences hydrology, particularly the 
low flow regime. Besides, relief and geology are often closely related and determine the 
geomorphology, which was the main criteria for the HERs’ delineation. It is thus essential to 
characterise the lithology within each HER. 
 

3.2.2.1 Data 
 
The geological maps of Europe provide informations on stratigraphy, i.e. geological ages. In a first 
step, it is useful to identify the main geological structures corresponding to some kind of materials, 
especially primary and igneous rocks. However, for most of the sedimentary formations, it is not 
always easy to infer lithology from stratigraphy at the EU scale: the same geological period may have 
generated very different rocks types depending on the geographic location.  
 
Hence we needed to complement the geological map with lithological information, obtained from the 
International Hydrogeological Map of Europe (IHME) (see example in Appendix GEOLOGY, fig A-3). 
The original paper maps were scanned as images and georeferenced. Due to the lack of quantitative 
digital data, the percentage of the different rocks types and associated permeability for each HER was 
visually estimated from the IHME.  
 

3.2.2.2 Rock properties 
 
The IHME contains valuable information about rock permeability. For the other properties, there are 
no harmonized and exhaustive databases for the whole European territory. Rock hardness (i.e. 
susceptibility to erosion) and influence on water chemistry have been inferred from the French 
lithological classification (Wasson et al. 2002c). The French geology is very diverse, and contains 
almost all of the geological features present in Europe (concerning for example carbonates content or 
ionic load). Nevertheless, there is obviously some imprecision in the extrapolation; for example, the 
influence of bedrock characteristics on water chemistry can vary depending on the degree of 
dissolution as a function of the climate. 
 
Data on Calcium content were available for some countries (Slovakia, Estonia, Latvia, Poland, UK and 
France) (Appendix GEOLOGY, fig A-4). Considering that the Calcium content in waters is closely 
related to carbonates, these data projected on the underlying geology provided a good complementary 
information to infer the rock influence on water chemistry. 
 
Another important parameter influencing water chemistry, not related to lithology but to soils 
properties, is the organic carbon content of the superficial layers. Particularly important under cold 
climate and upon crystalline rocks, organic carbon accumulation induces a high Dissolved Organic 
Carbon (DOC) content and a low pH in waters. This parameter was taken into account by the mean of 
the  topsoils organic carbon data from the JRC European Soil Database. It was an important factor for 
HER delineation in Scandinavia (Appendix GEOLOGY, fig A-5).   
 

3.2.2.3 Lithological characterisation 
 
Large scale geomorphology was generally the primary determinant for the HERs’ delineation. Thus 
the HERs present, in many cases, a degree of heterogeneity with respect to geology. In France, a 
(relative) homogeneity of geological structures was attained at the level 2 of HER delineation, 
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corresponding to 126 HER-2 for the French metropolitan territory. This level of precision was neither 
attainable, nor necessarily useful at the European scale, as the HER level 1 appeared in most cases to 
be sufficient to define the typology in France.  
 
Despite this, geology was an important factor for the regionalization, for two reasons. First, there is an 
evident correspondence between geomorphologic structures and geology: plains, lowlands, hills and 
mountains are generated by different rock types and ages. Second, if the mesoscale lithological 
heterogeneity is sometimes rather high, large scale geological structures are evident in Europe: 
Precambrian shields, secondary calcareous formations, tertiary mountains and quaternary sediment 
present differentiated patterns on a map (fig. 7).  
 

 
Figure 7. European Hydro-ecoregions and main geological structures.  

 
The integration of lithology in the HER construction was done in the following way: 
- A lithological classification was realised, by grouping rock types into 7 classes corresponding to 

coherent sets of properties in terms of rivers functioning (hardness, permeability, influence on 
water chemistry); we also took into account in this classification the geological processes leading 
to a close spatial association of different rocks types in the same formation. 

- These lithological classes were used in the HER delineation as far as they present large scale 
recognizable patterns, and are supposed to exert a dominant influence on the river functioning in 
the context of the others factors (relief and climate). 

- Each HER was finally characterized by the quantitative combination of the lithological classes 
encountered in this HER (see Appendix table A-1).  

 
The 7 lithological classes (detailed in the Appendix Geology-A) are the following: Crystalline, 
Metamorphic and Schist, Sedimentary non carbonated, Massive carbonated, Sedimentary 
heterogeneous carbonated, Fine detritic and Coarse detritic. In two cases, the HERs’ lithology was 
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categorized as “heterogeneous”: 1) when the mesoscale lithological pattern was too complex to allow 
a regionalization, like in the Balkans mountains, or 2) when the geology appeared as a secondary 
parameter, surpassed by a more important ecological factor such as the hydric stress in the 
Mediterranean area. 
 
This integration of the large scale geological structures in the HER framework is evidenced by 
overlaying the HER limits and the geological map, as presented in Fig. 7.  

 
Figure 8. Classification of European Hydro-ecoregions according to 

geology (lithology)  and relief (litho-morphology). 

 
Finally, to better express the close genetic relationships between lithology and geomorphology, and to 
give a synthetic picture of these two essential factors, we combined the lithological and 
geomorphological informations into one litho-morphological classification, visualized in the table 5 
(details in Appendix Geology-B). Each HER was affected to a litho-morphologic class according to the 
relief classification (fig. 6) and to its dominant lithology evaluated from the proportion of the different 
classes. The resulting map is presented on the Fig. 8. 
 

3.2.2.4 Comparison with an automatic classification 
 
The lithological classification (7 classes) is based on our findings learned from the French experience; 
however, the allocation of a given HER into a lithological class is a result of an expert evaluation. In 
order to test the consistence of this classification, we compared the result of our litho-morphological 
classification (table 5 and fig. 6) with a hierarchical automatic classification (HAC) based on the 
lithological characteristics of each HER. A principal component analysis (PCA) was realised with 7 
lithological variables x 120 HER (regions characterised by construction as “heterogeneous” were 
excluded from the analysis). Results of both classifications are presented on the Fig. 9. 
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Apart from the sandstone hills corresponding to a single HER, the lithology is structured by three axis 
(fig. 9A), related to crystalline and metamorphic rocks, massive carbonated and sedimentary 
heterogeneous carbonated rocks, and (coarse and fine) detritic rocks. The automatic classification (fig. 
9C) and the litho-morphological one (fig.9B) clearly separate the classes according to these 3 axis. As a 
whole, there is a good correspondence between the two figures, but also an important difference: the 
HAC group 6 incorporates HERs that have a combination of crystalline and carbonated rocks, while in 
our classification we have affected these HERs to one or other class according to the dominant 
lithology.  
 
One important lesson from this analysis is that the large scale lithology of the European territory is 
predominantly structured by three broad categories of rocks, we can refer to as “crystalline”, 
“carbonated” and “detritic” (disregarding the “heterogeneous” category). At the HER scale, the 7 
classes identified remain useful to characterize some geologically homogeneous regions. But as a 
whole, the geological complexity does not allow at large scale a clear regionalisation of the different 
lithological classes inside these three broad categories. 
 
 

Table 5. Litho-morphological classification of European Hydro-ecoregions 

 

3.2.3 Climate 
 
European territory is large enough to have a significant range of climatic conditions, from semi-arid 
Mediterranean to Boreal climate. The basic parameters are the average values, and range of variability, 
of precipitation and temperature, but the climate can be characterised by many different descriptors. 
We emphasized the most relevant in terms of river functioning: as an example, the annual 
precipitation determines the mean discharge, but the seasonal variation can result in very different 
hydrological regimes. Similarly, maximum temperature values are a key factor of the distribution of 
aquatic biota, while water freezing constitutes a severe stress for aquatic ecosystems. Aridity indices, 
combining both precipitation and temperature, determine the water budget (deficit/excess) and thus 
the probability of “hydric stress”. Hence, we focussed on those parameters informative in terms of 
annual and seasonal water budgets, and range of temperature conditions susceptible to induce a 
“cold” or “dry” stress.  
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Figure 9. PCA analysis on HER lithological characteristics. A: 
variables projection on (F1,F2).  B and C : projection of the HER on 
(F1,F2) grouped according to the litho-morphological classification 
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(B) or an automatic classification based on the same lithological 
characteristics(C). 

3.2.3.1 Climatic data 
 
After many attempts to obtain homogeneous climatic databases at the European scale, we finally used 
the Climate Research Unit (CRU) database from the University of East Anglia (New et al. 2002). Many 
different variables elaborated from the original database were tested (see Appendix Climate). As 
many of these indicators are correlated and provide redundant information, we ran various PCA 
analysis and automatic classifications to simplify the set of informative variables. We retained for the 
HER characterization and classification a set of five parameters; the first two describe the range of 
temperatures, two others the annual and summer precipitation, and the last one the hydric stress. 
These parameters are the following: 
- Number of cold months: the number of months with a mean temperature under -2°C, determining 

the probability of water freezing. 
- Average July temperature: a descriptor of the warmest temperature conditions. 
- Average annual precipitation: the total amount of water entering in the hydrosystem. 
- Average summer precipitation: the sum of June, July and August rainfall, determining the amount 

of water available during the warmest period. 
- Gaussen index: based on temperature and precipitation, the index is the annual number of dry 

months, defined as a month with P≤  2T (P: precipitations of the month in mm ; T: average 
temperature °C) (Bagnouls and Gaussen 1957). 

 

3.2.3.2 Use of climatic factor in the HER delineation  
 
The regional distribution of these five parameters is visualised on the Fig. 10 and 11. Temperature and 
precipitation vary in general more or less continuously, but are strongly affected by the 
geomorphologic structures. For this reason, climatic factors were generally not directly used in the 
HER delineation, but their spatial distribution follows rather well the HER boundaries mainly based 
upon the litho-morphological structures. In practice, we searched also in the HER delineation for the 
maximum congruence between the physical structures boundaries and the spatial variation of the 
main climatic parameters. In few cases, like in the Central Baltic plain, in Galicia, or in the French 
Massif Armoricain, some HER boundaries were delineated principally according to climatic 
parameters. 
 
The Mediterranean is defined by the hydric stress. The Gaussen index, developed to delimitate 
Bioclimatic regions, is validated for middle latitudes of the northern hemisphere, and the apparition of 
dry months matches the Mediterranean vegetation limits; hence we used it to define the 
Mediterranean domain (Charre 1997), characterised by 1 to 5 dry months (table 6). Only some semi-
arid areas in south-eastern Spain have 6 to 8 dry months, and the remaining of Europe is "axeric" with 
no dry months (fig. 11). Other aridity indices, such as the De Martonne index, exhibit very similar 
patterns (see Appendix Climate).  
 

Nb of dry 
months Bioclimatic region 

0 Axeric 

1-8 Submediterranean, 
Mediterranean 

9-11 Subdesertic 
12 Desertic 

 

Table 6. An interpretation of Gaussen's number of dry months (adapted from Rivas 
Martínez 2004). 
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Figure 10. Spatial Distribution of temperature and precipitation in the 
European Hydro-ecoregions. See text for explanations.  
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Figure 11. Spatial distribution of the Gaussen index values (number of 
dry months) in European Hydro-ecoregions. Positive values 

correspond to the Mediterranean climate.  

3.2.3.3 Climatic HER Classification 
 
For the classification of the HERs according to climatic factors, a step by step process was used: 

- In a first step, the climates corresponding to a severe stress for river ecosystems are identified:  
- The Boreal climate, with an average number of cold months >4, corresponding to a 

long period of water freezing. 
- The Mediterranean climate, with an average number of dry months > 0.45, and the 

Hyper-Mediterranean climate with more than 3.5 dry months. 
 

- In a second step, the clear influence of mountains upon climatic conditions (cold winter, wet 
summer) is separated, in defining an Alpine type climate (number of cold months >1 and 
average summer rainfall > 260 mm); the other mountainous areas, with a less significant 
influence, are classified as Temperate mountain climate. 

 
- The remaining HERs correspond to hills, lowlands and plains under temperate conditions; 

however, some significant climatic differences with respect to aquatic ecosystems are still 
linked to their geographical position. The western / eastern position determines an Atlantic to 
continental gradient, with decreasing rainfall and winter temperature. The northern / 
southern gradient is best evidenced by an increase in summer temperatures. For these 
reasons, we further differentiated four types of temperate climate: 

 Oceanic, with an average annual rainfall >900 mm; 
 Continental cold, with an average number of cold months >1, and the mean 

temperature of July < 19°C; 
 Temperate warm, with the mean temperature of July > 19°C; 
 Temperate for the others. 
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In a hierarchical perspective of the influence of climate upon aquatic ecosystems, it is important to 
stress that if the extreme climates (Boreal, Mediterranean, Alpine) are clearly separated, the other 
classes represent more limited variations within a broad “temperate” category. Moreover, as in any 
classification, some HERs  are borderline in their category: for instance, the climate of the Scandian 
Alps (HER 75) is very close the Alpine one,  and the Alpine foredeep (HER 27) although  in the “hills” 
category, presents an Alpine type climate.  
 
This classification process, leading to 9 climatic classes, is illustrated in the table 7. The corresponding 
map is given Fig. 10.   
 

Climate type Dry 
months 

Cold 
months 

PP summer 
(mm) T July (°C) PP year 

(mm) relief_class 

Boreal  > 4     
Mediterranean > 0.45      

Hyper-
Mediterranean > 3.5      

Alpine type  >1 260    “high mountains”  
and other mountains  

Temperate 
mountain       “mountains” and 

“middle mountains” 
Continental cold  >1  <19  
Temperate warm    > 19   

oceanic     > 900  
temperate  <1  <19   

hills 
plains 

lowlands 

 

Table 7. Characterisation of the climatic classes 
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Figure 12. Classification of Hydro-ecoregions  according to climate 

In a recent paper, Metzger et al. (2005) provided a detailed climatic stratification of Europe based on 
automatic classification of the CRU database. Our classification, more simple, follows the same large 
scale patterns, but could differ locally due to the emphasis put on parameters selected for their 
importance upon river ecosystems functioning.   
 

3.3 Global classification 
 
Finally, we can combine the three classifications based on relief, lithology and climate to group the 
HERs sharing the same classes. This was done in a two dimensional table with the HERs litho-
morphological characteristics in rows and the climatic classes in columns. The resulting pattern allows 
the identification of 49 HER types with similar or close characteristics (Appendix table A-1). 
 
The principles of the classifications and the hierarchy of factors can be summarised in the figure 13. 
First are separated the extreme climatic conditions : Boreal and Mediterranean, where the relief is the 
main factor for the HER types differentiation. In non extreme climates, the relief is the first broad key 
separating the 3 classes of mountains from the hills, lowlands and plains. High mountains have an 
Alpine climate; mountains and medium mountains are classified according to climate and litho-
morphology. Conversely, for the low relief areas under less contrasted climatic conditions, the litho-
morphology is the leading factor for the HER types differentiation. 
 
Even if spatially distant regions are likely to differ in their biotic components due to the 
biogeographical factors, we can expect in each HER type similar ecosystem characteristics, as regards 
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physical structure and variability, and water physico-chemistry; that should lead to comparable 
patterns of the biological communities evaluated in terms of functional structure. 
 
However, two points must be emphasized: 
- The 133 HERs have their own identity at a certain level, and for this reason we have chosen to 

preserve this information, by taking into account at the same hierarchical level all the HERs drawn 
during the analytical process;  

- but the present classifications, and particularly the global one, must be considered as provisional; 
simplifications of the HER types will be searched by introducing a stronger hierarchy in the 
factors. 

 
4 Conclusions 
 
This first Hydro-ecoregions map of Europe sets the natural framework for many applications 
concerning running waters, and more generally aquatic ecosystems. Since the work of Illies (1978) 
more related to species distribution, it is the first attempt to give a large scale view of the geographical 
heterogeneity and the potential diversity of river ecosystems in Europe. The top-down approach used 
here allowed an homogeneous treatment of the whole European territory, that could not be possible in 
a bottom-up approach due to the amount and spatial coverage of existing data on ecosystems 
characteristics.  
However, a validation at the European scale of the capacity of the HERs, taken individually or at 
various levels of aggregation, to correctly stratify observed abiotic and biotic characteristics of running 
water ecosystems, is highly desirable. In this perspective, the biotic typology derived from the STAR 
project invertebrates dataset, distinguishing three majors groups of stream types as “Mountains”, 
“Lowlands” and “Mediterranean” (Sandin and Verdonschot 2006), and many geographical types 
within groups (Verdonschot 2006) seems very coherent with the HER map and classifications. It could 
be very informative to compare both approaches in order to 1) validate and improve the HER 
framework, and 2) provide a coherent framework for the spatial extrapolation  of the STAR typology. 
 
In its present state, this map must be considered as a tool, summarizing a lot of information on 
European geography, interpreted in terms of river functioning. This information can be used in 
different ways to stratify the physico-chemical characteristics of the running water ecosystems, with 
the hypothesis of a strong link with biological communities. This spatial framework could be useful 
for scientists as well as for managers. 
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Figure 13. Schematic representation of the hierarchy of factors used in 
the HERs classification. 

 
The map generated can be the basis for a river typology, by introducing the longitudinal dimension 
and other locally relevant parameters if necessary. It will be used for this purpose in Italy. However, 
as most countries have yet established their typologies, the most direct use in the future will be to set a 
global framework for the comparison of the national river types.  The HER map has yet been used to 
compare lake types in UK.  
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Finally, as the human activities follow also a regional pattern, the HERs  were considered as the most 
relevant spatial scale for the development of pressure / impact relationships. Hence, the HER 
framework was directly used to stratify the national datasets into coherent evaluation units in the 
following part of our work dedicated to large scale models.  
 
 
 
 
5 Bibliography 
 

Alves,M.H., J.M. Bernardo, H.D. Figueiredo, J.P. Martins, J. Padua, P. Pinto, M.T. Rafael 2002. 
Directiva- Quadro da Agua : Tipologias de rios segundo o sistema A e o sistema B em Portugal 347 – 
355 pp. Actas del III Congreso Iberico sobre Gestion y Planification del Agua. La directiva-Marco da 
Agua : realidades y futuros. Sevilha, 13 a 17 de Novembre 2002. 

Amoros, C., and G. E. Petts. 1993. Hydrosystèmes fluviaux. Masson, Paris. 

Andriamahefa, H. 1999. Les hydro-écorégions du bassin de la Loire. Morphologie, hydrologie, 
pressions anthropiques sur les cours d'eau et les bassins versants. Pp. 272 + planches et annexes. 
Université Jean Monnet, Saint-Etienne. 

Bagnouls, F., and H. Gaussen. 1957. Les climats biologiques et leur classification. Annales de 
Géographie 355:193-220. 

Bailey, R. G. 1976. Ecoregions of the United States au 1/7 500 000, in colour. US Department of 
Agriculture, Forest Service, Intermontain Region, Ogden, Utah. 

Bailey, R. G.  1996.  Ecosystem geography. Springer-Verlag, New York. 

Chandesris, A., J. G. Wasson, H. Pella, H. Sauquet, and N. Mengin. 2006. Typologie des cours d'eau de 
France métropolitaine. Appui scientifique à la mise en oeuvre de la Directive Cadre Européenne sur 
l'Eau. Pp. 62. Cemagref, Ministère de l'Ecologie et du Développement Durable, Lyon. 

Charre, J.  1997. Dessine-moi un climat. Que penser du diagramme ombrothermique? Mappemonde 2: 
29-31. 

Cohen, P., H. Andriamahefa, and J. G. Wasson.  1998.  Towards a regionalization of aquatic habitat: 
distribution of mesohabitats at the scale of a large basin. Regulated Rivers: Research and Management 
14:391-404. 

Ferréol, M., A. Dohet, H. M. Cauchie, and L. Hoffmann. 2005. A top-down approach for the 
development of a stream typology based on abiotic variables. Hydrobiologia 551: 193-208. 

Frissell, C. A., W. J. Liss, C. E. Warren, and M. D. Hurley. 1986. A hierarchical framework for stream 
habitat classification: viewing streams in a watershed context. Environmental Management 10: 199-
214. 

Gallant, A. L., T. R. Loveland, and T. L. Sohl. 2004. Using an ecoregion framework to analyze land-
cover and land-use dynamics. Environmental Management 34: 89-110. 

Garcia, A., B. Villeneuve, and J. G. Wasson. 2006. Combined pressures in A. S. Heiskanen, A. G. 
Solimini and A. C. Cardoso, eds. REBECCA D4. Linkages between chemical and biological quality of 
surface waters. Current knowledge on indicators and methods for Water Framework Directive 
ecological status assessment. REBECCA. 

Hargove, W. W., and F. M. Hoffman.  2004.  The potential of multivariate quantitative methods for 
delineation and visualization of ecoregions. Environmental Management 34:S39-S60. 

Huet, M.  1949.  Aperçu des relations entre la pente et les populations piscicoles des eaux courantes. 
Zeitschrift für Hydrologie 11:332-351. 

Hughes, R. M., and D. P. Larsen. 1988. Ecoregions: an approach to surface water protection. Journal 
Water Pollution Control Federation 60: 486-493. 



 30

Hynes, H. B. N. 1975. The stream and its valley. Verhandlungen der Internationale Vereinigung für 
Theoretische und Angewandte Limnologie 19:1-15. 

Illies, J.  1978.  Limnaufauna Europaea, a checklist of the animals inhabiting european inland waters, 
with accounts of their distribution and ecology (except protozoa). Gustav Fischer Verlag, Stuttgart, 
New York. 

Illies, J., and L. Botosaneanu.  1963.  Problèmes et méthodes de la classification et de la zonation 
écologique des eaux courantes, considérées surtout du point de vue faunistique. Verhandlungen der 
Internationale Vereinigung fur Theoretische und Angewandte Limnologie 12:1-57. 

Ivol-Rigaut, J. M. 1998. Hydro-écorégions et variabilité des communautés du macrobenthos sur le 
bassin de la Loire. Essai de typologie régionale et référentiel faunistique. Pp. 271. Université Claude 
Bernard Lyon I, Cemagref LHQ/BEA, Lyon. 

Jensen, M. E., I. A. Goodman, P. S. Bourgeron, N. L. Poff, and C. K. Brewer.  2001.  Effectiveness of 
biophysical criteria in the hierarchical classification of drainage basins. Journal of the American Water 
Resources Association 37 

Jochems, H., A. Schneiders, L. Denys, E. Van den Bergh 2002. Typologie van de oppervlakteweteren in 
Vlaanderen Eindverslag van het project VMM. KRLW-typologie. 2001, Pp. 67. Instituut voor 
Natuurbehoud. 

Jones, R.J.A., Hiederer, R., Rusco, E., Loveland, P.J. and Montanarella, L. 2004. The map of organic 
carbon in topsoils in Europe, Version 1.2, September 2003: Explanation of Special Publication Ispra 
2004 No.72 (S.P.I.04.72). European Soil Bureau Research Report No.17, EUR 21209 EN, 26pp. and 1 
map in ISO B1 format. Office for Official Publications of the European Communities, Luxembourg.  

Lotspeich, F. B.  1980. Watersheds as the basic ecosystem: this conceptual framework provides a basis 
for a natural classification system. Water Resources Bulletin 16: 581-586. 

Loveland, T. R., and J. M. Merchant. 2004. Ecoregions and ecoregionalization: geographical and 
ecological perspectives. Environmental Management 34: S1-S13. 

McMahon, G., S. M. Gregonis, S. W. Waltman, J. M. Omernik, T. D. Thorson, J. A. Freeouf, A. H. 
Rorick, and J. E. Keys. 2001. Developing a spatial framework of common ecological regions for the 
conterminous United States. Environmental Management 28: 293-316. 

McMahon, G., E. B. Wiken, and D. A. Gauthier. 2004. Toward a scientifically rigorous basis for 
developing mapped ecological regions. Environmental Management 34: S111-S124. 

Metzger, M.J., R.G.H. Bunce, R.H.G. Jongman, C.A. Mücher, and J.W. Watkins. 2005. A climatic 
stratification of the environment of Europe. Global Ecol. Biogeogr. 14:549-563. 

Moog, O., A. Schmidt-Kloiber, T. Ofenbock, and J. Gerritsen. 2004. Does the ecoregion approach 
support the typological demands of the EU Water Framework Directive? Hydrobiologia 516: 21-33. 

Munné, A., and N. Prat.  2004. Defining river types in a Mediterranean area: a methodology for the 
implementation of the EU Water Framework Directive. Environmental management 34: 711-729. 

Naiman, R. J., T. J. Beechie, L. E. Benda, D. R. Berg, P. A. Bisson, L. H. MacDonald, M. D. O'Connor, P. 
L. Olson, and E. A. Steel. 1992. Fundamental elements of ecologically healthy watersheds in the Pacific 
Northwest coastal ecoregion. Pp. 127-188 in R. J. Naiman, ed. Watershed management: balancing 
sustainability and environmental change. Springer-Verlag, New York. 

New, M., D. Lister, M. Hulme, and I. Makin. 2002. A high resolution data set of surface climate over 
global land areas. Climate research 21: 1-25. 

Nijboer, R. C., R. K. Johnson, P. F. M. Verdonschot, M. Sommerhauser, and A. Buffagni. 2004. 
Establishing reference conditions for European streams. Hydrobiologia 516: 91-105. 

Omernik, J. M.  1987. Ecoregions of the conterminous United States. Annals of the Association of 
American Geographers 77: 118-125. 



 31

Omernik, J. M. 2004. Perspectives on the nature and definition of ecological regions. Environmental 
Management 34: S27-S38. 

Omernik, J. M., and G. E. Griffith. 1991. Ecological regions versus hydrologic units: frameworks for 
managing water quality. Journal of Soil and Water Conservation 46:334-340. 

Pottgiesser, T. and M. Sommerhäuser. 2004. VIII-2.1 Fliessgewässertypologie Deutschlands: Dies 
Gewässertypen und ihre Steckbriefe als Beitrag zur Umsetzung der EU-Wasserrahmenrechtlinie 16 Pp 
+ Anhang In: C. Steinberg, W. Calmaro, H. Klapper & W.-D Wilken (eds): Handbuch Angewandte 
Limnologie. 19. Ergänzungslieferung 07/04. ecomed, Landsberg. 

Resh, V. H., A. V. Brown, A. P. Covich, M. E. Gurtz, H. W. Li, G. W. Minshall, S. R. Reice, A. L. 
Sheldon, J. B. Wallace, and R. C. Wissmar. 1988. The role of disturbance in stream ecology. Journal of 
the North American Benthological Society 7: 433-455. 

Rohm, C. M., J. W. Giese, and C. C. Bennett. 1987. Evaluation of an aquatic ecoregion classification of 
streams in Arkansas. Journal of Freshwater Ecology 4: 127-140. 

Sandin L. and P.F.M. Verdonschot. 2006. Stream and river typologies– major results and conclusions 
from the STAR project. Hydrobiologia, 566: 33-37.  

Snelder, T. H., and B. J. F. Biggs. 2002. Multiscale river environment classification for water resources 
management. Journal of the American Water Resources Association 38: 1225-1239. 

Strahler, A. N. 1975. Classification of global climates. Pp. 243-245. PHYSICAL geography. J. Wiley, 
New York. 

Townsend, C. R. 1989. The patch dynamics concept of stream community ecology. Journal of the 
North American Benthological Society 8: 36-50. 

Vanden Bossche, J. P., and P. Usseglio-Polatera. 2005. Characterization, ecological status and type-
specific reference conditions of surface water bodies in Wallonia (Belgium) using biocenotic metrics 
based on benthic invertebrate communities. Hydrobiologia 551: 253-271. 

Vannote, R. L., G. W. Minshall, K. W. Cummins, J. R. Sedell, and C. E. Cushing. 1980. The River 
Continuum Concept. Canadian Journal of Fisheries and Aquatic Sciences 37: 130-137. 

Verdonschot, P.F.M. 2006. Evaluation of the use of Water Framework Directive typology descriptors, 
reference sites and spatial scale in macroinvertebrate stream typology. Hydrobiologia, 566: 39-58. 

Verdonschot, P. F. M., and R. C. Nijboer. 2004. Testing the European stream typology of the Water 
Framework Directive for macroinvertebrates. Hydrobiologia 516: 35-54. 

Ward, J. V., and J. A. Stanford.  1983.  The serial discontinuity concept of lotic ecosystems. Pp. 29-42 in 
T. D. Fontaine and S. M. Bartell, eds. Dynamics of lotic ecosystems. Ann Arbor Science, Ann Arbor, 
Michigan. 

Warry, N. D., and H. M.  1993.  The use of terrestrial ecoregions as a regional-scale screen for selecting 
representative reference sites for water quality monitoring. Environmental Management 17: 267-276. 

Wasson, J. G.  1989.  Eléments pour une typologie fonctionnelle des eaux courantes: 1. Revue critique 
de quelques approches existantes. Bulletin d'Ecologie 20: 109-127. 

Wasson, J. G.  1996.  Les SDAGE: une approche écosystémique. La Houille Blanche 3-1996:23-26. 

Wasson, J. G., S. Barrera, B. Barrère, D. Binet, D. Collomb, I. Gonzales, F. Gourdin, J. L. Guyot, and G. 
Rocabado.  2002a.  Hydro-ecoregions of the Bolivian Amazon: a geographical framework for the 
functioning of river ecosystems. Pp. 69-91 in M. E. McClain, ed. The Ecohydrology of South American 
Rivers and Wetlands. International Association of Hydrological Sciences (IAHS) Press, Wallingford. 

Wasson, J. G., J. Bethemont, J. N. Degorce, B. Dupuis, and T. Joliveau. 1993. Approche écosystémique 
du bassin de la Loire : éléments pour l'élaboration des orientations fondamentales de gestion. Phase I: 
Etat initial - Problématique. Pp. 102 + Atlas, 70 pl. et Annexes. Cemagref Lyon BEA/LHQ et 
Université de St Etienne CRENAM (CNRS 260). 



 32

Wasson, J. G., A. Chandesris, H. Pella, and L. Blanc. 2002b. Définition des Hydro-écorégions françaises 
métropolitaines. Approche régionale de la typologie des eaux courantes et éléments pour la définition 
des peuplements de référence d'invertébrés. Pp. 190. Ministère de l'Aménagement du Territoire et de 
l'Environnement, Cemagref Lyon BEA/LHQ. 

Wasson, J. G., A. Chandesris, H. Pella, and L. Blanc. 2002c. Les hydro-écorégions de France 
métropolitaine. Approche régionale de la typologie des eaux courantes et éléments pour la définition 
des peuplements de référence d'invertébrés. Pp. 190. Ministère de l'Ecologie et du Développement 
Durable, Cemagref BEA/LHQ, Lyon. 

Wasson, J. G., A. Chandesris, H. Pella, and L. Blanc. 2002d. Typology and reference conditions for 
surface water bodies in France: the hydro-ecoregion approach. TemaNord 566: 37-41. 

Whittier, T. R., R. M. Hughes, and D. P. Larsen. 1988. Correspondence between ecoregions and spatial 
patterns in stream ecosystems in Oregon. Canadian Journal of Fisheries and Aquatic Sciences 45: 1264-
1278. 

Wolock, D. M., T. C. Winter, and G. McMahon.  2004.  Delineation and evaluation of hydrologic-
landscape regions in the United States using geographic information system tools and multivariate 
statistical analyses. Environmental Management 24: S71-S88. 

Zhou, Y. C., S. Narumalani, W. J. Waltman, S. W. Waltman, and M. A. Palecki.  2003.  A GIS-based 
Spatial Pattern Analysis Model for eco-region mapping and characterization. International Journal Of 
Geographical Information Science 17: 445-462. 



 33

6 Hydro-ecoregions of Europe – Appendix 
Table A-1 General characteristics of the European Hydro-ecoregions 
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Table A-1 General characteristics of the European Hydro-ecoregions. 
 

 

RELIEF Class Code
high mountains 9
mountains 8
middle mountains 7
mesetas/plateau 6
Mediterranean hills 5
hills 4
Mediterranean depressions 3
lowlands plains 2
plains 1  

LITHOLOGY Class Code
crystalline 8
metamorphic and schist 7
sedimentary non carbonated 6
massive and carbonated rocks 5
sedimentary, heterogeneous, carbonated 4
coarse detritic 3
fine detritic 2
heterogen 1  
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LITHO-MORPHOLOGY Code
high mountains 21
crystalline mountains 20
calcareous mountains 19
carbonated sedimentary mountains 18
heterogeneous mountains 17
sedimentary middle mountains 16
crystalline middle mountains 15
mediterranean crystallin relief 14
calcareous tableland 13
crystalline hills 12
sandstone hills 11
calcareous hills 10
detritic hills 9
mesetas 8
mediterranean karstic plains 7
mediterranean alluvial plains 6
mediterranean heterogeneous reliefs 5
crystalline lowlands 4
tabular calcareous 3
clayed plains 2
alluvion plains 1  

CLIMATE Code
alpin  mountain 8
boreal 9
continental cold 6
hyper mediterranean 1
mediterranean 2
oceanic 5
temperate 4
temperate mountain 7
temperate warm 3  
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Hydro-ecoregions of Europe – Appendix : RELIEF 
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Figure A-1 : Distribution of altitude values per hydro-ecoregion (10th, 50th and 90th percentile) 
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Figure A-2 : Distribution of slope values per hydro-ecoregion (10th, 50th and 90th percentile).
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Hydro-ecoregions of Europe – Appendix : GEOLOGY 
 
A – Definition of the Lithological classes 

Crystalline  
Characteristics 
hardness    very high resistance to erosion 
solubility    low to very low ionic load, neutral to very low pH 
permeability no ground water, (except in large alluvial valleys) 
Rock types: Magmatic rocks: granite, ophiolites, magmatites, granodiorites, granitoids. 
Metamorphic rocks: gneiss, micaschists, phyllites, quartzite, grauwacke. 
Regions : Scandinanvian shield, French Massif Central, Vosges -  Schwarzwald, Bohemian massif, 
Alpine core, Corsica, Iberian peninsula… 
Relief type: geomorphology depends upon the age of the tectonic movements. 

Metamorphic and schist 
Characteristics 
hardness    possible differential erosion 
solubility   generally low, but possible local variability  
permeability   no ground water 
Rock types: Metamorphic rocks: schists, shales, slates, phyllites. 
Regions: Cantabric mountains, Rhine massif, Cornwall and Wales, internal Alps, French Massif 
Armoricain… 
Relief type: geomorphology depends upon the age of the tectonic movements. 

Sedimentary non carbonated rocks 
Characteristics 
hardness    high to moderate resistance to erosion 
solubility    very low to low ionic load, low to very low pH 
permeability moderate, some ground water (porous) 
Rock types: Sandstones, quartzitic sandstones.  
Regions: Germany (sedimentary siliceous). 
Relief type: hills 

Massive carbonated rocks 
Characteristics 
hardness    high resistance to erosion 
solubility    highly carbonated ionic load 
permeability high (fissured); low density hydrographic network; specific hydrology 

(karstic). 
Rock types: Limestone, dolomite, chalk. 
Regions: calcareous Pre-Alps and Dolomites, Jura, Karst, Causses, Bassin Parisien, South England… 
Relief type: cliffs, table land, tabular plains. 

Sedimentary heterogenous carbonated rocks 
Characteristics 
hardness    medium, production of suspended solid 
solubility    carbonated ionic load, locally gypsiferous 
permeability   depended on the superficial layer 
Rock types: limestone, marl, marly limestone, flysch, gypsiferous marl. 
Regions: Helvetides and Southern PreAlps, Apennines, Mediterranean Alps, outer Carpatians, Central 
England… 
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Coarse detritic 
Characteristics 
hardness     heterogeneous, soft materials; highly erodible 
solubility depends on heritage materials 
permeability  variable according to the geomorphological context: high for fluvial 

deposits in alluvial plains (phreatic water tables); very low for 
conglomerates in hilly landscapes. 

Rock types: sand, gravel, fluvial deposit, molasses, conglomerate 
Regions: Aquitaine, Landes, Moldavian hills, Ebro valley, Dauphiné, Rhine graben, Po plain… 

Fine detritic 
Characteristics 
hardness   heterogeneous,  soft materials; highly erodible 
solubility generally low, depends on heritage materials 
permeability            low to very low. 
Rock types: Clay, loam, silt.  
Regions: large plains in Central-Baltic and Danubian regions, Saône plain, South east England, Central 
Ireland… 
 
B – Lithological characteristics of the geomorphological classes 

High mountains 
The highest elevations correspond to Crystalline cores, the other geologic types are secondary. River 
ecosystems characteristics (low temperature, nival hydrology, morphology sediment load) depend 
totally on the topography (altitude and slope).  The “Crystalline” characteristic will be retained for this 
relief type. 

Mountains 
Preponderance of rocks resistant to erosion, like crystalline, massive carbonated (limestone) or 
sedimentary carbonated. These three categories generate differences as regards watrer chemistry, 
sediment transport and river morphology, and hydrology (karstic). 

Middle mountains 
We find here the same problematic; the lithological differences are more important between these 
types because the relief is less determinant. 

Hills 
The highest diversity of lithological classes is encountered in this category, from the harder 
(crystalline) rocks to the most susceptible to erosion. 

Plains and lowlands 
High lithological diversity, from crystalline shield to fluvial deposits. The “alluvial plain” type is 
defined because of  the specific hydrology influenced by phreatic water. 

Mediterranean depressions 
Crystalline and calcareous units are identified when a large scale homogeneous pattern is evident, for 
the influence on water chemistry. Detritic (alluvial) rocks are systematically found in large valleys and 
depressions. But the main characteristic of most Mediterranean HERs is the geological heterogeneity, 
results of the specific tectonic between Africa and Europe. As the climatic stress appears as the most 
important control factor of aquatic environment, it does not seem useful to finely differentiate the 
lithology. 
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C – Examples of data used for the lithological characterisation 

 
 
Figure A-3 Extract from the International Hydrogeological Map of Europe (source UNESCO). 
 

 
  
Figure A-4 - Measured Ca++ content (mg/l) in rivers from national sources. 
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Figure A-5 – Characterisation of the topsoil organic content from the European Soil Database (Source :  
JRC). 
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Appendix CLIMATE 
 
The original climate database (CRU Global 2.0 dataset) contains information on a 10 arc second cells 
(approx. 16*16 km) about several climatic variables, with monthly values for: 

 Precipitation 
 Mean temperature 
 Number of frost days (ground freezing) 
 Number of wet days (rain days). 

 
In addition, we have calculated other climatic descriptors relevant for the rivers hydrological 
functioning, like aridity index, in order to test their suitability for the European territory. As Potential 
evapotranspiration was only available on a 50*50km resolution database (from JRC), the indices were 
constructed upon Precipitation and Temperature. The different variables elaborated from the original 
database are the following: 

 Summer precipitation (sum of June, July and August rainfall) : pp_s 
 Annual range of precipitation : ecart_p 
 Precipitation / nb. of wet days : P_wdays 
 Mean temperature of July : T_jul 
 Mean temperature of January : T_jan 
 Annual range of mean temperature (T of the warmest month – T of the coldest month). : 

ecart_t 
 De Martonne aridity index (see below) : dmart 
 Gaussen number of dry months : gauss 
 Turc index of evapotranspiration (see below) : turc 
 Precipitation / evapotranspiration calculated by Turc formulae : P_ETR 
 Msav index for the summer (June, July, August) : Msav_s 
 Msav index for July : Msav_j 

 
Other data were tested like  

 Kostin aridity index : Kostin 
 Troll aridity index : Troll 

extracted from the JRC climatic database based on 50*50 km cells.  
 
The climatic Atlas of Europe (UNESCO, 1970) was also consulted. 
 
We describe here below some indices not used in the final climatic characterization. 
 
De Martonne Aridity Index (I) 
This index first developed in 1926 is still largely used to relate precipitation and temperature. 
The original expression (I = P / T+10) was modified and completed in 1942 to incorporate the driest 
month conditions to the definition of aridity (in Herschy & Fairbridge 1998). The final expression we 
have used is : 
 

2
10

12
10 +++= t

p
T
P

I  

Where :  P : annual precipitation 
T : annual mean temperature 
p : precipitation of the driest month 
t : mean temperature of the driest month 

 
For the European range, this formula gives us values from 2 to 190 (fig). Different sources give 
different interpretations of the De Martonne index, with the limit of "arid" climate in 10 (De Martonne 
himself) or 15 (Rivas Martínez 2004). This is not very important as our purpose is to characterize the 
hydro-ecoregions in a relative way.  
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:  
 
 
 
An hydrological interpretation of  
De Martonne aridity index 
values (adapted from Rivas 
Martínez 2004). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Average moisture stress during the growing season (summer (msav_s) and July (msav_j) 
 
 
 
 
 
The expression is :  
msav = ht/ln p 
 
ht : coefficient of variation : difference between average 
temperature of July and average temperature of January. 
 
p : average summer/July precipitation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I Climatic type 
0-5 desert, areic regions 
5-15 dry (steppe), endoreic regions 

15-20 semiarid regions 
(Mediterranean), temporary 

runoff 
20-30 Subhumid regions, continuous 

runoff 
>30 humid regions, continuous 

runoff 



.
RÉSUMÉ:

The implementation of the Water Framework Directive requires a prior
typology of aquatic ecosystems based on geographical features. The
« Hydroecoregion» (HER) approach, previously developed in France, was
extended ta Europe in the REBECCA project. This approach relies upon the
concept of hierarchical ecosystem control. Primary determinants of the
functioning of aquatic ecosystems are geology, relief and climate. The base
data are geographicallayers describing these factors, compiled in a GIS. The
common scale of the different layers is 1/1 000000. The geological map was
interpreted according ta the lithological structure and properties of the rocks
(hardness, permeability, influence on water chemistry). A digital elevation
model (DEM) with a pitch of 30 arc second (about 1km) was used ta
characterize the altitude and the slopes. Hydrogeological maps were also
consulted. The climatic factors refer ta precipitation (yearly average, seasonal
variation) and temperature, interpreted with respect ta aquatic ecosystems
functioning (water balance). The delimitation of the HER was carried out
visually, seeking natural discontinuities for each of the parameters and
regional concordances in their distribution. The basic principle was ta minimize
intra-regional variance and maximize inter-regional differences. A total of 133
HERs was identified at the most detailed level in Europe. These HER were
further classified in 9 classes of relief, 21 categories combining relief and litho-
morphology, and 9 climatic classes. The concepts, methodology, and the HER
map, and the detailed characterisation of these HERs are presented in this
report.
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