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1. HIERARCHICAL HYDROMORPHOLOGICAL CONTEXT
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No new ideas … 

(Frissell et al., 1986)

(Montgomery & 
Buffington, 1998)
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RESTORING RIVERS FOR EFFECTIVE CATCHMENT MANAGEMENT
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RESTORING RIVERS FOR EFFECTIVE CATCHMENT MANAGEMENT

Understanding Processes Forms
Human impacts Geomorphic responses

SPATIAL SCALES
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Bed forms,
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Shear stress,
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RESTORING RIVERS FOR EFFECTIVE CATCHMENT MANAGEMENT

Understanding Processes Forms
Human impacts Geomorphic responses

TEMPORAL SCALES
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2. HYDROMORPHOLOGICAL CHARACTERIZATION OF RIVER REACHES

(González del Tánago et al. 2016a)
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2. HYDROMORPHOLOGICAL CHARACTERIZATION OF RIVER REACHES

(González del Tánago et al. 2016a)
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3. RIPARIAN VEGETATION IN THE CONTEXT OF THE WATER FRAMEWORK 
DIRECTIVE (WFD)

- The WFD requires periodical assessments of ecological status of water bodies

- The ecological status must be based on the status of quality elements:

1. Biological elements (aquatic flora, invertebrate fauna, fish fauna)

2. Physico-chemical and chemical elements (general and specific pollutants)

3. Hydromorphological elements

3.1. Hydrological regime (water flow, connection to groundwater)

3.2. River continuity

3.3. Morphological conditions

3.3.1. River depth and width variation

3.3.2. Structure and substrate of the river bed

3.3.3. Structure of the riparian zone
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3. RIPARIAN VEGETATION IN THE CONTEXT OF THE WATER FRAMEWORK 
DIRECTIVE (WFD)

• As a third attribute of “morphological conditions”, RV has little influence on the
Hydromorphological status of river systems

• Frequently underestimated or not properly assessed by hydromorphologists

• RV must be up-graded to the same level as flow regime and channel morphology

FLOW REGIME

CHANNEL 
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RIPARIAN 
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4.FORMS AND PROCESSES AFFECTING RIPARIAN VEGETATION 

Understanding Processes Forms
Human impacts Vegetation responses

DISPERSION, ESTABLISHMENT, GROWTH, SURVIVAL, MORTALITY
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DISPERSION, ESTABLISHMENT, GROWTH, SURVIVAL, MORTALITY

Vegetation cover 
Species composition
Vegetation structure

PROCESSES / 
FEATURES

FORMS / 
INDICATORS

Precipitation
Temperature regime
Water balance
Geology (aquifers)
Hillslope processes

Flow regime
Floodplain Infiltration
Water table fluctuation
Sediment stability 
Large woody supply

Shear stress
Inundation frequency
Soil moisture retention
Channel adjustments

Runoff potential 
Evaporative potentials
Aquifer storage
Sediment supply

Soil water availability
Habitat mosaic

River segment

Catchment

Biogeographic Region

Floodplain, Riparian
geomorphic units

Landscape unit

RIVER 
REACH

Flood frequency, magnitude 
and timing
Base flow 
Sediment size
Wood, Nutrients

4.FORMS AND PROCESSES AFFECTING RIPARIAN VEGETATION 

Vegetation succession 
Bio-stabilization



15

DISPERSION, ESTABLISHMENT, GROWTH, SURVIVAL, MORTALITY

Vegetation cover 
Species composition
Vegetation structure

PROCESSES / 
FEATURES

FORMS / 
INDICATORS

Precipitation 
Temperature regime
Water balance
Geology (aquifers)
Hillslope processes

Flow regime
Floodplain Infiltration
Water table fluctuation
Sediment stability 
Large woody supply

Shear stress
Inundation frequency
Soil moisture retention
Channel adjustments

Runoff potential 
Evaporative potentials
Aquifer storage
Sediment supply

Soil water availability
Habitat mosaic

River segment

Catchment

Biogeographic Region

Floodplain, Riparian
geomorphic units

Landscape unit

RIVER 
REACH

Flood frequency, magnitude 
and timing
Base flow 
Sediment size
Wood, Nutrients

4.FORMS AND PROCESSES AFFECTING RIPARIAN VEGETATION 

Vegetation succession 
Bio-stabilization



16

DISPERSION, ESTABLISHMENT, GROWTH, SURVIVAL, MORTALITY
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5. TOWARDS A MULTI-SCALE RIPARIAN VEGETATION ASSESSMENT

Understanding the dynamic reciprocal interactions of vegetation with hydromorphology
CHARACTERIZING / ASSESSING THE STATUS OF RIPARIAN VEGETATION:

1. Specify vegetation units and spatial and temporal scales

2. Identify main processes and proper indicators and metrics

3. Characterize current condtions: What we have

4. Characterize past conditions: What we had

5. Infere “natural” conditions according to typologies: What we could have

6. Define “reference” conditions (reference sites, reference periods ….): Targets

7. Quantify deviations from references: Quality assessments

8. Consider future scenarios: Management options
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MULTI-SCALE VEGETATION UNITS

5. TOWARDS A MULTI-SCALE RIPARIAN VEGETATION CHARACTERIZATION



19

SPATIAL UNIT VEGETATION UNITS INDICATORS PRESSURES / IMPACTS

REGION:

CATCHMENT

LANDSCAPE UNIT

RIVER SEGMENT

RIVER REACH

RIPARIAN AND 
FLOODPLAIN 
GEOMORPHIC 
UNITS

CHANNEL
GEOMORPHIC UNIT

RIVER ELEMENT

5. TOWARDS A MULTI-SCALE RIPARIAN VEGETATION CHARACTERIZATION



SPATIAL 
UNIT

VEGETATION INDICATORS 
CURRENT CONDITIONS

Region: Vegetation Types 
• Vegetation Type 

Watershed Vegetation Forms
• Dominant species 

Landscape 
unit

• Changes in species  
composition/abundance 

• % Alien species
• Valley floor occupation

River 
segment • Corridor 

narrowing/widening
• Changes in coverage
• Fragmentation

• Transversal homogeneity 
(no different lateral zones)

• % no native species
• Vegetation encroachment

Poplar plantations and 
reduced galleries with Populus
nigra, Salix fragilis, S. 
elaeagnus and S. purpurea

Populus x deltoides dominant
> 70 % occupied by poplar plantations

Corridor average dimensions:
-2 - 50 m width
- 15 m height, 70 % coverage
- 50 % continuity

Flood disturbance zone: < 20%
-Soil moisture zone:>80 %
Dominance of late-seral species

RIVER PORMA (NW SPAIN)

Current conditions: 2014, 

regulated

Dense afforested forest
of Pinus sylvestris



SPATIAL 
UNIT

VEGETATION INDICATORS
PAST (REFERENCE) PERIOD

Region: Vegetation Types 
• Vegetation Type 

Watershed Vegetation Forms
• Dominant species 

Landscape 
unit

Riparian / Floodplain vegetation 
Associations
• Dominant species
• Diversity 

River 
segment

Corridor features:
• Dimensions (average 

width) 
• Height and Coverage 
• Longitudinal connectivity 
Transversal zonation (lateral 
zones)
• Average width
• Species composition  
• Vegetation coverage 

Mixed galleries with Populus
nigra, Salix fragilis, S. 
elaeagnus and S. purpurea

Corridor average dimensions:
- 250 m width
- 15 m height, 
- 20 % coverage
- 50 % continuity

Flood disturbance zone: >80 % corridor
Inundation zone: < 20 % corridor
Soil moisture zone: Nearly absent

RIVER PORMA (NW SPAIN)

Past conditions: 1956, 

non-regulated

Open forest with Quercus
pyrenaica, Pinus sylvestris



RIVER PORMA (NW SPAIN)

• Riparian vegetation assessment (what we have, what we should have)

Deviations from reference

1956 2014

(González del Tánago et al. 2016b)
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DISPERSION, ESTABLISHMENT, GROWTH, SURVIVAL, MORTALITY

Vegetation cover 
Species composition
Vegetation structure

Vegetation succession 
Bio-stabilization

PROCESSES / 
FEATURES

FORMS / 
INDICATORS

Precipitation 
Temperature regime
Water balance
Geology (aquifers)
Hillslope processes 
(Afforestation)

Flow regime (Large Dam)
Floodplain Infiltration
Water table fluctuation
Sediment stability 
Large woody supply

Shear stress
Inundation frequency
Soil moisture retention
Channel adjustments

Runoff potential 
Evaporative potentials
Aquifer storage
Sediment supply

Flood frequency, magnitude 
and timing
Base flow 
Sediment size
Wood, Nutrients

Soil water availability
Habitat mosaic

River segment

Catchment

Biogeographic Region

Floodplain, Riparian
geomorphic units

Landscape unit

RIVER 
REACH

4.FORMS AND PROCESSES AFFECTING RIPARIAN VEGETATION 



RIVER PORMA (NW SPAIN)

• Riparian vegetation assessment (what we have, what we should have)

• Predicting future trajectories (what we will likely have under potential scenarios)

• Management options

Deviations from reference

1956 2014
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CONCLUSIONS

• Riparian vegetation (RV) is a dynamic component of rivers and should be 
characterized according to the reciprocal interactions that it maitains with 
water-flow and sediments

• RV status at reach scale is determined by different hydromorphological
processess and features that are acting at different spatial and temporal 
scales

• A multi-scale hierarchical approach results very useful to understand
current RV status and its evolution from the past, and to predict future
conditions under potential scenarios

• Homogeneous multi-scale vegetation units, indicators and metrics should 
be the first step defining proper RV characterization and assessment across

European regions
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THANK YOU FOR YOUR 
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