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Abstract

The EU Water Framework and Floods Directives represent important legislative instruments
introduced in the water policy during the last two decades. Despite their holistic and complementary
approaches, which should yield many benefits, the lack of importance given to the consideration of
hydromorphology and sediments is a weakness. This will hinder the achievement of the Directives'
goals, since hydrology and geomorphology of rivers and the character and dynamics of sediments are
essential components of the aquatic habitat and ecosystem health. The entrainment, transport and
deposition of sediments determine the interrelationships between river channel geometry and flow
regime, which affect flood risk. The paper reports on the findings of a survey undertaken in 2015 as
part of the HYTECH project, which questioned 20 EU Water Authorities about the importance they
attached to hydromorphological quality elements and sediment transport during the implementation

cycles of both Directives.
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Introduction

In Europe, the quality of freshwater ecosystems is one of the most important concerns for the future,
as recognised by the EU Directive 2000/60/EC, namely the Water Framework Directive, hereafter
called WFD (EU 2000). The Directive represents a new integrated approach to water protection,
improvement and sustainable use, co-ordinates the application of other water-related legislations
(e.g., Urban Waste Water, Drinking Water, Seveso Directive, Habitats and Species Directive) and
provides a coherent management framework with the aim to meet its goals in an integrated way
(Clarke et al. 2003, Brils 2008, Nones 2015a, Nones 2016). Moreover, the WFD introduces the
management of rivers at the catchment scale, defining River Basin Districts based on geographical
and hydrological characteristics, instead of using administrative or political boundaries. For each
district, a River Basin Management Plan is established and updated every six years with a period for
stakeholder consultation and detailed programmes of measures have to be set up in accordance with
it. Of the several WFD deadlines, the most important one is the achievement of at least good
ecological and chemical status for surface waterbodies and good quantitative and chemical status for
groundwaters by 2027. Groundwaters are now covered by the Groundwater Directive
2006/118/EC, which has been developed after the Article 17 of the Water Framework Directive.

Following Article 2 of the WFD, “good ecological status” only permits a slight reduction in water
quality when compared to the unmodified natural conditions for that waterbody type, assumed as the
reference condition. Deviations from reference conditions are assessed by means of biological,
hydromorphological, and physico-chemical quality elements. But it is only in the designation of high
status that rivers must achieve hydromorphological characteristics (channel patterns, width and depth

variations, flow velocities, substrate conditions, structure and function of the riparian zones) (Table
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1) which “correspond totally or nearly totally to undisturbed conditions” (WFD, Annex V), and
interestingly there is no recall to sediment transport. Thus, following this Annex and as explained in
the CIS Guidance n° 13 (CIS 2005), European Water Authorities categorize waterbodies as achieving
good, moderate, poor or bad ecological status only on the basis of biological monitoring results,
without taking into account hydromorphological and physico-chemical quality elements (Kallis &

Butler 2001).

Table 1. Hydromorphological elements supporting the biological elements in rivers.

hydrological regime

quantity and dynamics of water flow connection to groundwater bodies

river continuity

morphological conditions
river depth and width variation structure and substrate of the structure of the riparian

river bed zone

Source: adapted from Annex V, EU 2000.

Similar considerations are stipulated for heavily modified and artificial waterbodies:
hydromorphological elements are taken into account only for rivers classified with the maximum
ecological potential. In short, the classification criteria proposed by the WFD excludes the
hydromorphological elements from the evaluation of watercourses at all levels apart from the
classification of high status (Nardini et al. 2008, Nones 2015a). This means that rivers in good or
lower ecological status may suffer from alterations to their hydromorphology, which could lead to a
deterioration of the physical habitat, but these rivers will officially maintain their status. By neglecting
the consideration of hydromorphological quality elements and sediment transport from a river’s

classification, the WFD may give a misleading and optimistic assessment of ecological status
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(Nardini et al. 2008). Indeed, this shortcoming could potentially lead to deterioration that goes
undetected, undermining the overall innovative approach of the Directive.

Inadequate consideration of hydromorphology and sediment transport also has implications for the
Directive 2007/60/EC on the Assessment and Management of Flood Risk, hereafter called Floods
Directive (FD). In the last two decades, Europe has suffered many flooding events, which have caused
over 1000 fatalities, displaced about a million people, and resulted in at least 52 billion Euros of
economic losses (EEA 2011, Hedelin 2015, Nones & Pescaroli 2016). Despite numerous technical
and economic efforts to protect properties against floods, it is not possible to fully eradicate flood risk
from human activities and possible climate change impacts have the potential to exacerbate future
flood risk. Thus, the approach in Europe has shifted from protection against floods and flood defence
to management of flood risks and resilience building (Fleming 2001, Defra 2005, POSTNOTE 2014,
National Flood Resilience Review 2016, SEPA 2015), with the increasing use and integration of non-
structural mitigation measures (like washlands or floodplains for flood storage and flow attenuation)
and the use of spatial planning instruments (PPS 2009, Mostert & Junier 2009, Klijn et al. 2008,
Miller 2013, Nones 2015b) and flood proofing measures. The principal aims of the FD are the
reduction and management of the risks that floods pose to human health, environment, cultural
heritage and economic activities. Like the WFD, each EU Member State is required to implement the
FD at a national level by means of national legislation following compulsory deadlines and
transnational measures are required by the FD for larger rivers which flow through several countries
(EU 2007, Nones 2015b).

Despite Article 6.5d of the FD suggests drawing upon additional information regarding the impact of
sediments and debris floods in the preparation of the Flood Maps (EU, 2007), after the first cycle
ended in 2015 several shortcomings and weaknesses were apparent. These included the inadequate
consideration of hydromorphological alterations and impact of sediments on flood risk and the
cascading effects of floods (Nones & Pescaroli 2016). It is now timely to consider these as a basis for

improving the next Flood Risk Management Plans, which will be produced by 2021.These plans
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should contain information on changes and additional measures adopted, assessment of the progress
made towards the achievement of the FD goals, description and explanation of measures foreseen in
the previous plans, planned but not yet carried out (EU 2007, Nones 2015b).There is an aspiration
that the synergies between FD and WFD will strengthen over time as river restoration activities such
as re-meandering and floodplain reconnection deliver ecological improvements and more sensitive
flood risk management (Skinner &Bruce-Burgess 2005, Wharton & Gilvear 2007, England et al.
2008). But differences in implementation, for example in methodological approaches and
consideration of hydromorphology, have arisen between and within countries (Wendler 2007, Mller
2013, Nones 2015b).

To gain insights into the WFD and FD implementation cycles across the EU a questionnaire survey
was developed and undertaken as part of the EU-funded project HYTECH, and sent to 40
governmental Water Authorities across the 28 Member States during 2015, which comprised the
Authorities that are charged with the implementation in the 28 Member States and 12 German Lander.
Germany comprises sixteen federal states (Lander), which have their own state constitution and
autonomy in relation to their internal organisation.

This paper presents the findings of the questionnaire, capturing the situation in many countries at an
important stage in both the implementation cycles, namely the publication of the second River Basin
Management Plan and the first Flood Risk Management Plan. The focus of the survey was to ascertain
how hydromorphology and sediment transport have been considered in the WFD and FD
implementation process, and to explore possible synergies between the two Directives as a basis for

informing future improvements to the Directives.

Data and Methods
The HYTECH questionnaire comprised two sections (Table 2). Section A required a simple yes/no
answer with the possibility to add information or guidelines as support, while Section B explored how

hydromorphology and sediments are considered in the Directives, with a strong focus on sediment



121  transport. In Section B, a five point scale, spanning from 1 (no importance) to 5 (maximum
122  importance) was used to score the responses (Table 3). Additional opportunities were offered to Water
123 Authorities to express an opinion about the consideration of sediment transport through an open
124 comments section.

125

126  Table 2. Questions posed in the HYTECH survey.

Section A

Al Aresediment transport and hydromorphological alterations considered during the
biological monitoring programme?

A2 Have sediment transport and hydromorphological alterations had an impact on
the results of the biological monitoring programme?

A3 In your national legislation, are hydromorphological quality elements considered
for the WFD classification of rivers status?

A4 Do you think that additional measures are necessary to keep the present river
hydromorphology in the future?

A5  Are sediment erosion and/or deposition considered in the modelling of the water
discharge-stage relationship?

A6 Is information about the impacts of sediment erosion and/or deposition on

infrastructures reported in the Flood Risk Maps?

Section B

B1 In your opinion, how is hydromorphology limiting the achievement of Good
Ecological Status or Potential?

B2 In your opinion, how important is it to consider sediment transport in the River

Basin Management Plans?
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B3 In your opinion, how important is it to consider sediment transport in the Flood

Risk Management Plans?

Table 3. Analysis at the Member State level: consideration of sediment transport and

hydromorphological alterations during the WFD/FD implementation process. Y=yes, N=no, N/A=no

answer. The scale spans from 1 (no importance/limitation) to 5 (maximum importance/limitation).

Cyprus
England
Estonia
Finland
Hungary
Ireland

Italy
Luxembourg
Scotland
Bayern
Brandenburg
Niedersachsen
Saarland
Sachsen
Schleswig-

Holstein

Al

N/A

< < < =< <

N

Y

N/A

N

Y

A2

N/A

=z

< < =< <

N/A

A3

zZ < < < < < <

< < < < < =< <

A4

Y

<

< < < =< <

N/A

<

A5

N/A

N/A

A6

N

N/A

Bl B2
3 2

5 5

4 3

3 2

3 5

1 3

3 2

4 N/A
4 4

4 2

4 3

4 3

3 3

5 3

3 N/A

B3

N/A
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Note: Annex V of WFD (EU 2000) defines hydromorphological quality elements but does not
consider sediment transport. Scale: 1=no importance/limitation; 2=low importance/limitation;

3=medium importance/limitation; 4=high importance/limitation; 5=maximum importance/limitation.

The questionnaire and an explanatory cover letter was sent to the contact person in the 40 identified
Water and Environment Authorities. The respondents, which are reported in the supplementary
material, were in comparable positions within each of the Authorities. By March 2016, 20 Authorities
had sent back a completed questionnaire, and 15 gave permission for their responses to be published.
The survey was time-limited, but these responses were considered as representative for the present
situation in Europe with responses from Member States across a wide geographical area with differing
river types and flood characteristics. A follow-up phase is planned, and future answers will be
analysed to provide a more complete perspective. The first section of the Results presents the
outcomes of the 20 Authorities (12 Member States and 8 German Lander) in an aggregated way,
while the data reported in the second section refer to the countries and Lander that gave permission
for the publication of data; namely Cyprus, England, Estonia, Finland, Hungary, Ireland, Italy,
Luxembourg, Scotland and Germany (Lander of Bayern, Brandenburg, Niedersachsen, Saarland,

Sachsen and Schleswig-Holstein).

Results

Analysis at the European level

Comparison of the questionnaire outcomes for questions Al to A4 with those for A5 and A6 shows
how sediment transport and hydromorphological alterations are considered very important in the

fulfilment of the WFD goals, but have a lower consideration in the Flood Risk Maps (Figure 1).



157
158

159

160

161

162

163

164

165

166

167

168

169

170

171

2
5
n
3
. 12 13 13
2 16
o
& 16
- 12
2
; 5 3 4
3
5 4 3 3 2
1
A1 A2 A3 A4 A5 AB
[ ] zzs Section A questions

[ ]na

Figure 1. Consideration of sediment transport and hydromorphological alterations in WFD/FD
implementation: aggregated responses to Questions Al to A6. Data were aggregated across 20 Water

Authorities (12 Member States and 8 German Lander). Questions are specified in full in Table 2.

Twelve Member States claim to monitor sediment transport, hydromorphological changes and biota
at the same time, to respect the legislative requirements and collect data necessary to evaluate the
impact of a changing morphology on the biological components. According to WFD requirements,
hydromorphological quality elements should be monitored during the WFD classification (A3), but
this monitoring does not need to take into account sediment transport. Despite this, sediment transport
is monitored in two German L&nder, which consider its interaction with biota important for the
fulfilment of the WFD goals.

Regarding the FD, it is clear that sediments have a very low consideration: only five countries
consider erosion or deposition in the water stage-discharge relationship (A5), and account for

sediment transport in the production of Flood Risk Maps (A6). Among these Member States, only



172  three Authorities consider the feedback between sediment deposition/erosion and flood risk in the
173 modelling of flooded areas.

174  The findings from Section B of the questionnaire are reported in Figure 2. Nineteen Authorities
175  consider hydromorphology a limiting factor in the achievement of Good Ecological Status (B1). Half
176  of the analysed countries recognize their importance, giving them a score of 4 (6) or 5 (4), while the
177  other Member States assign them an average (6 with a score of 3) or lower (1 with a score of 1)
178  significance. Comparison of the responses to questions B2 and B3 showed that a lower importance is
179  given to sediment transport in the Flood Risk Management Plans compared to the River Basin
180  Management Plans.
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183  Figure 2. Responses to questions on how hydromorphology and sediment transport are considered

184  Analysis at the European level: limitation in the achievement of a good ecological status and
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importance of sediment transport in River Basin and Flood Risk Management Plans. Data were
aggregated across 20 Water Authorities (12 Member States and 8 German Léander). Questions are

specified in Table 2.

Analysis at Member State level

Table 3 reports the importance given to sediment transport and hydromorphological alterations during
the WFD implementation process by the Water Authorities of each Member State (or L&nder as in
the case of Germany). Some Authorities did not respond to all the questions, and, therefore, missing
answers are reported as N/A.

During the monitoring of biota for WFD implementation (question Al), sediment transport and
hydromorphological alterations are considered by Estonia, Finland, Hungary, Italy and three German
Lander (Bayern, Niedersachsen and Schleswig-Holstein), but they are not taken into account in the
monitoring programmes of England, Luxembourg, Scotland, Brandenburg and Sachsen. Cyprus and
Saarland did not provide information. However, sediment transport and hydromorphological
alterations (A2) are thought to have had an impact on the biological monitoring results in all the
responding Member States and German L&nder apart from Luxembourg and Scotland (noting that no
information was returned for Cyprus, Hungary and Sachsen in Germany). Apart from Cyprus and
Luxembourg, hydromorphological quality elements are considered for the WFD classification in all
national laws (A3).

For the Water Authorities from Cyprus, England, Finland, Hungary, Ireland, Italy, Luxembourg,
Bayern, Brandenburg, Niedersachsen and Schleswig-Holstein, additional measures are considered
necessary to prevent future hydromorphological alterations of rivers, safeguarding present hydro-
morphodynamics, and allowing conditions to be accounted for in the future management plans (A4).
In contrast, Estonia and Sachsen consider the present measures as sufficient, while Scotland and

Saarland did not answer this question.
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The Authorities of England, Bayern and Sachsen consider sediments in the modelling of the stage-
discharge relationship (A5), while the other countries do not consider it or did not answer to the
question (Cyprus and Schleswig-Holstein). Moreover, Bayern considers sediments in the modelling
of the stage-discharge relationship (A5), but does not explicitly take them into account in the Flood
Risk Maps (A6) and did not give additional information regarding this aspect. Finally, only England
added information regarding the impact of sediments on infrastructures (A6), following Article 6 of
the FD.

Hydromorphology is generally considered to be limiting to some extent in the fulfilment of the WFD
goals, as evident from the scores reported for question B1. Only Ireland gave a score of 1, indicating
no limitation related to hydromorphology. As previously observed, the WFD does not consider
sediment transport as part of hydromorphological quality elements (Table 1). Apart from
Luxembourg and Schleswig-Holstein, all the EU Member States responding to this survey place some
importance on the consideration of sediment transport in the River Basin Management Plans (B2).
However, the level of importance attached to sediment transport varies between Member States with
scores ranging between 2 (Cyprus, Finland, Italy and Bayern) and 5 (England and Hungary). There
is also a variable response in relation to the consideration of sediment transport in the Flood Risk
Management Plans (B3) and overall a lower importance is assigned, as well as a higher percentage

of missing responses.

Discussion

EU Member States are required to schedule monitoring programmes for surface and groundwater
bodies to establish a comprehensive overview of water status within each River Basin District (Article
8 WFD). For surface waters, these programmes cover the ecological status, without any compulsory
consideration of the hydromorphological quality elements, which are a matter of the Annex V.
Despite the specification of hydromorphological components within the WFD, hydromorphology is

considered only as a supporting element for the assessment of the ecological status of many European
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watercourses up to good status, and it is only in the classification of high status that
hydromorphological characteristics are specified and must reach or approach undisturbed conditions.
Moreover, there are no specific requirements to consider sediment transport in the WFD Directive
and monitoring programmes.

Regardless the acknowledged interrelationships between hydromorphological alterations, sediment
transport and biota, and the fundamental importance of hydromorphological diversity for ecological
diversity and status, only 12 out of the 20 analysed countries monitor these parameters at the same
time. Furthermore, the responses to the questionnaire highlight that several Authorities give a very
low consideration to sediments in the River Basin and Flood Risk Management Plans. The quantity,
quality and dynamics of sediments in rivers has the potential to influence the ecological (WFD) status
of rivers and through hydromorphological changes stage-discharge relationships and flood risk will
also be affected (Slater et al., 2015). But of the Member States and German Lé&nder that responded to
the questionnaire, only England, Bayern and Sachsen consider sediment transport. To address its lack
of consideration a rethink of national legislation is necessary, as well as an improvement of the
available EU guidances, which should be more focused on the causal inter-relationships between
hydromorphological alterations, sediment transport, and the biological (ecological) status of
freshwater ecosystems.

From a technical point of view, monitoring programmes need to be adjusted to accommodate the
consideration of hydromorphology and sediments in future River Basin and Flood Risk Management
Plans, at the same level as biological and physico-chemical ones. But such programmes will need to
also consider the delayed effect that sediment transport has on the riverine biology and, therefore,

monitoring timescales will require careful thought.

Conclusions

This paper has reported on the findings of a questionnaire which aimed to ascertain the level of

consideration given to hydromorphological alterations and sediment transport by Water Authorities
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of EU Member States during the WFD/FD implementation cycles. The survey of 20 respondents
showed large variations between the different countries in the level of consideration given and the
importance attached to hydromorphology and sediment transport in the implementation of the WFD
and FD. Sediment transport is given a higher consideration in River Basin Management Plans (WFD)
compared to Flood Risk Management Plans (FD). The survey outcomes can be used as basis to inform
dialogue and consultation of how sediments and hydromorphology might be included in the future
WFD/FD implementation cycles. But it would be beneficial to seek responses from further Member
States and explore in greater detail how sediment and hydromorphology are considered in those
countries. Accompanying research is also needed on the interrelationships between sediment
transport, hydromorphology and biota and the time-scales required to monitor hydromorphological

change in the context of WFD and FD implementation and assessments.

Acknowledgments

The work performed by Michael Nones was supported by the Research Executive Agency, through
the 7" Framework Programme of the European Union, Support for Training and Career Development
of Researchers (Marie Curie—FP7-PEOPLE-2012-1TN), which funded the Initial Training Network
(ITN) HYTECH “Hydrodynamic Transport in Ecologically Critical Heterogeneous Interfaces”, N.
316546. The authors thank Dr. Katinka Koll for her help during the development and the distribution
of the questionnaire, and all the interviewees and authorities for sharing their experiences and

providing useful documents. The authors wish to thank Ed Oliver for drawing the figures.

References

Brils, J. (2008). Sediment monitoring and the European Water Framework Directive. Ann. Ist. Super

Sanita 44 (3), 218-223



286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

CIS (2005). Common Implementation Strategy for the Water Framework Directive (2000/60/EC).
Overall approach to the classification of ecological status and ecological potential. Guidance
document 13. Working Document EU, Brussels

CIS (2013). Guidance for Reporting under the Floods Directive (20007/60/EC). A compilation of
reporting sheets adopted by Water Directors Common Implementation Strategy for the Water
Framework Directive (2000/60/EC). Guidance document 29. Working Document EU,
Luxembourg

CIS (2015). Common Implementation Strategy for the Water Framework Directive (2000/60/EC) and
the Floods Directive (2007/60/EC). Work Programme 2016-2018. Working Document EU,
Luxembourg

Clarke, S.J., Bruce-Burgess, L., and Wharton, G. (2003). Linking form and function: towards an eco-

hydromorphic approach to sustainable river restoration. Aquatic Conservation: Marine and

Freshwater Ecosystems 13 (5), 439-450. doi: 10.1002/agc.591

Defra (2005). Making space for water. Taking forward a new Government strategy for flood and
coastal erosion risk management in England. First Government response to the autumn 2004,
Making space for water consultation exercise.

EEA, European Environment Agency (2011). Mapping the impacts of natural hazards and
technological accidents in Europe. EEA Technical report No 13/2010. Luxembourg

England, J., Skinner, K.S., and Carter, M.G. (2008) Monitoring, river restoration and the Water
Framework Directive. Water and Environment Journal 22, 227-234. doi: 10.1111/}.1747-
6593.2007.00090.x

EU, European Union (2000). Directive of the European Parliament and of the Council 2000/60/EC
Establishing a Framework for Community Action in the Field of Water Policy. Official Journal

C513, 23.10.2000



310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

EU, European Union (2006). Directive 2006/118/EC of the European Parliament and of the Council
of 12 December 2006 on the protection of groundwater against pollution and deterioration. Official

Journal L372, 27.12.2006

EU, European Union (2007). Directive 2007/60/EC of the European Parliament and of the Council
of 23 October 2007 on the Assessment and the Management of Flood Risks. Official Journal L288,

6.11.2007

Fleming, G. (2001). Learning to live with rivers - the ICE’s report to government. Proceedings of
ICE, Civil Engineering 150, 15-21
Hedelin, B. (2015). The EU floods directive in Sweden: opportunities for integrated and participatory

flood risk planning. Journal of Flood Risk Management.doi: 10.1111/jfr3.12162

Kallis, G., and Butler, D. (2001). The EU water framework directive: measures and implications.
Water Policy 3 (2), 125-142. doi: 10.1016/S1366-7017(01)00007-1

Klijn, F., Samuels, P., and Van Os, A., 2008. Towards flood risk management in the EU: state of
affairs with examples from various European countries. International Journal of River Basin
Management 6 (4), 307-321. doi: 10.1080/15715124.2008.9635358

Mostert, E., and Junier, S.J. (2009). The European flood risk directive: challenges for research.
Hydrology and Earth System Sciences Discussions 6 (4), 4961-4988. doi:10.5194/hessd-6-4961-

2009
Miller, U. (2013). Implementation of the Flood Risk management Directive in Selected European
Countries. Int. J. Disaster Risk Sci.4 (3), 115-125. doi:10.1007/s13753-013-0013-y

National Flood Resilience Review (2016). National Flood Resilience Review. HM Government.
available  at  https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/

551137/national-flood-resilience-review.pdf).



333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

Nardini, A., Sansoni, G., Schipani, 1., Conte, G., Goltara, A., Boz, B., Bizzi, S., Polazzo, A., and
Monaci, M. (2008). The Water Framework Directive: a soap bubble? An integrative proposal:
FLEA (Fluvial Ecosystem Assessment). Centro Italiano per la Rigualificazione Fluviale.

Nones, M. (2015a). Sediment management of rivers and Water Framework Directive: the case of the

Spree River. 36" IAHR World Congress, The Hague, The Netherlands

Nones, M. (2015b). Implementation of the Floods Directive in selected EU Member States. Water

and Environment Journal 29 (2),412-418. doi: 10.1111/wej.12129

Nones, M. (2016). Is public participation an added value for river basin management? European
Planning Studies 24 (6). doi: 10.1080/09654313.2016.1164125

Nones, M., and Gerstgraser, C. (2016). Morphological impact of a restoration project: the case of the
Spree River, Cottbus, Germany. in Hydrodynamic and mass transport at freshwater aquatic

interfaces. series Geo Planet Earth and Planetary Sciences. Eds. Springer International Publishing.

doi:10.1007/978-3-319-27750-9_14

Nones, M., and Pescaroli, G. (2016). Implications of cascading effects for the EU Floods Directive.

Journal of River Basin Management 14 (2), 195-204. doi: 10.1080/15715124.2016.1149074
POSTNOTE (2014). Catchment-Wide Flood Management. Postnote 484.

PPS (2009). Development and Flood Risk. Practice Guide. Department for Communities and Local

Government, Planning Policy Statemen t25, pp. 192
SEPA (2015). Natural Flood Management Handbook. Scottish Environment Protection Agency

Skinner, K.S., and Bruce-Burgess, L. (2005). Strategic and project level river restoration protocols -
key components for meeting the requirements of the Water Framework Directive (WFD). Water

and Environment Journal 19(2), 135-142. doi: 10.1111/].1747-6593.2005.tb00561.x

Slater, L. J., Singer, M. B. and Kirchner, J. W. (2015). Hydrologic versus geomorphic drivers of

trends in flood hazard. Geophysical Research Letter 42 (2), 370-376. doi: 10.1002/2014GL062482



357

358

359

360

361

362

Wendler, W. (2007). Integrated River Basin Management and Flood Risk Management Planning in
Germany. WaRelLa Scientific Conference on Integrated Catchment Management for Hazard
Mitigation, Trier, Germany

Wharton, G., and Gilvear, D.J. (2007). River restoration in the UK: Meeting the dual needs of the
European union water framework directive and flood defence? International Journal of River Basin

Management 5 (2), 143-154. doi: 10.1080/15715124.2007.9635314



