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Estuaries are highly 
dynamic systems 
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Estuaries are changing… 

…and they are  
being changed 
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Challenge: sedimentation 
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Challenge: climate change 

•  Sea level rise  

•  Gradient of water levels  

•  Freshwater discharge 

•  Salinity  

• ... 
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Changing Estuary: Tidal Range 
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Elbe 

Scheldt 



Integrated Management Plan 
Elbe Estuary 

Harbour Industry 

City 

Harbours Flood protection 

Nature protection 

Recreation  
and  tourism 

Living 

Fisheries 

Challenge: diverse uses 
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The TIDE Project: 
Four North Sea Region Estuaries 

Elbe | DE 

Weser | DE 

Scheldt | NL,BE 

Humber | GB 

•  3.7 m €, 50% by ERDF financed  

•  INTERREG IV B North Sea Programme 
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•  improve estuarine understanding  
•  develop concrete TOOLS for estuary managers & stakeholders  
•  give recommendations for integrated management of estuaries  
   (ecoloy, economy and society) 
•  taking into account the whole estuary 

 

TIDE objectives 
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Ecosystem Services Approach 

•  TIDE work based on ecosystem service approach 

•  Explore underlying relations between ecosystem functions of estuaries, 
resulting ecosystem services & derived societal benefits 

•  Based on this knowledge - better understanding the way in which human 
interventions affect these interrelations 
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Understanding  
TIDE 

•  Estuary understanding 
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Understanding  
TIDE 

•  Estuary understanding 

•  Tools for governance and 

communication 
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Understanding  
TIDE 

•  Understanding estuarine 

functioning 

•  Tools for management and 

communication 

•  Management measures 
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Estuary Zonations 

•  Zonation scheme for each estuary – based on salinity  
•  Use for inter-estuarine comparisons 

East

Westerschelde

MiddleWest
Upper	
  meso

Upper	
  oligo

Lower	
  est
Lower	
  riv
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Historical 
development: 
 
 
 
 
 
 
 
Habitat development 

   Elbe 
 
      

Describe & compare: 

•  Relevant changes & pressures 

•  Overview on human activities   

•  Tidal evolution 

•  Ecology 

•  Habitats 
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WFD Summary 

 

Location Name of Plan 
Focus / aims of the plans SWOT 

Status 
Conservation Recreation Flood 

Protection 

Economy, 
Shipping & 
Ports 

ICZM 
Strength 
(Scope of 
Plan) 

Weakness Opportunities Threats 

Elbe Several plans inc River 
Basin Plan x  (x)   

Improving 
ecological 
status & 
inc. legally 
binding 

No focus 
on tidal 
Elbe, non-
holistic 
view on 
function 

Cross-sector 
involvement 
& tie in to 
MSD 

Focus on 
monitoring not 
functioning 

Operational 

Weser River Basin Management 
Plan X  X   

Improving 
ecological 
status & 
inc. legally 
binding 

No focus 
on tidal 
Weser, 
non 
holistic 
view on 
function 

Trans-
boundary and 
sets targets 

Focus on 
monitoring not 
functioning 

Operational 

Scheldt River Basin Management 
Plan X X X X x Integrated 

Difficulties 
in bilateral 
integration 
& 
establishm
ent of 
measures 

Increased 
knowledge 

Costs & no 
clear timetable Pre-operational 

Humber River Basin Management 
Plan x  x   

Improving 
ecological 
status & 
inc. legally 
binding 

Not multi-
sectoral & 
no estuary 
focus 

Integration of 
WQ & 
conservation 
strands etc 

Not fully 
integrated Operational 

Notes            

•  Legislative drivers 
•  Management plans in each estuary, e.g.WFD 
•  Recommendations 

 
Inventory & SWOT Analysis Management Plans 

Estuary management 
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Leave row blank

Landscape High value landscape feature 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Protected area adjacent to system 0 4 4 0 -3 -4 -2 0 0 0 0 0 -6 -8 -6 0 0

Protected subtidal area 0 0 6 4 -10 -6 -8 0 0 0 -10 -6 -10 0 -10 -12 -8

Protected intertidal area 0 4 12 4 -5 -12 -8 0 -6 0 -10 0 -10 -6 -10 -12 -4

Archaeology Archaeology/History protected site 0 0 0 0 0 -4 -2 -3 -4 0 -3 0 -3 -4 -3 -4 0

Recreational access on water 0 0 -10 -5 0 0 0 0 0 0 0 -5 0 0 0 0 0

Recreational access on the banks & 
intertidal

0 -4 -6 -12 0 0 0 0 0 0 0 0 0 0 0 0 0

Commercial 0 -2 -8 -8 0 0 0 0 0 0 0 -4 0 0 0 0 0

Defence set-back 0 -3 5 10 -3 0 -5 -3 5 0 0 0 4 -5 4 0 0

Flood bank (dyke/gabion/wall) 0 -4 -6 -12 0 0 12 4 0 0 0 0 0 6 0 0 0

Channel stabilisation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dredging (channel deepening/berth 
heads)

0 0 -10 -5 0 0 0 0 0 -5 0 10 0 0 8 0 0

Vessel movement 0 0 -6 -6 0 -5 0 0 0 0 0 0 0 0 5 0 0

Port land claim (intertidal/subtidal) 0 -6 -10 -10 -3 0 -5 0 0 0 0 0 0 10 4 0 0

Port related activity adjacent to 
system

0 -8 -6 -12 -4 0 0 0 -5 0 0 0 0 0 0 0 0

Port activity on the intertidal/subtidal 
area

0 -3 -10 -10 -3 -4 -5 -3 0 0 0 0 -5 4 5 -5 -3

Infrastructure
Infrastructure on bed or in water 

column (e.g. pipes, cables, piers, 
marinas) 

0 0 -6 -6 -4 0 0 0 0 0 0 -5 -6 0 0 -5 -4

Conservation

Access (e.g. 
Disturbance)

Flood/Coast 
protection

Navigation
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HUMBER ESTUARY (OUTER 
ESTUARY):  Actual Conflict 
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  Leave row blank                                                 

Landscape High value landscape feature     0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Conservation 

Protected area adjacent to 
system   0   4 4 0 -2 -4 -2 0 0 0 0 0 -4 -6 0 0 0 0 0 0 -4 0 

Protected subtidal area   0 0   6 4 -8 -6 -8 0 0 0 -8 -6 -8 0 0 -8 0 0 0 0 0 -6 

Protected intertidal area   0 4 12   4 -4 -12 -8 0 -6 0 -8 0 -8 -5 0 -8 0 0 0 0 -4 -6 

Archaeology Archaeology/History protected 
site   0 0 0 0   0 -4 -2 -3 -4 0 -2 0 -2 -3 0 -2 0 0 0 0 -2 0 

Access (e.g. Disturbance) 

Recreational access on water   0 0 -8 -4 0   0 0 0 0 0 0 -4 0 0 0 0 0 0 0 0 0 0 

Recreational access on the 
banks & intertidal   0 -4 -6 -12 0 0   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Commercial   0 -2 -8 -8 0 0 0   0 0 0 0 -4 0 0 0 0 0 0 0 0 0 0 

Flood/Coast protection 
Defence set-back   0 -3 5 10 -3 0 -5 -3   5 0 0 0 3 -4 0 0 0 0 0 0 -3 0 

Flood bank (dyke/gabion/wall)   0 -4 -6 -12 0 0 12 4 0   0 0 0 0 5 0 0 0 0 0 0 8 0 

Navigation 

Channel stabilisation   0 0 0 0 0 0 0 0 0 0   0 0 0 0 0 0 0 0 0 0 0 0 

Dredging (channel deepening/
berth heads)   0 0 -8 -4 0 0 0 0 0 -4 0   8 0 0 0 0 0 0 0 0 0 0 

Vessel movement   0 0 -6 -6 0 -4 0 0 0 0 0 0   0 0 0 0 0 0 0 0 0 0 

Ports& Harbours 

Port land claim (intertidal/
subtidal)   0 -4 -8 -8 -2 0 -4 0 0 0 0 0 0   6 0 0 0 0 0 0 2 0 

Port related activity adjacent to 
system   0 -6 -5 -10 -3 0 0 0 -4 0 0 0 0 0   0 0 0 0 0 0 0 0 

Port activity on the intertidal/
subtidal area   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0   0 0 0 0 0 0 0 

Infrastructure 
Infrastructure on bed or in water 

column (e.g. pipes, cables, 
piers, marinas)  

  0 0 -4 -4 -2 0 0 0 0 0 0 -2 -4 0 0 0   0 0 0 0 0 0 

Zone A 

Zone B 

Estuary management 
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Communication: Chances and risks 

Estuary management 

Interrogation of 800 people on their perception of the Elbe estuary 
( Geesthacht, Harburg, Bergedorf, Stade, Uetersen, Brokdorf, Marne, … Friedrichskoog, Cuxhaven) 

 

–  How do you ´use´ the Elbe? 

–  What means nature for you? 

–  What kind of conflicts can occur? 

–  How important is the harbour? 

–  What are your wishes for the future of the Elbe? 

–  Quiz in order to get to know what people know on relevant Elbe subjects. 

–  …. 
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Create positive experience– 
 Create consciousness for  tidal processes –  
       Communicate aims of the tidal Elbe concept 

 

Communication: Means for getting 
acceptance and knowledge building 
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Measure database 
Compilation and evaluation of 42 measures 
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Lippenbroek (Zeescheldt) 
•  Located in freshwater tidal area  
•  Past: agricultural use  
•  Size: 10 ha 
•  Start:  May 2006 

Win-win situation:  
flood protection & valuable tidal nature area 

Pilot Projects: Westerscheldt 
Flood control area with controlled reduced tide 
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Alkborough Flats 
 
•  Aims:  

  1.reduce water levels in upper estuary 

  2. compensate for habitat losses  

•  Situated in upper estuary  

•  Breached in Sept 2006 

•  440ha - biggest MR site on Humber 

•  10 year monitoring programme  

  started in Sept 2007 

Management measures 
Humber: Managed Realignment 
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City	
  of	
  Bremen	
  

project	
  area	
  

Characteristics: 

•  13 ha area 

•  Approx. 0,03 m above mTHW 

•  Approx. 4 m tidal amplitude 

•  Overflow dam  (summer dyke) 

•   Main dyke has to be enforced  

•  Agricultural use (greenlands) 

•  Natura 2000 areas adjacent  

   

Pilotprojects: Weser  
´Restoration of riverbanks´ 
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TIDE Outcomes compact 

1. Scientific exchange and building up of expertise 

 Compilation of informationen on Elbe, Humber, Schelde and Weser estuaries: 

•  characteristics und function of estuaries, 

•  historical development of estuaries 

•  management-Instruments und Framework 
•  catalogue of evaluated measures 

 Identification of similarities and differences: 

•  TIDE estuaries have certain basic prozesses, structures and demands in common,  

but each estuary is unique in its functional characteristics and dynamics.  

  Improved understanding of basic processes, structures and demands 

  Defined zonation approach appropriate for estuarine comparison 
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 2. Recommendations 

•  Successful integrated management requires to understand the functioning of the 
estuarine system and to consider it as a whole when decisions have to be taken or 
management measures implemented (holistic approach).  

•  The Ecosystem Service Approach is a useful approach for decision makers as it shows 
the economic value of certain estuarine benefits. However, due to the complexity of 
estuaries the application of the approach is not simple.  

•  A successful implementation of management plans and measures requires an 
appropriate communication strategy. 

•  The success of any management strategy or measure depends on an appropriate 
monitoring strategy, i.e. integrated, cost-effective and fit-for-purpose. 

TIDE Outcomes compact 
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3. Practical tools  

•  recommendations e.g. concerning communication strategies,  

•  certain methodologies related to hydromorphological topics, 

•  templates which can be download e.g. a conflict matrix  

•  a generic roadmap and decision support system ´EPSS ´  

•  an app for the estimation of birds disturbance to be downloaded, 

•  a catalogue of evaluated management measures  

•  examples of good practice e.g. morphological disposal along sandbars. 

TIDE Outcomes compact 
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Successful integrated and sustainable 
management of estuaries requires  
•  the close cooperation between all legitimate 

stakeholders  
•  in a transparent process  
•  based on agreed aims and  
•  a good understanding of sound science 
 

Quintessence of TIDE 
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Access TIDE outcomes  
via an interactive website,  

the TIDE toolbox  
 

  see next presentation Dr. Kirsten Wolfstein 
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Thanks for your attention ! 
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Reserve 



Changing Estuary: Tidal Range 

30 



Ecosystem  
Services 

PastPresent	
  time
SERVICES FreshwaterFreshwater Oligohaline Mesohaline Polyhaline
Food:	
  Plants HPA:VI,	
  BN,LK:I,	
  SB:LIHPA:VI,	
  BN:I,	
  LK:UI;	
  SB:LIHPA:VI,	
  BN:I,	
  SB:LI HPA:VI,	
  SB:I,	
  NB:LI HPA:I,	
  BN,SB:UI
Food:	
  Animals BN:	
  VI;	
  HPA,LK:	
  IBN:I,	
  HPA;LK:LI BN;	
  SB:I,	
  HPA:LI
Water	
  for	
  household	
  use HPA;LK:	
  VI;	
  SB:	
  LI
Water	
  for	
  industrial	
  use LK:VI;	
  HPA;BN;SB:I
Water	
  for	
  agricultural	
  use HPA:VI,	
  BN:LI
Water	
  for	
  energy	
  use
Water	
  for	
  navigation
Raw	
  materials:	
  Renewable	
  soil 	
  materials:	
  sand
Raw	
  materials:	
  Renewable	
  soil 	
  materials:	
  clay SB:LI;	
  HPA:UI SB:LI;	
  HPA:UI
Raw	
  materials:	
  Platform	
   HPA;BN;BS:VI;	
  LK:IHPA;SB;BN:VI;	
  LK:LI
Raw	
  materials:	
  Plants BN:I;	
  HPA:	
  LI BN:LI;	
  HPA:UI BN:LI;	
  HPA:UI
Raw	
  materials:	
  Animals
Genetic	
  resources HPA,BN:	
  VI;	
  SB:LI HPA:DK;	
  BN:VI;	
  SB:I
Medicinal	
  resources
Ornamental	
  resources

Air	
  quality	
  regulation:	
  Removing	
  harmful	
  particles

Air	
  quality	
  regulation:	
  Air-­‐water	
  exchange HPA:	
  I;	
  SB:UI
Air quality regulation: Biogeochemical reactions due to activity of
organisms

Climate	
  regulation:	
  Carbon	
  sequestration	
  and	
  burial

Climate	
  regulation:	
  Water	
  thermodynamic	
  regulation BN;LK:I;	
  SB:LI;	
  HPA:	
  DKBN,LK:I,	
  SB:LI,	
  HPA:DK BN:I,	
  SB:LI,	
  HPA:DK BN:I,	
  SB:LI,	
  HPA:DK BN:I,	
  	
  HPA:DK
Climate	
  regulation:	
  Heat	
  exchange	
  regulation BN:VI;	
  LK:LI;	
  HPA,SB:	
  DKBN:VI,	
  LK:LI;	
  HPA:DK BN:VI,	
  HPA:DK BN:VI,	
  HPA:DK BN:VI,	
  HPA:DK
Regulation	
  	
  extreme	
  events	
  or	
  disturbance:	
  Flood	
  water	
  storage HPA;BN;SB:I;	
  LK:LEBN:I;	
  HPA:LI BN:I;	
  HPA:LI BN:I;	
  HPA:LI
Regulation	
  	
  extreme	
  events	
  or	
  disturbance:	
  Peak	
  discharge	
  buffering BN:I;	
  HPA;LK:UIBN:I;	
  HPA:UI
Regulation	
  	
  extreme	
  events	
  or	
  disturbance:	
  Water	
  current	
  reduction

Regulation	
  	
  extreme	
  events	
  or	
  disturbance:	
  Wave	
  reduction

Regulation	
  	
  extreme	
  events	
  or	
  disturbance:	
  Sound	
  buffering

Water	
  quantity	
  regulation:	
  drainage	
  of	
  river	
  water HPA;BN;LK:VI;	
  SB:I HPA;BN:VI;	
  SB:I

Water	
  quantity	
  regulation:	
  prevention	
  of	
  saline	
  intrusion

Water	
  quantity	
  regulation:	
  dissipation	
  of	
  tidal	
  and	
  river	
  energy

Water	
  quantity	
  regulation:	
  landscape	
  maintenance BN:	
  VI;	
  LK:I;	
  HPA;SB:	
  DKBN:VI;	
  LK:I;	
  HPA:DK BN:VI;	
  HPA:DK BN:VI;	
  HPA:DK BN:VI;	
  HPA:DK
Water	
  quantity	
  regulation:	
  transportation

Water	
  quality	
  regulation:	
  transport	
  of	
  pollutants	
  and	
  excess	
  nutrients

Water quality regulation: reduction of excess loads coming from the
catchment

Erosion	
  and	
  sedimentation	
  regulation	
  by	
  water	
  bodies

Erosion	
  and	
  sedimentation	
  regulation	
  by	
  biological	
  mediation LK:I;	
  BN;SB;HPA:LI BN:	
  I;	
  HPA;SB:	
  LI BN:	
  I;	
  HPA;SB:	
  LI

  1. Overview of ecosystem services (ES)   
  - interestuarine comparison  

 

  2. ES importance / spatial distribution 

  3. Link to inventory of habitats/zone 
  

  4. Integration of ES to management 
 perspectives & measures  
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•  Impact of increasing tidal range on tidal marsh ecosystems.  

•  Tidal parameters influencing amplification of the tide. 

•  Impact of load of nutrients on ecological functioning. 

•  Limiting factors primary production.  

•  Heterotrophic or autotrophic system?  

•  Differences between the estuaries and why? 

Interestuarine comparison:  
water quality 
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Carrying Capacity & Management for 
Birds •  Approach to developing conservation goals and 

habitat needs for waterbirds 

•  Consideration of physical and biological 
requirements: feeding, roosting, breeding areas, 
anthropogenic effects, ... 

•  Assessment of actual carrying capacity based on 
current usage levels, trends for species/estuaries/
zones, and suppressors.  

•  Interestuarine carrying capacity comparison per 
zones and key species 

Dick Daniels (http://carolinabirds.org/) 

Dick Daniels (http://carolinabirds.org/) 
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Management measures 
Collection of practical measures 

TIDE Measure Types Measures 
in total 

Elbe Scheldt Weser Humber 

D
ev

el
op

m
en

t T
ar

ge
ts

 

H
yd

ro
lo

gy
/ 

M
or

ph
ol

og
y 

Measure to reduce tidal energy, tidal range, tidal asymmetry and tidal 
pumping effects 

6 2 1 2 1 

Measure for flood protection 5 - 3 -  2   
Measure to improve morphological conditions 6 6 - - *  
Measure to decrease the need for dredging 5 4 - -  1   

B
io

lo
gy

/ 
E

co
lo

gy
 

Measure to develop and/or to protect specific habitats 24 5 10 5  4   
Measure to develop and/or protect specific species 7 2 1 -  4  
Other measure to develop natural gradients and processes, transition 
and connection 

13 4 4 5 *  

Measure to prevent introduction of or to fight invasive specie - - - - *  

P
hy

si
ca

l/c
he

m
ic

al
 

Q
ua

lit
y 

P
ar

am
et

er
s 

Measure to reduce pollutant loading (point and diffuse sources) 1 1 - - *  
Measure to reduce nutrient loading (point and diffuse sources) - - - - *  
Measure to improve oxygen conditions 2 1 1 - *  
Measure to reduce physical loading (e.g. heat input by cooling water 
entries) 

- - - - *  

Other measure to improve self-purifying power - - - - *  
Other development target(s). 8 - 6 -  2  *more measures expected 
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Spadenlander Busch / 
Kreetsand 

Tidal Volume: New shallow water area 
 

Hamburg 

Elbe: Spadenlander Busch 
Management measures 

TIDE	
  Final	
  Conference	
  |	
  	
  Manfred	
  Meine	
  |	
  23.	
  April	
  2013	
  	
   35 



Kreetsand Kreetsand 2015 

Catalogue of measures: Pilot Kreetsand 
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 Management measures 
 Westerscheldt: Alternative disposal strategy  

   Knowlege  transfer 
 

1. Relocating dredged sediments along sandbars 

•  create ecologically valuable habitat  

•  improve distribution of ebb and flood flows 

  WIN-WIN- Situation 

2. Evaluation of concept applicability to other 

estuaries  
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 Management measures 
Westerscheldt Alternative disposal strategy  
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Relocation of dredged sediments along sandbars 

•  create ecologically valuable habitat  

•  improve distribution of ebb and flood flows 

Win-win for Sedimentmanagement and nature ? 

38 



Pilotprojects: Weser  
´Restoration of riverbanks´ 

 
Planned realisation:  

•  Present state: feasibility study 

•  Base of the enforced dyke will be shifted  
 several meters to forelands.  

•  Parts of measure may be used as a 
 compensation measure due to intended 
 main dyke enforcement (according to 
 national  impact regulation). 

•  Feasibility study is part of pilot project – goal: 
 improvement of tidal Weser ecological 
 conditions. 
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Online Database 
Management measures 

TIDE	
  Final	
  Conference	
  |	
  	
  Manfred	
  Meine	
  |	
  23.	
  April	
  2013	
  	
   40 



•  Comprehensive information  
   on measures & evaluation 

 Download of reports 
 Interesting links 

Online Database 
Management measures 
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TIDE Toolbox 
   Website for estuary managers & stakeholders: 

 
Easily accessable, practical presentation of TIDE results  
(reports, glossary, management issues, ..) 
 

•  Better understanding of estuaries 
•  Information for integrated estuary management 
•  Catalogue of measures 
•  Compilation of Dredging strategies 
•  Tools 
•   Links to other projects 
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„Dutch warn against Elbe deepening“ 


