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The main objective of estuarine management is to 
maintain and protect the natural ecology while 

safeguarding the delivery of benefits for society. As such, 
estuarine management is the responsibility of all 

stakeholders.
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• Fairways to important seaports
• Endangered estuarine 

ecosystem functions
• Increased sediment transport
• Legal framework: EU Directive
• Economic prosperity, port 

development
• Climate change

Similar challenges

Weser
estuary

Scheldt
estuary Antwerp Port Authority
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Elbe | DE

Weser | DE

Scheldt | NL,BE

Humber | GB

€ 3.7 million, 50% financed by ERDF
INTERREG IV B North Sea Region Programme

January 2010 - June 2013
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Four estuaries… one project
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University of Antwerp

Hamburg Port Authority 
(Lead Partner)

Free Hanseatic City of
Bremen

TIDE partners

Lower Saxony Water 
Management, Coastal 
Defence & Nature 
Conservation Agency

University of Bremen

Flemish Authorities, 
Department of Mobility and 
Public Works

Rijkswaterstaat

Environment Agency

Institute of Estuarine & 
Coastal Studies, Hull

Antwerp Port Authority
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• Improve estuarine understanding 

• Develop concrete tools for estuary managers and stakeholders 

• Give recommendations for integrated management of estuaries taking into 
account the whole estuary (ecology, economy, society)
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TIDE objectives
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Understanding TIDE

• Understanding estuarine 
functioning

• Tools for governance and 
communication

• Management measures
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• The ecosystem service (ES) approach is being recognised as having a high 
potential to link the different parts of the ecosystem and to tie it to the socio-
economic system.

• Explores underlying relations between ecosystem functions of estuaries, 
resulting ES and derived societal benefits.

• Based on this knowledge, better understand the way in which human 
interventions affect these inter-relations.
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Ecosystem services approach
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Ecosystems and biodiversity Human well-being

Structures and 
processes

Ecosystem
servicesFunctions Benefits

(Economic)
Value

Example:
Morphology

Water for 
navigation

Dissipation of 
tidal energy

Water quality 
regulation

Supply Demand
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Pathway from ecosystem structures and processes to human well-being

Ecosystem services
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• Habitat development

• Hydro-geomorphology

• Filtering functions

• Primary production

• Dissolved oxygen levels

• Habitat and bird distribution

• Conflicts and legislation

• Management measures
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Topics for interestuarine 
comparison
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estuarine functioning



Habitat development
at the Elbe estuary

Describe and compare:

• Relevant changes and pressures
• Overview of human activities 
• Tidal evolution
• Habitats
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Example: Historical development
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• Legislative drivers
• Management plans in each estuary (e.g. WFD)
• Recommendations
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Estuary management
Inventory and SWOT analysis

of management plans

 

Location Name of Plan 
Focus  / aims  of th e 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            
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Recreational access on the banks & 
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Channel stabilisation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Port land claim (intertidal/subtidal) 0 -6 -10 -10 -3 0 -5 0 0 0 0 0 0 10 4 0 0
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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

C
on

se
rv

at
io

n

A
cc

es
s 

(e
.g

. 
D

is
tu

rb
an

ce
)

Fl
oo

d/
co

as
t 

pr
ot

ec
tio

n

N
av

ig
at

io
n

P
or

ts
 &

 H
ar

bo
ur

s

Ports& Harbours

Category

La
nd

sc
ap

e

A
rc

ha
eo

lo
gy

In
fra

st
ru

ct
ur

e

Category

HUMBER ESTUARY (MIDDLE 
ESTUARY):  Actual Conflict Level 

Assessment per zone             
(all these cells are completed 

automatically so DO NOT populate)

Le
av

e 
co

lu
m

n 
bl

an
k

H
ig

h 
va

lu
e 

la
nd

sc
ap

e 
fe

at
ur

e

P
ro

te
ct

ed
 a

re
a 

ad
ja

ce
nt

 to
 

sy
st

em

P
ro

te
ct

ed
 s

ub
tid

al
 a

re
a

P
ro

te
ct

ed
 in

te
rti

da
l a

re
a

A
rc

ha
eo

lo
gy

/H
is

to
ry

 p
ro

te
ct

ed
 

si
te

R
ec

re
at

io
na

l a
cc

es
s 

on
 w

at
er

R
ec

re
at

io
na

l a
cc

es
s 

on
 th

e 
ba

nk
s  

&
 in

te
rti

da
l

C
om

m
er

ci
al

D
ef

en
ce

 s
et

-b
ac

k

Fl
oo

d 
ba

nk
 (d

yk
e/

ga
bi

on
/w

al
l)

C
ha

nn
el

 s
ta

bi
lis

at
io

n

D
re

dg
in

g 
(c

ha
nn

el
 

de
ep

en
in

g/
be

rth
 h

ea
ds

)

V
es

se
l m

ov
em

en
t

P
or

t l
an

d 
cl

ai
m

 (i
nt

er
tid

al
/s

ub
tid

al
)

P
or

t r
el

at
ed

 a
ct

iv
ity

 a
dj

ac
en

t t
o 

sy
st

em

P
or

t a
ct

iv
ity

 o
n 

th
e 

in
te

rti
da

l/s
ub

tid
al

 a
re

a

In
fra

st
ru

ct
ur

e 
on

 b
ed

 o
r i

n 
w

at
er

 
co

lu
m

n 
(e

.g
. p

ip
es

, c
ab

le
s,

 p
ie

rs
, 

m
ar

in
as

)

Ti
da

l/c
ur

re
nt

 e
ne

rg
y 

de
vi

ce

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

C
on

se
rv

at
io

n

A
cc

es
s 

(e
.g

. 
D

is
tu

rb
an

ce
)

Fl
oo

d/
co

as
t 

pr
ot

ec
tio

n

N
av

ig
at

io
n

P
or

ts
 &

 H
ar

bo
ur

s

Ports& Harbours

  Category   

La
nd

sc
ap

e 

C
on

se
rv

at
io

n 

A
rc

ha
eo

lo
gy

 

A
cc

es
s 

(e
.g

. 
D

is
tu

rb
an

ce
) 

F
lo

od
/c

o
as

t p
ro

te
ct

io
n

N
a

vi
g

at
io

n 

P
or

ts
 &

 H
ar

bo
ur

s 

In
fr

as
tr

uc
tu

re
 

In
du

st
ry

 

A
gr

ic
ul

tu
re

 

Category 

HUMBER ESTUARY (OUTER 
ESTUARY):  Actual Conflict Level 

Assessment per zone                                                              
(all these cells are completed 

automatically so DO NOT populate) 

L
ea

ve
 c

ol
um

n 
b

la
nk

 

H
ig

h 
va

lu
e 

la
nd

sc
ap

e 
fe

at
ur

e
 

P
ro

te
ct

ed
 a

re
a 

ad
ja

ce
nt

 to
 s

ys
te

m
 

P
ro

te
ct

ed
 s

ub
tid

al
 a

re
a 

P
ro

te
ct

ed
 in

te
rt

id
al

 a
re

a 

A
rc

ha
e

ol
og

y/
H

is
to

ry
 p

ro
te

ct
ed

 s
ite

 

R
ec

re
at

io
na

l a
cc

es
s 

on
 w

at
e

r 

R
ec

re
at

io
na

l a
cc

e
ss

 o
n 

th
e 

ba
nk

s 
&

 in
te

rt
id

al
 

C
om

m
er

ci
al

 

D
ef

en
ce

 s
et

-b
ac

k 

F
lo

od
 b

an
k 

(d
yk

e/
ga

bi
on

/w
al

l) 

C
ha

nn
el

 s
ta

bi
lis

a
tio

n 

D
re

d
gi

ng
 (

ch
an

ne
l d

ee
pe

ni
n

g/
be

rt
h

h
ea

ds
) 

V
es

se
l m

ov
em

en
t 

P
or

t l
an

d 
cl

a
im

 (
in

te
rt

id
a

l/s
ub

tid
al

) 

P
or

t 
re

la
te

d 
ac

tiv
ity

 a
dj

ac
en

t 
to

 
sy

st
em

 

P
or

t a
ct

iv
ity

 o
n 

th
e 

in
te

rt
id

al
/

su
b

tid
al

 a
re

a 

In
fr

as
tr

uc
tu

re
 o

n 
be

d 
or

 in
 w

at
e

r 
co

lu
m

n 
(e

.g
. p

ip
es

, c
ab

le
s,

 p
ie

rs
, 

m
ar

in
as

) 

T
id

al
/c

ur
re

nt
 e

ne
rg

y 
d

ev
ic

e 

W
at

er
 a

bs
tr

ac
tio

n 

A
gg

re
ga

te
 e

xt
ra

ct
io

n 

In
du

st
ria

l d
is

ch
ar

ge
 

In
du

st
ria

l a
ct

iv
ity

 a
dj

ac
en

t t
o 

sy
st

em
 

A
gr

ic
ul

tu
ra

l r
un

-o
ff 

  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 
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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
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Estuary management
Conflict matrix of estuary uses
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Interrogation of 800 residents about their perception of the Elbe estuary 
(Geesthacht, Harburg, Bergedorf, Stade, Uetersen, Brokdorf, Marne, 
Friedrichskoog, Cuxhaven, ...)

Dr. Kirsten Wolfstein | TIDE on Tour, Leer 2013 

Estuary management
Communication

14

•What do people know about conflicts 
between different estuary uses? 

• Are they aware of the challenges of 
integrated estuarine management? 

• Do people, authorities, scientists speak 
the same language, do they understand 
each other? 



• Create positive experience
• Create awareness for tidal processes
• Communicate aims of the tidal Elbe concept
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Estuary management
Communication: means for acceptance

and knowledge building
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Database of management measures
Compilation & evaluation (39 measures)
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Scheldt

Weser

Elbe

Humber



SCIENTIFIC EXCHANGE AND BUILD UP OF EXPERTISE

• Compilation of information on Elbe, Humber, Scheldt and Weser estuaries:

- Characteristics and functioning
- Historical development
- Management instruments and legal framework
- Catalogue of evaluated measures

• Identification of similarities and differences:

- TIDE estuaries have certain basic processes, 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

Dr. Kirsten Wolfstein | TIDE on Tour, Leer 2013 

TIDE outcomes
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PRACTICAL TOOLS

• Checklists and recommendations (e.g. communication strategies) 
• Methodologies related to hydromorphological topics (e.g. cubage technique)
• Templates which can be download (e.g. conflict matrix)
• A generic roadmap and decision support system ??EPSS ??
• A downloadable app for the estimation of bird disturbance
• A catalogue of evaluated management measures 
• Examples of good practices (e.g. morphological disposal along sandbars)
• …
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TIDE outcomes
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TIDE Tool: Estuary Planning 
Support System EPSS

• Representation of a generic 
integrated estuarine 
management process

• 5 main stages linked through 
series of steps to guide user 
through process of estuarine 
management

• Links are available to take 
user to specific tools and 
outputs from TIDE project

• Further information from each 
stage of the EPSS is available 
by clicking on the boxes in the 
flowchart
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...more to come in the TIDE toolbox

Access TIDE 
outcomes via an 

interactive website: 
the TIDE toolbox

www.tide-toolbox.eu
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Conclusions: Integration of 
findings from TIDE and other 

projects
• All estuaries are different for management … but all estuaries have similar features.
• All approaches to management are similar … but need to be modified for site-

specificity.
• Management requires data, knowledge and expertise … but must manage in the 

absence of them.
• All sectors have different constraints and perspectives … but prevailing governance 

requires integration.
• Underlying governance is the same … but has been implemented differently at 

local/regional/national levels.
• All areas have conflicts … but conflict resolution requires compromise.
• Tools are available and/or can be created … but need ‘road testing’ for other 

estuaries.
• All estuaries have similar economic and societal constraints … but not all players 

are aware of this.
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An integrated management approach should:

• Apply the ecosystem approach
• Use the ES approach to measure and communicate changes which

can deliver societal benefits
• Accumulate and share knowledge of estuary structure and functioning
• Use best practices from similar cases
• Follow a holistic approach and consider the system as a whole
• Practice adaptive management
• Employ an appropriate and adaptive monitoring strategy
• Apply an appropriate communication strategy

TIDE messages
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Thanks for your attention !

Any questions?
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Access TIDE 
outcomes via an 

interactive website: 
the TIDE toolbox

www.tide-toolbox.eu
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TIDE tied together (1)

1. Understanding the basic estuarine processes, structures and demands 
requires:

• Analysis of historical development and implications for habitat development
• Use of appropriate techniques to compare estuaries 
• Considering interactions between morphology, hydrology and ecology
• Dissemination of knowledge to stakeholders, managers and policy makers

2. The ecosystem services approach (ES) shows the socioeconomic value of 
estuaries. Its application requires identification of:

• Societal benefits delivered by ES
• ES delivery with spatial & seasonal variability among habitats and between 

systems
• Linkages with inland river systems and the hinterland
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3. Management initiatives and governance should ensure societal benefits and 
resolve conflicts between uses / users

• Consider the ecosystem as a whole when making decisions and implementing 
management measures (i.e. ES approach)

• Use site-specific management initiatives to accommodate both natural and 
human systems, 

• Be aware of shifting baselines caused by global changes
• Identify ‘What occurs where among estuarine users?’ and ‘Where are there 

opportunities and conflicts?’
• Combine ES and conflict matrix approaches 

4. Successful implementation of management plans and measures requires 
effective communication with all stakeholders

TIDE tied together (2)
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5. Success of any management strategy or measure depends on integrated, cost-
effective, science based and target-oriented monitoring strategy

• Define monitoring objectives and methods explicitly beforehand
• Achieve synergies between monitoring programmes 
• Ensure the greatest use of data and databases
• Appraise the effectiveness of the project in achieving its goals

6. Dynamic estuarine systems need adaptive management

7. Exchange of expertise in order to learn from other disciplines and estuaries

TIDE tied together (3)
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