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Introduction

•  Why TIDE?

D iffe re n t uses: Port o f  H a m bu rg , Elbe 

©  HPA

Estuaries are a m o n g s t  the  m o st socio -econom ically  and ecologically im p o rtan t env i­

ronm ents  w h ich  s u p p o r t  large u rban, ag r icu l tu ra l  and indus tr ia l  areas both  s u r ro u n d in g  

the  estuar ies  and in th e i r  ca tch m e n ts .  They are the  sites o f  m any  m a jo r  cit ies and ports  

w o r ld w id e  and have a high e c o n o m ic  va lue fo r  food  p ro d u c t io n  and recreat ion as well  as 

n u t r ie n t  and c o n ta m in a n t  recycl ing. They are also im p o r ta n t  as nursery  areas fo r  m any  

m ar in e  f ishes and o v e rw in te r in g  areas fo r  wa te rb irds .

However, because o f  these o f ten c o m p e t in g  and c o n f l ic t in g  uses and users, estuar ies 

and th e i r  m a n a g e m e n t  face m any  cha l lenges. Hence, the  m a n a g e m e n t  o f  es tuar ies  and 

th e i r  c a tc h m e n ts  has to  ensure  th a t  th e i r  natura l charac te r is t ics  are p ro tec ted  and m a in ­

ta ined , w h i ls t  at the  sam e t im e  e n s u r in g  the  p resen t and fu tu re  delivery o f  ecosys tem  

services and benefits  requ ired  by society. In part icu la r,  va luab le , p ro d u c t ive  and safe 

l iv ing  and recreat ional space has to  be sa feguarded. This ‘big idea’ is te rm ed  th e  Eco­

system  A pproach  as defined by th e  global C onvention  on Biological D iversity. The 

Ecosystem A p p ro ach  is a strategy fo r  the  in tegra ted  m a n a g e m e n t  o f  land, w a te r  and 

l iv ing  resources th a t  p ro m o te s  conse rva t io n  and sus ta inab le  use in an equ i tab le  way. It 

is based on the  app l ica t ion  o f  a p p ro p r ia te  sc ien t i f ic  m e th o d o lo g ie s  focused  on levels o f  

b io log ica l o rg a n isa t io n  w h ich  e n c o m p a s s  the  essentia l  processes, fu n c t io n s  and in te rac­

t io n s  a m o n g  o rg a n is m s  and th e i r  e n v i ro n m e n t .  It recogn ises th a t  h u m a n s ,  w i th  th e i r  

cu l tu ra l  divers ity, are an in tegra l c o m p o n e n t  o f  ecosystem s.

T he  fo u r estuaries Elbe, H u m b ei, S cheld t and W eser in th e  N o rth  Sea Region face  

s im ila r challenges:

O  They all s u p p o r t  m a jo r  c it ies and ports , are im p o r ta n t  s h ip p in g  channe ls ,  have large 

ca tc h m e n ts  c o n ta in in g  in d u s t ry  and agricu l tu re ,  and have s im i la r  physical cha rac­

te r is t ics  in be ing  coastal pla in  es tuar ies  w i th  high t ida l in f luence  and h igh s e d im e n t  

t ran sp o r t .

O  A t  the  sam e t im e ,  they are c o n s e rva t ion -des igna ted  N a tu ra  2 0 0 0  sites p ro tec ted  by 

EU leg is la t ion  because o f  th e i r  hab itats , large f ish nursery  areas and large p o p u la ­

t io n s  o f  overw in te r ing :  w a te rb irds .

Protected b irds and fishes:

C o m m on  snipe, Freshwater lamprey. 

©  IBP Elbe Estuary

As a result , the  m a n a g e m e n t  o f  these  sys tem s is ex trem ely  ch a l le n g ing  as it has to  

co n s id e r  the  d i f fe ren t  es tuary  fu n c t ion s ,  s takeho lde r  and res iden t in terests, and the  im ­

p le m e n ta t io n  o f  the  na t iona l  and European leg is la t ive f ram e w o rk .  As such, the re  are 

m any  types o f  ex is t ing  (often sectora l)  es tuar ine  m a n a g e m e n t  p lans. In o rd e r  to  be sus ­

ta inab le ,  the  m a n a g e m e n t  o f  these d y n a m ic  and co m p le x  e n v i ro n m e n ts  sh ou ld  lead to 

‘t r ip le  w in s ’ -  fo r  ecology, e c o n o m y  and society.

In t ro d u c t io n  | 7

These c o m m o n  cha l lenges led to  the  EU IN TE R R E G  IV  B pro ject T ID E  (T idal River 

D eve lop m ent). T ID E  addresses the  necessary ing red ien ts  fo r  a sus ta inab le  es tuar ine  

m a n a g e m e n t  strategy. The  com p le x i ty  o f  estuar ies requ ires in tegrated  m an ag em en t  

w h ich  is fu n d a m e n ta l  to  ach iev ing  the  Ecosystem A p p ro ach .  Th is  p ro jec t  has app l ied 

the  co n c e p t  o f  Ecosystem  Services as a centra l e le m e n t  o f  an in tegra ted  m an a g e m e n t .

Th is  approach  a im s  to  preserve the  na tura l fu n c t io n in g  o f  the  system w h i ls t  reco g n is in g  

h u m a n s  as an in tegra l c o m p o n e n t  o f  the  ecosys tem .

T ID E has b ro u g h t  to g e th e r  relevant in te rd isc ip l ina ry  sc ien t i f ic  expert ise and partners  o f  

va r ious  in s t i tu t io n s  related to  es tuar ine  science and m a n a g e m e n t .  T ID E  has p rov ided  

know ledge  on es tuar ine  fu n c t io n in g  and the  de l ivery o f  ecosys tem  serv ices w h ich  in tu rn  D iffe ren t uses: recreation &  sh ipp in g  (Weser),

can p rov ide  socie tal benefits.  G overnance  s t ruc tu res  and related aspects o f c o m m u n i -  ©  Nowara 

cat ion and p u b l ic  p a r t ic ipa t ion  have been eva luated and res to ra t ion  and m a n a g e m e n t  

m easures  ind ica ted  as necessary. T ID E  has also carr ied o u t  an in te r-es tuar ine  c o m p a r i ­

son o f  m o s t  o f  these  aspects s h o w in g  h o w  the  d i f fe ren t  aspects o f  in tegra ted  m a n a g e ­

m e n t  relate to  each other. T ID E  partners  es tab l ished  and invo lved  Regional W o rk in g  

G rou p s  (RWGs) in pa r t icu la r  act iv i t ies such as d e te rm in in g  the  d e m a n d  fo r  ecosys tem  

services,  o r  us in g  ‘expert ju d g e m e n t ’ to  d e te rm in e  es tuar ine -spec i f ic  co n f l ic t  matr ices.

O TIDE Approach

EC O LO G Y
ECOSYSTEM SERVICES

Inventory and description providf

result in

ESTUARY FU N C TIO N S

Description of historical 
changes 

Interestuary comparison of 
geo morphology, hydrodynamics 

and ecology 
Interestuary comparison of 

monitoring schemes

influence

MEASURES

Collection of intervention examples 
Feasibility studies and evaluation 

of new pilot measures 
Comparison of dredging and 

relocation strategies 
Comparative analysis of 

management of uncertainties in 
Environmental Impact Assessments

REPORTS & 
TOOLBOX

i f P ra c t\c e *  \

implements

A .
promotes public acceptance

S O C IE TY

/  SOCIETAL BENEFITS

Estuary-specific definition

^  enable

ESTUARY USES

Analysis of uses 
Analysis of conflicts and 

synergies between the uses

^  require

G O VERN AN CE

SWOT analysis of management plans 
Development o f generic 

and site-specific 
management plans

develops ^

C O M M U N IC A T IO N

Development of public 
communication concept

E C O N O M Y

Yellow boxes refer to  genera l processes ta k in g  place in the  eco log ica l,  e co n o m ic a l  and socie ta l rea lm s o f  an estuary 

and the  a rrows p o in t  to  the  In te r-re la t ions between th e m .

W h i te  boxes refer to  the  act iv i t ies to  be co n d u c te d  by the  T ID E  pro jec t  In the  f ra m e w o rk  o f  these va r ious  processes.
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•  TIDE Messages

In recorded history, es tuar ies  have had to  a c c o m m o d a te  both  na tura l events and h u m a n  

d e m a n d s  such as space fo r  se t t lem en t ,  ag r icu l tu ra l  and indus tr ia l  land use, and s u p p o r ­

t in g  ports  and nav iga t ion .  This , to g e th e r  w i th  a co m p l ic a te d  governance  f ram e w o rk ,  has 

resu lted in a sys tem  o f  m u l t ip le  uses w h ich  have o ften  led to  m u l t ip le  con f l ic ts .  Here 

we prov ide  the  m a in  results o f  Tl DE a d d ress ing  those  cha l lenges and g iv in g  o u r  c o n c lu ­

s ions and re c o m m e n d a t io n s .

Successfu l m a n a g e m e n t  and governance  requ ires us to:

O  understand  th e  dynam ics and fun c tio n ing  o f  estuaries in re la t ion  to  both  natura l 

and a n th ro p o g e n ic  features, and

O  to  pass on th is  know ledge to  es tu arin e  m anagers.

The T ID E  pro jec t  has s how n  th a t  w h i ls t  the  fo u r  estuar ies d if fe r  f r o m  each other, they 

also have in c o m m o n  certa in  basic  processes, s t ruc tu res  and d e m a n d s .

The T ID E  s tud ies  have s how n  th a t  d i f fe re n t  es tuar ine  zones m ay have d i f fe re n t  fu n c ­

t ions ,  eco logy and h u m a n  uses. However, es tuar ine  m anage rs  m u s t  c o n s id e r  the  system 

as a w h o le  w hen  dec is ions  have to  be taken o r  m a n a g e m e n t  m easures  im p le m e n te d ;  

th is  w i l l  then  achieve the  m o s t  sus ta inab le  o u tc o m e  and avoid  con f l ic ts  between d i f fe ­

rent uses. For example ,  a d o p t in g  a N a tu ra  2 0 0 0  m a n a g e m e n t  plan w h ich  recogn ises the 

d e m a n d s  o f  soc iety  is a lready a p p ro a c h in g  a holistic approach.

As estuar ies are d y n a m ic  sys tems, they need an adap tive  m a n a g e m en t app roach  w h ich  

a c c o m m o d a te s  na tura l d e v e lo p m e n t  and a n th ro p o g e n ic  d e m a n d s  and changes. T ID E 

em p has ises  th a t  any m a n a g e m e n t  w h ich  c a n n o t  a c c o m m o d a te  such changes  w i l l  even ­

tua l ly  e i ther  be cost ly  o r  m ay n o t  succeed.

In t ro d u c t io n  | 9

The success o f  any m a n a g e m e n t  s trategy and m easu re  d e pends  on w h e th e r  its o u tc o m e  

is m o n i to re d  appropr ia te ly ,  i.e. the  r igh t  a m o u n t  o f  the  r igh t  pa ram eters  at the  r igh t  loca­

t ion .  The  m o n i t o r in g  may be fo r  o p e ra t iona l  reasons, e.g. to  ensu re  a nav iga t iona l  route  

rem a ins  open  o r  th a t  indus tr ies  c o m p ly  w i th  licences to  opera te  in an e n v i ro n m e n ta l ly  

safe manner,  o r  mere ly  to  d e te rm in e  the  overa ll  health o f  the  system, e.g. w h e th e r  o r  

no t  the  eco logy is in Favourable Conserva t ion  Status o r  G ood  Ecologica l S tatus acco rd ­

ing to  respect ive European Direct ives. It is im p o r ta n t  th a t  m o n ito ring  p ro gram m es are  

cost-effective and fit-fo r-p urpo se  and sh ou ld  be in tegra ted  so th a t  they n o t  on ly  a l low  

eva lua t ion  o f  a m a n a g e m e n t  strategy o r  o p e ra t iona l  ob jec t ive ,  b u t  also a l low  a t rue  u n ­

d e rs ta n d in g  o f  the  fu n c t io n in g  and d e v e lo p m e n t  o f  the  w h o le  es tuar ine  system. All  data 

shou ld  also be m a in ta in e d  in a c o m m o n  and w ide  ly-avai lab le database.

T ID E has s how n  th a t  the  successfu l im p le m e n ta t io n  o f  m a n a g e m e n t  p lans and m ea s ­

ures requ ires an app ro pria te  co m m u n ica tio n  strategy, o r  at least p ro v id in g  subs tan t ia l  

know ledge, in o rd e r  to  be accepted by the  p u b l ic  and s takeho lders .

An app ro pria te  co m m u n ica tio n  s trategy should include:

O in d ic a t in g  the  techn ica l  basis fo r  any dec is ions ;  

o  in vo lv in g  the  conce rned  part ies as early as possib le ; 

o  c o n s id e r in g  reg iona l d if fe rences;

o  inc reas ing  awareness o f  ex is t ing  con f l ic ts  between va r ious  uses 

o  f in d in g  synergies, and

o  a d a p t in g  the  c o m m u n ic a t io n  and its language to  the  ta rge ted  aud ience  and 

the  m ed ia  used.

However, we n o t  on ly  have to  reach o u t  to  th o se  w i th  an in te res t  bu t  they shou ld  p a r t ic i ­

pate in the  process to  achieve th e  m a x im u m  poss ib le  acceptance  o f  m a n a g e m e n t  plans 

and an t ic ipa ted  pro jects.

An integrated management approach should:

o  app ly  th e  Ecosystem  A pproach;

o  use th e  ecosystem  services approach to  m easure  and c o m m u n ica te  changes  

w hich  can d eliver societal benefits; 

o  accum ula te  and share  know ledge o f  estuary  s truc ture  and fun ctio n ing ; 

o  use best practice fro m  s im ila r cases;

o  fo llo w  a holistic approach -  consider th e  system  as a w hole; 

o  practice adap tive  m an agem en t;

o  em p loy  an ap p ro p ria te  and adap tive  m o n ito ring  strategy, and  

o  app ly an app ro pria te  co m m u n ica tio n  strategy.

Summary
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The four TIDE Estuaries
•  Zonation

The T ID E  estuar ies (Scheldt, Elbe, W eser and H u m b er) were  d irec t ly  c o m p a re d  to  learn 

m ore  a b o u t  th e i r  fu n c t io n in g ,  gove rnance  and m a n a g e m e n t  m easures.  To ensure  th is  

was a valid exercise, c o m p a ra b le  zones w i th in  the  estuar ies  were cons ide red .  However, 

a l though  m a n a g e m e n t  related fo r  exam p le  to  the  W ate r  F ram ew ork  D irect ive, N a tu ra  

2 0 0 0  Direct ives, m acroce l ls  co n c e p t  (O M E S ) o r  spat ia l  p la n n ing ,  a lready uses d i f fe ren t  

zones, T ID E  used Its ow n  m o d i f ie d  zo n a t ion  approach .

O Selected examples of existing zonation

0  H u m b e r  es tuary  O  Elbe estuary

O  Scheld t  

estuary

O  Weser 

estuary

T he fo u r  T ID E Estuaries | 13

The T ID E z o n a t ion  Is based on the  ‘Venice s y s te m ’ w h ich  Is related to  d i f fe ren t  sa lin ity  

levels e x tend ing  f ro m  the  f reshw a te r  ( l im ne t ic )  zone  to  the  po lyha l ine  (euha l lne) zone 

at th e  m o u th  o f  the  estuary. T here fo re  sa l in i ty  ca lcu la t ions  were based on the  m ed ian  

values o f  ch lo r ln l ty  fo r  a 6 year period (2 0 0 4 -2 0 0 9 ) .  The  In n e rm o s t  l im i t  o f  each T ID E 

estuary was the  place o f  fu r th e s t  t ida l pene tra t ion .  Th is  a l lowed a be tter  c o m p a r is o n  

between the  fo u r  estuaries.

O TIDE zonation

O  H u m b e r  es tuary  O  Elbe estuary

O  W eser estuary

O  Scheld t  estuary

Polyhaline 

M esoha line  

01 igohali ne 

Freshwater 3 

Freshwater 2 

Freshwater 1

•  Historical Evolution

Estuaries are very d y n a m ic  sys tem s and have changed  great ly  d u r in g  geo log ica l t im e ,  

pa rt icu la r ly  ove r  the  last 3 cen tu r ies  th ro u g h  bo th  na tura l events as well  as a n th ro p o ­

gen ic  act iv it ies. Estuar ine e n v i ro n m e n ts  have been m o d i f ie d  and m anaged  by M an 

th ro u g h o u t  h u m a n  h is to ry  -  pa rt icu la r ly  In re lat ion to  p ro te c t in g  the  landscape f ro m
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f lo o d in g  and e ros ion ,  to  c la im  w e t lands  fo r  ag r icu l tu re  and hab i ta t ion  (prev ious ly  called 

‘r e c la m a t io n ’), and to  a l low  and m a in ta in  nav iga t ion .  In a d d i t io n ,  N o r th  Sea estuar ies 

have changed as the  resu lt  o f  Isosta tlc  reb ound ,  the  a d ju s tm e n t  o f  the  Earth ’s surface 

In recove r ing  f ro m  the  last lee Age, such th a t  sea-level may apparen t ly  be r is ing  because 

parts o f  eastern England, the  N e th e r la n d s  and the  G e rm a n  W adden  Coast are s ink ing.

Each na tura l and h u m a n  act ion has the re fo re  changed the  ‘h y d ro g e o m o rp h o lo g y ’ o f  the 

estuar ies -  the  w a te r  m o v e m e n ts ,  the  u n d er ly ing  geo logy  and sed lm en to logy ,  and the 

shape o f  the  estuar ies. In part icu la r,  nav iga t ion  becam e m o re  Im p o r ta n t  because the 

se t t le m e n ts  deve loped  Into p ro sp e ro us  t ra d in g  places re l ian t  on these s h ip p in g  routes.

We have m o d i f ie d  the  h y d ro g e o m o rp h o lo g y  o f  es tuar ies  by:

O  s t ra ig h te n in g  and deepen ing ;

O  b u i ld in g  dykes;

O  c la im in g  land fo r  ag r icu l tu re  and hab i ta t ion ;

O  p ro te c t in g  shore l ines,  and

O  ¡solat!n g /c u t t in g -o f l f t r ib u ta r ie s  and s ide channe ls .

M eanders Scheldt 

©  Dauchy

M u d fla t 

©  S ilinski

The loss o f  es tuar ine  areas, as well  as d i f fe ren t  types o f  hab ita ts  can be re lated to  several 

a n th ro p o g e n ic  Im pac ts .  In s o m e  estuaries, the  Iso la t ion  o f  t r ibu ta r ie s  f ro m  the  m a in  es­

tua ry  can be cons ide red  as the  p r im a ry  cause o f  loss. Sim ilarly , dyke c o n s t ru c t io n  (either 

fo r  land -c la lm  o r  fo r  f lood  p ro te c t io n ) ,  reduces m arsh  area u n d e r  t ida l act ion.

The Increased t ida l pene tra t ion  Into the  f reshw a te r  zones  may have bo th  Increased t ida l 

flats and the  a m o u n t  o f  sub t lda l  hab ita ts  In bo th  deep as well  as sha l lo w  w a te r  areas. 

However, these effects m ay have been c o n fo u n d e d  by the  s t ra ig h te n in g  o f  w a te rcourses  

and by ‘coastal squeeze ’ w he re  r is ing  w a te r  levels are prevented  f ro m  na tura l ly  c rea t ing  

new  In te rt ida l areas due  to  coastal defences.

In h y d ro g e o m o rp h o lo g lc a l  te rm s ,  such a change  has reduced the  res i lience o f  es tua ­

ries to  cope  w i th  fu r th e r  change In tu rn  req u i r in g  fu r th e r  m a n a g e m e n t  m easures.  These 

changes have part ly  led to  h ighe r  cu r re n t  ve loc it ies  and fu r th e r  u p s t re a m  pene tra t ion  o f  

the  t ides. To p ro tec t  the  c a tc h m e n t  f ro m  those  changes, h ighe r  dykes and weirs  to  cu t  o f f  

the  t ida l In f luence  have been con s tru c te d .  These m a n a g e m e n t  m easures  fu r th e r  altered 

the  hyd ro log ica l characte r is t ics ,  lead ing  to  h ighe r  c u r re n t  ve loc it ies  and In changes  to 

s e d im e n ta t io n  and e ros ion  patterns.  Subsequently ,  new  m easures  were  requ ired  such 

as s ta b i l is in g  the  new  estuary  beds w i th  sho re l ine  s t ruc tu res ,  g roynes and t ra in in g  walls 

and, w here  po rts  had been bu i l t  In accre t ing  and tu rb id  areas, In tens if ied  m a in te n a n ce  

d redg ing .

Analysis of change in TIDE estuaries
TID E analysed the  evo lu t io n  o f  the  fo u r  estuar ies In th ree  t im e  steps: ( i )  to  the  end o f  

19th century, (2) to  the  m id  o f  20 th  century, and (3) In recent t im es .  This  a l lowed a c o m ­

par ison  o f  the  overall  sizes o f  the  estuar ies, the  areas re la t ing  to  a pa r t icu la r  sa l in i ty  zone 

(see T ID E  zo n a t ion ) ,  and d i f fe re n t  hab ita ts  w i th in  these  zones.
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O Spatial changes within the TIDE estuaries (%)

O vera ll areas o f  cons ide red
o
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O  Elbe 
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O  H u m b e r  

O  Scheld t
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It Is no tab le  th a t  the  estuar ies  genera l ly  s h o w  the  h ighes t losses o f  area In the  Inner 

f reshw a te r  and o l ig o h a l in e  zones. In the  m eso-  and po lyha l ine  zones (the m ore  seaward 

parts o f  the  estuar ies)  less area has been lost w i th  ap p ro x im a te ly  s im i la r  losses and 

gains. In to ta l,  across all sa l in i ty  zones, the  Elbe, W eser and Scheldt s h o w  decreases o f  

between 5 ~ > 3 0 %  o f  th e i r  area.

O  W h i ls t  the  overa ll  s ize o f  the  H u m b e r was great ly  reduced d u r in g  the  i 8 ,h and 19th 

Century  th ro u g h  land -c la lm  fo r  ag r icu l tu re  and p o r t  d e ve lo pm e n ts ,  m o re  recently  It 

has rem a ined  relatively  stable. H ig h e s t  losses had occu rred  In the  o l ig o h a l in e  zone.

O  In the  Scheldt, over h a l f  o f  the  f reshw a te r  area has d isappeared , w h i ls t  In the  m e s o ­

hal ine zone  the  loss Is less than  20 % .

O  In the  Elbe, 16%  o f  the  area has been los t  In th e  last century, m o s t  o f  It In the  f resh ­

w a te r  zone. In con tras t ,  the  po lyha l ine  zone  has rem a ined  stable.
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O  The W eser show s  a to ta l loss o f  4 %  In overall  area, w i th  one  th i rd  o f  th is  In the 

f reshw a te r  zone. N o  subs tan t ia l  change  was observed  In the  po lyha l ine  zone.

The a n th ro p o g e n ic  In f luence  on the  h y d ro m o rp h o lo g lc a l  charac te r is t ics  has changed 

hab i ta t  d is t r ib u t io n s  In the  estuar ies. For example ,  at the  end o f  the  19th cen tu ry  the 

W eser was a bra ided s t ream  whereas  It Is n o w  characte r ised  by a deep fa irw ay and In­

creased In te rt ida l areas.

O Changing habitat distribution in the Weser estuary at Harrier Sand

I D eep  W a te r H a b ita t 

I S lope  H a b ita t 

S ha llo w  W a te r H a b ita t 

T id a l Flat H a b ita t 

I M a rsh  H a b ita t 

I S u m m e r P o lde r 

I S ta g na n t W a te r H a b ita t

End o f  
19th century

53°2o ’o ” N -

53°i 8 ’o "N  -

53°i 6 ’o "N  -

-  53°2o ’o ” N

-  53°i 8 ’o ” N

-  53°i 6’o ” N

recent

8 °2 8 ’o "E 8°3 o ’o "E

O ne  o f  the  m any  In f luences on the  charac te r is t ics  o f  the  estuary  bed hab i ta t  Is the  t ida l 

range (the d if fe rence  between m ean h igh- and m ean low  water)  w h ich  has Increased 

at pa r t icu la r  loca t ions  fo r  exam p le  ‘ H a r r ie r  S a n d ’ f r o m  2 m  In the  19th cen tu ry  to  the 

p resent 4 m .

The Elbe and S cheldt estuar ies  show ed  a s im i la r  d e v e lo p m e n t  to  th a t  o f  the  W eser, w ith  

the  g rea tes t  change In t ida l range In the  Inner  es tuary  d u r in g  the  last century, e.g. In the 

h a rb o u r  area o f  the  city o f  H a m b u rg .  The  t ida l range In th is  area can be exp la ined by the 

a n th ro p o g e n ic  changes  d iscussed  above, the  lack o f  a bu ffer  area such as In tert ida l flats, 

and the  sudden  decrease o f  w a te r  dep th  u p s t re a m  o f  the  harbour.
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O Development of the tidal range in the Elbe and the Scheldt during the last century
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c

h-

60 8010 20 100 1 1 0 12 0

D is ta nce  to  V lis s in g e n  (km )

These changes  In h y d ro m o rp h o lo g lc a l  features and In the  abundance ,  qua l i ty  and d is ­

t r ib u t io n  o f  certa in  hab ita ts  In tu rn  affect the  es tuar ine  eco log ica l fu n c t io n in g .  The  f lo ra 

and fauna  depend  on the  presence and extent o f  d i f fe ren t  hab ita ts  and related e n v i ro n ­

m en ta l  c o n d i t io n s  w h ich  are the  resu lt  o f  the  hydro logy, especia l ly  cu rren ts ,  t ides  and 

w a te r  res idence t im e s  as well  as the  sed lm en to logy ,  the  e ros ion  and d e p o s i t io n  cycles 

and the  po s i t io n  and extent o f  the  tu rb id i t y  m a x im u m  zone.

The four TIDE Estuaries

o  T ID E  created  its ow n  consisten t zonation  approach fo r  com paring  th e  estuaries, 

o  A ll estuaries sho w  h ighest losses o f  area in th e  inn er estuary, 

o  T he  loss o f  es tu arin e  area can be related to  several an th ro po gen ic  im pacts , e.g.

isolation o f  trib u ta ries , dyke construction , s tra igh ten ing  and deepen ing , 

o  C hanges in hydrom orpho log ical fea tures  have changed th e  abu nd ance  and  

dis trib u tion  o f  certa in  hab itats  w h ich  area im p o rtan t fo r  ecological fun c tio n ing  

o f  th e  system .

Summary
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Estuary Functioning
A fu n d a m e n ta l  know ledge  o f  the  physics, ch e m is t ry  and b io logy  o f  the  system is required 

to  effect successfu l and sus ta inab le  es tuar ine  m a n a g e m e n t .  C o m p a r is o n s  in the  f u n ­

d a m e n ta l  sc ien t i f ic  u n d e rs ta n d in g  between d i f fe ren t  es tuar ies  can de l ive r  new  ins igh ts  

fo r  es tuar ine  m a n a g e m e n t .  T ID E  has c o m p a re d  the  system  fu n c t io n in g  o f  the  fo u r  es­

tuar ies  to  s h o w  th e i r  s im i la r i t ies  and d if fe rences. For example ,  th is  inc ludes  eco log ica l 

processes such as p r im a ry  p ro d u c t io n  o r  the  d is t r ib u t io n  o f  hab ita ts  w h ich  in f luence  the 

occu rrence  o f  o v e rw in te r in g  b irds  o r  nursery  stages o f  fishes.

•  Hydro-geomorphology

As eco log ica l processes and hab i ta t  d is t r ib u t io n  are c o n tro l led  by h y d ro -g e o m o rp h o lo g -  

ical variab les, we need to  extensively  s tudy  the  hydrology, m o rp h o lo g y  and eco logy and 

th e i r  in te rac t ions .

Brackish Creek 

©  H e rm an

An u n d e rs ta n d in g  o f  h y d ro g e o m o rp h o lo g y  has requ ired  data on w ide ly -used  param eters  

such as:

O  r iverine d ischarge ,

O  to p o g ra p h y /b a th y m e t ry

(d ry ing  areas, d ep th  and o th e r  shape aspects o f  the  system),

O  t ida l a m p l i tu d e ,

O  cu rre n t  ve loc it ies,

O  res idence t im es ,

O  suspended  matter,  and 

O  hab i ta t  d is t r ib u t io n .

In a d d i t io n ,  s o m e  spec if ic  te chn iques  (e.g. the  cubage tech n iq u e  -  ca lcu la t in g  f lo w  ve­

locit ies based on to p o -b a th y m e t r ic  data and w a te r  levels, and the  D alrym ple  energy  

concept -  ca lcu la t in g  energy te rm s  based on w a te r  levels and f lo w  ve loc it ies) ,  were used 

to  c o m p a re  the  d r iv in g  forces beh ind  the  t ida l a m p l i tu d e  (am p l i f ic a t io n  o r  d a m p in g )  and 

the  energy d is t r ib u t io n .  Th is  new  know ledge  a l lowed the  basic  d e sc r ip t io n  o f  the  T ID E  

estuar ies to  be updated .

The h y d ro g e o m o rp h o lo g ic a l  charac te r is t ics  show ed  a high variab ility  betw een  and  

w ith in  system s. All  estuar ies show ed  t ida l a m p l i f ic a t io n  (i.e. th e  t ida l range increased 

to g e th e r  w i th  its consequences)  w i th  a p rog ress ion  u p s t re a m  in re lat ion  to  m o r p h o ­

logical changes. Th is  was m o re  p ro n o u n c e d  in the  Scheldt, resu l t ing  in a m ax im a l  t ida l 

range (TR, the  d i f fe rence  between h igh and low  t ide) a p p rox im a te ly  ha lfway a long  the 

es tuar ine  lo n g i tu d ina l  d is tance. An im p o r ta n t  o u tc o m e  o f T lD E  is th a t  by ana lys ing  both 

the  convergence  (the degree o f  n a r ro w in g  o f  the  r iver bed), and the  f r ic t ion  (the in t r ins ic  

res is tance o f  the  system  aga ins t  w a te r  m o v e m e n ts ) ,  new  basic  ins igh ts  were  ob ta ined  

to  d iagnose  the  causes o f  t ida l a m p l i f ic a t io n  and d a m p in g .  The  Elbe c o m b in e d  low  con-
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vergence w ith  low  fric tion , w h i ls t  the  H u m b e r was characte r ised  by a large degree o f  

convergence bu t also a large degree o f  fric tion . This  created new  ins igh ts  such as t ida l 

d a m p in g  in an estuary  becam e im p o r ta n t  once  the  estuary  d ep th  (as the  cross-sect ion  

averaged d ep th  at low  water)  becam e lower  than  4 . 2 - 7 . 7m.

O f  the  fo u r  estuar ies, the  Elbe is the  on ly  one  in w h ich  t ida l d a m p in g  occu rs  w i th in  

the  es tuar ine  m o u th .  Toge the r  w i th  the  relative low  degree o f  es tuar ine  conve rgence  

between the  m o u th  and the  city o f  H a m b u r g  (m e a n in g  th a t  the  estuary  is n o t  as n a rro w  

in th is  sec t ion ),  th is  part ly  exp la ins w hy  the  Elbe t ida l range (be low  4 m )  is the  sm a l les t  

o f  all T ID E  estuaries.

The H u m b e r is unusua l  in th a t  the  city o f  K in g s to n -U p o n -H u l l  is s i tua ted  at the  t ra n s i ­

t ion  between t ida l a m p l i f i c a t io n  and (extreme) d a m p in g ,  resu l t in g  in a t ida l range m ax i­

m u m .

The W eser show s  m od e ra te  hyd ro log ica l  g rad ien ts ,  w h i ls t  the  Scheldt show s  m a x im u m  

t ida l a m p l i f ic a t io n  (exp la in ing  the  large t ida l range o f  m o re  than  5m),  th u s  in d ica t in g  

the  g reatest  need fo r  ecosys tem  reg u la t ing  serv ices to  help  reduce the  s treng th  o f  the 

es tuar ine  hydrau l ic  dynam ics .

O The relative amount of convergence and friction for the TIDE estuaries

ELBE W ESER

00

S C H E L D T H U M B E R

C O N V E R G E N C E

H U M B E R

W ESER

S C H E L D T ELBE

O O O

3,3 m F R IC T IO N 7 - 7,5 m

The relative a m o u n t  o f  convergence  (or na rrow ing )  and f r ic t ion  (or res is tance aga ins t  w a te r  m o v e m e n t )  fo r  the  T ID E 

estuaries, tw o  m a in  fac to rs  d e te rm in in g  i f  an es tuary  is d a m p in g  o r  a m p l i fy in g  the  t ide . The  n u m b e rs  ind ica te  the 

w a te r  d ep th  at low  t ide  on the  loca t ion  w he re  f r ic t ion  occu rred  m os t .
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O Values and ranking of the 4 TIDE estuaries for a selection 
hydro-geomorphologlcal parameters

Elbe

of

W eser H u m b e r S cheld t

M a x im u m  t id a l range  (m e a n  tid e ) [m ] 3,6 4 ,i 5 5,5

T id a l a m p lif ic a t io n

M a x im u m  T R x /T R o  (o  =  m o u th , x d is ta n c e  x u n t il th e  m o u th ) i ,3 1,1 1,15 T 4

M a x im u m  t id a l range  g ra d ie n t [c m /k m ] 2,2 2 3,2 3

T id a l d a m p in g

M in im u m  t id a l range  g ra d ie n t [c m /k m ] -5,5 -o ,8 -7,5 -7,5

M a x im u m  f lo o d  c u rre n t [m /s ] T 3 1,3 T 9 T 5

T id a l a s y m m e try  a t th e  u p s tre a m  b o rd e r 1,6 1,4 i ,7

Tota l fre s h w a te r d isch a rg e  (m e a n ) [m 3/s ] 722 331 20 9 107

R esidence t im e  o f  th e  w a te r [days]

H ig h  d isch a rg e 16 7 13 50

M ean  d isch a rg e 29 11 27 92

Low  d isch a rg e 63 27 69 247

M a x im u m  d iffe re n c e  in s a lin ity  be tw e en  w in te r  and  s u m m e r 16 16 16 13

Estuary v o lu m e  [b il lio n  m'1] T 45 0 ,4 o ,9 4 2,85

Estuary su rfa ce  [ha] 240 10 9977 15757 35424

R e la tive  s u b t id a l deep  area [% ] 37 25 23 49

R e la tive  in te r t id a l f la t  area [% ] 20 31 23 26

R e la tive  m a rs h  area [% ] 22 34 4 8

•  Filtering Functions

The oxygen c o n c e n t ra t io n s  in all es tuar ies  were  su f f ic ien t ly  h igh to  s u p p o r t  a no rm a l  

es tuar ine  food  web, c o n s is t in g  o f  p r im a ry  p roduce rs  such as m ic ro -  and macro-a lgae, 

w h ich  are grazed by secondary  p roducers ,  e.g. Z oo p lank ton  and m a c ro z o o b e n th o s ,  ser­

v in g  as food  fo r  the  h ighe r  t r o p h ic  levels (fish, b irds) .

As oxygen c o n d i t io n s  have im p ro v e d  in all estuar ies in recent decades, the  d o m in a n t  

fo rm  o f  n i t rogen  has changed f ro m  a m m o n ia  to w a rd s  n it ra te. In general,  a decrease 

in c o n c e n t ra t io n s  o f  both  n i t rogen  and p h o s p h o ru s  has occu rred . The b io geochem ica l  

rem ova l o f  nu t r ie n ts  w i th in  the  estuary, the  so called f i l te r  fu n c t io n  o f  estuar ies, was s tu ­

died by c o m p a r in g  m easured  c o n c e n t ra t io n s  o f  nu t r ie n ts  w i th  the  theore t ica l  expected 

c o n c e n t ra t io n s  a long  the  sa l in i ty  g rad ien t .  In th is  way, ga ins  (p ro d u c t io n  in the  estuary) 

o r  losses a long  the  lo n g i tu d in a l  g ra d ie n t  were  ca lcu la ted.

The S cheldt was characte r ised  by the  conserva t ive  behav iou r  o f  n i t ra te  and rem ova l o f  

a m m o n iu m  in the  o l ig o h a l in e  zone, w h i ls t  the  Elbe show ed  a no tab le  gain in n i t ra te  in 

the  o l ig o h a l in e  and f reshw a te r  zone  and losses d o w n s t re a m ;  th is  ind ica tes th a t  the  Elbe 

had a relative low e r  capac ity  to  im p ro v e  w a te r  qua l i ty  (in th is  case n i t rogen ) ,  co m p a re d  

to  the  o th e r  estuar ies. It is o f  note  th a t  desp i te  the  h igh oxygen co n ten t ,  the  H u m b e r  

show ed  a h igh rem ova l o f  n i t ra te  in the  m eso h a l in e  zone, preceded by large increases in 

the  u p p e r  parts. As the  H u m b e r was na tura l ly  th e  m o s t  tu rb id  o f  all the  estuar ies (with 

suspended  s e d im e n t  c o n c e n t ra t io n s  n o rm a l ly  c. 5 g /1, th is  ind ica ted  the  role o f  s u s p e n d ­

ed m a t te r  in the  f i l te r  fu n c t ion .  The  H u m b e r also show ed  the  h ighes t  p h o sph a te  release.
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O Yearly gain or loss of nutrients for each estuary

150

50 -

-50 -

Li
fw o m 

Elbe

n
fw o m 

H u m b e r

fw o m 

Scheldt

O  N O 3  N itra te  

O  P 0 4  P h o sp h a te  

DSi D is s o lv e d  s ilica

Yearly gain  (+) o r  loss (-) o f  nu tr ie n ts  (in to n s  per year and per km  es tuar ine  length)  fo r  each estuary;

fw  =  f reshw a te r  zone, o =  o l ig o h a l in e  zone, m  =  m eso h a l in e  o r  brackish zone, p =  po lyha l ine  o r  saline zone;

N O 3 =  n it ra te, PO 4  =  phospha te ,  DSi =  d isso lved  silica

•  Primary Production

Estuaries are characte r ised  by a h igh p ro d u c t io n  o f  o rgan ic  m a t te r  w i th in  the  system (au­

to c h th o n o u s  p ro d u c t io n ) ,  a l th o ug h  there  is also a large im p o r t  f r o m  o u ts id e  the  estuary 

both  u p s t re a m  f ro m  the  c a tc h m e n t  and d o w n s t re a m  f ro m  the  sea (a l lo c h th o n o u s  p ro ­

d u c t io n ) .  In s o m e  areas, the  in-s itu p r im a ry  p ro d u c t io n  d e te rm in e s  the  ca rry ing  capacity  

o f  the  food  web, hence o f  the  food  p ro v is io n in g  ecosys tem  services.

A q u a t ic  p r im a ry  p ro d u c t io n  was h ighes t  in the  Scheldt, a recent co n sequence  o f  res to ra ­

t ion  efforts , w i th  the  t re a tm e n t  o f  th e  w as tew a te r  o f  Brussels a m a jo r  e lem en t.

In con tras t ,  the  H u m b e r is na tura l ly  so tu rb id  th a t  the  food  cha in  d e pends  m os t ly  upon  

d e tr i tus  f ro m  th e  c a tch m e n t ,  the  ad jacen t w e t lands  and hum a n -d er ive d  inpu ts ,  resus­

pended m ic ro p h y to b e n th o s  (the s e d im e n t  m ic roa lgae),  and local b e n th ic  p ro d u c t io n  on 

t ida l f lats, the  ligh t-exposed sites, th u s  e m p h a s is in g  the  im p o r ta n c e  o f  in te r t ida l  hab ita ts  

in th is  estuary. D esp ite  th is ,  the  H u m b e r has the  lowest relative area o f  in te r t ida l hab ita ts  

-  m u d f la ts  and m arshes  to g e th e r  cove r  a p p rox im a te ly  a q u a r te r  o f  the  to ta l  system s u r ­

face; an exam p le  w he re  the  in te res tua r ine  c o m p a r is o n  revealed a case o f  h igh d e m a n d  

versus low  o f fe r  o f  an es tuar ine  fu n c t ion .

C om pared  to  the  Scheldt, the  Elbe estuary  is in genera l deeper, m o re  tu rb id  and has a 

sh o r te r  res idence t im e ,  w h ich  to g e th e r  expla in  its relatively  low  p r im a ry  p ro d u c t io n .  C on ­

sequently , the  f i l te r  fu n c t io n  o f  the  Elbe estuary  is reduced, th u s  e xp la in ing  the  im p o r ta n t  

release o f  d isso lved  silica, a cruc ia l e le m e n t  in the  food  web.

The W eser po ten t ia l ly  has a high p r im a ry  p ro d u c t io n  capacity.
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V

•  Dissolved Oxygen Levels

M any  estuar ies  na tura l ly  have low  d isso lved  oxygen levels ( te rm ed  a D O  sag) especia lly  

In the  tu rb id i t y  m a x im u m  zone, because o f  the  h igh oxygen d e m a n d  by the  d e tr i tus  and 

suspended  s e d im e n t  there, and d u r in g  the  s u m m e r  m o n th s  because o f  In tense m ic ro ­

bial activity. Part o f  th a t  D O  sag Is a t t r ib u ta b le  to  f reshw a te r  m ic roa lgae  dy in g  once  they 

reach brackish c o n d i t io n s .  H is to r ica l ly  In m any  estuaries, th a t  natura l D O  sag has been 

exacerbated by h u m a n  o rg a n ic  Inpu ts  e ithe r  f r o m  the  c a tc h m e n t  o r  s u r ro u n d in g  cit ies 

and Industr ies .

In the  Elbe the  occu rrence  o f  a large local s u m m e r  oxygen sag In the  f reshw a te r  zone, 

ju s t  d o w n s t re a m  f ro m  H a m b u r g  rem a ins  a m a jo r  m a n a g e m e n t  Issue as It Is a barr ie r  

to  f ish m ig ra t io n .  This  oxygen sag appears In a t ra n s i t io n  zone  o f  c h a n g in g  h y d ro m o r ­

pho log lca l  charac te r is t ics  and gives a p ro n o u n c e d  t ra n s i t io n  between river d o m in a n c e  

and t ida l d o m in a n c e .  The  Elbe estuary  th u s  acts as m any  estuar ies In rece iv ing  o rgan ic  

m a t te r  and nu tr ie n ts  f ro m  the  c a tc h m e n t  and o th e r  sources, hav ing  high f ree- l iv ing  and 

attached m ic ro b ia l  p o p u la t io n s  w h ich  create an oxygen d e m a n d  by u s ln g th e  ca rbon  and 

n u t r ie n t  load, w h i le  the  m ic roa lgae  are l im i ted  by the  tu rb id ,  l ig h t - l im i te d  c o n d i t io n s  In 

the  w a te r  c o lu m n .  The add i t io n  o f  less tu rb id  sh a l lo w  w a te r  areas, c o n ta in in g  oxygenated 

w a te r  m ay locally  Im p o r t  oxygen Into the  tu rb id i t y  m a x l m u m / D O  sag zone  and p rov ide  

a be tter  e n v i ro n m e n t  fo r  algal p r im a ry  p ro d u c t io n .

•  Habitats & Bird Distribution

The estuar ine  h y d ro g e o m o rp h o lo g lc a l  charac te r is t ics  Ind irec t ly  affect the  d is t r ib u t io n s  o f  

h ighe r  p reda to rs  as they d e te rm in e  the  extent o f  In tert ida l m u d f la ts  and m arsh  hab itats . 

In part icu la r,  In te rt ida l m ud f la ts  are Im p o r ta n t  fe ed ing  areas fo r  w aders  and juven i le  

f ishes as Is m arsh  fo r  w i ld fo w l  and as refuge areas fo r  fishes.

The d is t r ib u t io n  o f  w a te rb i rd s  In es tuar ine  hab ita ts  and the  Iden t i f ica t ion  o f  the  m a in  

factors a f fec t ing  bird hab i ta t  use have been Invest igated us in g  a s ta t is t ica l approach  

c o m b in in g  h igh t ide  b ird c o u n t  data w i th  a series o f  e n v i ro n m e n ta l  ch a rac te r is ing  va r i ­

ables ( Inc lu d in g  natura l hab i ta t  area, w a te r  qua l i ty  pa ram e te rs  and Ind ica to rs  o f  a n th ro ­

p o gen ic  d is tu rb a n ce ) .  This  has given the  hab i ta t  req u i re m e n ts  fo r  d i f fe re n t  b ird species 

G re y la g  G o o s e  a lthough  It Is based on w a te rb lrd  usage data  f r o m  a ro u n d  high t ide , a period  w hen  birds

© a p a  may be p re d o m in a n t ly  ro o s t in g  and a lm o s t  certa in ly  n o t  us in g  o p t im a l  fo ra g in g  areas,

a l though  the  e n v i ro n m e n ta l  var iab les Inc lude  hab i ta t  p rov is ion  at low  water.  W h i ls t  the  

results are the re fo re  effectively  fo r  h igh t ide  r o o s t in g / lo a f in g  activity, a s s u m in g  m o s t  

species w i l l  n o t  m ove  a great d is tance  f ro m  pre ferred fe ed ing  areas, the re  are s im i la r  

c o n c lu s io n s  fo r  fo ra g in g  activity.

A l th o u g h  T ID E on ly  q u a n t i f ied  the  va lue o f  h ab ¡tats available  w i th in  the  estuary  at a smal l  

spatia l scale (i.e., w i th in  an average area o f  6 k m 2 a ro u n d  ro o s t in g  sites),  the  analysis  sug ­

gested th a t  hab i ta t  ava i lab i l i ty  on a w id e r  spatia l scale (i.e. areas ad jacen t to  the  estuary) 

can also increase ro o s t in g  po ten t ia l  in certa in  es tuar ine  areas by p ro v id in g  a d d i t iona l  

b ird fe ed ing  g ro u n d s .  Th is  has been observed , fo r  example ,  w i th  w aders  in the  po lyha l ine  

zones o f  the  Elbe, due  to  the  p resence o f  extensive m u d f la ts  in ad jacen t m a r in e  areas 

(p resum ab ly  w i th  a d iu rna l  m ig ra t io n  o f  w aders  to  and f r o m  preferred roos t  and fo ra g in g  

areas), o r  w i th  w i ld fo w l  in the  o l ig o h a l in e  zone  o f  the  H u m b er, due  to  the  presence o f  

ad jacen t in land  hab itats .
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O Mean density of waders and wildfowl in the salinity zones within the Elbe 
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M ean dens i ty  ( ind .km -2)  o fw a d e r s  and w i ld fo w l  in the  sa l in i ty  zones  w i th in  the  Elbe (E; N D S = s o u th e rn  bank, 

S H = n o r th e rn  bank), W eser (W) and H u m b e r  (H, no r th e rn  bank) estuaries.
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Im po r tan t ly ,  the  analysis  also ind ica ted  th a t  larger es tuar ine  hab ita ts  appear  to  s u p p o r t  

g rea te r  w a te rb ird  dens i t ies  c o m p a re d  to  sm a l le r  hab i ta t  areas, especia lly  fo r  genera l is t  

feeders (i.e., species such as D u n l in  and Redshank th a t  are able to  take advantage  o f  a 

w id e r  range o f  food  prey). This  m ay be due  to  the  h ighe r  d ivers i ty  o f  resources assoc i­

ated w i th  g rea te r  m u d f la t  ex tent b e n e f i t ing  the  agg regat ion  o f th e s e  genera l is t  feeders. In 

tu rn ,  th is  is less e v iden t  fo r  spec ia l is t  feeders, such as Bar-tailed G o d w i t ,  w h ich  are m ore  

likely to  depend  on the  d is t r ib u t io n  o f  spec if ic  prey species, a fac to r  th a t  m ig h t  be m ore  

relevant at a sm a l le r  spat ia l  scale (i.e., w i th in  a m u d f la t )  hence resu l t in g  in a negative 

re la t io n sh ip  between Bar-tailed G o d w i t  dens i ty  and to ta l in te r t ida l  hab i ta t  area.

Black-tailed godwit 

© A P A

O u r  analysis  also suggests  th a t  low er  w a te rb ird  dens i t ies  genera l ly  o c c u r  in loca t ions  

w here  na tura l es tuar ine  hab i ta t  area is smalle r.  This  reduced hab i ta t  ava i lab i l i ty  is o ften 

the  resu lt  o f  the  na tura l va r iab i l i ty  in the  es tuar ine  m o rp h o lo g y  (e.g. n a rrow e r  m ud f la ts  

p resent in the  f reshw a te r  zone  c o m p a re d  to  the  es tuar ine  m eso-  and po lyha l ine  zones) 

o r  the  p resence o f  a n th ro p o g e n ic  d e v e lo p m e n ts  and land-c la im  (e.g. sm a l le r  m u d f la t  

areas in the  m e so h a l in e  zone  o f  the  H u m b e r or  in the  f reshw a te r  and o l ig o h a l in e  zone 

o f  the  Elbe). As such, the  ava i lab i l i ty  o f  na tura l es tuar ine  hab ita ts  m a in ly  d e te rm in e s  the 

dens i ty  o f  w aders  and w i ld fo w l  w i th in  the  es tuar ine  system, especia lly  in the  W eser and 

H u m b er.

W ater  qua l i ty  charac te r is t ics  such as the  sa l in i ty  g rad ien t,  n u t r ie n t  levels and o rgan ic  

e n r ic h m e n t  are also im p o r ta n t  in a f fec t ing  species d is t r ib u t io n ,  especia lly  in the  Elbe. 

The sa l in i ty  g ra d ie n t  was the  m o s t  im p o r ta n t  fac to r  a f fec t ing  bird dens i ty  as a w h o le  in 

the  Elbe, part icu la r ly  fo r  D u n l in ,  a l though  th is  effect is m o re  likely to  be related to  o th e r  

factors th a t  are corre la ted  w i th  the  sa l in i ty  g ra d ie n t  in the  estuary  ra ther  than  to  an effect 

o f  sa l in i ty  itself. These fac to rs  inc lude  the  d is t r ib u t io n  and ava i lab i l i ty  o f  fe ed ing  hab ita ts  

and food  resources (as ind ica ted  by lo n g i tu d in a l  changes  in b e n th ic  invertebra te  c o m ­

m un i t ie s )  a long  the  es tuar ine  g rad ien t.  The  lesser a n th ro p o g e n ic  d is tu rb a n ce  in o u te r  

es tuary  s a n d s / re m o te  is lands m ay also c o n t r ib u te  to  the  h ighe r  b ird dens i ty  observed  in 

the  po lyha l ine  zone  o f  the  Elbe.

The pos i t ive  re la t io n sh ip  between in te r t ida l  hab i ta t  area and w a te rb ird  dens i ty  is p o ­

ten t ia l ly  im p o r ta n t  fo r  es tuar ine  m an a g e m e n t ,  as it suggests  th a t  the  f ra g m e n ta t io n  o f  

in te r t ida l hab i ta t  f r o m  a range o f  a n th ro p o g e n ic  act iv it ies, as well  as the  effective reduc ­

t ion  in the  w id th  o f  m u d f la t  f r o m  coastal squeeze, m ay resu lt  in reduced w a te rb ird  usage 

density, F ur the rm ore ,  c o m p e n s a to ry  m easures  such as m anaged  rea l ig n m e n t  resu l t ing  

f ro m  in te r t ida l  d e v e lo p m e n t  o f fs e t t in g  m ay need to  c o n s id e r  the  de l ivery o f  su f f ic ien t  

area to  a c c o m m o d a te  f ra g m e n ta t io n  effects  o f  the  land -c la im  e.g. an increase in the 

o f fse t  area c o m p e n s a t io n  ratio.
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Estuary Functioning

In general th e  fo u r estuaries show  usual hydro-geom orphologica l and ecologi­

cal es tu arin e  characteristics, b u t th e re  is a high variab ility  betw een and w ith in  

system s. T he  in tercom parison  indicated:

o  th e  cubage tech n iq ue  and th e  D a lrym p le  energy concept w e re  app lied  to  com pare  

th e  d riv ing  forces behind th e  tida l am p litu de;

o  all estuaries show ed tida l am p lifica tio n  w ith  a progression upstream  in relation  

w ith  m orpholog ica l changes a lthough  th e  S cheldt has th e  h ighest tida l a m p lifica ­

tion  and tida l range;

o  th e  W eser has th e  th e  shortest residence t im e  and m o st in tertida l fia t and m arsh  

area;

o  th e  Elbe com bines low  convergence w ith  low  fric tio n , w h ile  th e  H u m b e r has a 

large degree o f  convergence but also a large degree  o f  fric tion;

o  th e  Elbe has a re lative low er capacity  to  im prove  w a te r  q uality  (in th is  case n itro ­

gen ), com pared  to  th e  o th e r estuaries;

o  th e  H u m b e r had th e  h ighest phosphate  release, w as th e  m ost tu rb id  o f  all the  

estuaries (w ith  suspended se d im en t concentrations norm ally  ca. 5 g /l ) ,  and conse­

quently  a h igher f ilte r function;

o  aquatic  p rim ary  production  is h ighest in th e  Scheldt;

o  a m a jo r issue on th e  Elbe is a local oxygen sag in th e  fresh w ate r zone;

o  th e  H u m b e r is so tu rb id  th a t th e  food chain  depends m ostly  upon detritus  fro m  

th e  c a tch m en t, th e  ad jacen t w etlan ds  and h um an-derived  inputs;

o  bird abundances are d eterm ined  by h ab ita t ava ilab ility  (W eser, H u m b e r), w a te r  

q uality  (Elbe) o r by th e  presence o f  an th ro po gen ic  deve lo pm en ts  and land-cla im  

(H u m b e r, Elbe);

o  w aterb ird  density  increased tog e th e r w ith  in tertida l area, th is  has im p lication s  fo r  

estuarine  m a n a g e m en t and h ab ita t loss /com pen satio n  ratios.

These find ings  are reflected in th e  d iversity  o f  m an a g e m en t practices w h ich  in turn  

are  often  related to  pro tecting  and enhanc ing  th e  range o f  hab ita ts . Th is  is espe­

cially im p o rtan t as th e  abu nd ance  and d is trib u tion  o f  hab itats  is closely related to  

th e  delivery o f  ecosystem  services.

Summary
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Ecosystem Services
•  Ecosystem Services in relation to Structure and Functioning

H u m a n  health and w e l l -be ing  de pends  entirely, a lbe it  o ften  indirectly , upon  the  p rov is ion  

o f  natura l resources (M A , 2005: M i l le n n iu m  Ecosystem A s s e s s m e n t  -  Ecosystems and 

H u m a n  W ell-be ing: Synthesis .)  and socie ty  can take benefi ts  f r o m  m any  resources and 

processes, te rm e d  ecosys tem  services, th a t  are supp l ied  by natura l ecosystem s.

Ecosystem services (ES) resu lt  f rom :

O  ecosys tem  fu n c t io n s  ( for  example ,  p r im a ry  p ro d u c t io n ,  n u t r ie n t  cycling, 

h y d ro d y n a m ic  c o n d i t io n s ) ;

O  b iophys ica l processes (such as p lan t  n u t r ie n t  uptake, p ho tosyn thes is ,  

m inera l  w ea the r ing ,  s e d im e n ta t io n ,  t ida l p u m p in g ) ;

O  s t ruc tu re  such as the  co l lec t ion  o f  hab ita ts  and species.

In essence, the  ecosys tem  con ta ins  the  phys ico -chem ica l  and eco log ica l processes 

w h ich  in tu rn  a l low  ecosys tem  services to  be p roduced  and w h ich  again in tu rn  are used 

by socie ty after the  add i t io n  o f  c o m p le m e n ta ry  assets and h u m a n  capita l.

For example ,  the  a p p ro p r ia te  w a te r  c o n d i t io n s  and s e d im e n t  w i l l  s u p p o r t  invertebra tes  

w h ich  in tu rn  p rov ide  f ish food .  Socie ty can then  exp lo i t  th o se  f ishes bu t on ly  i f  it p ro ­

v ides the  m eans  (us ing  skil ls,  energy, m oney)  o f  c a tch in g  th e m .  The benef i t  ‘ N u t r i t i o n ’ 

depends  on the  serv ice ‘ Food p rov is ion ,  f ishe r ies ’ w h ich  in tu rn  d e pends  on the  fu n c t ion  

o f  a v iab le  f ish p o p u la t io n  p ro d u c t io n ;  in tu rn  the  la tter depends  on o th e r  fu n c t io n s  such 

as p r im a ry  p ro d u c t io n ,  n u t r ie n t  cycling, oxygen p ro d u c t io n  and the  presence o f  su itab le  

hab itats .

Resting geese and ducks 
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O The pathway from ecosystem structures and processes to human well being

Ecosystems and biodiversity

Struc tu res  

and processes
Func t ions

Ecosystem
- f >

Food production: 

Fish

Human well being

Benefits
(Econom ic)

Value

The pa thw ay f ro m  ecosys tem  s t ruc tu res  and processes to  h u m a n  well  be ing  (after TEEB), w i th  an exam p le  o f  the 

serv ice “ Food p ro d u c t io n " :  f ish, s h o w in g  s o m e  ecosys tem  fac to rs  th a t  even tua l ly  d e te rm in e  the  h u m a n  benefi t  

“ N u t r i t i o n "

To de l ive r  these serv ices in a certa in  q u a n t i ty  requ ires an adequate  eco log ica l s t ruc tu re  

(a m o u n t ,  d ivers i ty)  and fu n c t io n in g  (rate processes such a p r im a ry  p ro d u c t io n )  o f  the 

respect ive hab ita ts  as well  as su itab le  hyd ro d yn a m ics  such as the  f lo o d in g  frequency. 

Each o f  these fac to rs  is gove rned  by h y d ro m o rp h o lo g ic a l  features w h ich  in m o s t  e s tu ­

aries are in f luenced  by na tura l o r  a n th ro p o g e n ic  factors. In add i t io n  to  d e s c r ib in g  and 

u n d e rs ta n d in g  the  un d e r ly in g  ecosys tem  processes, ecosys tem  services are increas ing ly  

be ing  va lued a l lo w in g  us to  in tegra te  the  e c o n o m ic  va lue o f  o u r  ecosys tem s in m a n a g e ­

m e n t  cho ices, w h ich  are m a in ly  based on e c o n o m ic  aspects.

T IDE has q u a n t i f ied  the  serv ices in o rd e r  to  relate the  c o m p le x i ty  o f  es tuar ine  fu n c t io n in g  

to  soc ie ty ’s use and the  m a n a g e m e n t  o f  the  estuar ies. Hence, ecosys tem  services br idge 

ecology, e c o n o m y  and socia l sc iences.

The ecosys tem  services are separated in to:

O  Provision ing services,  as the  p ro d u c ts  we derive  f ro m  ecosys tem s i.e. food ,  b u i ld ­

ing m ater ia l ,  f ibre, water,  etc.;
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O  Regulating  services, as the  benefi ts  o b ta ined  f ro m  the  regu la t ion  o f  ecosys tem  

processes, such as air  qua l i ty  and c l im a te  regu la t ion ,  natura l hazard regu la t ion ;

O  H a b ita t services, e.g. fo rm a t io n  and m a in ta in in g  o f  hab ita ts  and gene pool;

O  C u ltu ra l services are the  n o n m a te r ia l  benefits  peop le  ob ta in  f ro m  nature  

(aesthetic , sp ir i tua l,  e d uca t iona l  and recreat ional) .

P rov is ion ing  ecosystem  service ‘P rov is ion o f  fo o d ’ C u ltu ra l ecosystem  service ‘O p p o rtu n it ie s  fo r  recreation &  to u r is m ’

©  H P A ©  Kieler In s titu t  fü r  Landschaftsöko log ie

•  The TIDE Importance Score of Ecosystem Services

Ecosystem services are va lued  by the  balance between:

O  a socie ta l dem and , i.e. the  benefi ts  w h ich  are ob ta ined ,

O  a supply, i.e. the  fu n c t io n in g  o f  the  system  s t ruc tu res  and processes.

A lis t created by the  p ro jec t  TEEB (The E conom ics  o f  Ecosystems and Biod ivers ity )  was 

used by the  4  Regional W o rk in g  C ro u p s  to  d e te rm in e  the  ES d e m a n d  in the  T ID E  e s tu a r ­

ies. Th is  survey led to  a list o f  2 0  ES w h ich  were cons ide red  to  be the  m o s t  im p o r ta n t  in 

the  fo u r  estuaries.
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O Importance of Ecosystem services in the TIDE estuaries with margins of variance

E ros ion  a n d  s e d im e n ta t io n  re g u la tio n  by b io lo g ic a l m e d ia tio n

C lim a te  re g u la tio n : C a rb o n  s e q u e s tra t io n  and  b u r ia l

R e g u la tio n  e x tre m e  e ve n ts  o r  d is tu rb a n c e : W ave  re d u c t io n

In fo rm a tio n  fo r  c o g n it iv e  d e v e lo p m e n t

In s p ira t io n  fo r  c u ltu re , a r t  an d  d e s ig n

Food : A n im a ls

A e s th e t ic  in fo rm a tio n

R e g u la tio n  e x tre m e  e ve n ts  o r  d is tu rb a n c e : W a te r c u r re n t  re d u c t io n  

W a te r q u a lity  re g u la tio n : t ra n s p o r t  o f  p o lu ta n ts  an d  excess n u tr ie n ts  

O p p o r tu n it ie s  fo r  re c re a tio n  &  to u r is m

W a te r q u a lity  re g u la tio n : 

re d u c t io n  o f  excess lo a d s  c o m in g  f ro m  th e  c a tc h m e n t

R e g u la tio n  e x tre m e  e ve n ts  o r  d is tu rb a n c e : F lo o d  w a te r  s to ra g e  

W a te r q u a n tity  re g u la tio n : la n d s c a p e  m a in te n a n c e  

W a te r fo r  in d u s tr ia l use 

W a te r q u a n tity  re g u la tio n : d is s ip a t io n  o f  t id a l and  r iv e r  e n e rg y  

E ros ion  and  s e d im e n ta t io n  re g u la tio n  by w a te r  b o d ie s  

W a te r q u a n tity  re g u la tio n : d ra in a g e  o f  r iv e r  w a te r

"B io d iv e rs ity "

W a te r q u a n tity  re g u la tio n : t ra n s p o r ta t io n  

W a te r fo r  n a v ig a tio n

ve ry  lo w Im p o rta n c e  ve ry  h ig h
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Im p o r ta n c e  o f  Ecosystem services In the T ID E  estuar ies  w i th  m a rg in s  o f  var iance; s tandard  errors  ( l igh t  blue) and 

s tandard  dev ia t ion  (white)
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Service Demands
O f  the  i o  serv ices w i th  the  h ighes t  d e m a n d ,  7 were reg u la t ing  fo r  hydro-geo m o rp h o lo g ic  

aspects and tw o  were  d irec t ly  l inked w i th  nav iga t iona l  o r  Indus tr ia l  use o f  water.  Ex­

cept fo r  water,  there  was a relatively  low er  d e m a n d  fo r  p ro v is io n in g  serv ices (e.g. food, 

b u i ld in g  m ater ia ls )  even th o u g h  estuar ies are a m o n g s t  the  m o s t  p ro d u c t ive  ecosys tem s 

w o r ld w id e .  The low  rank ing  o f  local p ro d u c t io n  may be due  to  the  fact th a t  socie ty Is n o w  

m ore  g loba l ly -o r ien ted  and p ro v is io n in g  g o o ds  and serv ices such as food  and b u i ld in g  

m ate r ia ls  can be Im p o r te d  f ro m  elsewhere. As a consequence , serv ices such as t r a n s p o r ­

ta t ion  are m o re  Im p o r ta n t  whereas p ro v is io n in g  serv ices have dec l ined  over t im e  due to 

hab i ta t  loss and p o l lu t io n .  W i th  Increas ing  u rb a n isa t io n  and In d us tr ia l isa t ion ,  regu la t ing  

serv ices have be co m e  m o re  Im p o r ta n t  especia lly  because o f  Increased f lo o d in g  and p o l ­

lu t ion .

Service Supply
The serv ice supp l ies ,  as derived f ro m  the  un d e r ly in g  es tuar ine  fu n c t io n in g ,  have been 

ranked fo r  all estuaries.

O Table Ecosystem service supply

Elbe W eser H u m b e r S cheldt

M e a n  h ig h  w a te r  level 3 4 1 Safety, d ra in a g e

T id a l range 4 3 1 Safety, d ra in a g e

T id a l e n e rg y  f lu x 4 3 1 Energy d is s ip a t io n

T id a l a m p lif ic a t io n 3 4 1

T id a l d a m p in g 4 1 3

M a x im u m  f lo o d  c u rre n t 3 4 1 E ro s io n , s e d im e n t t ra n s p o r t

T id a l a s y m m e try  a t th e  u p s tre a m  b o rd e r 3 3 1 S e d im e n t t ra n s p o r t

F re sh w a te r d isch a rg e 1 3 4 D ra in a g e , t ra n s p o r t

R iver e n e rg y  f lu x 1 4 3 D ra in a g e , t ra n s p o r t

R e s iden ce  t im e  o f  th e  w a te r 4 3 1 W a te r q u a lity , p r im a ry  p ro d u c t io n

D iffe re n c e  in s a lin ity  b e tw e e n  w in te r  an d  s u m m e r 3 1 4

E s tua ry  v o lu m e 1 4 3

E s tua ry  s u rfa ce 4 3 1

R e la tive  s u b t id a l d e e p  area 3 4 1 N a v ig a t io n

R e la tive  in te r t id a l f la t  area 4 1 3 1 Foo d  p ro d u c t io n ,  f r ic t io n

R e la tive  m a rs h  area 1 4 3 D ive rs ity , d ike  p ro te c t io n ,  s e d im e n ta t io n

Ecosystem serv ice su pp ly  (re lated benefits,  de sc r ip t io n ,  rank ing  o f  supp ly  a m o u n t  fo r the fo u r  Tl DE estuaries;

f ro m  1 =  es tuary  p ro v id in g  the  h ighes t  supp ly  to  4  =  lowest supply, and loca t ions  o r  fac to rs  d e te rm in in g  the

occurrence  o f  the  service

•  The Ecosystem Services in Detail

Biodiversity
In co n t ra s t  w i th  serv ices related to  w a te r  and air  qua l i ty  regu la t ion ,  the  d e m a n d  fo r  b io ­

d ivers i ty  was ranked very high, a l th o ug h  estuar ies  hos t  few  e n d e m ic  species. They act as 

a nursery  fo r  several species o f  fish and crustaceans, as m ig ra t io n  rou tes fo r  f ish, o ve r ­

w in te r in g  and s tag ing  areas fo r  m ig ra to ry  b irds, and p rov ide  she l te r  aga ins t  p reda to rs ;  

hence we take the  v ie w  th a t  b iod ive rs i ty  Is both  the  a m o u n t  and types o f  o rg a n ism s .  All 

o f  these  fu n c t io n s  depend  s t rong ly  upon  w a te r  and hab i ta t  qua l i ty  and quantI ty /ava l I -  

ablllty. The  perceived Im p o r ta n c e  o f  b iod ive rs i ty  centres on the  cruc ia l role o f  estuar ies 

In the  life cycle o f  key species w h ich  Is reflected In the  fact th a t  European na t iona l  and 

e n v i ro n m e n ta l  p ro tec t ion  laws requ ire  a certa in  eco log ica l status.

Water and Air Quality Regulation Services
Due to  u rba n isa t io n  and In d us tr ia l isa t ion ,  w a te r  qua l i ty  has been a concern  fo r  m any  

decades and hence w a te r  regu la t ion  serv ices are very Im p o r ta n t .  T ida l m arshes  act as 

aera t ion sources fo r  estuar ies and, fo r  example ,  the  anabranches  near the  oxygen de p le ­

t ion  zone  o f  the  Elbe are Im p o r ta n t  to  p rov ide  su f f ic ien t  oxygen to  restore  fish m ig ra t io n  

routes. However, as the  oxygen co n c e n t ra t io n s  o f  all T ID E  estuar ies  have e ithe r  recov­

ered o r  are relatively  h igh, the  d e m a n d  and supp ly  o f  th e  ae ra t ing  serv ice are su f f ic ien t  

w i th in  these estuaries.

N i t ro ge n  re ten t ion  has been In f luenced by a decreased supp ly  and the  supp ly  o f  d is ­

solved silica by t ida l m arshes  Is an u n d e re s t im a te d  serv ice as It was on ly  d o c u m e n te d  fo r  

the  Scheldt. Disso lved  silica Is p ivo ta l between e u t ro p h ic a t io n  and an im a l food  p ro d u c ­

t ion .  It Is released by m arshes  d u r in g  the  s u m m e r ,  w hen  the  uptake by p r im a ry  p ro d u c ­

ers In the  w a te r  c o lu m n  Is h ighest.  In genera l,  the  Im p o r ta n c e  o f w a t e r  qua l i ty  regu la t ion  

serv ices and also air  regu la t ing  serv ices (gas e m iss io ns )  depend  on c o n c e n t ra t io n s  and 

loads, especia l ly  those  f ro m  the  ca tc h m e n t .  Hence  the  sus ta inab le  fu n c t io n in g  o f  the 

estuar ies c a n n o t  be separated f ro m  the  sus ta inab le  fu n c t io n in g  o f  the  f reshw a te r  ca tch ­

m en ts .

The air  regu la t ing  serv ice related w i th  g loba l w a r m in g  m ay be less Im p o r ta n t  as the  effect 

o f  enhanced  m e th a n e  e m is s io n s  -  a m ore  severe g reenhouse  gas th a t  C O 2 -  coun te rs  

the  ca rbon  buria l  th ro u g h  se d im e n ta t io n .

Water and Sediment Quantity Regulating Services
W hereas  w a te r  and air  qua l i ty  regu la t ing  services o f  estuar ies are also re lated to  services 

In the  c a tc h m e n t  o r  e lsewhere, w a te r  qua n t i ty  reg u la t ing  serv ices are m o re  str ic t ly  related 

to  In t r ins ic  es tuar ine  features. The  estuar ine  h y d ro -g e o m o rp h o lo g y  d e te rm in e s  the  p o ­

ten t ia l  fo r  nav iga t ion ,  the  f lo o d in g  risk and the  hab i ta t  quality, hence b iodiversity.

The Tl DE p ro jec t  Ind icated th a t  d i f fe ren t  w a te r  o r  s e d im e n t  regu la t ing  serv ices had high 

rank ings because o f  th e i r  d e m a n d :

W ater q uan tity  regulation : d iss ipation  o f  tida l and river energy:

As the  m o rp h o lo g y  o f  estuar ies has Increasing ly been altered to g e th e r  w i th  the  relative 

In f luence o f  r iver and t ida l features, there  are repercuss ions  fo r  e.g. f lood  p ro tec t ion ,  

dyke abras ion , and hab i ta t  d e te r io ra t ion .  There fo re  It Is Im p o r ta n t  fo r  m anagers  to  know  

w here  are the  o p p o r tu n i t ie s  to  restore these d yn am ics ,  fo r  exam p le  by d iss ip a t io n  o f
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energy and red u c in g  w a te r  level and velocity.  As show n  In T ID E  us in g  the  D a lrym p le  ap ­

proach, r iver energy was d iss ipa ted  m o s t  In the  Elbe, and t ida l  energy d is s ip a t io n  was 

m ax im a l In the  H u m b e r and the  Scheldt due  to  spec if ic  m o rp h o lo g ic a l  characte r is t ics .

W a ter q u an tity  regulation : transp orta tion

W ater  q u a n t i ty  fo r  s h ip p in g  Is a resu lt  n o t  on ly  o f  the  d e p th  o f  the  fairway, docks etc. but 

also o f  river d ischarge  and t ida l characte r is t ics .  H ig h e r  va lues o f  th is  serv ice m ean tha t  

less d re d g in g  Is necessary. However,  th a t  u n d e r  a g iven type o f  h y d ro g e o m o rp h o lo g y  the 

estuary  w i l l  be In an e q u i l ib r iu m  and a n th ro p o g e n ic  act ions,  such as b u i ld in g  ports ,  w i l l  

d is tu rb  It f r o m  th a t  e q u i l ib r iu m  th u s  req u ir in g  m a n a g e m e n t  ac t ions  to  m a in ta in  h u m a n  

uses.

W a ter q u an tity  regulation : d ra inage o f  river w a te r

High  t ides w i l l  res tr ic t  c a tc h m e n t  d ra inage  and Increase u p s t re a m  w a te r  re ten t ion .  The 

D a lrym p le  app roach  show ed , fo r  example ,  th a t  the  W eser was the  on ly  sys tem  where  

r iver d o m in a n c e  cou ld  extend as far  as d o w n s t re a m  as B rem erhaven, near the  es tuar ine  

m o u th , ,  I l lu s t ra t in g  the  Im p o r ta n c e  here fo r  the  d ra inage  service.

Erosion and s e d im en tatio n : regulation  by w a te r bodies

Estuaries have s t ro n g  and weak w a te r  m o v e m e n ts  w h ich  respect ive ly  cause e ros ion  and 

d e p os i t ion  o f  bed se d im e n ts ,  th u s  te rm e d  ‘e ro s lo n -d e p o s l t lo n  cyc les ’ . These respect ive ly  

o ccu r  on a dally basis (w ith  f lo o d /e b b  t ides and slack w a te r) ,  a weekly  basis (w ith sp r ing  

and neap t ides),  on a luna r  basis, and seasonal ly  (w ith  e q u in oc t ia l  and In te r-equ lnoc t la l  

per iods  and w i th  w e t  and dry  pe r iods ) .  H u m a n  act iv i t ies d is tu rb  th is  e q u i l ib r iu m  p o te n ­

t ia lly  a f fec t ing  nav iga t ion ,  safety and hab ita ts . Loss o f  t ida l m arshes  In f ro n t  o f  a dyke due 

to  e ros ion  m ay exacerbate the  e ros ion  and Increase m a in te n a n c e  costs.

Cultural Services
The supp ly  o f  cu l tu ra l  serv ices ( tou r ism ,  aesthe t ic  and cu l tu ra l  Insp ira t ion ,  and sp ir i tua l  

and co g n i t ive  experience) Is very d i f f ic u l t  to  e s t im a te  bu t T ID E  has show n  th a t  these 

aspects are va lued . This  Increases the  recogn i t ion  o f  es tuar ies  as essentia l  fo r  the  qua l i ty  

o f  (hu m a n )  life and w ea lth  creat ion.

T he  T idal Elbe -  a p eop le ’s perspective -  results o f  812 s treet interview s  

along  th e  Elbe estuary:

o  52%  o f  In terv iewed res iden ts  use the  Elbe fo r  recreat ional act iv it ies at the  shore 

o  25%  o f  In terv iewed res iden ts  use the  Elbe fo r  w a te r  spo r ts  and s w im m in g

•  Important Habitats and Zones for the Delivery 
of Ecosystem Services

The delivery o f  ecosys tem  serv ices Is spat ia l ly  va r iab le  -  a m o n g  hab ita ts  and between 

d i f fe ren t  sys tems, and In t im e  s h o w in g  large seasonal variabil ity . The  serv ice supp l ied  by 

hab ita ts  Is c o m p a ra b le  a m o n g  the  T ID E estuar ies  as a w ho le ,  and m o s t  serv ice supp l ies  

are also s im i la r  a long  the  sa l in i ty  g rad ien t.

M any  services,  essentia l  fo r  regu la t ion  and s u p p o r t  o f  the  es tuar ine  system, are p rov ided  

by hab ita ts  w i th  low er  d irec t  p ro v is io n in g  serv ice supp l ies ,  such as m arshes , m ud f la ts  

and s h a l lo w  w a te r  hab ita ts . Steep In te rt ida l hab ita ts , w he re  eco log ica l fu n c t io n in g  Is 

ha m pered ,  p rov ide  the  least ecosys tem  services.

•  Valuation and Application

The co m p le x i ty  o f  es tuar ies  requires th a t  an In tegra ted m a n a g e m e n t  app roach  w i l l  have 

the  best chance  o f  success w hen  based on the  Ecosystem  Service A pproach  and aim ed  

at preserving th e  natura l fun c tio n ing  o f  th e  system  and recognising h um an s as an  

in tegral c o m p o n e n t o f  th e  ecosystem . The T ID E pro jec t  Im p o r ta n t ly  used the  ecosys­

te m  service app roach  as a c o m m o n  d e n o m in a to r  between the  e c o n o m ic ,  eco log ica l and 

social sys tem. As such It has Increased o u r  u n d e rs ta n d in g  on h o w  we depend  on the 

delivery o f  these  serv ices on the  one  hand and on the  fu n c t io n in g  o f  the  system de l ive r­

ing the  serv ices on the  o th e r  hand. It was no t the  a im  o f  Tl DE to  va lue the  serv ices fo r  the 

d i f fe ren t  es tuar ies  b u t  a gu id e l in e  was deve loped to  a l low  the  e c o n o m ic  va lua t ion  o f  the 

ecosys tem  services. For th is  pu rp o se  we c o m p i le d  a database  o f  va lues o f  the  d i f fe ren t  

p rocesses and fun c t ion s .

Ecosystem Services

o  T he  ecosystem  con tains  th e  physico-chem ical and ecological processes w h ich  in 

tu rn  a llow  ecosystem  services to  be produced and w h ich  again in tu rn  are  used by 

society a fte r th e  add ition  o f  c o m p lem en tary  assets and h um an  capita l.

o  T he  ES w a te r fo r navigation , w a te r  q u an tity  regulation  (transpo rta tio n ) and  

biodiversity w ere  considered to  be th e  m ost im p o rtan t ES in th e  T ID E  estuaries.

o  T he  delivery o f  ecosystem  services is spatia lly  variab le  am o ng  hab itats  and  

betw een d iffe ren t system s, and in t im e  show ing  large seasonal variability .

o  O f  th e  io  services w ith  th e  h ighest d em a n d , 7 w ere  regulating  fo r hydro-geom or- 

phologic aspects and tw o  w ere  d irectly  linked w ith  nautical o r industria l use o f  

w ater.

o  T he  com plex ity  o f  estuaries requires th a t an integrated m an a g e m en t approach  

based on th e  Ecosystem Service A pproach  w ill provide th e  best chances fo r  

successfully  m anag ing  estuaries.

Summary

o  T h a t m a n a g e m en t m u st be a im ed  a t preserving th e  natura l fu n c tio n in g  o f  th e  

system  w h ils t recognising h um ans as integral co m p o n en t o f  th e  ecosystem .
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Uses and Conflicts
•  The Conflict Matrix Approach

N o r th -w e s t  European estuar ies  are m u l t i -u s e r  e n v i ro n m e n ts  req u i r in g  a p p ro p r ia te  m a n ­

a g e m e n t  to  ensu re  the  best use o f  resources a m o n g s t  the  va r ious  le g i t im a te  s takeho ld ­

ers. As th is  varies a long  an estuary, severe and less-severe con f l ic ts  between users w i l l  

o ccu r  at pa r t icu la r  areas and so m a n a g e m e n t  ac t ions  need to  reflect th is  variabil ity . Es­

tu a r in e  m anagers  and p lanners  the re fo re  need in fo rm a t io n  on the  m a in  areas o f  spatia l 

and sectora l uses and co n f l ic ts  w i th in  th e i r  es tuary  fo r  the  ta rg e t in g  o f  resources, as well  

as in fo rm a t io n  on a p p ro p r ia te  to o ls  needed to  address these p ro b le m s .

The T ID E  p ro jec t  has d e m o n s t ra te d  the  va lue o f  co n f l ic t  m atr ices  fo r  the  in it ia l d e te r ­

m in a t io n  o f  such issues fo r  each o f  the  m a n a g e m e n t  zones o f  each estuary  in c lu d in g  

in fo rm a t io n  on:

O  the  ‘a m o u n t ’ o f  each use o r  user act iv i ty  w i th in  each es tuar ine  zone;

O  the  likely cons ide red  level o f  co n f l ic t  between tw o  use rs /use , and 

O  the  severi ty o f  the  actual co n f l ic t  between tw o  use rs /uses .

The co n f l ic t  m atr ices  e m p lo y  a s im p le  app roach  based a round  a series o f  s tandard  h u ­

m an  uses /use rs  th a t  are cons ide red  to  be gener ic  across n o r th -w es t  European estuaries. 

The m atr ices  are des igned  fo r  c o m p le t io n  at an estuary  level and to  inc lude  the  a n t ic i ­

pated level o f  generic  conflic t between tw o  use rs /uses  and the  actual level o f  each use 

in each es tuar ine  zone, these be ing  c o m b in e d  to  p roduce  an actual con flic t score fo r  

each zone  o f  an estuary.

We c o n s id e r t h i s t o  be a va luab le  too l  fo r  the  in i t ia l  a ssessm en t  o f  po ten t ia l  user con f l ic t ,  

spatia l extent, severi ty and m a n a g e m e n t  focus. The too l  is also a useful,  t ran s p a re n t  

m e d iu m  to  in fo rm  s takeho lde rs  o f  the  basis fo r  m a n a g e m e n t  o p t io n s  and dec is ions .

The co n f l ic t  analysis  was under taken  fo r  the  fo u r  Tl DE estuar ies  th ro u g h  estuary-spec i f ic  

Regional W ork ing  G roups (RW Gs).  These g ro u p s  inc luded  ‘experts ’ rep re se n t ing  the 

m a in  areas o f  es tuar ine  ‘u se ’ , e.g. na ture  conse rva t ion  m a n a g e m e n t ,  f lood  risk p ro te c ­

t ion ,  the  po rts  industry , nav iga t ion ,  and o th e r  im p o r ta n t  user g ro u p s  in c lu d in g  the  d i ­

verse recreat ional user c o m m u n i ty ,  f isheries and the  sc ien t i f ic  c o m m u n i ty .  We the re fo re  

r e c o m m e n d  the  fo rm a t io n  o f  a RWG to  aid th is  process, as n o t  on ly  is sectora l bias 

reduced, bu t  such a g ro u p  may also be o f  va lue as a fo ru m  fo r  w id e r  issue ra is ing  and 

a ll iance b u i ld in g  between d ispa ra te  and s o m e t im e s  c o n f l ic t in g  g roups .

However ; we emphasise t h a t  th is  procedure uses expert op in ion  an d  as such can st i l l  be 

subject to bias o r  perception an d  i t  also relies heavily on the com pos i t ion  o f  the RW G  -  the 

conflic t  m a t r ix  w i l l  re fe c t  any R W G  m ore  heavily d o m in a te d  by one sector o r  another. We 

therefore emphasise th a t  th is  is a im e d  a t  p rov id ing  a h igh level m an a g e m e n t  tool, ra th e r  

t h a n  a deta i led  em p ir ica l  o u tp u t  hence we note the l im i ta t io n s  in  using th is  f o r  the f o u r  

TID E estuaries.
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•  Human Uses

In it ia l RWG m a n a g e m e n t  focus was estab l ished  fo r  each o f  the  T ID E  estuar ies th ro u g h  

the  rank ing  o f  h u m a n  uses (h igh, m od e ra te  o r  low). W h i ls t  the  RWGs fo r  m o s t  estuar ies 

iden t i f ied  the  p rov is ion  o f  T ranspo r t  &  Accessib il i ty ,  Ecologica l Funct ion &  D ivers ity  and 

Flood P ro tec t ion  &  A ss im i la t ive  Capacity as be ing  o f  h igh im p o r ta n ce ,  fo r  th e  H u m b er, 

T ranspo r t  &  Access ib i l i ty  was ranked as be ing  o f  m od e ra te  im p o r ta n ce .  Across  all o f  

the  estuar ies, however, Recreation &  Social Use were ranked as be ing  o f  m od e ra te  im ­

portance . Th is  rank ing  process also ind ica ted  sys tem ic  va r ia t ions  in the  way in w h ich  

ind iv idua l  es tuary  RWGs w o u ld  ‘s co re ’ user co n f l ic ts  w i th in  the  m a in  m atr ices,  and any 

associa ted in te r-es tuar ine  o r  in te r-user  bias.

The c o m p le te d  co n f l ic t  m atr ices  iden t i fy  the  S cheldt as hav ing  the  g rea test  level o f  h u ­

m an use, and the  Elbe the  low est  (c. 25% low er than  th a t  o f  the  Scheldt). Across  the 

T ID E  estuar ies, the  m e so h a l in e  zone  s u p p o r te d  the  g rea tes t  level o f  uses, w i th  the  po ly ­

hal ine zone  fe a tu r in g  the  low est  level. The Elbe and the  W eser recorded th e i r  h ighes t  in ­

d iv idua l  use levels in the  f reshw a te r  zone, the  S cheldt in the  o l ig o h a l in e  and the  H u m b e r  

in the  m e so h a l in e  zone. This  va r ia t ion  in h u m a n  use c o n ce n t ra t io n  between the  sa l in i ty  

zones  o f  the  T ID E  estuar ies  show s  the  need fo r  es tuary  spec if ic  m a n a g e m e n t ,  ta rge ted  

at spec if ic  spat ia l  and sectora l areas.

O Summary of usage scores for each estuary zone and for TIDE estuaries

L im netic

H u m b e r Elbe S c h e ld t W eser Tota l Z o n e

4 0 4 0 41 51 172

O lig o h a lin e

H u m b e r Elbe S c h e ld t W eser Tota l Z o n e

4 0 38 55 45 178

M e s o h a lin e

H u m b e r Elbe S c h e ld t W eser Tota l Z o n e

52 37 52 51 192

P o lyh a lin e

H u m b e r Elbe S c h e ld t W eser Tota l Z o n e

46 31 43 35 155

T o ta l E s tuary

H u m b e r Elbe S c h e ld t W eser

178 146 191 182

In assess ing  the  s im i la r i t ies  and d if fe rences  in uses and issues between sa l in i ty  zones 

across all T ID E  estuaries, the  m o s t  im p o r ta n t  uses / issues  iden t i f ied  f ro m  the  f reshw ate r  

zone  were f lood  p ro tec t ion ,  recreat ion, channe l s tab i l isa t ion  and res ident ia l  hous ing ,  

w i th  the  o l ig o h a l in e  zones fe a tu r in g  s im i la r  key uses (f lood p ro tec t ion ,  recreat ion and 

channe l s tab i l isa t ion )  as well  as conse rva t ion  p ro tec t ion .  The  m eso h a l in e  zone  was also 

iden t i f ied  as im p o r ta n t  fo r  conse rva t ion  p ro tec t ion  and f lood  p ro tec t ion ,  bu t  w i th  in ­

creased im p o r ta n c e  fo r  vessel m o v e m e n t  and capita l  d redg ing ,  th is  zone  s u p p o r te d  the
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h ighes t level o f  overall  use across the  T ID E  estuaries. A l th o u g h  the  po lyha l ine  zone  had 

a low er  level o f  h u m a n  use across the  estuar ies, it was iden t i f ied  as be ing  im p o r ta n t  fo r  

a range o f  uses in c lu d in g  conse rva t ion  p ro tec t ion ,  f lood  p ro tec t ion ,  vessel m o v e m e n t ,  

capita l  d re d g in g  and m a in te n a n ce  d redg ing ;  the  H u m b e r iden t i f ied  th is  zone  as hav ing  

the  h ighes t  level o f  use.

O Summary of usage for the TIDE estuaries per zone

H u m a n  Use
Freshw ater M esohaline

H u m b e r Elbe S cheld t W eser Total H u m b e r Elbe S che ld t W eser Total

Landscape -  H igh  va lue  landscape  fea tu re o 2 2 i 5 i 2 i 2 6

C onservation -  Pro tected  area ad ja ce n t to  sys tem i 2 2 i 6 i 2 i 1 5

C onservation -  Pro tected  su b tid a l area i 2 1 2 6 3 3 3 3 12

C onservation -  Pro tected  in te r tid a l area i 2 2 2 7 3 3 3 3 12

Archaeology -  A rc h a e o lo g y /H is to ry  p ro te c ted  site i 1 O 1 3 2 1 o i 4

Access (e .g . D is turbance) -  Recreational access on  w a te r 2 2 3 2 9 3 2 2 2 9

Access (e .g . D is turbance) -  Recreational access on  th e  banks &  in te r tid a l 3 2 3 3 n 3 2 3 1 9

Access (e .g . D is turbance) -  C o m m e rc ia l o O 3 1 4 i O 3 1 5

F lood/coast protection -  Defence  set-back o 1 2 1 4 3 O i O 4

F lood/coast p ro te c t io n - Flood bank (d yke /g a b b io n /w a ll) 3 3 3 3 12 3 3 3 3 12

Navigation -  C hannel s ta b ilis a tio n 2 2 3 3 IO i 2 3 3 9

Navigation -  C ap ita l d re dg in g O 2 o 2 4 2 2 3 3 IO

Navigation -  M a in ten an ce  d re dg in g 2 2 2 2 8 1 2 3 3 9

Navigation -  Vessel m o v e m e n t 2 3 2 1 8 3 3 3 3 12

P orts &  H arbours  -  P ort land c la im  ( in te rt id a l/s u b tid a  1) 1 1 O 1 3 2 o i 3 6

P orts &  H arbours  -  P ort re la ted  a c tiv ity  a d ja ce n t to  sys tem 2 1 1 2 6 2 1 2 3 8

P orts &  H arbours  -  P ort a c tiv ity  o n  th e  in te r tid a l/s u b tid a l area 2 1 O 2 5 2 1 3 6

In frastructure  -  In fra s tru c tu re  o n  bed o r in w a te r c o lu m n 1 1 2 2 6 2 1 2 i 6

Industry -  T id a l/c u rre n t ene rg y  device O O O 1 i 1 O o i

Industry -  W a te r a bs tra c tio n 2 1 O 2 5 1 1 2 i 5

Industry -  A ggrega te  e x trac tio n O 1 1 1 3 O 3 i 4

Industry -  In d u s tr ia l d ischarge 2 1 1 2 6 1 1 2 i 5

Industry -  In d u s tr ia l a c tiv ity  ad jacen t to  system 1 1 1 1 4 2 1 2 i 6

Agriculture -  W a te r a b s tra c tio n 1 1 O 1 3 O O o o

Agriculture -  A g r ic u ltu ra l ru n -o f f 3 1 2 2 8 3 1 3 2 9

Biological Extraction -  C o m m e rc ia l (e.g. fish  &  she llfish) 1 o O 1 2 O 1 o 1 2

Biological Extraction -  Recreational 1 1 1 2 5 1 1 1 1 4

Biological Extraction -  W ild fo w lin g 1 o 1 1 3 1 o O 1

Residential -  W aste  w a te r d ischarge 1 1 1 2 5 2 1 o 2 5

Residential -  H o u s in g  ad ja ce n t to  sys tem 2 2 2 3 9 2 1 1 2 6

Residential -  D rin k in g  w a te r a b s tra c tio n 1 O O O i O o o O o

Total Usage /  Estuary 4 0 4 0 4i 5i 52 37 52 5i

H ig h e s t  n u m b e r  o f  uses is m arked  in o range

•  Conflicting Uses and Users in the TIDE Estuaries

W h i ls t  m any  n o r th -w es t  European es tuar ine  m a n a g e m e n t  user issues are to  s o m e  ex­

te n t  gener ic , the re  are es tuary  spec if ic  va r ia t ions ,  both  in the  user in te rac t ions ,  bu t  also 

the  severity. It is also e v iden t  th a t  syne rg ism s  exis t between several uses as s how n  by the 

co n f l ic t  m atr ices  app l ied  to  the  T ID E  estuaries.

O  Elbe Estuary: For ins tance, the  m a in  u se / issue  o f  im p o r ta n c e  iden t i f ied  by the  Elbe 

RWG was in re lat ion  to  T ranspo r t  and Accessib il i ty .  The  associa ted co n f l ic t  m atr ices 

ind ica te  th a t  the  m a in  m a n a g e m e n t  p ro b le m s  are associa ted w i th  the  p rov is ion  o f  

safe nav iga t ion  req u ire m e n ts  f r o m  the  estuary  m o u th  to  the  p o r t  o f  H a m b u rg ,  w i th  

the  m o s t  h igh ly-scored con f l ic ts  f r o m  th is  use o c c u r r in g  w i th  N a tu ra  2 0 0 0  requ ire ­

m en ts .  Sim ilarly , the  need to  m ee t  the  req u ire m e n ts  o f  the  N a tu ra  2 0 0 0  D irect ives is 

po ten t ia l ly  in h igh co n f l ic t  w i th  the  need to  m a in ta in  safe nav iga t ion  a long  th is  part 

o f  the  estuary.

O  W eser Estuary: Flood p ro tec t ion  was iden t i f ied  as a key req u ire m e n t  by th e  W es­

er RWG, bu t t r a n s p o r t  and b iod ive rs i ty  (conserva t ion  p ro tec t ion )  rated a lm o s t  as 

highly. This  reflects bo th  the  need to  m a in ta in  deep navigable  access to  the  p o r t  o f  

B remen, bu t w i th  subs tan t ia l  issues re la t ing  to  N a tu ra  2 0 0 0  req u ire m e n ts  and t ida l 

range a long  the  estuary. The h ighes t  co n f l ic t  in te rac t ions  related to  the  im p ac ts  o f  

conse rva t ion  p ro tec t ion  in the  sub t ida l  zone  on nav iga t ion  req u ire m e n ts  as well  as 

the  converse  channe l s tab i l isa t ion  and nav iga t ion  needs a f fec t ing  N a tu ra  2 0 0 0  p ro ­

tec t ion  in the  in te r t ida l  and sub t ida l  zones. The  need to  p rov ide  f lood  p ro tec t ion  was 

also recorded as c o n f l ic t in g  w i th  N a tu ra  2 0 0 0  p ro tec t ion  in the  in te r t ida l zone.

O  S cheldt Estuary: T he broad p rov is ion  o f  eco log ica l fu n c t ion  and d ivers i ty  was id e n t i ­

fied as be ing  o f  g rea tes t  im p o r ta n c e  by th e  S cheldt RWG b u t  c losely  fo l low ed  by 

Flood Pro tect ion  &  A ss im i la t ive  Capacity and T ranspo r t  &  Accessib il i ty .  However, 

w h i ls t  fewer severe co n f l ic t  issues were iden t i f ied  fo r  the  S cheld t as a w h o le  than 

fo r  the  o th e r  T ID E  estuar ies, spec if ic  con f l ic ts  were  recorded in the  o u te r  estuary 

between d re d g in g  needs and p ro tec t ion  o f  the  sub t ida l  hab ita t.  S im ilar ly , h igh level 

con f l ic ts  increase a round  the  p o r t  o f  A n tw e rp  to  inc lude  N a tu ra  2 0 0 0  site p ro tec t ion  

on spec if ic  f lood  p ro tec t ion  m easures  (m anaged  rea l ign m e n t) ,  p o r t  activity, in d u s ­

try, recreat ion and h o u s in g  p rov is ion ,  as well  as con f l ic ts  resu l t in g  f ro m  m anaged  

re a l ig n m e n t  on conse rva t ion  p ro tec t ion  in sites ad jacen t to  the  estuary  and h o u s in g  

p rov is ion .  However, notably, a n u m b e r  o f  pos it ive  syne rg ism s  between users were 

also iden t i f ied ,  m o re  than  fo r  the  o th e r  Tl DE estuaries.
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O Summary of use conflicts for all TIDE estuaries
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(co lo r  in tens i ty  reflects the  level o f  a n ta g o n is m  o r  synerg ism )

O  H u m b e r Estuary: The p rov is ion  o f  F lood Pro tect ion  &  A ss im i la t ive  Capacity and Eco­

logical F unc t ion  &  D ivers ity  were ranked as the  m o s t  im p o r ta n t  uses fo r  the  H u m ­

ber, w ith  the  p rov is ion  o f  t r a n s p o r t  and accessib i l i ty  s co r ing  far lower  than  fo r  the 

o th e r  T ID E  estuar ies. Th is  reflects the  s o m e w h a t  d i f fe ren t  m a n a g e m e n t  p r io r i t ies  

in the  H u m b er, w ith  the  region low  ly ing and sub jec t  to  relative sea-level rise and, 

w h i ls t  fe a tu r in g  the  U K ’s largest p o r t  com p lex ,  there  is a lm o s t  no need to  art if ic ia l ly  

m a in ta in  navigable  channe ls  th ro u g h  d re d g in g  and channe l s tab i l isa t ion .  However, 

the  m a tr ix  analysis  iden t i f ied  m any  no tab le  con f l ic ts ,  w i th  N a tu ra  2 0 0 0  conse rva t ion  

p ro tec t ion ,  p r im a r i ly  in the  in te r t ida l zone, im p a c t in g  on p o r t  in f ras t ruc tu re  activity, 

recreat ional access and f lood  p ro tec t ion  p rov is ion ,  as well  as recreat ional access 

im p ac ts  on in te r t ida l conse rva t io n  p ro tec t ion ,  the  req u ire m e n ts  o f  f lood  p ro tec t ion  

p rov is ion  and p o r t  act iv ity  on N a tu ra  2 0 0 0  p ro tec t ion .
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O Conflict matrices for each salinity zone of the Elbe.
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M atr ices  s h o w  on ly  h igh in tens i ty  con f l ic ts  and benefits

The average co n f l ic t  scores across all zones and all T ID E  estuar ies  il lus tra tes  the  m a in  

sectors o f  po ten t ia l  es tuar ine  user co n f l ic t  w h ich  may requ ire  m a n a g e m e n t  (shaded red 

in the  f igure ) ,  to g e th e r  w i th  areas o f  synerg is t ic  po ten t ia l  (shaded green in the  f igure).

W h i ls t  the  co n f l ic t  m a tr ix  process has h igh l ig h ted  a n u m b e r  o f  already estab l ished  an ­

ta g o n is m s  between key sectora l uses in estuaries, the  spatia l  d is t r ib u t io n  o f  these was 

variab le  across s o m e  o f  the  estuar ies. The  H u m b e r in p a r t icu la r  show ed  cons ide rab le  

d iss im i la r i ty  w i th  reduced co n f l ic t  levels a r is ing  f ro m  nav iga t ion -re la ted  issues on N a t ­

ura 2 0 0 0  p ro tec t ion  req u ire m e n ts  and vice versa. Th is  is m a in ly  due to  the  pos i t ion  

o f  the  m a in  ports  indus try  on the  H u m b er, c o m p a re d  to  the  o th e r  estuar ies, w i th  the 

H u m b e r’s m ain  p o r t  indus try  p ro p o r t io n a l ly  c loser  to  the  m o u th  o f  the  estuary  and w ith  

n o n -acc re t ing  s h ip p in g  channe ls  than  the  o th e r  T ID E  estuaries.

F u r the rm ore ,  the  co n f l ic t  m a tr ix  analysis  iden t i f ied  s o m e  no tab le  sectora l va r ia t ions  be­

tween estuaries. For ins tance, on the  H u m b er, the  p rov is ion  o f  N a tu ra  2 0 0 0  p ro tec t ion  

in the  in te r t ida l  zone  was frequen t ly  iden t i f ied  as hav ing  a h igh level o f  im p a c t  on the 

p rov is ion  o f  m anaged  rea l ign m e n t ,  w h i ls t  the  p resence o f  f lood  p ro tec t ion  dykes was 

s im i la r ly  iden t i f ied  as hav ing  a h igh im p a c t  on in te r t ida l N a tu ra  2 0 0 0  p ro v is ion .  On 

the  Scheldt, m anaged  re a l ig n m e n t  was fu r th e r  iden t i f ied  as im p a c t in g  on conse rva t ion  

p ro tec t ion  req u ire m e n ts  on ad jacen t te rres tr ia l  areas. As m anaged  re a l ig n m e n t  is o ften 

used as a m easure  to  m i t ig a te  fo r  the  im p ac ts  o f  coasta l squeeze a r is ing  f r o m  the  p res­

ence o f  fixed f lood  p ro tec t ion  dykes, then  th is  w o u ld  seem to  be a cons ide rab le  m a n ­

a g e m e n t  p in c h -p o in t  req u i r in g  address ing . In a d d i t io n ,  m anaged  rea l ig n m e n t  p rov is ion  

was also iden t i f ied  as hav ing  the  po ten t ia l  fo r  h igh level con f l ic ts  w i th  indus tr ia l  activ ity
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and res ident ia l  h o u s in g  in the  im m e d ia te  f lood  pla in . Aga in ,  g iven the  po ten t ia l  fo r  the 

too l  to  be used as a m easu re  to  increase f lood  ass im i la t io n  capacity, then  the  success 

o f  the  te c h n iq u e  requ ires both  m a n a g e m e n t  focus  and poss ib ly  add i t io na l  s takeho lde r  

invo lve m e n t .

Mechanisms for Resolving Conflicts
As s how n  above, estuar ies are sub jec t  to  m any  o f ten s im i la r  c o m p e t in g  and c o n f l ic t in g  

uses and users. W h i le  h igh level m a n a g e m e n t  needs are the  sam e across m o s t  n o r th ­

w es t  European estuaries, to  p ro tec t  and enhance  na ture  conse rva t io n  w h i le  e n s u r in g  

p u b l ic  safety and the  delivery o f  ecosys tem  services and socie ta l benefi ts ,  there  are clear 

d if fe rences in p r io r i t ies  fo r  spec if ic  m a n a g e m e n t  act ions.  We have show n  th a t  these  vary 

between estuar ies  bu t also w i th in  an estuary  and so m a n a g e m e n t  needs to  reflect th is  

and be targe ted .

In part icu la r,  the  need fo r  conse rva t ion  p ro tec t ion  raises several m a n a g e m e n t  con f l ic ts  

w i th  o th e r  uses, in c lu d in g  the  ports  industry , f lood  p ro tec t ion  req u i re m e n ts  and recrea­

t iona l  access to  the  estuary  and vice versa. In part icu la r,  we h ig h l ig h t  th a t  m easures  e m ­

ployed to  m it ig a te  one  m a n a g e m e n t  p ro b le m  m ay affect o thers .  For instance, m anaged  

re a l ig n m e n t  can be used to  o f fse t  losses in both  in te r t ida l  hab ita ts  f ro m  d irec t  land c la im  

a n d /o r  coastal squeeze in o rd e r  to  satis fy N a tu ra  2 0 0 0  as well  as f lood  a ss im i la t io n  

capacity. However, ap p ly in g  m anaged  rea l ig n m e n t  can in i tse l f  im p a c t  on N a tu ra  2 0 0 0  

p rov is ion  as well  as on f lood  p ro tec t ion  req u i re m e n ts  no t to  m e n t io n  po ten t ia l  p rov is ion  

fo r  h o u s in g  and industry.

As such, m ec h a n is m s  are necessary to  assis t in s takeho lde r  in c lus ion  and co n f l ic t  reso­

lu t ion  as part  o f  a w id e r  in tegra t ive  m a n a g e m e n t  strategy.

Public aw areness s tudy ‘T he  T ida l Elbe -  a p eop le ’s perspective’:

In te rm s  o f  land use con f l ic ts ,  in te rv iewed  res idents  a long  the  Elbe estuary  c o n s id ­

ered na ture  conse rva t ion  to  o f fe r  the  m o s t  ser ious po ten t ia l  fo r  co n f l ic t  since people  

perceived na ture  conse rva t ion  to  be in c o m p a t ib le  w i th  o th e r  land uses. In the  rural 

parts o f  the  Elbe reg ion, na ture  conse rva t ion  and ag r icu l tu re  are perceived to  be the 

m a in  con f l ic t ,  whereas  e lsewhere  it is na ture  conse rva t ion  and industry. However, these 

responses m os t ly  reflect genera l o p in io n s  a b o u t  the  in te rac t ion  o f  d i f fe ren t  land uses 

and do  n o t  refer to  ex is t ing  reg iona l con f l ic ts .

It is a ssum ed  th a t  these E lbe-spec if ic  f in d in g s  are b road ly  t rans fe rab le  to  o th e r  s im i la r  

estuaries. Neverthe less it is sugges ted  th a t  es tuary-spec i f ic  surveys m ig h t  be requ ired 

to  c o n f i rm  th is ,  and perhaps in c o rpo ra te  local va r ia t ions .

Several h igh level con f l ic ts  were iden t i f ied  f ro m  the  a ssessm en t  process w i th in  the  Elbe, 

W eser and H u m b e r systems, b u t  th is  was less the  case fo r  the  Scheldt. W h i ls t  hav ing  

s o m e  very h igh level con f l ic ts ,  p r im a r i ly  between nav iga t ion  req u i re m e n ts  and N a tu ra  

2 0 0 0  p ro tec t ion  needs, the  S cheldt in genera l fea tured  a reduced n u m b e r  o f  con f l ic ts  

and an increased n u m b e r  o f  synerg is t ic  activ it ies.

W h i ls t  th is  m ay be to  s o m e  extent an artefact o f  the  RWG a ssessm en t  process, and has 

no t  been iden t i f ied  d irec t ly  as a result  o f  a spec if ic  m a n a g e m e n t  ac t ion,  it is poss ib le  

to  c o nc lude  th a t  m a n a g e m e n t  o f  the  S cheldt appears to  be effective in several areas. 

Th is  m ay be a resu lt  o f  its relatively  lo n g  period  o f  in tegra ted  m a n a g e m e n t  a r is ing  f ro m  

the  ‘ Long- te rm  v is ion  W e s te rs c h e ld t ’ p lan (20 0 0 ) ,  in te g ra t in g  ‘safety accessib i l i ty  and 

e n v i r o n m e n t ’ aspects, in c lu d in g  req u ire m e n ts  fo r  t rans -na t iona l  act ion and data  s h a r ing  

between Be lg ium  and The  N e the r lands .

Based on the  results o f  the  co n f l ic t  m a tr ix  app roach ,  to g e th e r  w i th  th o se  f ro m  o the r  

T ID E  aspects, we have derived a typo logy  o f  key co n f l ic t  areas fo r  m o s t  es tuar ies  and, 

based on these, p roduced  g u idance  p r inc ip les  fo r  in tegra ted  m a n a g e m e n t .  We have also 

d e te rm in e d  a series o f  m easures  to  assis t in bo th  in d e te rm in in g  co n f l ic t  areas and ad ­

d re ss in g  so m e  o f  the  im p a c t  factors.

Uses and Conflicts

T ID E  concludes th a t w h ils t n orth -w est European estuaries present m an y  generic  

m an a g e m en t challenges, m a n a g e m en t in itia tives  need to  be site-specific  in o rder 

to  accom m o date  both th e  natura l and h um an  system s. Furtherm ore , th e  Ecosystem  

Services and C onflict M a tr ix  approaches em ployed in T ID E  have th e  potentia l to  be 

com bined  to  assist in e ffective m an agem en t.

H ow ever, it is im p o rtan t to  understand  th a t m easures em ployed  to  provide a m a n ­

a g e m e n t solu tion  fo r  a specific  p roblem  can also generate  th e ir  ow n  m an ag em en t 

issues. Th is  is particu larly  th e  case fo r  m easures used to  address flood p ro tection , 

land c la im  o ffset and N a tu ra  2 0 0 0  requ irem ents .

Summary
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Management initiatives 
and governance

•  The Legal Framework

The m any  uses and users o f  es tuar ies  have led to  extensive cu r re n t  m a n a g e m e n t  m ea s ­

ures d r iven  by in te rna t iona l  o b l ig a t io n s  and European D irect ives as well  as the  M e m b e r  

State o r  federal p rov ince  polic ies. In o rd e r  to  share best pract ice  between the  estuaries, 

and to  und ers ta n d  th e i r  p la n n in g  and governance , It Is necessary to  und ers ta n d  the 

M e m b e r  State leg is la t ive m a n a g e m e n t  f ram e w o rk s  and th e i r  d i f fe rences. Th is  e n c o m ­

passes na t iona l  and local po l i t ica l d e m a n d s  and m a n a g e m e n t  o rg a n isa t io n s  and th e i r  

respons ib i l i t ies .

The T ID E  estuar ies  p rov ide  a range o f  m anager ia l  d if fe rences f ro m  the  In te rna t iona l  

ca tc h m e n t  areas o f  the  Elbe and Scheldt, to  the  reg iona l ly  m anaged  estuar ies  o f  the 

W eser and the  H u m b er. As such, holistic  m an a g e m en t p la n n in g  f ram e w o rk s  fo r  es tua ­

ries m u s t  bu i ld  on ex is t ing  s t ruc tu res ,  use a m u l t i -m a n a g e r  sectora l f r a m e w o rk  and have 

an u n d e rs ta n d in g  of:

O  the  m a n a g e m e n t  Issues In estuaries;

O  the  gove rnance  f ra m e w o rk

(I.e. po lic ies, po l i t ics , a d m in is t ra t iv e  bod ies  and leg is la t ion) ;

O  the  m e th o d s  used to  de l ive r  the  m an a g e m e n t ;

O  the  basis on w h ich  th a t  m a n a g e m e n t  Is de l ivered;

O  the  eff icacy o f  the  m a n a g e m e n t  too ls ;

O  the  best t o o ls /p la n s  available  to  m ee t  these  needs, and 

O  the  gaps In m a n a g e m e n t  (know ledge) .

All European estuar ies  have to  c o m p ly  w i th  va r ious  polic ies, d e v e lo p m e n ta l  and m a n a g e ­

m e n t  p lans, and sectora l s trategies and so we have analysed these In the  T ID E  estuaries 

to  d e te rm in e  g ood  m a n a g e m e n t  pract ices th a t  can be app l ied  e lsewhere. These Include:

O  w a te r  qua l i ty  (Water F ram ew ork  D irec t ive  (W FD) &  U rban  Waste  W ater 

T re a tm e n t  Direct ive);

O  na ture  conse rva t ion  (H ab i ta ts  &  Species D irec t ive  &  W ild  B irds D irec t ive  (H B D ) ) ;

O  f lood  p ro tec t ion  and coastal p ro tec t ion  (F lood Risk M a n a g e m e n t  D irect ive  

(FR M D )) ;

O  Integra ted coasta l zone  m an a g e m e n t ;

O  sh ip p in g ,  ports  and p o l lu t io n  p reven t ion ;

O  e c o n o m ic  d e v e lo p m e n t  ( Inc lu d in g  agricu l tu re ,  forestry, to u r is m ) ;  and 

O  the  M a r i t im e  Strategy Fram ew ork  D irec t ive  (M S F D ).
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The p roposed  EU D irec t ive  on M ar in e  Spatia l P lann ing  and Coastal M a n a g e m e n t  may 

also affect es tuary  m a n a g e m e n t  I f  adopted ,  bu t  we have n o t  yet cons ide red  It as Its Im ­

p le m e n ta t io n  deta i ls  are u n kn ow n .

•  Implementation of EU Directives

S chem a tic  f ram e w o rk s  p roduced  fo r  each estuary  s h o w  h o w  the  d irec t ives have been 

Im p le m e n te d  f ro m  a to p -d o w n  basis ove r  the  past tw o  decades and the re  Is c o n s id e r ­

able gu id a nce  on the  req u ire m e n ts  and Im p le m e n ta t io n  o f  these d irec t ives at an estuary 

level. The T ID E  co u n tr ie s  have also m ade  good  progress w i th  the  Im p le m e n ta t io n  o f  the 

newer d irec t ives e.g. M S F D  and th e  F R M D  Into na t iona l  law, m e e t in g  the  dead l ines  set 

by the  European C o m m is s io n .

O u r  analysis  has revealed the  fo l lo w in g  exam ples  o f  best practice:

O  M a n a g e m e n t plans w h ich  engage all users and uses o f  th e  estuary

A l th o u g h  n o n -s ta tu to ry  In nature , successfu l p lans have been Im p le m e n te d  In all fo u r  

estuar ies to  ensure  th a t  the  hab ita ts  and species w i th in  the  estuar ies  m a in ta in  the ir  

favourab le  c o n d i t io n .  These p lans enab le  the  d i f fe ren t  users and s takeho lders  to  har­

m o n is e  the  req u i re m e n ts  o f  N a tu ra  2 0 0 0  and W ate r  F ram ew ork  D irec t ive  object ives. 

Examples o f  best pract ice Inc lude  the  H u m b e r M a n a g e m e n t  Scheme, the  In tegra ted 

M an a g e m e n t-p la n  Elbe, In tegra ted M an a g e m e n t-p la n  W e s e ra n d  the  N a tu re  Deve l­

o p m e n t  Plan fo r  the  S cheldt Estuary.

O  T he  creation  o f  unified  m an a g e m en t decisions and th e  avoidance  

o f  o verlapp ing  plans

The M a s te r  Plan Coastal Defence In the  W eser has d e m o n s t ra te d  th a t  a un if ied  m a n ­

a g e m e n t  f ra m e w o rk  fo r  coastal p ro tec t ion  can be deve loped  desp i te  the  n u m b e r  

o f  d i f fe re n t  federal states and a u tho r i t ie s  Involved. In response  to  the  F lood Risk 

M a n a g e m e n t  D irect ive, all f o u r  es tuar ies  have c o m p re h e n s iv e  f lood  risk m a n a g e ­

m e n t  p lans In place derived th ro u g h  th e i r  e n v i ro n m e n t  p ro tec t ion  agencies and lo ­

cal a u tho r i t ie s / fe de ra l  states. These m a n a g e m e n t  p lans have been deve loped on a 

w h o le  es tuary  scale, Instead o f  on an a d m in is t ra t iv e  basis, w h ich  avoids d u p l ic a t io n  

o f  e f fo r t  and poss ib le  ove r lap  and o m is s io n s .

O  O pen  c o m m u n ica tio n  betw een sta tu to ry  au th orities , stakeholders and users 

w ith in  an estuary  w ill lead to  com m o n  goals being m et

All fo u r  estuar ies have s how n  g ood  pract ice  In us ing  s takeho lde r  and adv isory  

ne tw orks  to  deve lop  m any  o f  the  p lans, fo r  exam p le  the  River Basin M a n a g e m e n t  

Plans (RBM  Ps) and o th e r  p ro g ra m m e s  o f  m easures  as requ ired  u n d e r  the  W ater 

Fram ew ork  D irect ive. The  R BM Ps have been successfu l ly  deve loped  both  at the 

local scale (e.g. the  H u m b e r estuary) ,  and at the  In te rna t iona l  scale (e.g. the  Elbe) 

th u s  o v e rc o m in g  a d m in is t ra t iv e  boundar ies .
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•  SWOT Analysis

As the  T ID E  estuar ies each have va r ious  m a n a g e m e n t  p lans each co ve r in g  a pa r t icu la r  

secto r  (use o r  fea ture ),  we carr ied o u t  a S W O T  analysis  to  assess best pract ice w i th in  the 

estuary  m a n a g e m e n t  systems.

Strengths Weaknesses

in
te

rn
al O W h a t  are the  h igh l ig h ts  o f  the  m a n a g e m e n t  plan?

O Are u n ique  (or unusua l)  resources be ing  d raw n  

upon  (and, I f  so, w h a t  are they)?

O W h a t  fac to rs  w o u ld  be centra l In the  m a n a g e m e n t  

plan app roach  be ing  adop ted  o r  t rans fe r red  to  plans 

In the  future?

O W h a t  aspects o f  the  m a n a g e m e n t  plan cou ld  

be Im proved?

O W h a t  a p p aren t  p it fa lls  w i th in  the  m a n a g e m e n t  

p lans have led to  l im i te d  Im p le m e n ta t io n ?

Opportunities Threats

1
S

O Does the  m a n a g e m e n t  plan p rov ide  o p p o r tu n i t ie s  

to  Inco rpo ra te  fu tu re  changes?

O Is the  m a n a g e m e n t  plan th rea tened  by fu n d in g ,  

long  te rm  v is ion  o r  po l i t ica l wil l?

«
O W il l  o p p o r tu n i t ie s  arr ive by changes In re lat ion  to  

‘n e w ’ techno logy , e n v i ro n m e n ta l  changes  o r  ch a n ­

ges In g o v e rn m e n t  po l icy  o r  socie ta l w ishes?

A p la n ’s strengths Is th a t  It sh ou ld  have the  leg is la t ive p o w e r  to  en force  Its a lm s, be 

m u l t i -sec to ra l ,  have de f ined  fu n d in g  and have su f f ic ien t  spat ia l  coverage to  p rov ide  a 

broad m a n a g e m e n t  rem i t  fo r  the  estuary. However, the  S W O T  analyses s h o w  th a t  p lans 

can be successfu l even I f  they are n o t  statutory, e.g. the  In tegra ted  M an a g e m e n t-p la n  

Elbe, especia lly w here  there  Is a g ood  Im p le m e n ta t io n  s t ruc tu re .  O th e r  s t reng ths  Inc lude 

m u l t i -u s e r  m a n a g e m e n t ,  s ta k e ho ld e r /u s e r  c o m m l tm e n t / b u y - ln  to  the  plan a lm s  and fo r  

the  plan to  be regu lar ly  updated  to  keep up w i th  c h a n g in g  leg is la t ion  o r  e n v i ro n m e n ta l  

co n d i t io ns .

The m a in  w eaknesses h igh l igh ted  across the  p lans Inc lude  th e i r  lack o f  f inanc ia l s u p ­

p o r t / f u n d in g  w hen  n on -s ta tu to ry ;  fo r  example ,  lack o f  f u n d in g  Is o ften  a m a jo r  hurd le  

In d e l ive r ing  the  po lic ies p u t  fo rw a rd  w i th in  sho re l ine  m a n a g e m e n t  p lans. Plans w h ich  

have non-spec i f ic  ta rgets , and restr ic ted p lans th a t  are n o t  m u l t l -sec to r la l  are cons ide red  

weak In ach iev ing  ho l is t ic  so lu t io n s .  D esp ite  th is ,  to  be effective, a m u l t l -sec to r la l  plan 

shou ld  no t lose focus  o f  the  key m a n a g e m e n t  Issue and w h i le  It sh ou ld  n o t  ove rr ide  the 

o th e r  In terests, It needs to  be m u l t i - fu n c t io n a l  and h o l is t ic  th u s  g e t t in g  acceptance by all 

g roups .  The plan shou ld  p resen t o pp ortu n ities  to  be fo rw a rd - th in k in g  w i th  the  need to  

In tegrate new  o r  c h a n g in g  Issues, e.g. c l im a te  change. It sh ou ld  p rov ide  a f ra m e w o rk  fo r  

fu tu re  m a n a g e m e n t  needs and p rov ide  co n f l ic t  reso lu t ion  between d i f fe ren t  sectors to 

give a w ln -w ln  s i tua t ion  In es tuar lne  m an a g e m e n t .
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We have h igh l ig h ted  the  fo l lo w in g  th rea ts  across the  fo u r  estuar ies: l im i ted  f u n d in g  

the reby  m a k in g  a plan short- l ived  o r  In c lu d in g  the  In it ia l stages o f  d e f in in g  the  needs but 

then  a lack o f  resources fo r  Im p le m e n ta t io n ;  to o  m any  s takeho lders  w i th  d i f fe re n t  goals  

can th rea ten  a p la n ’s success, and the  l im i te d  spatia l  coverage o f  a plan.

O Common strengths, weaknesses, opportunities and threats identified within 
the management plans of the four TIDE estuaries

Best Practice -  tow ards th e  susta inab le  m an a g e m en t o f  estuaries

S trengths W eaknesses O p p o rtu n itie s Threats

s ta tu to ry  in n a tu re

m u lt i- s e c to ra l

s u f f ic ie n t  sp a tia l cove rage  

to  p ro v id e  a b ro a d  

m a n a g e m e n t re m it  

f o r  th e  e s tu a ry

lack o f  f in a n c ia l 

s u p p o r t / fu n d in g  

w h e n  n o n -s ta tu to ry

p la n s  w h ic h  have 

n o n -s p e c if ic  ta rg e ts

p la n s  w h ic h  are 

ve ry  n a rro w  In fo cu s  

la ck in g  m u lt i- s e c to ra l 

in c lu s iv e n e s s

to  be fo rw a rd  th in k in g  to  

In te g ra te  n e w  Issues 

e.g. c lim a te  ch a n g e

to  be fra m e w o rk

fo r  fu tu re  m a n a g e m e n t

needs

c o n f lic t  re s o lu tio n  

b e tw e e n  d if fe re n t  se c to rs  

a nd  p ro v id e  w in -w in  

s itu a t io n s

lim ite d  fu n d in g  th e re fo re  

m a k in g  a p lan  s h o r t  lived

to o  m a n y  s ta k e h o ld e rs  

w ith  d if fe re n t  goa ls  can 

th re a te n  a p la n ’s success

lim ite d  s p a tia l 

c o ve rage  o f  a p lan

•  Environmental Assessment

H ere we  e m p h a s is e  tw o  m a in  ax iom s o f  e n v i ro n m e n ta l  assessm en t :  firstly, th a t  all de ­

v e lo p m e n ts  w i th  a po ten t ia l  to  ha rm  the  e n v i ro n m e n t ,  such as new  o r  Increased In fra­

s t ruc tu re  (e.g. Indus tr ia l  com p lexes  o r  po rts ) ,  requ ire  p e rm is s io n .  Secondly, th a t  ‘wh i le  a 

regu la t ing  body does no t  have to prove th a t  a deve lopm ent  w i l l  h a rm  the env ironm en t,  the  

developer does have to show th a t  i t  w i l l  n o t  do so'.

H ence  u n d e r  EU D irect ives, all m a jo r  d e v e lo p m e n ts  requ ire  an Environm enta l Im p ac t  

A ssessm ent (E IA ) and the  p ro d u c t io n  o f  an E nvironm enta l S ta te m e n t (ES). An EIA Is

de f ined  very precisely  ‘w h a t  Is the  Im p a c t  o f  th is  activity, carr ied o u t  at th is  t im e ,  In th is  

place and In th is  way, w i th  th is  level o f  m i t ig a t io n  a n d /o r  c o m p e n s a t io n  and c o m m u n i ­

cated w id e ly ’ . Sim ilarly , p lans and p ro jec ts  In N a tu ra  2 0 0 0  sites requ ire  an A p prop ria te  

A ssessm ent (AA) w h ich  Is very precisely  ‘w h a t  Is the  effect o f  the  d e v e lo p m e n t  on the 

features and conse rva t ion  ob jec t ives o f  a des igna ted  N a tu ra  2 0 0 0  s i te ’ .

However, and again fo l lo w in g  the  EU Direct ives, both  o f  these require a precautionary  

approach, especia lly  as there  Is u n ce r ta in ty  In d e te rm in in g  Im pac ts  In a h igh ly  variab le  

e n v i ro n m e n t  such as an estuary. T ID E  cons ide red  h o w  Be lg ium , Germ any, the  UK and 

the  N e th e r la n d s  cope  w i th  these uncerta in t ies .



54 I M a n a g e m e n t  in i t ia t ives and governance

O Differences/similarities in dealing with EIA/AA in different countries

Belgium

(Flanders)

G erm any

(B rem en)

The

N etherlan ds

UK

(England and W ales)

G e n e ra l/D e fin itio n s

EA and AA regimes are precise im plem entation o f  the EU Directives

EA and SEA are im plem ented by the same act and regulations 
(very sim ilar procedures)

EIA and SEA are 
separate regimes but 

closely linked

Screening

Formal screening procedures have been put in place

ECJ: screening 
procedure w ith 
m ainly thresholds 
focusing on extent o f 
activity are incorrect 
im plem entation 
o f  Annex III o f EIA 
D irective

ECJ: screening 
procedure w ith 
mainly thresholds 
focusing on extent o f 
activity are incorrect 
im plem entation 
o f  Annex III o f EIA 
Directive

Navigation 
dredging not EIA

Maintance

Dredging

Protocol

C o n ten t A ssessm ent M inim al content o f EA and AA (incl. overview knowledge gaps and o ther uncertainties)

C o n su lta tio n /P artic ip a tio n

Provisions o f form al consultation during scoping and consideration o f  ES

Independent Expert 
body (NCEA)

System o f sta tu tory 
consultées

D e c is io n /M o n ito rin g

Specific EIA/SEA 
procedure, not 
integrated

Specialised central 
authority  approves 
EIA/SEA, advises 
on AA

EIA/SEA integrated in 
existing perm it and 
planning procedures

Perm itting or 
p lanning authority 
approves EIA/SEA, 
but a specialised 
com m ission acts as 
independent expert 
body

EIA/SEA integrated in 
existing perm it and 
planning procedures

Perm itting or 
planning authority 
approves EIA/SEA, 
but independent 
Expert body gives 
advice

SEA not applicable to  
p o rt related activities

Im plem ented 
into sectorbased 
and overarching 
developm ent control 
regime

Courts exercise marginal control

We analysed as examples the  e n la rg e m e n t  o f  the  nav iga t ion  channe ls  In the  Ems and 

S cheldt estuar ies, d re d g in g  o f  the  approach  channe l to  the  p o r t  o f  I m m m g h a m  (H u m ­

ber), several m a jo r  p o r t  d e v e lo p m e n t  and capita l  d re d g in g  p ro jec ts  In the  S to u r  and 

O rw e l l  estuaries, and the  c o n s t ru c t io n  o f  C o n ta in e r  Term ina l  4  In the  W eser.

O u r  re c o m m e n d a t io n s  fo r  g ood  pract ice  and Innova t ive  so lu t io n s  on h o w  to  m anage  

uncerta in t ies  take Into a cco u n t  the  d i f fe ren t  phases o f  a p ro jec t  (the c u r re n t  s i tua t ion ,  

p ro jec t  assessm en t,  p e rm i ts  and d e roga t ion ,  m i t ig a t io n  and c o m p e n s a t io n ,  and m o n i ­

to r in g  and e va lua t ion ) .  These In genera l fo l lo w  th o se  o f  g ood  In tegra ted m an a g e m e n t .
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Management measures
•  42 Management Measures

The m any  d e m a n d s  on estuar ies and cha l lenges faced by es tuar lne  users p ro d u ce  ac­

tua l o r  po ten t ia l  p ro b le m s  w h ich  m u s t  be addressed us in g  m a n a g e m e n t  m easures .  In 

T IDE, we have cons ide red  42 m a n a g e m e n t  m easures  w h ich  e i the r  have already been 

Im p le m e n te d  o r  are at a f i rm  p la n n in g  stage (for example ,  11 m easures  fo r  the  Scheldt).

20 TIDE p ilo t: R e locationof dredged sedim ent to  shallow  w ater area at the edge o f  the W alsoorden sandbar (2004)

21 TIDE p ilo t: Relocation o fd redged  sedim ent to  a shallow  w ater area at the  edge o fth e  W alsoorden sandbar (2006)

2 2 TIDE p ilo t: Relocation o fd redged  sedim ent to  fo u r shallow  w ater areas at the edge o f  sandbars (2010)

23 Vispaaiplaats -  Fish spawning pond

O Locations of management measures in the Scheldt

Nr. Measures

B Lippenbroek - f lo o d  contro l area w ith  contro lled reduced tide  (FCA-CRT)

H Groynes at Waarde

15 Ketenisse w etland -  small scale tidal wetland restoration in the  freshw ater zone o fth e  Seascheldt

16 Paddeback wetland -  sm all scale tidal wetland restoration in the freshw ater zone o fth e  Seascheldt

17 P aa rd en sch or- sm all scale t ida l wetland restoration in the  Seascheldt

18 Heusden LO -  small scale tidal wetland restoration in the  freshw ater zone o fth e  Seascheldt

19 Schelde p ilo t pro ject 2: Relocation o f  dredged sedim ent to  deep areas o fth e  navigation channel

The m easures are related to  d iffe re n t targets , fo r  exam p le  to  deve lop  a n d /o r  p ro tec t  

spec if ic  hab ita ts  o r  species (m easure  category  ‘ B io lo g y /E co lo g y ’), to  reduce t ida l energy, 

t ida l range, t ida l a s y m m e try  and t ida l  p u m p in g  effects, to  Im p ro ve  m o rp h o lo g ic a l  c o n d i ­

t io n s  o r  fo r  f lood  p ro tec t ion .  M o s t  m easures  a im  at b io log ica l and eco log ica l d e v e lo p ­

m e n t  ta rge ts  w h i ls t  o thers  are assigned to  the  m easu re  categor ies ‘ H y d r o lo g y /M o rp h o l ­

ogy ’ and ‘ P hys ica l /C hem ica l  Q u a l i t y ’ .

Pilot projects

T h ro u g h o u t  T IDE, we have analysed spec if ic  aspects o f  several p i lo t  pro jects:

o  Evaluat ion o f  the  S e d im e n t  t rap  near Wedel (Elbe): effec tiveness o f  re lated m o n i t o r ­

ing  p ro g ra m m e s ;

o  Potentia l  A l te rna t ive  uses o f  D redged M ate r ia l  In the  H u m b er: us ing  bo th  capita l 

and m a in te n a n ce  d redged  m ate r ia ls  fo r  uses o th e r  than  ta rge ted  benefic ia l d isposa l;  

O S e d im e n t  re loca t ion  to  sha l lo w  w a te r  near W a lsoo rden  s a ndba r  (Scheldt): feasib i l i ty  

o f  s e d im e n t  d isposa l  near the  san d ba r  a im ed  at Im p ro v in g  the  physical and e co lo g i ­

cal status;

o  M o rp h o lo g ic a l  m a n a g e m e n t  o f  es tuar ies  (Scheldt): th e  co n ce p t  o f  us in g  m o r p h o ­

logical m a n a g e m e n t  a im in g  to  h a rm o n is e  va r ious  es tuar lne  fun c t ion s ;  

o  Restora t ion  o f  a t ida l fo re land  In the  W erder land  region (W eser) : d eve lo p in g  u n i fo rm  

fo re land  pas ture  Into typ ica l t ida l aquat ic  hab ita ts  related to  coastal p ro tec t ion  and 

p o r t  accessib i l i ty  us in g  o f  s takeho lde r  Invo lvem en t ;  

o  H ard  s u b s t ra tu m  H a b ita ts  In the  O u te r  W eser: f ie ld s tudy  on eco log ica l s ign if icance  

o f  geo- and b iogen ic  hab itats ; 

o  A n a b ran ch  Revita l isa t ion o f  th e  Lower W eser Estuary: the  eco log ica l e ffectiveness o f  

v a r ious  rev i ta l isa t ion  scenarios;

O Secondary  channe ls  In European estuar ies  (W eser): occurrence  and Im p o r ta n c e  o f  

secondary  channe ls ;  b o unda ry  c o n d i t io n s  o f  se lf -sus ta in ing  systems; 

o  M it ig a t io n  m easures  at the  es tuar lne  m o u th  (Elbe and Scheldt): th e  su i tab i l i ty  o f  the 

chosen loca t ion .

The p i lo t  p ro jec ts  p r im a r i ly  address a pa r t icu la r  qu e s t ion  fo r  a g iven estuary  b u t  they 

also p rov ide  results t rans fe rab le  to  o th e r  s im i la r  estuar ies e lsewhere.

•  Evaluation of Measures

In T ID E, we have d e te rm in e d  the  effectiveness o f  m easures  re la t ln g to  d ev e lo p m en t ta r­

gets, a cco rd in g  to  m o n i to r in g  a n d /o r  m o d e l l in g  results and ‘expert k n o w le d g e ’ . Fur the r­

m ore , we Invest igated the  effect o f  the  m easu re  on the  delivery o f  ecosystem  services, 

the  a ch ie ve m e n t  o f  conse rva t ion  ob jec t ives  fo r  N a tu ra  2 0 0 0  sites and a t ta in in g  G ood  

Ecological Status u n d e r  the  W a ter Fram ew ork D irective  (W F D ). E s t im a t in g  po ten t ia l  

con f l ic ts  and synerg is t ic  effects  o f  the  actual o r  p lanned  m easures  related to  W F D  ta r ­

gets was based on Iden t i fy ing  the  m a in  pressures In s ing le  estuary  zones. We Inc luded 

the  success o r  fa i lu re  o f  the  measure ,  Im p le m e n ta t io n  costs, po ten t ia l  co-benefi ts ,  I.e. 

w ln -w ln  o p p o r tu n i t ie s ,  lessons learned and gaps In know ledge.
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Achieving Natura 2000/WFD Requirements
A l th o u g h  m o s t  m easures  were o r ig ina l ly  no t  des igned  to  m ee t  W F D  o r  N a tu ra  2 0 0 0  

req u irem en ts ,  we  have Identi f ied  m u l t ip le  pos i t ive  effects ta rg e t in g  the  m a in  pressures. 

N eu tra l  effects  were also stated bu t negative  effects were  n o t  Ind icated. In m any  cases, 

we fo u n d  several po ten t ia l  synerg is t ic  effects  related to  W F D  req u ire m e n ts  especia lly  In 

the  m easures  ass igned to  the  ca tegory  ‘ B io lo g y /E co lo g y ’ . FHowever, desp i te  the  d y n a m ic  

na ture  o f  estuar ies, m easures  were  s o m e t im e s  a im ed  at a s ta t ic  target.  As s e d im e n ta ­

t ion ,  e ros ion  and the  d e v e lo p m e n t  o f  vege ta t ion  are natura l p rocesses o f  restored es tua ­

r lne hab ita ts , th e  cha rac te r  o f  the  es tuar lne  hab i ta t  w i l l  Inev itab ly  change  (e.g. a m u d f la t  

w i l l  evolve to  m a rsh ) .  There fore ,  the  m ea s u re ’s success can be Im p ro ve d  by fo rm u la t in g  

d y n a m ic  goals  (e.g. m a rsh la n d  w i th  m u d f la ts  and creek d e v e lo p m e n t) .  Th is  needs an 

adap tive  m a n a g e m en t app roach  w h ich  a c c o m m o d a te s  na tura l d e v e lo p m e n t  and an ­

th ro p o g e n ic  d e m a n d s  and changes.

Delivery of Ecosystem Services
The d i f fe ren t  m easures  also c o n t r ib u te  to  the  de l ivery o f  ecosys tem  services and so to  

sh o w  the  po ten t ia l  co-benef i ts  o f  the  s tud ied  m a n a g e m e n t  m easures ,  we  t rans la ted  the 

targets  Into ES te rm s .

O Translation of measure targets into ES terms

Target C orresponding  Ecosystem  Service

Safety

Ri -  W a te r  q u a n t i ty  regu la t ion :  d iss ipa t ion  o f  t ida l and r iver energy

R4 -  Reg. o f  ex t rem e  events: f lo o d  w a te r  s torage

R i2 -  Erosion and se d im e n ta t io n  regu la t ion  by w a te r  bod ies

FHabltat c o n s e rv a t io n / re s to ra t io n S -  FHabltat serv ices

C o m p e n s a t io n S -  FHabltat serv ices

Research C3 -  Cult . In fo rm a t io n  fo r  cogn i t ive  d e v e lo p m e n t

Access o p p o r tu n i t y  and educa t ion C4  -  Cult . O p p o r tu n i t ie s  fo r  recreat ion and to u r is m

ES benefi ts  were  Identi f ied  fo r  m o s t  o f  the  m easures  In c lu d in g  high pos i t ive  scores fo r  

habitat,  reg u la t ing  and cu l tu ra l  services. O n ly  the  expected Im pa c t  on p ro v is io n in g  ser­

vices Is l im i ted .  The expected Im p a c t  o f t h e  m easures  on the  d i f fe ren t  benefic iar ies Is 

m a in ly  Ind irect,  related to  the  fu tu re  use o f  the  area, and on a local o r  reg ional scale. 

Overa ll ,  the  m easures  generate  m any  co-benef i ts  fo r  ES are pos it ive ly  Im pac ted  and the 

largely pos it ive  ES asse ssm e n t  fo r  m o s t  T ID E  m easures  results f ro m  the  m easure  selec­

t ion .  Since m o s t  m easures  cons ide red  are b iod ive rs i ty - ta rge ted  and exam p les  o f  good  

practice, h igh scores fo r  su p p o r t in g ,  regu la t ing  and cu l tu ra l  serv ices are expected w h i le  

the  an t ic ipa ted  Im pa c t  on p ro v is io n in g  serv ices Is l im i ted .
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O ES analysis results for all TIDE measures

Ecosystem services
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X Targeted ES

Estuary Measure Zone Categ. S Ri R2 R3 r4 Ri R6 R7 R8 r9 Rio R11 Ria Pi P2 P3 Ci C2 C3 C4

Elbe Spadenlander Busch Fresh HB 3 3 1 i i 1 0 i i 0 i 1 i O 0 2 3 3 2

Elbe Medemrinne Ost Meso H i i O i 0 O i 0 0 0 0 0 O 0 O 0 1 i i 1

Elbe Current deflection wall Fresh H i O i 0 O 0 0 0 0 0 0 O i 0 1 i i 1
Elbe Current direction control Fresh H i i O i 0 O 0 0 0 0 0 0 O i 0 1 i i 1
Elbe Sediment trap Wedel Fresh H i i O 0 O 0 0 0 0 0 0 O i 0 1 i i 1
Elbe Hahnöfer Nebenelbe Fresh HB 0 O i 0 -1 0 -i -i 1 -i 0 -1 0 O i -1 0 0 1
Elbe Wrauster Bogen Fresh B 3 3 0 0 2 0 2 3 0 i i 3 0 O 0 3 3 3 2

Elbe HahnöferSand Fresh B 3 3 i 0 i 2 0 2 2 1 i i i 0 O 0 2 2 2 1
Elbe Spadenlander Spitze Fresh B 3 3 0 0 2 0 2 3 0 i i 3 0 O 0 3 2 2 2

Elbe Reed settlement Haken Fresh B 2 3 0 0 2 0 2 3 -1 i i 3 0 O 0 2 2 2 2

Elbe METHA Fresh B i i 0 i 0 O 0 0 0 0 0 0 0 i 1 0 i i i 1
Elbe Managing Reiherstieg sluice Fresh P i i 0 0 O 0 0 0 0 0 0 0 i 1 0 i i i 1
Schelde Lippenbroek Fresh HB 3 3 3 0 0 2 0 2 3 0 i i 0 O 0 3 2 2 2

Schelde Groynes Waarde Meso B 2 i 0 0 1 0 i i 1 i i 0 0 O 0 i i 1
Schelde Ketenisse wetland Meso B 2 2 i 0 0 1 0 i i 1 i i i 0 O 0 i 2 i 1
Schelde Paddebeek wetland Fresh B 3 3 0 0 2 0 2 3 0 i i 3 0 O 0 3 2 2 2

Schelde Paardenschor wetland Meso B 3 2 0 0 2 0 2 2 2 2 i 0 0 O 0 3 3 2 2

Schelde Heusden LO wetland Fresh B 3 3 0 0 2 0 2 3 O i i 3 0 O 0 3 2 2 2

Schelde Sediment relocation Ketel plaat Meso H i i 0 i 0 O i 0 0 O 0 0 0 1 0 0 i 1
Schelde Walsoorden 2004 Meso B i 0 i -l 0 1 -i i i 2 0 i 0 0 O 0 0 0 0 O

Schelde Walsoorden 2006 Meso B 0 0 i -l 0 0 3 0 1 0 0 2 3 0 0 0 O

Schelde Sandbars 2010 Poly B 0 i -2 0 3 2 i 3 0 i 0 2 3 0 0 0 O

Schelde Fish pond Meso B 3 i 2 i 1 0 2 i 3 0 i 0 0 O i 2 2 2 2

Weser Tegeler Plate Oligo B 2 0 0 2 0 3 3 2 2 3 0 O i 3 3 3 2

Weser Shallow water area Rönnebecker Sand Fresh HB 3 3 i 0 2 i 2 2 O i i 2 0 1 0 2 2 2 2

Weser Vorder- und Hinterwerder Fresh HB 2 i 0 1 i i 2 O 0 i i i 1 0 2 2 2 2

Weser Kleinensieler Plate Fresh B 3 3 0 2 0 2 2 O i i 2 0 O 0 2 2 2 2

Weser Cappel-Stider-Neufeld Poly B 3 3 i 0 3 0 3 3 1 2 i i 0 O 0 3 3 3 3

Weser Werderland Poly B 3 3 3 i 0 3 0 3 3 2 i i i 0 O 0 3 3 3 3

Humber Alkborough SM Meso HB 3 2 2 0 2 0 2 2 1 i i i 0 O 0 2 2 2 2

Humber PHSSM Poly B 3 3 3 i 0 3 0 2 3 1 i i i 0 O 0 2 2 2 3

Humber MudBug SM B i i 0 i 0 0 0 0 0 O 0 0 0 O 0 i i i 1
Humber Choweder Ness ABP mer SM Meso B 2 2 i 0 0 1 0 i 2 i i 0 0 O 0 2 2 i

Humber sluice at Doigs Creek at Grimsby B 2 i 0 0 0 0 0 0 i 1 i 0 0 O 0 i i 2 1
Humber Welwick B 2 2 0 0 2 0 2 2 i i 0 0 O 0 2 i 2 2

Humber Beacon Lagoon B i i 0 0 1 0 0 i O i 0 0 0 O 0 i i i
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Managed Realignment Measures
We paid pa r t icu la r  a t ten t ion  to  M anaged  R ea l ignm en t  M easures  (M R M )  as hab i ta t  res­

to ra t io n  w h ich  a cco u n t  fo r  a lm o s t  h a l f  o f  the  es tuar lne  m easures  s tud ied .  Two specif ic  

types o f  M R M  were analysed:

O  Basic m anaged  re a l ig n m e n t  ( ‘d y k e - re a l lg n m e n t ’, ‘d e -p o ld e r ls a t lo n ’) In vo lv ing  the 

‘s e t t ing  back o f  the  line o f  actively m a in ta in e d  defences to  a new  line In land o f  the 

o r ig ina l  and p ro m o t in g  the  crea t ion  o f  In te rt ida l hab i ta t  between the  o ld  and new 

d e fences ’ , th is  hab i ta t  be ing  open  to  regu la r  t ida l  exchange.

O  Regula ted t ida l exchange (RTE) w here  a s im i la r  process to  the  basic  m anaged  

rea l ig n m e n t  te ch n iqu e  Is used, bu t  w i th  t ida l  In u n d a t io n  be ing  m an ip u la te d  fo r  a 

spec if ic  m a n a g e m e n t  a im  (e.g. Increased o r  reduced s e d im e n t  d e p os i t ion  w i th in  

the  si te).

In the  T ID E  estuaries, we assessed 17 m anaged  re a l ig n m e n t  m easures  (M R M )  w i th  an 

average size o f  63ha, ran g in g  f ro m  1,6ha to  4 4 0 h a  (only  tw o  cases had areas larger than 

100ha).

Elbe I Spadenlander Busch/Kreetsand 

©  HPA

Weser | Shallow water zone Kleinensieler Plate 

©  WSA Bremerhaven

Hum ber | Creation o f -13 ha intertidal habitat at 

Chowder Ness ©  Environment Agency

H a l f  o f  the  T ID E  M R M  are located In the  fre s h w a te r zone o f  the  estuar ies  and the  o th e r  

h a l f  spread a long  the  re m a in in g  th ree  sa l in i ty  zones. The M R M  have been Im p le m e n te d  

fo r  d i f fe re n t  ta rgets such as hab i ta t  conse rva t ion ,  res to ra t ion  o r  c rea t ion .  O n ly  a few 

cases c o m b in e d  th is  conse rva t ion  ta rge t  w i th  a safety ta rge t  ( f lood s torage capacity),  

research target,  a n d /o r  recreat ion o p p o r tu n i t ie s .

S cheldt I L ippenbroek FCA-CRT 

© A P A
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Overall ,  the  degree o f  ta rg e t ach ievem en t o f  M R M  Is h igh and reached by a lm o s t  h a l f  

o f  the  m easures  whereas no t all ta rge ts  were c o m p le te ly  reached In the  rem a inder.  H o w ­

ever, In s o m e  cases the  degree o f  ta rge t ach ie ve m e n t  cou ld  be Im p ro ve d  by ju s t  s l igh t ly  

a d a p t in g  the  MR site e.g. rega rd ing  the  des ign  o f t h e  Inlet o r  the  e levat ion o f  certa in  parts 

o f  the  m easu re  area to  Increase the  effectiveness and m in im is e  s l l ta t lon .

There  are several aspects re la t ing  to  the  loca t ion  and des ign  o f  a m easure  w h ich  In­

f luence  Its success such as c h o o s in g  the  a p p ro p r ia te  e levat ion.  Spatia l differences in 

elevation  In the  area In f luence  spatia l pa t terns  o f  accre t ion and sa l tm a rsh  vege ta t ion ,  

w i th  Im p l ica t io n s  fo r  the  hab i ta t  d e v e lo p m e n t ,  b e n th lc  Invertebra te  d ivers i ty  and bird 

usage o f  the  site. Elevation and accre t ion rates Ins ide the  re a l ig n m e n t  site are Inversely 

related as a co n sequence  o f  the  t ida l  reg ime, I.e. low e r  areas o f  e levat ion w i l l  f lood  at a 

h ighe r  f requency  and fo r  longe r  pe r iods  o f  t im e  po ten t ia l ly  resu l t in g  In m o re  s e d im e n t  

be ing  depos i ted .  There  Is a pos i t ive  re la t io n sh ip  between In u nd a t io n  ( f requency and 

du ra t io n )  and the  accre t ion rate and hence w i th  e leva t ion,  as can be seen fo r  example  

at the  m easure  L ippenb roek  (Scheldt). Hence, an In a pp ro p r ia te  e levat ion cou ld  m ean 

spec if ic  site ob jec t ives  (e.g. m arsh  d e v e lo p m e n t)  are n o t  met.  Areas th a t  are located 

m uch  lower  than  m ean h igh w a te r  level ( M H W L )  fo r  exam p le  are co n s tan t ly  f looded  

and hence vege ta t ion  d e v e lo p m e n t  Is suppressed .  O ld  po lders , w h ich  are o ften  used 

as p ro jec t  si tes,  are how ever  usual ly  located m u c h  low er  than  M H W L  due  to  Inc reas ing  

w a te r  levels and th e i r  locat ion.

O Elevation changes in the time following sedimentation at 10 sites 
of Lippenbroek (Scheldt)
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M R M  generate  m any  synerg ies between na ture  conse rva t ion ,  f lood  p ro tec t ion  and p u b ­

lic safety, p o r t  d e v e lo p m e n t ,  recreat ion and natura l resources, bu t  the re  are also con f l ic ts  

w i th  ag r icu l tu re  and local Inhab i tan ts .  They are expensive bu t cou ld  also genera te  large 

benefits,  fo r  example ,  the  relative Im p le m e n ta t io n  cos t  o f t h e  T ID E  M R M  cases averaged 

ca. 2 8 0 ,0 0 0  € / h a  ran g in g  between 1 6 ,0 0 0  and 1.4 M € / h a ,  d e p e n d in g  on the  design, 

loca t ion ,  local bounda r ies  and need fo r  lo w e r in g  the  site.

The T ID E M R M  p ro d u ce  benefi ts  fo r  at least 12 o f  the  2 0  ES cons ide red ,  especia lly  fo r  

hab i ta t  serv ices and cu l tu ra l  serv ices and part ly  fo r  regu la t ing  serv ices bu t n o t  fo r  p ro v i ­

s io n in g  serv ices fo r  m o s t  m easures.  O n  average, on ly  10%  o f  the  ES ach iev ing  benefits 

were In it ia lly  ta rge ted  by th e  m easure  and a l though  m o s t  ES were n o t  ta rge ted  by the 

m easure ,  they still show ed  benefits.

The va luation  o f  ES Is p roposed  as a to o l  fo r  es tuar lne  m anagers  to  assess the  overall  

Im pa c t  o f  m a n a g e m e n t  m easures.  It cou ld  also help  In d e c is io n -m a k in g  to  select the 

m o s t  sus ta inab le  m a n a g e m e n t  m easures.  A l th o u g h  d i f fe re n t  m on e ta ry  va lua t ions  o f  ES 

exist w i th  o ften  d i f fe re n t  o u tc o m e s ,  T ID E  o b ta ined  an a p p ro x im a te  Ind ica t ion  o f  the 

m on e ta ry  benefi ts  o f  the  M R M .  By m u l t ip ly in g  available  g loba l m on e ta ry  data fo r  d i f fe r ­

en t ecosys tem s w i th  the  hab i ta t  created In the  M R M ,  o u r  examples show ed  an annua l 

average benef i t  o f  133,000 € / h a .  This  f inanc ia l ga in  Is l im i ted  to  the  benefits  generated 

w i th in  the  estuary  I tse l f  bu t  excludes those  f ro m  the  lost land.

We descr ibe  and g ive gu id a nce  on a m e th o d o lo g y  fo r  the  m on e ta ry  va lua t ion  o f  ecosys­

te m  services fo r  es tuar lne  m anagers .  This  s ta te-o f- the-art  m e th o d o lo g y  Is based on best 

available  data.

•  Aspects Related to Sedimentation, Site Selection and Design 
of Management Measures

High  a m o u n ts  o f  suspended  se d im e n ts  (SPM) and th e i r  d e p o s i t io n  In acc re t ing  areas 

are a c o m m o n  feature  In m any  estuar ies, and the  resu l t in g  p ro b le m s  fo r  es tuar lne  m a n ­

a g e m e n t  are Increased by d e v e lo p ing  ports ,  nav iga t ion  channe ls  and rea l ig n m e n t  si tes In 

those  acc re t ing  areas. Increased accre t ion  In po rts  and channe ls  Increases m a in te n a n ce  

costs whereas  In sh a l lo w  hab ita ts  th is  may reduce f ish and bird fe ed ing  areas and thus  

the  eco log ica l ca rry ing  capacity.  Further, h igh s e d im e n ta t io n  rates m ay p revent us ach iev­

ing the  ta rge ts  o f  a m easure ,  such as e n la rg in g  h a l low  w a te r  hab ita ts . As se d im e n ta t io n  

Is governed  by m any  factors, there  are s o m e  ways o f  red u c in g  Its negative  consequences . 

For example ,  th e  loca t ion  o f  a M R M  Is Im p o r ta n t  In d e te rm in in g  bo th  g loba l and local 

s e d im e n ta t io n  and e ros ion  processes w h ich  are key to  the  success o f  the  M R M .  The 

Im p o r ta n t  processes Inc lude  the  h y d ro d yn a m ics  o f  the  area, sa l in i ty  g rad ien t,  SPM c o n ­

tent,  loca t ion  o f  the  tu rb id i t y  m a x im u m  zone  In re lat ion  to  the  p lanned  loca t ion  o f  the 

m easure ,  the  n u m b e r  and po s i t io n  o f  breaches, and the  t ida l e levat ion and In u nda t ion  

fo r  hab i ta t  d e v e lo p m e n t  a n d /o r  fo r  f lood  s to rage  capacity. A  good und ers tan d in g  o f  the 

re la t ionsh ips  between cu rren ts ,  t ida l range and s e d im e n t  t r a n s p o r t  Is needed w hen  at­

t e m p t in g  to  a lter the  system. Th is  m ay Inc lude  app ly in g  an adap tive  s trategy based on 

m od e l  fo recasts o r  large scale expe r im en ts .

S ed im en t M a n a g e m e n t Strategies

O u r  co m p re h e n s iv e  c o m p a r is o n  o f  s e d im e n t  m a n a g e m e n t  s trategies o f  the  T ID E es­

tuaries, In c lu d in g  fo r  exam p le  d e v e lo p m e n t  o f  t ra f f ic  and s h ip p in g  channe ls ,  d re d g in g  

a m o u n ts  and types o f  re loca t ion ,  show s  the  o p t im a l  d re d g in g  loca t ion  to  guaran tee  po rt  

access. S e d im e n t  m a n a g e m e n t  p ract ice  has deve loped  ove r  t im e  especia l ly  In th o se  es­

tuar ies  w he re  un fo r tu n a te ly  the  po rts  are located In s e d im e n t  acc re t ing  areas. Such p rac­

t ice has had to  adapt  to  natura l,  techn ica l ,  b logeochem lca l ,  a d m in is t ra t iv e  and b o unda ry  

c o n d i t io n s  and legal req u i re m e n ts  b u t  has had the  benef i t  o f  an Im p ro v in g  know ledge  

base. The re fo re  s i te -spec if ic  strateg ies n o t  on ly  Inc lude  the  d re d g in g  process I tse l f  bu t  

also adapt ive  s e d im e n t  use and d isposa l  strategies, m o rp h o lo g ic a l  m a n a g e m e n t ,  and 

s e d im e n t  qua l i ty  Issues.

Successfu l m a n a g e m e n t  requ ires the  g rea te r  In tegra t ion  o f  s e d im e n t  m a n a g e m e n t  ap ­

proaches to  a c c o m m o d a te  c u r re n t  changes In the  e n v i ro n m e n ta l  and na ture  co nse rva ­

t ion  regu la t ions  b u t  w i th  also red u c in g  p o r t  costs  and a c c o m m o d a t in g  m o re  f requen t  

undes l red  m o rp h o d y n a m lc  d e v e lo p m e n ts  such as Increased t ida l p u m p in g .  There fore  

m o d e rn  s e d im e n t  m a n a g e m e n t  s trategies need to  c o n s id e r  the  w h o le  es tuar lne  system. 

M o re  a m b i t io u s  strateg ies a im  at In f lu en c in g  s e d im e n t  t r a n s p o r t  pa t te rns  and a m o u n ts  

o r  at p re ve n t in g  the  en try  o f  se d im e n ts  Into a certa in  area and c o n t r ib u te ,  as far  as po s ­

sible, to  a ba lanced d e v e lo p m e n t  o f t h e  estuary.

By c o m p a r in g  the  experience In o u r  estuar ies, T ID E  has been able to  make r e c o m m e n ­

d a t ions  to  both  achieve user ob jec t ives  and reduce po ten t ia l  con f l ic ts .

•  Recommendations

In genera l the  overa ll  success o f  a m a n a g e m e n t  m easu re  sh ou ld  be ju dged  on the  extent 

to  w h ich  the  d i f fe ren t  d e v e lo p m e n t  ta rge ts  and ob jec t ives  are met.  H ence  the  targets 

have to  be S M A R T  (specif ic , m easurab le ,  achievable, rea list ic and t im e -d e p e n d e n t ) .

Summary and recommendations for planning and 
implementing a management measure:

o  firstly  and m o st im portan tly , d efine  and stick  to  S M A R T  targets; 

o  analyse th e  pressures w ith in  th e  respective estuary section; 

o  analyse conflicts, synergistic effects, benefits and co-benefits related  

to  o th er targets;

o  consider th e  fu n d a m en ta l hydrodynam ic , geom orpho log ical and ecological 

processes;

o  fo rm u la te  d yn am ic  goals, including  th e  im proved  delivery o f  ecosystem  

services over t im e  trajectory; 

o  incorporate  lessons learned fro m  previous and on-go ing  projects; 

o  w o rk  w ith  th e  natura l system , not against it;

o  m in im ise  land m an ipu la tio n  and accom m o date  th e  existing  topography; 

o  m o n ito r th e  d ev e lo p m en t o f  th e  m easure  and d em on stra te  th e  degree o f  

ta rg e t ach ievem en t, and  

o  m ake th e  results ava ilab le  to  o th e r estuary  m anagers.

Summary
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Monitoring

It is u n q ue s t io n a b le  th a t  ‘you c a n n o t  m anage  any th ing  unless you can m easure  i t ’ and 

hence the  success o f  each m a n a g e m e n t  s trategy and m easu re  d e pends  on w h e th e r  the 

progress is a p p rop r ia te ly  m o n i to re d .  The  va r ious  po l icy f ram e w o rks  in c lu d in g  EU e n v i ­

ro n m e n ta l  d irec t ives require m o n i t o r in g  w h e th e r  by a d eve lope r  o r  a s ta tu to r y /c o m p e ­

te n t  author i ty .  In m o s t  cases, p e rm iss io n  is g ran ted  fo r  a d e v e lo p m e n t  o r  an act iv ity  on 

c o n d i t io n  th a t  m o n i to r in g  is p e r fo rm e d .

There fore ,  dec is ions  need to  be based on g ood  know ledge  based on adequate  m ea s ­

u rem en ts .  We have to  de f ine  be fo rehand  w h a t  we  w a n t  o r  need to  know, then  the  r igh t  

pa ram eters  have to  be m easu red  in the  r igh t  way, in the  r igh t  place and w i th  the  r igh t  fre­

quency. S ubsequent ly  the  data have to  be p roper ly  processed, s to red  and m ade  available.

•  Types of Monitoring

There are d i f fe ren t  types o f  m o n i to r in g  and each o f  these are de f ined  in d i f fe ren t  EU 

Direct ives:

O  S itua tion , cond ition  and trend  m o n ito ring  im p l ies  an in tens ive  p ro g ra m m e  to 

eva luate  pressures and assess l o n g t e r m  t rends .

O  O pera tio na l m o n ito ring  im p l ies  m o n i to r in g  the  effects and especia l ly  the  success 

o f  im p le m e n t in g  a p ro g ra m m e  o f  m easures.

O  C om p lian ce  m o n ito ring  im p l ies  the  m o n i to r in g  requ ired  to  d e te rm in e  w h e th e r  o r  

no t  a l i c e n c e /p e rm i t /a u th o r is a t io n /c o n s e n t  has been met.

O  Investigative  o r d iagnostic  m o n ito ring  im p l ie s  fu r th e r  s tudy  to  d e te rm in e  causal 

re la t ionsh ips  lead ing  to  observed  changes, th u s  inc reas ing  o u r  u n d e rs ta n d in g  and 

p ro v id in g  the  necessary in fo rm a t io n  fo r  d ra w in g  up m e a s u re m e n t  p ro g ra m m e s  in 

case o f  exceptions.
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Add it iona l ly ,  there  is a d is t in c t io n  between effect m o n ito ring  and system  m on ito ring .

The latter is a lo n g  te rm  m o n i to r in g  p ro g ra m m e  to  co l lec t  all necessary data to  evaluate 

the  fu n c t io n in g  o f  the  system. To eva luate  effects  o f  ind iv idua l  m easures  on access ib i l ­

ity, safety and eco logy add i t io na l  m o n i to r in g  can be requ ired, l im i te d  in space and t im e .  F ie ld w o rk

Hence  e ffect m o n ito ring  cons is ts  o f  an increase in m o n i t o r in g  f requency  o r  add i t io na l  ©  S ilin s k i

param eters ,  a ta rge ted  p ro g ra m m e  nested w i th in  the  system  m o n i t o r in g  scheme.

•  Opportunities for Standardisation

A p a r t  f r o m  the  need to  in tegra te  policy and m o n i to r in g  efforts , o u r  in te r-es tuar ine  c o m ­

parison  revealed m o n i to r in g  d if fe rences and hence the  o p p o r tu n i t ie s  fo r  m o n i to r in g  

s ta n da rd isa t ion .  For example ,  suspended  matter,  a cruc ia l p a ra m e te r  fo r  in te rp re t in g  

s e d im e n t  t ran sp o r t ,  tu rb id i ty ,  p r im a ry  p ro d u c t io n ,  s e d im e n ta t io n ,  e ros ion  and -  as 

show n  fo r  the  H u m b e r -  even w a te r  quality, are m o n i to re d  d i f fe ren t ly  in d i f fe ren t  e s tu a r ­

ies, m a k in g  the  c o m p a r is o n  and exchange o f  know ledge  m ore  d i f f icu lt .

There fore ,  in T ID E  we  have p roposed  a s tandard  m o n i to r in g  app roach  th a t  can be used 

to  cover all pu rposes  w i th  deta i led, fu lly  descr ibed  m e th o d s .  Experience f r o m  the  Scheldt 

has s how n  th a t  the  app l ica t ion  o f  s tandard  m e th o d s  and a w e l l -de f ined  approach  can 

e ffectively  reduce m o n i t o r in g  costs  and overlaps and th u s  o p t im is e  the  m o n i to r in g  p ro ­

g ra m m e .  Fur the rm ore ,  we have s how n  th a t  m o n i to r in g  results can im p ro v e  c o m m u n i ­

cat ion and the  cr i ter ia  o f  dec is ion  m a k in g  by a l im i ted  set o f  c o m m u n ic a t io n  ind ica to rs  

w h ich  are bu i l t  up  in a pyram id  app roach .  There fo re  the  S cheldt serves as an example  

to  fu l f i l  the  th ree  m a in  fu n c t io n s  o f  estuar ies nam e ly  accessib i l i ty  (nav iga t ion ) ,  safety 

(aga ins t  f lo o d in g )  and na tura lness  (ecology).
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•  The Pyramid Approach of Monitoring

We have show n  th a t  m o n i t o r in g  can im p ro v e  both  c o m m u n ic a t io n  and the  cr i ter ia  

o f  d e c is io n -m a k in g  us in g  a l im i te d  set o f  ind ica to rs .  A  system  was deve loped fo r  the 

S cheldt w here  the  th ree  m a in  fu n c t io n s  o f  es tuar ies  namely , accessib i l i ty  (nav iga t ion ) ,  

safety (aga ins t  f lo o d in g )  and na tu ra lness  (ecology), were assessed us in g  a h ierarchica l 

app roach  o f  ind ica to rs  presen ted  in the  fo rm  o f  a pyram id .

O Diagram ofthe pyramid approach for monitoring

S a fe ty  ^  

A ccess ib ility  

N a tu ra ln e s s

>  C o m m un ication  ind icator

T es t p a ra m e te r

M ain  function

Long Term  Vision

S im p le  te rm s  th a t 
d e s c r ib e  th e  S ch e ld t 

e s tu a ry

Lim ited num ber 

Clear concepts

Can be tested in an unam biguous
w ay and evaluated as s u ffic ie n t o r 
in su ffic ie n t

Explains w hy a ca lcu la tio n  param ete r 
m e e ts /d o e sn ’t  m eet th e  c r ite riu m

Increase/decrease o f th e  param ete r 
can not be evaluated in an 

unam biguous way E valuation

C a lcu la tio n  p a ra m e te r  

E x p lan a to ry  p a ra m e te r

Favourable U n favourab le

End o f  e va lu a tio n

Policy dec is ion N o  fu r th e r  action

Suffic ient
know ledge

▼

M easures

Insufficient
know ledge

▼
Further

in ves tiga tion

O n e  or m ore calculation  
param eters to  be deduced per 
tes t pa ra m e te r

M eets  o r  doesn’t  m eet the
c rite riu m
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A t  the  to p  o f  the  p y ram id  one  can f ind  the  c o m m u n ic a t io n  ind icator,  w h ich  is eva lu ­

ated by the  low er  levels.

O  Level i :  Direct ly  be low  the  c o m m u n ic a t io n  in d ic a to r  are the  tes t  param eters :  

a l im i te d ,  yet c o m p le te  set o f  pa ram e te rs  w h ich  can be used to  evaluate 

u n a m b ig u o u s ly  the  s ta tus  o r  t rend  o f  the  c o m m u n ic a t io n  ind icator.

O  Level 2: Each tes t  p a ra m e te r  cons is ts  o f  one  o r  m o re  ca lcu la t ion  param eters .

A c lear tes t  c r i te r ion  has been des igned  fo r  each ca lcu la t ion  parameter.

All the  ca lcu la t ion  pa ram eters  c o m b in e d  d e te rm in e  w h e th e r  changes  in a tes t  

p a ra m e te r  are favourab le  o r  un favou rab le  fo r  the  fu n c t io n in g  o f  the  system.

O  Level 3: A t the  b o t to m  o f  the  p y ram id  is a set o f  exp lanato ry  pa ram eters  a im ed 

m a in ly  to  help  to  und ers ta n d  the  observed  changes  and to  a lesser ex tent to  

eva luate  the  changes. The  exp lana to ry  pa ram eters  th em se lves  c a n n o t  be eva lu ­

ated independent ly .

This  to o l  o ffers an effects a ssessm en t  on d i f fe ren t  scales and p ro p o r t io n a l  to  the 

p ro b le m  be ing  tack led. It results in m o n i t o r in g  w h ich  is scientif ically, techn ica l ly  

and leg is la t ive ly  de fens ib le ,  cos t  e ffective, and th a t  p rov ide  su f f ic ien t  in fo rm a t io n  to 

eva luate  the  im pac ts  o f  the  act iv it ies and m a n a g e m e n t  m easures.

T ID E  provides a schem e g iv ing  d iffe ren t m o n ito ring  levels th a t can be used to  cover 

all purposes w ith  d eta iled , fu lly  described m ethods. Experience fro m  th e  S cheldt has 

show ed th a t th e  app lication  o f  standard  m ethods and a w ell-defined  approach can  

effectively reduce m o n ito rin g  costs and overlaps and o p tim ise  th e  m o n ito ring .

Summary
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TIDE Toolbox
Estuar lne m a n a g e m e n t ,  Its In s t i tu t ion s  and s takeho lders  cover a w ide  range o f  aspects 

and Interests, have d i f fe re n t  levels o f  know ledge, and d i f fe ren t  ways o f  a p p ro a c h in g  a 

cha l lenge  and m ay require one o r  m o re  pa r t icu la r  too ls .

M uch  va luab le  In fo rm a t io n  re lated to  In tegra ted es tuar lne  m a n a g e m e n t  has becom e  

available. This  s u m m a ry  can on ly  g ive a broad ove rv iew  o f  the  p ro jec t  results w h ich  w i l l  

s u p p o r t  es tuar lne  m anagers  In th e i r  work .  M o re  In fo rm a t io n  on es tuar lne  fu n c t io n in g ,  

experiences and re c o m m e n d a t io n s  related to  the  Im p le m e n ta t io n  o f  m a n a g e m e n t  plans 

and measures,  and to o ls  are p resented at the  w ebs i te  Tl DE t o o lb o x -> w w w .tide-toolbox.eu  

fo r  m anagers ,  s takeho lde r  and the  genera l publ ic .

Firstly, essentia l  know ledge  on the  h is to r ica l e vo lu t ion  o f  the  fo u r  estuar ies, th e i r  fu n c ­

t io n in g  and the  delivery o f  ecosys tem  serv ices Is p rov ided  f ro m  w h ich  socie ta l benefits 

can be derived. F o l low ing  th is ,  the  ex is t ing  m a n a g e m e n t  In i t ia t ives and p lans w i th in  the 

T ID E  estuar ies  are m ade  available  after be ing  sub jec ted  to  a S W O T  analysis  to  p resent 

g o o d /b e s t  pract ices. We have enabled  m anagers  to  d e te rm in e  w h ich  are the  uses and 

users and w h e th e r  the re  are con f l ic ts  between these. This  know ledge  enables the  Im p le ­

m e n ta t io n  o f  a p p ro p r ia te  m a n a g e m e n t  m easures  and res to ra t ion  pro jec ts . In to ta l  42 

m a n a g e m e n t  m easures  and p i lo t  p ro jec ts  related to  d i f fe re n t  m a n a g e m e n t  top ics ,  fo r  

exam p le  hab i ta t  res to ra t ion  o r  s e d im e n t  t ra n s p o r t ,  have been eva luated. To be success­

ful, gove rnance  In it ia t ives and m easures  m u s t  be e m b e d d e d  In an a p p ro p r ia te  c o m m u ­

n ica t ion  and In fo rm a t io n  p ro g ra m m e ,  hence we p resen t the  relevant experiences and 

lessons learned.

Tools In th is  to o lb o x  Inc lude

O  re c o m m e n d a t io n s  co n c e rn in g  certa in  m e th o d o lo g ie s ,  te m p la tes ,

O  spec if ic  repor ts  and th e i r  sum m ary ,

O  a gener ic  r o a d m a p  fo r  In tegra ted m a n a g e m e n t  In c lu d in g  the  In s t ruc t ions  fo r  pe r­

fo rm in g  an E n v i ro n m e n ta l  Im p a c t  A s s e s s m e n t  and an Estuar lne P lann ing  S u p p o r t  

System (EPSS),

O  an In teract ive  bird d is tu rb a n ce  too l  to  ass is t m anagers  characte r ise  the  likely Im pa c t  

o f  a p roposed  act iv ity  on c o m p o n e n ts  o f  N a tu ra  2 0 0 0  w a te rb lrd  c o m m u n i t ie s ,  

In c lu d in g  bo th  noise and v isua l d is tu rb a n ce  effects m i t ig a t io n .

Finally an overa ll  s u m m a ry  repo r t  b r ings to g e th e r  all the  d i f fe re n t  aspects as app l ied  fo r  

the  fo u r  T ID E  estuaries. The  w ebs i te  a l lows the  user to  scrol l d o w n  In a d o c u m e n t  and 

enla rge g raphs  and tables, b u t  the  p ro d u c ts  can also be d o w n lo a d e d  freely as . p d f  d o c u ­

m en ts  and s tand-a lone  too ls .

T ID E  T oo lbox | 75

T he  too lbox provides several w ays to  approach  th e  d iverse T ID E  products according  

to  th e  user’s preference:

O select a spec if ic  repo r t  f r o m  the  lis t o f  reports ; 

o  choose  between the  s u m m a ry  o r  the  w h o le  report;  

o  search one o r  several related repor ts  by keywords c o m p i le d  In a glossary; 

o  select y o u r  spec if ic  q u e s t io n /m a n a g e m e n t  Issue f ro m  a list (m a n a g e m e n t  Issues); 

o  b row se  the  lis t o f  too ls ;

o  b row se  the  lis t o f  m a n a g e m e n t  m easures  th a t  m ay serve as good  practice.

O Screenshot of toolbox website

M ► Cf A  X  +  www.tide-toolbox.eu
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Tidal River Development

•  TIDE Project Partners

Ten partners  f ro m  p o r t  a d m in is t ra t io n s ,  un ivers it ies ,  and p u b l ic  and e n v i ro n m e n ta l  

agencies fo u n d e d  th e  p ro jec t  to  p ropose  the  in tegra ted  m a n a g e m e n t  o f  estuaries 

lead ing  to  benefi ts  fo r  ecology, e c o n o m y  and society:

O  H a m b u r g  Port A u th o r i ty  (Germany, Lead Partner)

O  Lower Saxony W ate r  M a n a g e m e n t ,  Coastal Defense and N a tu re  Conserva t ion  

Agency (G erm any)

O  R ijkswaters taat (M id d e lb u rg ,  The  N e the r lands )

O  F lem ish  A u th o r i t ie s  D e p a r tm e n t  o f  M o b i l i t y  and Publ ic  W orks (Be lg ium )

O  A n tw e rp  Port A u th o r i ty  (B e lg ium )

O  U n ive rs i ty  o f  A n tw e rp  (B e lg ium )

O  Free H a nsea t ic  City o f  B remen (G erm any)

O  U n ive rs i ty  o f  B rem en  (G erm any)

O  Ins t i tu te  o f  Estuar ine and Coastal Stud ies, U n ive rs i ty  o f  H u l l  (U n i ted  K in g d o m )  

O  E n v i ro n m e n t  Agency  (U n ited  K in g d o m )

A l th o u g h  n o t  a fu n de d  partner, Assoc ia ted  Brit ish Ports (U n i ted  K in g d o m )  also 

co n t r ib u te d  greatly  to  th e  H u m b e r  aspects o f  th e  p ro ject,  as well  as the  Federal 

Ins t i tu te  o f  H yd ro log y  (G erm any)  fo r  the  Elbe aspects.

The North Sea 
Region Programme

2007-2013

TID E a im ed  to  share the  know ledge  and the  experiences m ade  w i th  o th e r  in terested 

o r  respons ib le  people, in s t i tu t io n s  and s takeho lde rs  at a reg iona l,  na t iona l  and in te rn a ­

t iona l  level.

European Union The European Regional Development Fund

•  Layout •  Imprint

Ate l ie r  H a u e r + D ör f le r  G m b H ,  

G e rm any

•  Print

B randenbu rg ische  
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Po tsdam  m b H

TID E is an in i t ia t ive  o f  H a m b u r g  Port A u th o r i ty  and n ine o th e r  in te rna t iona l  partners  

respons ib le  fo r  m a n a g e m e n t  and research at the  estuar ies  Elbe, Weser, Sche ld t  and 

H um ber .

The p ro je c t ’ s bu d ge t  o f  3,7 m €  is h a l f  f inanced  by the  INTERREC IVB N o r th  Sea 

P ro g ra m m e  o f t h e  European C o m m is s io n .

Project Lead Partner

M an fre d  M e ine

H a m b u r g  Port A u th o r i ty  (HPA) 

N eue r  W a n d ra h m  4  

20457 H a m b u rg ,  G e rm a n y

External Project C oord ination  O ffice

A nge la  S chu l tz -Zehden

s.Pro -  sus ta inab le  p ro jec ts  G m b H

Rheinstr.  34

12161 Berlin, G e rm any

Tel. + 4 9  4 0  42847  30 58 

m a n f re d .m e in e @ h p a .h a m b u rg .d e

Tel. +4 9  30 832 1417-40 

asz@ sus ta inab le -p ro jec ts .eu

w w w .tide-too lbox.eu
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This  pu b l ica t io n  has been p roduced  w i th  the  ass is tance o f  the  European U n io n .  Its 

co n te n t  is th e  sole res pons ib i l i ty  o f  the  au tho rs  and can in no way be taken to  reflect 

the  v iews o f  the  European U n ion .
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