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Prioritising wetland remediation 

in coastal estuaries

How sea level rise will close the window of 

opportunity for drainage of estuarine floodplains

Photo: Rob Thompson

Source: Craig, N. (2014, January 15). Wading diners enjoy king tide Port Stephens Examiner. 
Retrieved from Wading diners enjoy king tide (portstephensexaminer.com.au)
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Static “bucket” models are 
commonly used to portray the 
impacts of SLR on Australian 
coasts and estuaries

 Coastal Risk Australia

 Coast Adapt

Source: Coastal Risk Australia

Predicted inundation extent:

Present day highest tide

2100 highest tide

Photo: Jos Zwann on Unsplash

Levees protect many low-lying floodplain 
areas from floods, high tides and sea level rise
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Source: Tulau, M. J. (2011). Lands of the richest character: Agricultural drainage of backswamp wetlands on the north coast of New South Wales, 
Australia: Development, conservation and policy change: An environmental history (Doctoral dissertation, Southern Cross University).

Floodgates prevent 
the rising tide from 
moving upstream.

Water levels upstream of the 
floodgates remain at low tide 
levels to protect floodplains from 
inundation by the high tide.

High tide

Drains can only discharge when the 
water level in the drain is higher 
than the downstream water level

Low tide
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Volume = Flow (Q) x Time (t)

time 

hydraulic head 

Flow (Q) α culvert capacity and hydraulic head

Tidal period (hours)

W
a

te
r 

le
ve

l (
m

)

-1
   

  
  

   
  

   
  

  
   

  
0

   
  

   
  

   
  

  
   

  
 +

1

0                                   6                                  12

-+
0

.5

8 hours

DRAINAGE WINDOW

7

8



6/8/2022

5

0 1 2 3 4 5 6 7

Tidal period (hours)

W
at

er
le

ve
l (

m
)

-1
   

  
  

   
  

   
  

  
   

  
0

   
  

   
  

   
  

  
   

  
 +

1

0                                   6                                  12

-+
0

.5

8 hours

0                                   6                                  12

-1
   

  
  

   
  

   
  

  
   

  
0

   
  

   
  

   
  

  
   

  
 +

1

Drainage window (hours)

𝐷𝑊  𝑚𝑒𝑎𝑛 =  . ∑  𝑡 ℎ −  𝑡 ℎ 

1. Bucket model assumes static 

increase in water levels

Sources: Google Earth, Couriel et al, 2012

Predicted inundation extent:

Present day highest tide

2100 highest tide-0.600
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Present day

Clarence River 

Present day
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Woodford Island is protected from inundation and backwater flooding by 
(a) floodgates and (b) levees

Source: Waddington et al, 2022

But drainage will be restricted by future sea level rise

Source: Waddington et al, 2022
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But drainage will be restricted by future sea level rise

Source: Waddington et al, 2022
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Different estuaries and even different parts of any one estuary will 
have different tidal responses
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Source: Waddington et al, 2022

Tidal attenuation increases the extent of inundation by the low tide while 
providing areas above mid-tide more time to drain.
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Tidal amplification assists drainage at low levels but reduces drainage at high levels

Photos: K. Mitch Hodge and Jos Zwann on Unsplash

Shoreline hardening 
and construction of 

new levees may 
increase water levels 
and amplify the tidal 

range as flows are 
restricted to well-
defined channels.
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Longer flood tide Tidal symmetry Longer ebb tide

Dry-land vegetation, leaf litter                    Land-use               Wetlands, limited carbon supply

Extended flooding                           Inundation duration      Free-draining

Large, low, flat floodplain                   Inundation extent             Small, high, steep floodplain

High Groundwater hydraulic conductivity Low

Low pH, shallow acid layer             Groundwater quality Neutral pH, deep acid layer

Large, low-lying, high flow   Catchment characteristics Small, steep, high flow

Extensive, deep drains Surface drainage Limited, shallow drains

Amplification Tidal range Dampening

Blackwater 
discharge

High priority/risk                           Low priority/risk 

Acid 
discharge

Drainage 
window

Restoring wetlands 
to the areas most 

affected by reduced 
drainage provides 

opportunities for co-
benefits including 
improved water 

quality and carbon 
offsetting.
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