
Tides, coastal-storm inundation 
and the impacts of sea-level rise
Scott Stephens and Rob Bell
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Talk outline

• What is tide? Tides .101

• Using MHWS to define the Coastal Marine Area 
boundary

• Coastal inundation by storm-tides and waves

• How big and how often? Increasing?

• Sea-level rise – the elephant in the room

• Coastal-inundation zones

• NZCPS vs Building Act in Auckland



A handy definition of tide …

"Tide" is the regular rise and fall in sea 

level with respect to the land, produced by 

the gravitational attraction between 

Earth and both the Moon and Sun, and the 

Earth’s rotation.

Gravity

Rotating Earth

S2 M2



Ocean tides occur due to tug-of-war between the 

sun & moon on the earth:  29.5 day cycle

+

+ Spring

Neap



Perigean tide

• The moon’s elliptical orbit around Earth

Perigee every 27.5 days

New or

Full Moon

N2

Elliptic semi-diurnal



east vs west coasts
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Coastal Marine Area Boundary

• The coastal marine area (CMA) landward boundary 
delineates a jurisdictional limit for rules under New 
Zealand’s Resource Management Act (RMA). 

• It is defined legally by the line of mean high water 
springs (MHWS). 

• The CMA boundary defines the landward boundary for 
activities that require a coastal permit, and the coastal 
boundary for land-based planning.



Okura estuary mapped coastline in 2012

Okura
Estuary



Projecting tide levels onto the land

Land

Tide MHWS level
?



• Discuss MHWS-10 again, from Rob’s work

• Do we want to go into this discussion? 

• Probably a good idea, just brieflyPerigean spring tide M2 + S2 + N2

Defining mean high water spring tide

Nautical spring tide M2 + S2
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Okura
Estuary

Updated coastline for Okura Estuary



King tides

• Biggest or King tides peak every  6 to 7 months –

• when spring tides occur at same time as moon is in 
perigee

• “King Tides” = Perigean-spring tides



7-month “king tide” cycle, Auckland 2014
AugustFebruary

Storm when?



Feb 2014 King Tide – Ohiwa



Feb 2014 King Tide – Ohiwa



Feb 2014 King Tide – Ohiwa



Coastal-storm inundation



Milford Beach



Milford Beach – July 2008

Photo: Rob Waardenburg



Tamaki Drive – April 2014 cyclone Ita



Wave setup and runup

Mean sea level

High Tide

Storm surge

Sea-level anomaly 
(climate)

Local vertical datum

Wind

L

Storm-tide

Anatomy of a storm tide

Total sea-level = MSL + sea-level anomaly +
tide + storm-surge + wave setup and runup



Hauraki Plains: May 1938

RNZAF
Coastal stopbanks burst

Gale-force winds + rain + very high tide
Depth on land  = 0.5 to 1.2 m

£1000’s damage
1600 ha flooded and houses  



Whitianga: 23 August 1989

Also sizeable coastal inundation events in 1936, 1968, 1972, 1978



Auckland awash – 23 Jan 2011 – highest storm-
tide on record at Auckland

NZTA: AMANZ Herald



Auckland awash – how often in future?



2011 storm tide

Effects of sea-level rise

0.3 m sea-level rise

0.5 m sea-level rise

Essentially, only a 
0.45 metre SLR is 
required for a 23-
January-2011 
type event to be 
exceeded a few 
times per year
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Source: Ports of Auck Ltd.

Port of Auckland: Annual MSL (1899-2014)

 

 

1.60 mm/yr

AVD-46
1.743 m

Linear trend for Auckland is 1.6 cm/decade
(NZ average rate is 1.7 cm/decade compared with
global average of 1.8 cm/decade) 

Since 1900, the mean sea level at Auckland has risen by 0.2 m
2014:  annual MSL has hit 0.2 m above AVD-46



Annual number of sea-level > “nuisance”
“nuisance” = MHWS tide + 45 cm (1–2 ft)



Business-as-usual (high) emission scenarios: 
SLR projections for IPCC reports

MfE (2008):

0.8 m by 2090s

0.5 m by 2090s



New Zealand Coastal Policy Statement

Policies 24 and 25

• Policy 24: Identify areas 
potentially affected by coastal 
hazards, over at least 100 years. 

• Policy 25: Avoid increasing risk

• Encourage risk reduction



MfE 2008
(2090s)

Equiv.
(2115)Note: MfE SLR values

incl. a further 0.05 m due to
SW Pacific difference in projections
above the global mean

IPCC “likely range” (33% probability may lie outside)

0.7m

1.0m



Annual number of sea-level > 1% AEP 
IPCC AR5 RCP8.5 SLR projection

706/yr
=
every 
high 
tide

In 2045 – thirty years from now – flooding, such as that that occurred in Auckland in January 
2011, is likely to occur about once every ten years. By 2070 such flooding is likely to be a yearly 

event if the world takes no action to reduce greenhouse gas emissions (PCE, 2014)

Rapid acceleration in number of exceedances:

• Extreme mean

• Tipping points



Auckland experience

• Use sea-level and wind records, 
and hydrodynamic models, to 
calculate extreme sea levels 
around the coastline. 



Tables of extreme sea-level



Land

Storm-tide elevation

Projecting storm-tide elevations onto land



Mission Bay



Mission BayMission Bay



Mission BayMission Bay



Surveying application

• Identify nearest location in the storm-tide elev. table

• Identify inundation elevation e.g. 1% AEP + 1 m SLR

• Survey  low-elevation land subject to development 
controls



NZCPS vs Building Act?

• Building Act

– 2% AEP flooding and 50-year building lifetime

• NZCPS

– Coastal hazard and risk reduction over at least 100 years

• Debate during Proposed Auckland Unitary Plan hearing

– 1% AEP storm tide + 100-year sea-level rise adopted

– Land use will outlast building

– Rising hazard due to SLR





Summary

• Define MHWS using % exceedance  spatially consistent. 

• Coastal-storm inundation is a problem now, and in past.

• Inundation risk mainly during spring tides, esp. king tides.

• Sea-level rise: extreme now  common in future

• Future 1% AEP (extreme) event  deeper inundation 
(non-linearly) greater consequences.

• Inundation risks will grow much more rapidly than you 
might expect, even from modest sea-level rise.

• Auckland: NZCPS trumps Building Act in coastal-hazard zone





Mapping coastal-storm inundation

• Dynamic inundation 
using hydrodynamic 
model

• Static inundation 
mapping in GIS –
intersect with DEM


