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Engineering Quality Standards

A Stormwater Network for Subdivision Development 
To Avoid Surface Flooding:

Primary piped drainage system -- shall cater for a 20% AEP rainfall 
event;

Culverts, bridge structures, Open channels and overland flowpath --
shall cater for a 1% AEP rainfall event.

Minimum Freeboard to Surface Water for Building 
Ground Levels to Avoid Flooding: 

Sites adjoining natural open stream channels -- 1000mm freeboard
Sites adjoining formed open stream channels -- 800mm freeboard
Sites adjoining formed (grassed) overland flowpaths -- 500mm 

freeboard
Sites adjoining minor overland flowpaths fully formed in permanent 

materials (such as roadways and paths) -- 150mm freeboard
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Engineering Quality Standards

Minimum Building Floor Level Requirements for 
Properties Along the Two Coastlines to Avoid Coastal 
Inundation:
Sites where the finished building site level is not less than 0.5 meters 
above the following Reduced Levels (L & S Datum):

3.39m in catchments draining to the Manukau Harbour, or
2.90m in catchments draining to the Waitemata Harbour or Hauraki 

Gulf.



Climate Change
IPCC multi-model temperature projections 

Green house gases: 
CO2, N2O, CH4, HFCs, 
PFCs, SF6.

Global warming 
confirmed by IPCC 
Fourth Assessment 
Report.

Temperature 
projections range from 
1.1 to 6.4 ºC.



Drivers for the Review

Impacts of Global warming:

More extreme weather events

Sea level rise

Drivers for the review:
Statutory requirements: LGA 2002 & RMA 1991
Good asset planning & management approach
Ensure community safety
Protection of coastal properties



Project Scope:
Review available historical rainfall data and define rainfall intensity-
duration patterns for 1 year, 2 year, 5 year, 10 year, 20 year, 50 
year & 100 year storm events.
Project the rainfall intensity-duration patterns for all the seven 
design storm events for year 2050 and 2080. Three scenarios 
should be analysed and rainfall patterns should be projected for 
each of the scenarios:

Scenario 1: low temperature rise;
Scenario 2: moderate temperature rise;
Scenario 3: extreme temperature rise. 

Assess the impacts of El Niño, La Niña episodes and Interdecadal
Pacific Oscillation (IPO) on rainfall patterns.
Recommend the most appropriate scenario and projection of 
rainfall patterns that can be adopted by Council's EQS.
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Hunua - 
Cowan

Manukau

Otara

Pakuranga

Airport

Mangere

Rainfall Stations Studied
Historical rainfall data 
from six rainfall 
stations collected to 
develop  rainfall 
intensity duration 
curves of the current 
rainfall profile.



Mean Temperature 
Projection (°C)

Low Medium High

2050s 0.32 1.27 3.48
2080s 0.54 1.96 5.46

Projections on rainfall pattern change made for 
three temperature scenarios for the 2050s and 
2080s
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Regional frequency analysis using NIWA software 
HIRDS (High Intensity Rainfall Design System)

Rainfall intensity curves predicted for the 
moderate temperature increase scenario for 2080s 
recommended to be as new standards.

Duration < 1 Hour, data from Otara station, 
duration >1 Hour, data from Manukau station.

No adjustment needed for ENSO & IPO.
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A warmer atmosphere can hold more moisture at about 8% 
more for every 1°C increase in temperature.

Multiplicative factors for the mid-range temperature scenario 
for 2080s to be applied to high intensity rainfall data:

Review of Rainfall Intensity Curves

ARI(yr) 10m 20m 30m 60m 2h 6h 12h 24h 48h 72h

2 1.157 1.151 1.141 1.131 1.122 1.104 1.094 1.084 1.074 1.069

5 1.157 1.151 1.145 1.139 1.131 1.120 1.114 1.106 1.098 1.094

10 1.157 1.153 1.149 1.145 1.141 1.133 1.127 1.123 1.120 1.116

20 1.157 1.157 1.153 1.151 1.149 1.145 1.143 1.141 1.139 1.137

50 1.157 1.157 1.157 1.157 1.157 1.157 1.157 1.157 1.157 1.157

100 1.157 1.157 1.157 1.157 1.157 1.157 1.157 1.157 1.157 1.157
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Review of Rainfall Intensity Curves
Revised Rainfall Intensity Duration Curves

2 Year
5 Year
20 Year
50 Year
100 Year

Revised intensities 
10-20 % higher than 
existing standards.



Project Scope
Define key coastal locations in the City and review historical mean 
sea level, mean high water springs (MHWS) and highest recorded 
tide for each of the locations.
Project the sea levels of each key location for year 2050 and 2080. 
Three scenarios should be analysed and sea levels projected for 
each of the scenarios:

Scenario 1: low temperature rise
Scenario 2: moderate temperature rise
Scenario 3: extreme temperature rise

Recommend the most appropriate scenario and the minimum floor 
levels that can be adopted as new Engineering Quality Standards.
Produce maps showing possible future coastal inundation areas of 
the city that can feed into Council’s GIS system.
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Projections of global 
sea level rise between 
0.18m to 0.79m. 

The big uncertainties: 
Greenland Ice Sheet & 
West Antarctic Ice 
Sheet.

Global Mean Sea-level Rise Projections



Review of Sea Levels
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The mean annual 
sea levels recorded 
at the Port of 
Auckland tide 
gauge since 1900 
has showed a 
linear trend of 
around 1.4 mm/yr 
up to 2006. 



The MfE advocates a precautionary approach:

0.5 m to 0.8m for planning and decision 
timeframes out to the 2090s (2090-2099) relative to 
the 1980-1999 average.

Values of sea level rise for the two timeframes 
adopted in this study are:

2050s (2040-2060): 0.33 m rise in sea level 
relative to 1990s.

2080s(2070-2090): 0.66 m rise in sea level 
relative to 1990s.
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Review of Sea Levels

Sea level fluctuations and coastal inundation:
Astronomical tide
Seasonal, ENSO & IPO climate fluctuation effects
Storm surge
Wave conditions

Assessment of static 1% AEP storm-tide water level: 
no waive conditions



33-year recorded 
digital dataset for  
Generalised extreme-
value (GEV) method.

Supplement the 
modern data with 
recorded historical 
storm levels. 

MHWPS of 1.55m.
1% AEP water level 

of 2.23m.

Review of Sea Levels

Predicted extreme water levels at the Port of Auckland



Review of Sea Levels

Mean High Water 
Perigean Spring for 
present day, 2050s & 
2080s along the Hauraki 
Gulf coastline.
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Projected 1% AEP Water Levels for 
2080s along Hauraki Gulf coastline



Review of Sea Levels

Only 4-year 
recorded digital 
dataset.

Monte Carlo 
extreme-value 
predictions used.

MHWPS of 1.98m.
1% AEP water 

level at 2.92m.

Predicted extreme water levels at the Port of Onehunga site
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Mean High Water Perigean 
Spring for present day, 2050s 
& 2080s along the Manukau 
Harbour coastline.
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Projected 1% AEP 
Water Levels for 
2080s along 
Manukau Harbor 
coastline
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Period Manukau Harbour coast Hauraki Gulf coast

Alongshore 
range

(m AVD-46)

Representative 
value

(m AVD-46)

Alongshore 
range

(m AVD-46)

Representative 
value

(m AVD-46)

Present day 2.82 – 3.03 3.05 2.18 – 2.40 2.40

2050s 3.15 – 3.36 3.40 2.53 – 2.82 2.85

2080s 3.48 – 3.69 3.70 2.85 – 3.13 3.15
2.95 for B/E

1% AEP storm-tide values derived for the Manukau 
Harbour and Hauraki Gulf coasts of Manukau City.  



New Requirements on Minimum Building Floor 
Levels for Properties Along the Two Coastlines to 
Avoid Coastal Inundation:
Sites where the finished building floor level is not less than 
0.5 meters above the following Reduced Levels (L & S 
Datum):

3.70m in catchments draining to the Manukau Harbour, or
3.15m in catchments draining to the Waitemata Harbour or 

Hauraki Gulf with the exception of the Bucklands Beach and 
Eastern beach areas where the building floor level may be 
reduced to no less than 0.5 m above 2.95m.
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Hauraki Gulf Coast



Review of Sea Levels
Manukau Harbor Coast



Review of Sea Levels

Comparison of 1% 
AEP Water Levels 
for present day 
(red), 2050s 
(green) & 2080s 
(orange) for the 
Wattle Downs 
area.
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Comparison of 1% 
AEP Water Levels 
for present day 
(red), 2050s 
(green) & 2080s 
(orange) for the 
Mangere Bridge 
area.
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Comparison of 1% 
AEP Water Levels 
for present day 
(red), 2050s 
(green) & 2080s 
(orange) for the 
Pakuranga area.
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Comparison of 1% 
AEP Water Levels 
for present day 
(red), 2050s 
(green) & 2080s 
(orange) for the 
Cockle Bay area.



Comparison between 
1% AEP storm-tide 
contours for the 
present day (left), 
2050s (centre) and 
2080s (right) for the 
northern part of 
Bucklands beach 
based on the coast- 
wide values for the 
Hauraki Gulf coast 
shown in red, and 
the specific 
Bucklands/Eastern 
beach values shown 
in green. 
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