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Auckland Council Overview 

In 2013, Auckland Council’s Civil Defence Emergency Management department, commissioned NIWA 
to calculate and model coastal-storm inundation elevations for the entire Auckland region, primarily for 
emergency management purposes. This work identifies areas potentially affected by coastal hazards, 
as required by the New Zealand Coastal Policy Statement and is outlined in Part 1 of this report. The 
predicted flood areas were mapped using the static level (otherwise known as the ‘bathtub’) inundation 
mapping technique; whereby all land lying below the calculated extreme water level (with a direct flow 
path to the coast) is assumed to be flooded in its entirety. This is an approved methodology for 
identifying indicative inundation areas. However, the technique does not fully capture the dynamic and 
time variant processes that occur during a coastal-storm event along some of our coast, such as along 
wide, low lying coastal plains.  

As a result of the above, the static inundation technique is conservative but provides an appropriate, 
region-wide and consistent basis for delineating areas exposed to both present-day and future coastal- 
storm inundation. Subsequently, the results have been used in the as notified Proposed Auckland 
Unitary Plan (PAUP)  to inform future development controls.  

In the original 2013 modelling of Auckland’s small east coast estuaries, as detailed in the below report, 
it was assumed that wave setup elevations (the increase in mean water level due to the influence of 
waves) at the estuary mouth could travel throughout the estuary. As part of the Proposed Auckland 
Unitary Plan Hearings Process, additional research by NIWA concluded that this was unlikely to occur 
and the water levels were subsequently revised to remove the wave setup component from these 
areas. Therefore, to provide consistency with the mapping available on Auckland Council’s online 
Unitary Plan Viewer and GIS Viewer, council has since commissioned NIWA to re-map and present the 
resultant coastal-storm inundation areas based on the recalculated extreme water levels. This 
information supersedes that presented in Part 1, as highlighted in the text. Subsequent updates are 
provided in Part 2.  

Along with the above refinements for the small east coast estuaries, additional sea-level data for the 
Helensville tide gauge has since been made available. Therefore, Auckland Council also requested a 
new extreme sea-level analysis of this data set. Given the complex hydrodynamics of the 
Parakai/Helensville region (wide, low lying coastal plain intersected above its confluence with the 
Kaipara river by the Kaipara Harbour), council also requested that the resultant coastal inundation 
areas be re-mapped using the more detailed dynamic inundation modelling technique. As with the small 
east coast estuaries, this information supersedes that presented in Part 1 for Kaipara Harbour, (Point 
16) and subsequent updates are summarised in Part 2 and further detailed in Part 3.

With respect to the more detailed dynamic inundation technique, a hydrodynamic model was used to 
refine coastal inundation areas for the one per cent  Annual Exceedance Probability storm-tide at 
present day mean sea level plus a 1m and 2m sea-level rise. These scenarios are in alignment with 
those considered in the PAUP. The original static inundation model of the area (NIWA, 2013. Part 1), 
assumed local stopbanks that were identifiable in the topographic data used were fixed structures. In 
the refined dynamic inundation model, the coastal inundation areas have been considered independent 
of the presence of these structures given their dynamic nature and potential to change over time. This 
maintains a degree of conservatism in line with the precautionary principles adopted by the Proposed 
Auckland Unitary Plan.  

The refined modelling and resultant mapping for the Parakai/Helensville area demonstrates a reduction 
in flood water levels of 0.5 to 2m, in comparison to the earlier 2013 results (Part 1). Therefore, the 



subsequent flood inundation extent for this area has also reduced; with a 60 per cent decrease in the 
area flooded by water depths of 0.01m or more as detailed in Part 2. 

Overall, the additional coastal-storm inundation results represent our best available information at 
present. The re-mapped inundation extents for the small east coast estuaries are in alignment with the 
Proposed Auckland Unitary Plan and provide clarity on the geographic extent of flooding in these areas 
to be used for both hazard awareness and future development considerations. The refined coastal 
inundation model of the Parakai/Helensville region, utilising the recent acquisition of the Helensville tide 
gauge data set, has significantly improved our understanding of flooding in the area. The results 
demonstrate a reduction in overall flood levels and thereby support sustainable future growth for 
Auckland.  



Table of contents 

Part 1: 

Coastal inundation by storm-tides and waves in the Auckland region, NIWA 2013

Part 2: 

Coastal-storm inundation in the Auckland region, supplementary information: updated coastal-storm 

exposure at Parakai and re-mapping of east coast estuaries, NIWA 2016  

Part 3: 

Parakai/Helensville Coastal flood inundation: numerical modelling, DHI, NIWA 2016 





Part 1:  

Coastal inundation by storm-tides and waves in the Auckland region, 
NIWA, 2013 





















































































































































http://wrenz.niwa.co.nz/webmodel/coastal




































































































Part 2:  

Coastal-storm inundation in the Auckland region, supplementary 
information: updated coastal-storm exposure at Parakai and re-
mapping of east coast estuaries, NIWA 2016 









  

   

Figures 

Figure 2-1:  High-tide exceedance curve at Helensville. .................................................................................................. 6 

Figure 2-2 :  Example of sea-level decomposition into tide and non-tidal residual, and skew surge definition. ................ 7 

Figure 2-3 :  Extreme skew-surge distribution at Helensville. ........................................................................................... 8 

Figure 2-4 :  Extreme sea level analysis at Helensville. ................................................................................................... 9 

Figure  2-5:  1% AEP coastal-storm inundation elevations at present-day MSL from this project (DHI, 2016)............... 13 

Figure 2-6:  1% AEP coastal-storm inundation elevations at present-day MSL mapped by NIWA in 2013. ................... 15 

Figure 2-7 :  Difference (m) between coastal-storm inundation elevations predicted in this study from those by NIWA in 

2013, during a 1% AEP storm-tide at present day MSL. ................................................................................................ 16 

Figure 2-8: Depth versus area of inundation over the Parakai flood plain. ..................................................................... 17 

 

Tables 

Table 2-1:  .... Extreme sea-level in the Kaipara Harbour calculated by Stephens et al. (2013). ...................................... 4 

Table 2-2 :  Helensville tidal constituent and mean high-water springs heights. Heights are in mm relative to mean sea 

level. ............. 7 

Table 2-3 :  Extreme skew surges at Helensville. ............................................................................................................. 8 

Table 2-4:  Extreme sea levels at Helensville. ................................................................................................................ 10 

Table 2-5 :  Depth versus area of inundation over the Parakai flood plain as simulated in this (2016) project. .............. 12 

Table 2-6:  Depth versus area of inundation over the Parakai flood plain, as simulated in the 2013 project. ................. 17 

Table 2-7:  Difference in the estimated area of inundation over the Parakai flood plain, between the 2013 and 2016 

projects. ........ 17 

Table 3-1:  Storm-tide and maximum storm-tide plus wave setup elevations with 1% annual exceedance probability (1% 

AEP), and a wave setup component inferred from their difference, for locations offshore from small east-coast estuaries.19 

Table 3-2 :  Maximum storm-tide plus wave setup elevations with 1% AEP at locations inside small east-coast estuaries 

(Table 4-4, Stephens et al. 2013), and with an inferred wave setup (from Table 3-1 above) subtracted. 19 

 

 

 

































  

NIWA: Coastal storm inundation in the Auckland region – supplementary information 16 

 

Figure 2-7 :  Difference (m) between coastal-storm inundation elevations predicted in this study from those by NIWA in 2013, 

during a 1% AEP storm-tide at present day MSL.    

Differences were calculated as NIWA (2013) minus the results of this (2016) study, and are shown only for areas of overlap between the 

two studies.  
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Table 2-6:  Depth versus area of inundation over the Parakai flood plain, as simulated in the 2013 project.    

Inundation areas are given to the nearest square kilometre. Existing mangrove areas were excluded from the analysis. 

Depth of inundation Area of inundation (km2) at 

present-day MSL 

Area of inundation (km2) at 

present-day MSL + 1 m SLR 

Area of inundation (km2) at 

present-day MSL + 2 m SLR 

≥ 0.01 m 31 36 40 

≥ 0.25 m 29 35 39 

≥ 0.50 m 26 34 38 

≥ 1.00 m 17 31 36 

≥ 1.50 m 5 26 34 

 

Table 2-7:  Difference in the estimated area of inundation over the Parakai flood plain, between the 2013 and 2016 projects.    

Inundation areas are given to the nearest square kilometre. 

Depth of inundation Difference in area of 

inundation (km2) at present-

day MSL 

Difference in area of 

inundation (km2) at present-

day MSL + 1 m SLR 

Difference in area of 

inundation (km2) at present-

day MSL + 2 m SLR 

≥ 0.01 m 12 3 0 

≥ 0.25 m 13 5 2 

≥ 0.50 m 15 6 4 

≥ 1.00 m 12 10 5 

≥ 1.50 m 3 15 6 

 

  

Figure 2-8: Depth versus area of inundation over the Parakai flood plain.    

Existing mangrove areas were excluded from the analysis. 2016 = this project; 2013 = Stephens et al. (2013) project.  
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3 Coastal-storm inundation in east-coast estuaries                                                                                              

In March 2015, NIWA revised the coastal-storm inundation elevations for small east-coast estuaries in 

the Auckland region (Stephens 2015). As part of this project we re-mapped coastal-storm inundation 

zones for these areas based on the revised elevations. The revised maps have been supplied to 

Auckland Council in GIS format. This section reproduces relevant content of NIWA’s letter of revision 

dated 6 March 2015 (Stephens 2015).  

The letter addressed coastal-storm inundation resulting from storm-tide, and from storm-tide plus wave 

setup, as calculated by Stephens et al. (2013) for the small estuaries along the east coast of the 

Auckland region. When making these calculations, we assumed that storm-tide plus wave setup 

elevations at the estuary entrances would propagate throughout the estuary. This is a conservative 

assumption, since the wave setup component that is generated on the open coast is unlikely to 

propagate far inside the entrance of an estuary (Santoso et al. 1999; Tanaka et al. 2008). 

NIWA has now revised the coastal-storm inundation elevations for small east-coast estuaries. This was 

done by first identifying the additional wave set up component relative to storm-tide alone computed by 

Stephens et al. (2013) at the entrance to several of the small east-coast estuaries (Table 3-1). This 

inferred wave setup, which had been included in coastal-storm inundation elevations within each 

estuary (Stephens et al. 2013), was removed as shown in Table 3-2.  

The calculations in the tables represent coastal-storm inundation events with a one percent annual 

exceedance probability (1% AEP), or equivalently, a one-hundred-year average recurrence interval 

(100-year ARI). The tabulated elevations include +0.15 m present-day mean sea level relative to AVD-

46.  

NIWA recommended that the revised elevations, described in Table 3-2 as 1% AEP maximum storm-

tide plus wave setup elevations, with inferred wave setup component subtracted, be adopted within the 

Proposed Auckland Unitary Plan (Stephens 2015). 

As part of this project we re-mapped additional coastal-storm inundation scenarios for the small east-

coast estuaries and supplied Auckland Council with GIS polygons for the following scenarios: 

 1% AEP at present-day MSL 

 2% AEP at present-day MSL 

 2% AEP + 1 m SLR 

 2% AEP + 2 m SLR 

 5% AEP at present-day MSL 

 18% AEP at present-day MSL. 
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Table 3-1:  Storm-tide and maximum storm-tide plus wave setup elevations with 1% annual exceedance probability (1% AEP), 

and a wave setup component inferred from their difference, for locations offshore from small east-coast estuaries.    

Elevations include +0.15 m present-day mean sea level relative to AVD-4. 

Estuary 1% AEP storm-tide (Table 

4-1, Stephens et al. 2013) 

1% AEP maximum storm-tide 

plus wave setup elevations 

(Table 4-3, Stephens et al. 2013) 

Maximum storm-tide plus 

wave setup minus storm-

tide (inferred wave setup) 

Mangawhai 1.76 2.54 0.78 

Whangateau 1.85 2.46 0.61 

Matakana 2.01 2.11 0.1 

Mahurangi, Puhoi, Waiwera 1.95 2.5 0.55 

Orewa 1.97 2.5 0.53 

Weiti, Okura 2.01 2.52 0.51 

Tamaki 2.18 2.28 0.1 

Whitford, Waikopua 2.18 2.44 0.26 

Wairoa R.  2.23 2.42 0.19 

 

Table 3-2 :  Maximum storm-tide plus wave setup elevations with 1% AEP at locations inside small east-coast estuaries (Table 

4-4, Stephens et al. 2013), and with an inferred wave setup (from Table 3-1 above) subtracted.    

Elevations include +0.15 m present-day mean sea level relative to AVD-46. 

Estuary Easting 

(NZTM) 

Northing 

(NZTM) 

1% AEP maximum storm-

tide plus wave setup 

elevations (Table 4-4, 

Stephens et al. 2013) 

1% AEP maximum storm-tide plus 

wave setup elevations, with 

inferred wave setup component 

subtracted 

Mangawhai Harbour 1742349 6001359 2.59 1.81 

Whangateau Harbour 1759163 5974912 2.52 1.91 

Whangateau Harbour 1758250 5978697 2.49 1.88 

Omaha R. 

(Whangateau Hbr) 

1756538 5977574 2.51 1.9 

Matakana River estuary 1753842 5971395 2.14 2.04 

Matakana River estuary 1754603 5971927 2.13 2.03 

Matakana River estuary 1754432 5974837 2.15 2.05 

Matakana River estuary 1755060 5972536 2.13 2.03 

Matakana River estuary 1755269 5974476 2.15 2.05 
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Estuary Easting 

(NZTM) 

Northing 

(NZTM) 

1% AEP maximum storm-

tide plus wave setup 

elevations (Table 4-4, 

Stephens et al. 2013) 

1% AEP maximum storm-tide plus 

wave setup elevations, with 

inferred wave setup component 

subtracted 

Pukapuka Inlet 

(Mahurangi) 

1750849 5961126 2.56 2.01 

Mahurangi Harbour 1753626 5960575 2.54 1.99 

Mahurangi Harbour 1751686 5968031 2.6 2.05 

Mahurangi Harbour 1754615 5960537 2.53 1.98 

Te Kapa R. 

(Mahurangi) 

1756099 5963200 2.56 2.01 

Mahurangi Harbour 1753210 5958010 2.52 1.97 

Puhoi River estuary 1750338 5956222 2.53 1.98 

Waiwera River estuary 1750889 5954757 2.53 1.98 

Orewa River estuary 1749727 5948635 2.53 2 

Weiti River 1751800 5946524 2.57 2.06 

Karepiro Bay 1754558 5942016 2.53 2.02 

Okura River 1752751 5939753 2.55 2.04 

Tamaki Estuary 1765514 5913666 2.35 2.25 

Tamaki Estuary 1766408 5911555 2.42 2.32 

Pakuranga Creek 

(Tamaki) 

1769431 5912063 2.43 2.33 

Tamaki Estuary 1764589 5907948 2.46 2.36 

Mangamangaroa Creek 1772868 5912475 2.46 2.2 

Turanga Creek 1775337 5910030 2.47 2.21 

Waikopua Creek 1777927 5912838 2.46 2.2 

Wairoa River estuary 1784026 5907369 2.46 2.27 

Wairoa River estuary 1784970 5907950 2.45 2.26 

Wairoa River estuary 1785600 5907417 2.46 2.27 

 

 

3.1 Conclusions 

An extreme sea-level analysis using the Helensville sea-level record showed that if the stopbanks were 

sufficiently high to contain even the highest expected storm-tides, then there is a 1% chance per year 

(0.01 AEP) that sea-level would reach 3.18 m AVD–46 inside the stopbanks. In reality the stopbanks 
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are only approximately 2.8 m high. The extreme sea-level analysis suggests we can expect 2.8 m to be 

reached every 5–10 years (on average, 10–18% AEP) at present-day mean sea level. This frequency 

will increase as the sea level continues to rise, which will reduce the effectiveness of the existing 

stopbanks for flood protection.  

A calibrated and validated hydrodynamic model was used to simulate coastal-storm inundation over the 

flood plain, for a 1% AEP storm-tide at present-day MSL, plus a 1 m and a 2 m SLR. We now have high 

confidence in the simulated coastal-storm inundation elevations in the Parakai/Helensville region – we 

believe that the inundation modelling is accurate to ± 0.1 m over most of the flood plain.  

In the simulations, approximately 19 km
2
 of land was predicted to be inundated by ≥ 0.01 m during a 

1% AEP storm-tide at present-day MSL, and about 15 km
2
 was predicted to be inundated by at least 

0.25 m. With SLR, the area of land that becomes heavily inundated was found to increase.  

The area of inundation predicted in this project was 60% less than that predicted in the 2013 project 

(Stephens et al. 2013) for the present-day MSL scenario. This difference is due to the difference 

between the dynamic-mapping method used here and the static-mapping method used in 2013. 

However, for the future SLR scenarios, the results were less sensitive to the mapping method used, 

being 9% less for the +1 m SLR scenario, and the same for the +2 m SLR scenario.  Large sea-level 

rises will inundate the flood plain and fill the basin in which the Parakai/Helensville region is located. 

Dynamic frictional effects that hold back the flood wave at present-day MSL when the water is relatively 

shallow, will be reduced after SLR when the water is relatively deep (assuming no change in the flood-

plain topography).  

The coastal-storm inundation elevations calculated in this study were compared with the 2013 NIWA 

study. Both methods gave similar elevations at the confluence of the Kaipara River and the Harbour. 

The static GIS-mapping technique used in 2013 did not simulate the dynamics of frictional attenuation 

of the storm-tide wave over the flood plain, showing a slight landward-increasing water-level surface. 

Conversely, the hydrodynamic model used in this study included frictional attenuation, and predicted 

the storm-tide elevation to drop inland. As a result, the difference in predicted inundation elevations 

between the two studies increases inland. This study predicted water levels that were up to 0.5 m lower 

than the 2013 study over most of the lower flood plain, and up to about 2 m lower further inland.  

The coincidence of a large (2% AEP) river flood with a 1% AEP storm-tide would increase water levels 

by about 0.2 m over the Parakai/Helensville floodplain, but with higher increases upstream. The joint-

probability of coincident high storm-tides and freshwater flooding from the catchment was not 

calculated. The modelled combination of a large flood and a large storm-tide is possible, but has less 

than 1% AEP probability of occurrence because the two will have only limited dependence. Inclusion of 

the river flow makes a noticeable difference to coastal-storm inundation elevations at present-day MSL, 

but its effect is small compared to future SLR scenarios. 

 In March 2015, NIWA revised the coastal-storm inundation elevations for small east-coast estuaries in 

the Auckland region. As part of this project we re-mapped coastal-storm inundation zones for these 

areas based on the revised elevations. The revised maps were supplied to Auckland Council in GIS 

format. Although we re-mapped the small east-coast estuaries to remove a wave setup allowance, 

confidence in these areas remains relatively low for the reasons described below. 
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5 Glossary of abbreviations and terms 

Annual exceedance probability (AEP) The probability of a given (usually high) sea level being equalled or exceeded in 

elevation, in any calendar year. AEP can be specified as a fraction of 1 (e.g., 0.01) or 

a percentage (e.g., 1%). 

AVD–46 Auckland Vertical Datum-1946 is the region-wide vertical datum used by Auckland 

Council. 

Average recurrence interval (ARI) The average time interval (averaged over a long time period and many “events”) that 

is expected to elapse between recurrences of an infrequent event of a given large 

magnitude (or larger). A large infrequent event would be expected to be equalled or 

exceeded in elevation, once, on average, every “ARI” years.  

generalised Pareto distribution (GPD) Extreme-value model suitable for use with peaks-over-threshold data. 

MHWS Mean high-water springs. The high tide height associated with higher than normal high 

tides that result from the beat of various tidal harmonic constituents. Mean high water 

springs occur every 2 weeks approximately. MHWS can be defined in various ways, 

and the MHWS elevation varies according to definition.  

MSL Mean sea level – the mean level of the sea relative to a vertical datum over a defined 

epoch, usually of several years.  

peaks-over-threshold (POT) Independent (separated in time by at least 3 days) sea level peaks above a defined 

height threshold. 

Skew surge Skew surge refers to the absolute difference between the maximum recorded sea-

level during a tidal cycle and the predicted maximum astronomical tidal level for that 

cycle, irrespective of differences in timing between these. 

Storm surge The temporary rise in sea level due to storm meteorological effects. Low-atmospheric 

pressure causes the sea-level to rise, and wind stress on the ocean surface pushes 

water down-wind and to the left up against any adjacent coast. 

Storm-tide Storm-tide is defined as the sea-level peak during a storm event, resulting from a 

combination of MSL + SLA + tide + storm surge. In New Zealand this is generally 

reached around high tide. 
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1 Technical summary 

DHI was commissioned by NIWA to predict coastal inundation water levels for the Parakai/Helensville 

floodplain resulting from extreme sea levels. 

Simulations were undertaken with a calibrated hydrodynamic model to assess peak flood inundation 

levels for the following scenarios:  

1. A 1% Annual Exceedance Probability (AEP) sea-level based on the findings of an extreme sea-

level analysis by NIWA.  

2. Same as Scenario 1 but with + 1 m sea-level rise included.  

3. Same as Scenario 1 but with + 2 m sea-level rise included. 

4. Same as Scenario 1 but including a large flood from the upstream catchment.  

Maps of the maximum water level and water depth for the Parakai/Helensville floodplain have been 

provided for these scenarios.  

Simulations were also undertaken to assess the sensitivity of the predicted water levels to bed 

roughness of the floodplain. 
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2 Introduction 

Predictions for coastal inundation water levels for the Parakai/Helensville floodplain have previously 

been derived by NIWA (2013) from a hydrodynamic modelling analysis of coastal extreme sea level 

elevations resulting from storm-tides and wave set-up around the coastline of the Auckland region. The 

results from the hydrodynamic model were spatially interpolated along the coastline and intersected 

with a digital elevation model of the land surface to produce the static inundation water levels.  

One of the key assumptions with this type of approach is that the floodplain storage volumes (in the 

coastal land area and/or rivers) are small compared to the volume changes being considered in the 

main body of water When this is the case, there will be no significant changes in inundation levels 

between the main water body and the inundated land, therefore the floodplain can be excluded from the 

hydrodynamic modelling.  

In 2014, Auckland Council commissioned DHI to carry out an initial assessment to investigate the effect 

of this assumption on predicted inundation levels at a particular site of interest, Parakai/Helensville on 

the Kaipara River (DHI, 2014). The assessment indicated that lower peak flood inundation levels were 

expected when accounting for the dynamic inundation of the floodplain in this area. It was determined 

that none of the work to date, suitably assessed this and so Auckland Council commissioned NIWA to 

undertake an extreme sea-level analysis at Helensville to determine the probability of extreme sea-level 

elevations (NIWA, 2015). NIWA then commissioned DHI to simulate the flood inundation associated 

with these extreme sea levels using a model including the floodplain. 

DHI utilised an existing two-dimensional hydrodynamic model of Kaipara Harbour developed for 

Rodney District Council, to predict extreme water levels in the Kaipara Harbour and to provide 

downstream water level boundary conditions for the Kaipara River flood model (DHI, 2006) and assess 

dilutions from proposed upgrade of Helensville wastewater treatment plant (DHI, 2009).  

The model was calibrated (based on observed water levels at the Helensville tide gauge) for a 

significant storm-tide event that occurred in September 2005. The model was then validated for an 

event that occurred in June 2012. 

With the calibrated model, DHI then assessed peak flood inundation levels due to extreme sea levels 

for the following scenarios:  

1. A 1% AEP sea-level simulation based on the findings of NIWA’s extreme sea-level analysis.  

2. Same as Scenario 1 but with + 1 m sea-level rise included.  

3. Same as Scenario 1 but with + 2 m sea-level rise included.  

4. Same as Scenario 1 but including a large flood from the upstream catchment. 

Scenario 4 was undertaken to investigate the previous findings, which indicated that elevated river 

flows do not have a significant effect on sea level inundation within the southern Kaipara Harbour. 

A sensitivity test was also undertaken to assess the impact on water levels within the floodplain for the 

assumed bed roughness for the floodplain.   
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Stop banks surrounding the Parakai/Helensville floodplain have not been included in the model (refer to 

Auckland Council executive summary). For the sea level scenarios considered the stop banks would 

overtop anyway but this should be taken into consideration when interpreting the model findings. 

2.1 Co-ordinate System and Vertical Datum  

For this study, all data is presented using the New Zealand Transverse Mercator projection (NZTM) and 

the vertical datum is Auckland vertical datum 1946. 
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3 Model Set Up 

An existing MIKE 21 Flexible Mesh (FM) two dimensional hydrodynamic model of the Kaipara Harbour 

was modified to include the Parakai/Helensville floodplain. Auckland Council provided a 2 m x 2 m 

raster digital elevation model (based on 2006 LiDAR data) for the area of interest. This was used to 

extend the existing hydrodynamic model domain and bathymetry beyond the harbour extent and into 

the Parakai/Helensville floodplain. The bathymetry for the southern part of the harbour and floodplain is 

shown in Figure 3 1. 

 

Figure 3 1:  Model bathymetry and extent for southern part of Kaipara Harbour and associated floodplain. Depths are shown 

relative to Auckland vertical datum (1946). 

 

The hydrodynamic model mesh was constructed with a horizontal resolution (varying from 

approximately 25 to 1000 m2 for floodplain) deemed (by DHI) to accurately simulate coastal-storm 

inundation over the Parakai/Helensville floodplain, while still maintaining efficient and realistic model 

run-times.  

Significant obstructions to flood flow in the floodplain that were resolved by the LiDAR, (e.g. roads) 

were well represented in the model bathymetry. An example of how Parkhurst Road was represented in 

the model mesh is presented in Figure 3 2. To further ensure the road was sufficiently resolved, the 

road was also included as a dike in the model set up, with the crest levels extracted from the LiDAR 

data. 

The majority of the stop banks protecting the Parakai/Helensville floodplain from the river and harbour, 

were not well resolved by the LiDAR. Therefore stopbanks were not included in the model (refer to 
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Auckland Council executive summary). However it should be noted that for the sea level rise scenarios, 

the stop banks would have been overtopped anyway.  

For the calibration/validation simulations, a second model was developed which did not include any 

floodplain. This is because without stop banks included in the model, there would be significant 

inundation of the floodplain predicted to occur, when in reality the flow would remain mostly constrained 

with the harbour and rivers. 

  

Figure 3 2:  Parkhurst Road representation in model mesh. Depths are shown relative to Auckland vertical datum (1946). 

 

No river flows (i.e. Kaipara and Kaukapakapa Rivers) were included in the model set up, since previous 

work indicated that river flows do not have a significant effect on sea level inundation within the 

southern Kaipara Harbour (DHI, 2006). This assumption was investigated through a sensitivity test as a 

part of this study (see Section 6). 

Observed water levels from Pouto Point for the period 2001 to 2013 were provided by NIWA and have 

been utilised as boundary condition, with a shift of minus 55 mins to account for the time for the tide to 

propagate from the open ocean boundary to Pouto Point tide gauge.  

A varying bed roughness map (Manning number M) was generated for the floodplain based on land use 

characteristics for the area (LCDB2). This is a method that DHI have successfully used for other types 

of flood assessment studies for Auckland Council. The land use GIS layer was used to derive a 

resistance map for the MIKE 21 model extent. A spatially varying resistance map was generated by 

mapping land uses types to various hydraulic resistances (Manning number M) based on experience 

and accepted use in the industry. The adopted mapping is shown in Table 3 1. 
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Table 3 1 Land use codes with associated resistance Manning number. Note table is sorted from highest to lowest roughness 

(smallest to highest Manning Number).  

Description (LCDB2) Land Use Code Manning Number (M) 

Pine Forest - Closed Canopy 66 8 

Manuka and or Kanuka 52 8 

Pine Forest - Open Canopy 65 8 

Indigenous Forest  69 8 

Orchard and Other Perennial Crops 32 8 

Vineyard 31 8 

Broadleaved Indigenous Hardwoods 54 8 

Other Exotic Forest 67 8 

Gorse and or Broom 51 8 

Afforestation (imaged, post LCDB 1) 63 8 

Deciduous Hardwoods 68 8 

Major Shelterbelts 61 8 

Afforestation (not imaged) 62 8 

Forest Harvested 64 8 

Built-up Area 1 10 

Transport Infrastructure 5 10 

Fresh Water Vegetation 41 10 

Saline Vegetation 45 10 

Mangroves 70 10 

High Producing Exotic Grassland 40 20 

Short-rotation Cropland  30 20 

Surface Mine 3 20 

Low Producing Grassland 41 20 

Mixed Exotic Shrubland 56 20 

Flaxland 47 20 

Urban Parkland / Open Space 2 30 

River 21 50 

River and Lakeshore Gravel and Rock 11 50 

Lake and Pond 20 50 
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4 Model Calibration and Validation 

The model was calibrated against observed water levels at the Helensville tide gauge (provided by 

NIWA) for a significant storm-tide event that occurred in September 2005. The model was then 

validated for an event that occurred in June 2012. 

4.1 Model Calibration 

On 18th September 2005 at approximately 11:30 pm, a peak water level of 2.83 m was observed at the 

Helensville tide gauge (see Figure 4 1).  This event was selected for calibrating the hydrodynamic 

model.   

Observed water level from the tide gauges at Helensville and Pouto Point were analysed to separate 

the tidal and non-tidal components of the water level time series. The tidal and non-tidal components of 

the Helensville water level data (along with the observed water levels at Helensville) and the non-tidal 

component for the Pouto Point water level data are presented in Figure 4 1.  

Overall the non-tidal components (which can be considered mostly the storm surge component of the 

observed water levels) at the two locations are similar. However between 12 pm to 6 pm on 18th 

September 2005, there is an increase in the non-tidal component of the water level of approximately 0.5 

m at Helensville compared to Pouto Point. This increase in non-tidal water level at Helensville may 

have been wind or wave generated.  

It was outside the scope of the study to represent these types of localised effects so periods when there 

are significant differences in non-tidal water levels between the two sites will not be accurately modelled 

at the Helensville site.      

 

  

Figure 4 1:  Tidal analysis of observed data from the Helensville and Pouto Point Tide gauges for 2005 calibration event. 

Observed Helensville water levels and tidal component of Helensville water levels (left y-axis) and non-tidal component of 

Helensville and Pouto Point water levels (right y-axis)    
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The comparison of the observed and predicted water levels for the 18th September 2005 event at the 

Helensville tide gauge is presented in Figure 4 2. The calibrated model was able to match the observed 

high water levels within 6 cm. For this reason the model was deemed to be suitably calibrated for the 

purposes of this study. As expected the model does not match the peak for the midday high tide of the 

18th September, since there was a non-tidal associated increase in water levels at Helensville at this 

time, which the model was not set up to reproduce. 

  

Figure 4 2:  Comparison of observed and predicted water levels at Helensville tide gauge for September 2005 calibration event.   

 

4.2 Model Validation 

On 7th June 2012 at approximately 1:00 am, a peak water level of 2.72 m was observed at the 

Helensville tide gauge (see Figure 4 3).  This event was selected for validating the calibrated 

hydrodynamic model.   

The tidal and non-tidal components of the Helensville water level data (along with the observed water 

levels at Helensville) and the non-tidal component for the Pouto Point water level data are presented in 

Figure 4 3. The non-tidal components of the observed water levels at both Pouto Point and Helensville 

tide gauges are very similar, therefore this was considered a good event for validating the model.  

   

 Figure 4 3:  Tidal analysis of Helensville and Pouto Point Tide gauges for validation event. Observed Helensville water levels 

and tidal component of Helensville water levels (left y-axis) and non-tidal component of Helensville and Pouto Point water 

levels (right y-axis)    
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The comparison of the observed and predicted water levels for the 7th June 2012 event at the 

Helensville tide gauge is presented in Figure 4 4. The calibrated model was able to match the observed 

high water levels within 5 cm. The good agreement for the validation event further supported that the 

model was suitably calibrated and that the model is suitable for predicting coastal inundation of the 

Parakai/Helensville floodplain.   

  

Figure 4 4:  Comparison of observed and predicted water levels at Helensville tide gauge for June 2012 validation event 
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5 Design Scenarios 

This section outlines the simulations that were undertaken to assess peak flood inundation levels for 

the Parakai/Helensville floodplain due to a number of extreme sea level scenarios with and without sea 

level rise, and with and without elevated river flows. The scenarios simulated were as follows: 

1. An extreme sea-level simulation based on the 1% AEP extreme sea level calculated at Helensville 

by NIWA.  

2. Same as Scenario 1 but with + 1 m sea-level rise included.  

3. Same as Scenario 1 but with + 2 m sea-level rise included.  

4. Same as Scenario 1 but including a large flood from the upstream catchment. 

Scenario 4 was undertaken to investigate the previous findings, which indicated that elevated river 

flows do not have a significant effect on sea level inundation within the southern Kaipara Harbour. 

Scenario 4 was a simulation with the floodplain included, with a 1% AEP sea level event coinciding with 

a 2% AEP flow of 225 m
3
/s in the Kaipara River (DHI, 2006). 

A sensitivity test was also undertaken to assess the impact on water levels within the floodplain for the 

assumed bed roughness for the floodplain.   

5.1  Storm Surge Boundary Generation 

For the design scenarios, a 48 hour duration storm surge (based on a sech2 relationship) was 

requested by NIWA, with the peak of the surge coincident with the high water of a spring tide. 

The storm surge (yss) was generated using the following sech2 relationship: 

𝒚𝒔𝒔  = 𝒂𝒔𝒔𝒔𝒆𝒄𝒉𝟐𝒌(𝒕 − 𝒕𝟎) 

where    

ass =  amplitude of the storm surge; 

  t0 =  time of the peak; 

  k =  frequency defined by: 

 

𝒌 =  
𝟑

𝒏𝒅
 

 

where  nd = number of days either side of peak when yss falls to ass/100. 

 

At the request of NIWA, the amplitude of the storm surge was calculated such that at the Helensville 

tide gauge location, the 1% AEP extreme water level of 3.18 m was achieved for a simulation which did 
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not include the floodplain. The boundary condition generated to obtain this peak water level is 

presented in Figure 5 1. The peak water level for the boundary condition is 2.72 m. 

This generated boundary condition was then selected for Scenario 1 defined above. For Scenario 2 the 

boundary condition was shifted + 1 m, while for Scenario 3 the boundary condition was shifted + 2 m 

(see Figure 5 1).  

 

 Figure 5 1:  Extreme water level open ocean boundary condition, including spring tide and storm surge components (red and 

black dashed lines are added together to give the solid blue line). 

 

5.2 Elevated River Flow Input 

To generate an appropriate flow hydrograph for a 2% AEP flow of 225 m
3
/s in the Kaipara River, 

elevated flows recorded at the Kaipara River gauge were linearly scaled so that the peak flow for the 

event was equal to 225 m3/s. The flow time series for this event is presented in Figure 5 2. 

 

 Figure 5 2:  Generated hydrograph for 2% AEP Kaipara River flood event.  
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6 Simulation Results 

Maps of maximum water level and water depth for the Parakai/Helensville floodplain calculated from 

Scenarios 1 – 4 are presented in Appendix A. 

For Scenarios 1 - 4, peak water levels at the locations indicated in Figure 6 1 are provided in Table 6-1. 

  

Figure 6 1:  Locations where peak water levels for Scenarios 1 – 4 extracted.    
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Table 6 1 Predicted extreme water levels at selected locations (see Figure 6-1) for Scenarios 1 - 4. Water levels are relative to 

AVD-46 (including +0.23 m offset for baseline mean sea-level (present day estimate)). 

Site Number 
Easting 

(NZTM) 

Northing 

(NZTM) 

Peak Water (Level) m 

Scenario 

1 

(1% AEP) 

2 

(1% AEP + 1 m 

SLR) 

3  

(1% AEP + 2 m 

SLR) 

4 

(1% AEP + 2% 

AEP 

Catchment 

Flood) 

1 1728041 5944559 3.03 3.89 4.83 3.06 

2 1730647 5944268 2.92 3.77 4.75 2.96 

3 1729086 5943448 2.98 3.82 4.78 3.03 

4 1728623 5942244 2.96 3.71 4.68 3.03 

5 1728399 5942244 2.96 3.72 4.69 3.02 

6 1727909 5941768 N/A 3.63 4.64 N/A 

7 1728848 5940709 2.85 3.48 4.54 3.01 

8 1730120 5940620 N/A 3.47 4.55 N/A 

9 1728412 5939042 2.46 3.27 4.49 2.85 

10 1728597 5937098 2.22 3.26 4.51 2.85 

* N/A – no inundation  

The difference between the maximum water level for the 1% AEP extreme sea level with and without 

the 2% AEP flow in the Kaipara River (i.e. Scenario 4 compared with Scenario 1) is presented in Figure 

6 2. 

While the sea level inundation within the southern Kaipara Harbour is not impacted by the elevated river 

flow as suggested by previous work (DHI, 2006), there is actually an increase in water levels for the 

Parakai/Helensville floodplain of up to approximately 0.2 m, while there are even larger increases in 

water level further upstream. This indicates that the role of river floods coinciding with extreme sea 

levels may need to be considered further in future work. However it can be concluded that normal river 

flows will not have a significant impact on water levels from inundation of the floodplain from extreme 

sea levels. 

6.1 Sensitivity Test 

Along with topography, the roughness of the land is also an important influence on the rate and depth of 

overland flow. A method was used that we believe is appropriate for approximating the bed roughness, 

by mapping land use to expected bed roughness (Section 3). To determine any impact of the selected 

bed roughness values for the floodplain on peak inundation levels, simulations were undertaken for the 

1% AEP sea level event, with the floodplain included, with ± 20% for the varying bed roughness map 

(only for the floodplain). The maximum water level difference for these simulations compared with the 
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1% AEP sea level event simulations with the standard bed roughness values (Table 3 1) are presented 

in Figure 6-3 and Figure 6-4.  

For higher roughness (i.e. the bed roughness map minus 20%), water levels for the majority of the 

floodplain decrease by 0 to -0.1 m, however there are some isolated areas where water levels decrease 

by up to approximately -0.2 m. For lower roughness (i.e. the bed roughness map plus 20%), water 

levels for the majority of the floodplain increase by 0 to 0.05 m, however there are some isolated areas 

where water levels increase by up to approximately 0.1 m and some small isolated areas where water 

levels increase by up to approximately 0.2 m.  

Therefore, the bed roughness sensitivity analysis suggests that the inundation modelling is probably 

accurate to ± 0.1 m over most of the floodplain. The sea-level rise scenario results will be less sensitive 

to bed roughness because the water is deeper over the existing flood plain in those simulations, as 

shown by previous investigations (DHI, 2014). 
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Figure 6 2:  Maximum water level difference for the 1% AEP extreme sea level with and without the 2% AEP flow in the Kaipara 

River. 
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Figure 6 3;  Maximum water level difference for 1% AEP sea level event with bed roughness map with values minus 20%. 
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Figure 6 4;  Maximum water level difference for 1% AEP sea level event with bed roughness map with values plus 20%. 
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7 Summary 

DHI was commissioned by NIWA to provide predictions of coastal inundation water levels for a number 

of extreme sea level scenarios. NIWA have undertaken an extreme sea-level analysis at Helensville to 

determine the probability of extreme sea-level elevations, while DHI have simulated the flood inundation 

of the Parakai/Helensville floodplain associated with these extreme sea levels using a hydrodynamic 

model. DHI utilised an existing two-dimensional hydrodynamic model of Kaipara Harbour previously 

developed for Rodney District Council.   

The hydrodynamic model was calibrated against observed water levels at the Helensville tide gauge for 

a significant storm-tide event that occurred in September 2005. The model was then validated for an 

event that occurred in June 2012. A good agreement was obtained between observed and predicted 

water levels at Helensville for both the calibration and validation events, therefore the model was 

deemed suitable for predicting coastal inundation of the Parakai/Helensville floodplain.   

Simulations were undertaken with the calibrated model to assess peak flood inundation levels due to 

extreme sea levels for the following scenarios:  

1. A 1% AEP sea-level based on the findings of NIWA’s extreme sea-level analysis.  

2. Same as Scenario 1 but with + 1 m sea-level rise included.  

3. Same as Scenario 1 but with + 2 m sea-level rise included.  

4. Same as Scenario 1 but including a large flood from the upstream catchment. 

Maps of the maximum water level and water depth for the Parakai/Helensville floodplain have been 

provided for these scenarios.  

For Scenario 4, when compared with Scenario 1, an increase in water levels for the Parakai/Helensville 

floodplain of up to approximately 0.2 m was predicted to occur. There are even larger increases in 

water level further upstream.  

A sensitivity test was undertaken for Scenario 1, to assess the potential impacts of the derived bed 

roughness values selected for the model. With a ± 20% change to the derived bed resistance map 

values, peak water levels were shown to vary by up to ± 0.1 m over most of the floodplain. 
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Appendix A: Peak Water Level and Water Depth Flood Maps 
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