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1 PROJECT OVERVIEW
Overview

Water Technology was commissioned by Northland Regional Council (NRC) to undertake a region-wide flood
modelling study. The study area encompassed the entire Northland Regional Council area which covers an
area of over 12,500 km?, with the exclusion offshore islands. The aim of this project was to map riverine flood
hazard zones across the entire Northland region and update existing flood intelligence.

Modelling approach

This project used a 2D Direct Rainfall (also known as Rain on Grid) approach for hydraulic modelling and has
provided flood extents for a defined range of design storms. The hydraulic modelling software TUFLOW was
used. TUFLOW is a widely used software package suitable for the analysis of flooding. TUFLOW routes
overland flow across a topographic surface (2D domain) to create flood extent, depth, velocity and flood hazard
outputs that can be used for planning, intelligence and emergency response. The latest release of TUFLOW
offers several recent advanced modelling techniques to improve modelling accuracy which where practical,
were tested and adopted in this project.

This study delineated and modelled 19 catchments, shown in Figure 1-1. To validate the adopted methodology
and model parameters used in the design modelling, 9 catchments were calibrated against recent (and historic)
flood events. The calibration/validation methodology is documented in a standalone report NRC Riverine Flood
Mapping - Calibration Report i RO1 and is referred to throughout this document as the Calibration Report.

This report documents the calibration and design modelling methodology for Whangarei Catchment (M01),
noting that this catchment was calibrated to the January 2011 flood event.
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2 STUDY AREA

The model 01 catchment is a combination of mountainous and coastal catchments. It includes the Whangarei
catchment and several small catchments, including Puwera, Otaika, Raumanga, Hatea and Waiarohia
catchments, covering a total area of approximately 233 km2with Whangarei its largest urban area. The major
waterways include Hatea River to the north, Raumanga Stream and Otaika River to the west and Mangapai
River in the south of the study area. Figure 2-1 displays the study area of the catchment model 01.

Northland Regional Council | 16 October 2025
Whangarei Catchment (M01) Page 6



)= v WATER TECHNOLOGY
== [— WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

Mangahahuru at County,Weir,

»

. . i A Rumahé’aat Bernard St
Otaika River S o R
W

Mangapai River

\/“A Data sources: Northland Reaional Council
MJ-

==

Ngunguru at Coa

Imagery: Google imagery L ———

e

Hatea River
Raumanga Stream
1122t Whareors Rosd)
Waiarohia.at Lovers Lane Hatea at Town Basin (tidal) - Upper,Whangarei Harbour

Ruakaka at Flyger Road

Catchment: M01
Study area

Waterways

A Gauge locations

FIGURE 2-1 STUDY AREA

Northland Regional Council | 16 October 2025

Whangarei Catchment (M01)
I

Page 7



WATER TECHNOLOGY

WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

[l
|4

3 MODEL CALIBRATION

The MO01 catchment was modelled as part of the initial calibration to confirm the methodology was fit-for
purpose and was able to replicate flood behaviour across the study area. The model parameters developed
as part of this catchment® calibration along with the Kawakawa and Awanui catchments formed the basis of
the model design parameters adopted elsewhere in the NRC region and for areas where calibration was not
possible. The MO1 catchment was calibrated to the January 2011 flood event.

Model parameters

There are 4 streamflow gauges within the catchment used for model calibration include Hatea at Whareora
Rd, Waiarohia at Loavers Lane, Raumanaga at Bernard St and Otaika at Kay. All of these gauges have the
flow and water level records for the entire event. Table 3-1 summaries the calibrated parameters for the
Whangarei Catchment.

TABLE 3-1 CALIBRATED HYDRAULIC ROUGHNESS AND RAINFALL LOSSES VALUES 1 WHANGAREI

CATCHMENT
Hydrological areas Land use types Manni ng @ Initial loss (IL) - Continuing loss
mm (CL) i mm/hr
Upstream of Bernard St Forest 0.08 20 4
Grassland 0.05 20 4
Upstream of Whareora Rd | Forest 0.04 55 10
Grassland 0.02 55 10
Other areas within Forest 0.08 30 5
Whangarei catchment Grassland 0.05 30 5
Entire Whangarei Cropland i perennial 0.04 20 2
catchment Cropland 1 annual 0.04 20 2
Wetland i open water 0.04 0 0
Wetland i vegetated 0.05 10 1
Urban areas 0.08 5 15
Urban areas 2 0.02 5 15
Waterways 0.055 0 0
Waterways 2 0.035 0 0
Other 0.06 15 15

Calibration results

Table 3-2 summarises the comparison between the observed and the modelled values and the quantitative
assessment of the model calibration is shown in Table 3-3.

The modelled results at these stations have shown a good match to the gauged records in terms of their shape
and timing. The modelled water levels match well with the gauged records with all the 4 gauges having the
peak water levels within 300 mm difference compared with that observed. However, the modelled flows are
generally lower than recorded flows with the exception of an overestimated flow at the Otaika at Kay gauge.
TAs discussed with the previous catchments, it is likely that uncertainty in the development of the rating curve
may have led to this underestimation of flows. Figure 3-1 to Figure 3-8 show the modelled and recorded
hydrographs and water level (rating curve) comparison. Model results were found to closer where the rating

Northland Regional Council | 16 October 2025
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curves provided a closer match. The Hatea River at Whareora Rd showed the biggest difference in rating

curve shap

es between the modelled and recorded.

Figure 3-13 to Figure 3-15 display the difference plot of the modelled water level compared with the surveyed
flood level points. It should be noted that some of the points are overlapped with others in these maps. There
are 127 flood level points within the catchment, with 79 flood level points (approx. 62%) within 300 mm of
recorded. Flood levels through the urban area appear to be over-estimated. This is likely the result of a lack of
pit and pipes in the model within the urban area.

TABLE 3-2 SUMMARY OF CALIBRATION RESULTS i WHANGAREI CATCHMENT
Peak flow (m*/s) Time to peak Volume (ML) Peak WSE (m OTP)
diff. (hour)
Location Modelled [Gauged |Diff. Modelled [Gauged |Diff. Modelled Gauge Diff. (mm)
Whareora Rd 255.51| 412.53 -38% 0.75| 5540471|9647089 -43% 15.33 15.19 136.50
LowversLane 78.50 87.43 -10% 0| 1918745(2854975 -33% 5.68 5.81 -129.70
BernardSt 67.21 87.05 -23% 0.67| 2735009|2319260 18% 6.91 7.09 -177.10
Otaika_Kay 207.29| 136.23 52% 1.33| 5067763|4305984 18% 14.45 14.35 104.20
TABLE 3-3 QUANTITATIVE ASSESSMENT OF JANUARY 2011 EVENT FOR WHANGAREI CATCHMENT
Peak flow within 15% of Volume within 15% of Peak WSE within 300mm of | Timing to peak within Mgd;lﬂflow \;vti:]hin 10% Oi
- recorded (Y/N) recorded (Y/N) recorded (Y/N) +/- 1 hour recorded flow at the same stage
Location (YIN)
Whareora Rd N N Y Y N
LoversLane Y N Y Y N
BernardSt N N Y Y N
Otaika_Kay N N Y N Y
Hatea at Whareora Rd
450 -
400 4 Gauge
Modelled
350 -
300 A
)
‘€ 250 -
3
T 200
150 4
100 4
50 4
0 T T T T T T i
0 5 10 15 20 25 30 35
Time (hour)
FIGURE 3-1 MODELLED AND GAUGED FLOW AT HATEA RIVER AT WHAREORA RD 1 2011 FLOOD EVENT
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Hatea at Whareora Rd
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FIGURE 3-2 MODELLED AND GAUGED WATER LEVELS AT HATEA RIVER AT WHAREORA RD 1 2011 FLOOD
EVENT

Waiarohia at Lovers Lane
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FIGURE 3-3 MODELLED AND GAUGED FLOWS AT WAIAROCHIA RIVER AT LOVERS LANE i 2011 FLOOD
EVENT
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Waiarohia at Lovers Lane
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FIGURE 3-4 MODELLED AND GAUGED WATER LEVELS AT WAIAROHIA RIVER AT LOVERS LANE i 2011
FLOOD EVENT

Raumanga at Bernard St
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FIGURE 3-5 MODELLED AND GAUGED FLOWS AT RAUMANGA CREEK AT BERNARD ST i1 2011 FLOOD
EVENT
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Raumanga at Bernard St
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FIGURE 3-6 MODELLED AND GAUGED LEVELS AT RAUMANGA CREEK AT BERNARD ST 1 2011 FLOOD
EVENT

Otaika at Kay
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FIGURE 3-7 MODELLED AND GAUGED FLOWS FOR OTAIKA RIVER AT KAY i 2011 FLOOD EVENT
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FIGURE 3-8 MODELLED AND GAUGED LEVELS AT OTAIKA RIVER AT KAY 1 2011 FLOOD EVENT
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Waiarohia at Lovers Lane
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FIGURE 3-10 MODELLED AND GAUGED RATING CURVE COMPARISON AT LOVERS LANE GAUGE
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FIGURE 3-13 COMPARISON BETWEEN MODELLED FLOOD LEVEL AND SURVEY FLOOD LEVEL
2011 EVENT (UPSTREAM OF WHAREORA RD GAUGE)
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Legend
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FIGURE 3-14 COMPARISON BETWEEN MODELLED FLOOD LEVEL AND SURVEY FLOOD LEVEL i JANUARY
2011 EVENT (TOWNSHIP OF WHANGAREI)
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Legend
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FIGURE 3-15 COMPARISON BETWEEN MODELLED FLOOD LEVEL AND SURVEY FLOOD LEVEL 1 JANUARY
2011 EVENT (EAST OF OTAIKA VALLEY RD )
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4 DESIGN MODELLING

4.1 Overview

A hydraulic model (TUFLOW) of the Whangarei catchment (M01) was constructed to model overland flooding.
A range of storm durations were run and results for each Annual Exceedance Probability (AEP) event were
enveloped to ensure the critical duration was well represented across each part of the study area. The merged
results captured the maximum flood level and depth of the range of design event durations modelled.

Table 4-1 and the following sections detail the key modelling information used in the development of the
hydraulic model.

TABLE 4-1 KEY MODELLING INFORMATION

: NRC 1m Li DAR without filling of si

Terrain data . A
alignmentsd through embankments

Model type Direct rainfall model
Model build Build: 2020-10-AA-iSP-w64
e See Sections 4.2.1 and 4.2.4
Losses See Section 4.2.3
Boundaries See Section 4.2.4

Modelling solution
scheme

TUFLOW HPC (adaptive timestep)

Modelling hardware GPU

Modelling technique Sub-grid-sampling (SGS)
Model grid size 10m with 1m SGS

4.2 Model Parameters

A range of model parameters were adopted based on the calibration of the January 2011 event for Whangarei
catchment. Details of these are outlined below.

4.2.1 Rainfall Intensity -Duration -Frequency

Intensity-Duration-Frequency (IDF) tables were developed by NIWA through the High Intensity Rainfall Design
System (HIRDSV4)L. Design rainfall totals for durations from 10 minute up to 120 hours were developed for
design modelling and were developed at 179 rainfall gauge sites across the wider study area. The IDF tables
cover a range of magnitude events from 1 in 1.58 ARI through to 1 in 250 ARI along with climate change
predictions (Representative Concentration Pathway 4.6, 6 & 8.5) up to the year 2100. For this catchment,
eightrainfall gauges were used with a spatially weighted grid of rainfall totals created for design modelling.
Figure 4-1 shows the 12-hour cumulative rainfall grid for the 1% AEP event along with the rainfall gauge
locations used to create the grid.

1 Accessed via https://hirds.niwa.co.nz/
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FIGURE 4-1 EXAMPLE OF DESIGN RAINFALL GRID (12 -HOUR, 1% AEP RAINFALL) FOR M01
4.2.2 Design Rainfall Temporal Patterns

Design temporal patterns (rainfall hyetographs) were provided by NRC for design modelling. These were
developed as part of a previous project undertaken by Macky & Shamseldin (2020)2. The project aimed to
provide multiple design hyetographs and a better representation of rainfall variability across the Northland
region, replacing the single set of design hyetographs previously developed.

The HIRDS design temporal pattern is recommended for design modelling of Northland catchments?. Hence,
the design hyetographs for the rainfall gauges were developed using the rainfall IDF data at available rainfall
gauges for the catchment. Although a 12-hour hyetograph is suitable for design modelling for most Northland
catchments as suggested?, arange of durations were selected; including 1-hour, 6-hour, 12-hour and 24-hour
foreachof t he f ol L08wW2%regd 1% BEPG&csensure that the event critical duration was identified
across the catchment. The shorter durations were critical in the upper parts of the catchment, while the longer
24-hour durations were critical in the lower catchment, where flood volumes are generally the predominant
factor in generating peak flood levels.

Table 4-2 summarises the 1% AEP rainfall depth (based on IDF from HIRDSV4) for different event durations
at each rainfall gauge and Figure 4-2 shows the design cumulative rainfall across the different gauges for the
12-hour duration event. Considering a single temporal pattern is assigned (i.e. HIRDS hyetograph), the
proportional amount of rainfall applied through time for a given duration (e.g., 6-hour) is generally
consistent (as shown in Figure 4-2) across the catchment area.

2 Macky & Shamseldin (2020) - Northland Region-wide Hyetograph review
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TABLE 4-2 1% AEP DESIGN RAINFALL DEPTH

1% AEP (mm)

Gauge location
72 185 253 329

Hatea At Glenbervie Forest 546301
Hatea At Robert St 547338 64 151 199 254
Mangapai A54821 62 140 181 228
Maungatapere A54721 63 140 184 237
Waiarohia at NRC Water St 547339 67 151 198 252
Whangarei Harbour At Marsdenpt 548215 70 155 193 230
Whangarei Hospital A54734 66 149 197 254
Whangarei Whau Vly A54735 68 153 202 259
300 -
E 250 -
E
L
Q. 200 -
(]
©
©
‘€ 150 A
o
2
= 100 -
o
3
£
=1
O 50 -
0 T Ll T T Ll T
0 2 4 6 8 10 12
Time (hours)
—— Glenbervie_forest ——— RobertSt ~——— Mangapai Maungatapere
~——NRC_WaterSt —— MarsdenPt —— Whangarei_hospital ——Whangarei_whau

FIGURE 4-2 TEMPORAL PATTERN FOR DESIGN RAINFALL OF 12 -HOUR, 1% AEP EVENT

A climate change scenario (for the 1% AEP events) was modelled for the 2081-2100 timeframe, for the RCP
8.5. This is based on the increases in rainfall intensity of 35%, 30%, 26% and 22% respectively for 1-hour, 6-
hour, 12-hour and 24-hour duration events.

4.2.3 Losses

Mo d el cells were asdi geedf acMamouglgdes i) , initial
land use types and hydrologically important characteristics. Table 4-3 summarises the adopted roughness and
loss parameters. It should be noted these parameters were calibrated to a historic event where streamflow
gauges were present within the catchment. Figure 4-3 displays the roughness layer based on the land use
type, showing most land use is forest and grassland.
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TABLE 4-3 DESIGN MODEL PARAMETERS

Hydrological areas Land use types Initial loss (IL) 1 | Continuing loss (CL) 7
mm mm/hr
Upstream of Bernard St Forest 0.08 20 4
Grassland 0.05 20 4
Upstream of Whareora Rd | Forest 0.04 55 10
Grassland 0.02 55 10
Other areas within Forest 0.08 30 S
Whangarei catchment Grassland 0.05 30 5
Entire M13 catchment Cropland i perennial 0.04 20 2
Cropland i annual 0.04 20 2
Wetland i open water 0.04 0 0
Wetland i vegetated 0.05 10 1
Urban areas 0.08 5 15
Urban areas 2 0.02 5 1.5
Waterways 0.055 0 0
Waterways 2 0.035 0 0
Other 0.06 15 15
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4.2.4 Boundaries

As Whangarei catchment is an coastal catchment, a static tail-water (i.e. 1396 mm OTP) outflow boundary
based on the 2 year ARI tide level® at Marsden Point gauge was used at the Whangarei Harbour at Marsden
Point and a stage-discharge boundary (i.e. HQ) at the downstream of Mangapai River and the eastern side of
the Harbour was used for the design modelling. A a 1.2 m sea level rise was adopted for climate change runs
in line with the project brief. In the calibration modelling, the boundary at Marsden Point gauge was a tidal
boundary (i.e. type HT), using the tidal records during the event.

There is no upstream inflow coming from upstream catchments applied in this catchment model.

3 MWH, 2010 Priority Rivers i Flow Assessment, Sea Level Rise and Storm Surge, prepared for Northland
Regional Council
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5 MODELLING RESULTS

5.1 Modelled Result Processing/Filtering

Design modelling consisted of running the model for four storm durations (1-hour, 6-hour, 12-hour and 24-
hour) with the results enveloped for each design event (i.e. 1%, 2% and 10% AEP) to ensure the critical
duration was well represented across each part of the catchment. Each model run produced gridded results,
including depth, water surface elevation (WSE), hazard (Z0) and velocity. Several post-processing steps were
required to produce the final design modelling outputs. These are described as follows:

Step 1:

A The modelling results are firstly merged to produce a single data set for each AEP from the storm durations
modelled. For example, the flood depth output is produced by merging the depth results of the four
different durations within each AEP. This allows for the critical storm duration across each part of the
catchment to be represented (i.e. the short intense storms in upper reaches and longer duration storms
in the lower parts of the catchment).

Step 2:

A The maximum gridded results are then remapped to a finer DEM grid using the 5-m LiDAR data. This
allows the flood extent to be more accurately displayed on the map and the higher resolution gridded
results (i.e. same resolution as the 5-m DEM) to be produced.

Step 3:

A Finally, the remapped results are post-processed by filtering out depths below 100mm and puddle areas
less than 2000m? as agreed with NRC.

Figure 5-1, Figure 5-2 and Figure 5-3 respectively show the final post-processed flood depths, velocity and
hazard of the 1% AEP design event modelled for M13. Figure 5-4 shows the flood depth map zoomed in at a
township as an example. It is noted that the hazard classification is based on the following criteria:

TABLE 5-1 FLOOD HAZARD CLASSIFICATION

Hazard classification Hazard i VxD (m?/s)
Low <0.2

Low to Moderate 0.2t0 0.4

Moderate 0.4t00.6

Moderate to High 0.6t00.84

High > 0.84
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FIGURE 5-1 DESIGN MODELLING OF 1% FLOOD DEPTH
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FIGURE 5-2 DESIGN MODELLING OF 1% AEP FLOOD VELOCITY
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FIGURE 5-3 DESIGN MODELLING OF 1% AEP FLOOD HAZARD
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FIGURE 5-4 DESIGN MODELLING OF 1% AEP FLOOD DEPTH ZOOMED AT WHANGAERI
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6 VERIFICATION OF DESIGN FLOWS

Flow lines were included at gauge locations in the hydraulic model as 2D Plot Output (2D PO) for calibration
and design events. This allows flow hydrographs and peak flows to be extracted at these locations. Figure 6-
1 displays the location of streamflow gauges in the Whangarei catchment.

FIGURE 6-1 AVAILABLE STREAMFLOW GAUGES WITHIN WHANGAREI CATCHMENT

The modelled peak flow for the 1% AEP design flood was compared with hydrological estimates, including
FFA, rational method and SCS method, as well as observations from 2011 and historic maxima from
streamflow gauge records.

6.1 Flood Frequency Analysis

A Flood Frequency Analysis (FFA) was undertaken for streamflow gauging stations with at least 25 years of
record. The length of record for can affect the reliability of the FFA especially for the estimation of major flood
events (e.g. 1% AEP). The design flow estimates provided additional verification against the design hydraulic
modelling results. The streamflow gauging stations that were selected for FFA and the corresponding 1% AEP
flow estimates can be found in the Calibration Report (RO1).

The annual series (maximum streamflow values for each year of gauge record) were calculated and input into
FLIKE. FLIKE is a software package used for FFA and provides five different probability distributions for fitting
the historical records. Log Pearson Il distribution is commonly used across New Zealand and south east
Australia to fit streamflow records and was used for all gauges within the study area. The FFA results showed
that the probability distribution had a relatively good fit at all stations.
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