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1 Introduction 

The Hutt River has a long history of flooding. In 1898 the largest recorded flood in the valley’s history 

(2000 cumecs) led to the construction of the first major stopbanks to protect Hutt residents. Over 

the next 150 years intensive settlement and land use cleared the nearby hill slopes of indigenous 

vegetation and urbanised the floodplain confining the river to its present path. This has created a 

significant flood hazard for the growing Hutt Valley community with a number of substantial 

historical floods. In response to these floods structural measures in the form of stopbanks, rock 

linings, bank edge works, gravel extraction, and bed and beach re-contouring have formed the basis 

of the Hutt flood protection system (Wellington Regional Council, 2001).  

The New Zealand Climate Change Research Institute (NZCCRI) of Victoria University Wellington has 

commissioned the authors to model inundation depth and extent within populated areas of the Hutt 

Valley under different magnitude flood events. High resolution LIDAR was used and its coverage 

determined the area modelled which covers the Hutt Valley floodplain from the river mouth 

upstream to Birchville. This paper is divided into five sections. Section 1 provides a brief background 

on the Hutt River characteristics. Section 2 reviews previous work addressing flood inundation 

modelling on the Hutt River.  Section 3 identifies the data deficiencies and other barriers to applying 

established models in the region; creates digital elevation data and maps weak points in the Hutt 

River Flood Protection Scheme; contains a more general review of the international state of the art 

in inundation modelling; and presents a new, computationally efficient flat water inundation model 

suitable for the data-scarce Hutt River. Section 4 presents flood hazard maps to illustrate the results 

from this flood modelling. Section 5 presents a summary and conclusions. 

1.1 Hutt River characteristics 

The Hutt catchment area is 655km² and starts in the Tararua Ranges ending where the Hutt River 

enters Wellington Harbour. The main channel is 54km and is generally aligned with the Wellington 

fault and is influenced by both tectonic activity and significant human modification (Wellington 

Regional Council, 1995). Four main tributaries, the Akatarawa (116km²), Mangaroa (104km²), 

Pakuratahi (81km²), and Whakatiki (82km²) contribute flow. Land use in the catchment ranges from 

forest and scrubland in the upper hill and mountainous areas to agricultural, industrial, commercial 

and residential land uses in the lower portions. The Hutt River is hydraulically connected to the Hutt 

Aquifer and in the lower reaches flows across a broad alluvial flood plain formed during previous 

glacial periods (Wellington Regional Council, 1995). Precipitation varies across the catchment 

primarily due to orographic effects and is distributed relatively evenly throughout the year but with 

a maximum in winter. Mean annual precipitation varies from about 1,200mm a year in low lying 

areas to 5,000mm a year in some headwater areas in the Tararua Ranges (Wellington Regional 

Council, 1995). The Hutt River is gauged with flow recorders and meteorological stations throughout 

the catchment. Due to the high risk of flooding in the lower reaches a flood warning system has been 

established utilising rainfall-runoff models and telemeter recording stations. The catchment area is 

capable of producing an estimated probable maximum flood of 7000 cumecs, but with a return 

period of thousands of years is extremely unlikely (Wellington Regional Council, 2001). 

 



6 

 

Figure 1. The Hutt River catchment and sub-catchments. Area in grey displays LIDAR and thus modelling extent.  
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2 Review of existing work 

The Hutt River Floodplain Management Plan (2001) (HRFMP) is the main document for managing 

flood risk on the Hutt River. Other relevant reports for this study include Barnett Consultants (1993), 

BECA (1999), Pennington (1999), Robb (1992) and Wellington Regional Council (1999a). The design 

standard of 2300 cumecs (a 1 in 440-year flood) was chosen via a risk based approach. The main 

constraint to setting the design standard was the design capacity of Ewen Bridge (2300 cumecs). As 

part of investigations for the HRFMP, a hydrological model (Mike 11 and HYBRID) was used for 

assessing river channel capacity on the Hutt from its mouth to the beginning of the Hutt Gorge at Te 

Marua (Robb, 1992). A subsequent report by Montgomery Wilson (MW) (Pennington, 1999) 

reviewed, improved, and calibrated the models before running flood design simulations of 1900, 

2300 and 2800 cumecs to assess how the Hutt Flood Control Scheme would be affected. Results 

from these studies are summarised in Wellington Regional Council (1999a). Concurrently there is 

ongoing work on implementing non-structural measures as part of the Hutt River Environmental 

Strategy (Wellington Regional Council, 2001b).  

2.1 Stopbanks 

The current Hutt River stopbank was first constructed in 1903. Since then, the design standard for 

the stopbanks has varied considerably. In the 1950s there was an attempt to apply a consistent 

standard across the entire stopbank scheme and later a computer model was developed on the 

RIVERS backwater program to help design stopbanks and protection works. The model was revised 

after large floods in 1977 and again in 1992 as part of the HRFMP (Pennington, 1999). WRC divided 

the Hutt River into 15 reaches and assessed stopbank capacity by determining the maximum flows 

that can be passed through all reaches of a stopbank. This was based on cross section surveys taken 

every 100 meters over the period 1987-1990. The Hutt River Model was calibrated on two floods—

May 1981 (for the mouth to Birchville reach) and March 1990 (for the Birchville to Te Marua reach). 

The capacity of a section was defined as “the minimum flow that overtops either the left or right 

stopbank for a distance in excess of 100 meters” (Robb, 1992:42). The results from this study are 

summarised in Rob (1992:47). 

2.2 Bridges 

There are twelve bridges across the Hutt River between the mouth and Te Marua. Rob (1992:52) 

states “a bridge can cause failure of a stopbank system in two ways; either by constricting the flow 

to such an extent that the upstream stopbank is overtopped, or by undermining of the foundations 

and failure of the bridge due to scour. Flow through the bridges is constricted by piers and 

abutments resulting in head losses across the bridges, higher velocities and increased upstream 

water levels.” The accumulation of debris on bridge piers and soffit can further constrict flow and 

impact on upstream water levels. The headwaters of the Hutt are forested and only 45km away 

therefore large amounts of debris can accumulate during a flood (Robb, 1992). In this way the 

performance of a bridge during a flood can be assessed by its effect on backwater and likely scour 

depths around the bridge foundations.  

The most recent study investigating bridge performance was prepared by the consultancy 

Montgomery Watson (MW) for WRC (reference Pennington 1999). WRC supplied the model (Mike 
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11), which was developed within the RIVERS backwater program. Pennington (1999) reviewed, 

improved, then calibrated the model before running design simulations of 1900, 2300, and 2800 

cumecs. The Mike 11 model was run to obtain the bridge downstream levels, which were used in 

HYBRID to produce upstream levels as well as flow surface profiles (Robb, 1992). As shown in 

Table 1, the Kennedy Good and Melling bridges exhibited no choking behaviour under any of the 

three design situations. All other bridges choked the flow in at least one of the events modelled with 

the Ava Bridge most at risk as flood waters reach the soffit in all three design events. The cases 

where river level reached the bottom of a bridge are highlighted. The HYBRID “flag” refers to the 

water surface profile of the flow through the bridge and are defined as follows (Pennington, 1999): 

Flag 1 = Flow unchoked by piers or superstructure  

Flag 2 = Flow choked by piers 

Flag 3 = Flow choked by superstructure, free outflow 

Flag 4 = Flow choked by superstructure and piers, free outflow 

Flag 5 = Flow choked by superstructure, drowned outflow 

Flag 6 = Flow choked by superstructure and piers, free outflow 

Flag 7 = Flow choked by piers, bridge submerged by downstream level 

Flag 8 = Flow choked by piers, bridge submerged by pier choking 

Table 1. Flood peak levels upstream of bridges from Mike 11 and HYBRID (Wellington Regional Council, 1999b) 

Bridge name Top of 
handrail (m) 

Bridge 
soffit (m) 

1900 peak 
(m) 

2300 peak 
(m) 

2800 peak 
level (m) 

HYBRID flag 
(respectively) 

Totara Park 
Moonshine 
Silv. Road 
Silv. Rail 
Pomare 
Kennedy G 
Melling 
Ewen 
Ava 
Estuary 

69.4 
55.5 
39.3 
40.5 
None 
17.3 
10.7 
8.2 
6.1 

None 

66.7 
52.3 
37.2 
38.5 
30.0 
15.2 
9.42 
6.50 
4.10 
4.20 

65.21 
51.34 
36.65 
35.95 
25.95 
11.21 
7.84 
5.53 
4.32 
2.11 

65.69 
52.09 
37.11 
36.41 
26.56 
11.63 
8.44 
6.02 
4.79 
2.37 

66.24 
52.90 
37.61 
37.03 
27.20 
12.10 
9.10 
6.57 
5.32 
2.72 

2, 2, 4 
2, 2, 4 
4, 4, 8 
2, 2, 2 
2, 2, 2 
1, 1, 1 
1, 1, 1 
1, 5, 3 
1, 5, 3 
1, 2, 2 
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2.3 Weak points in the Hutt River Flood Control Scheme 

The following section is compiled from information contained in Pennington (1999) and Robb (1992). 

It defines branches of the Hutt River with potential overtopping points in the flood protection 

system under different flow and return period floods. Tables 2, 3 and 4 summarise the likely impacts 

of different design flows on flood defences at different locations along the Hutt River. 

Table 2. Summary of various probability floods and details where the Hutt River Flood Control Scheme is affected 
(Robb, 1992) 

Flood 
event 
probability 

Return 
period 
(years) 

Description Previous 
floods 
(since 1931) 

50% 2 -  Pipe Bridge (Akatarawa) capacity flow Potential for 
debris to build up all along the soffit 

Numerous 

20% 5 -  Silverstream Road Bridge capacity flow Potential for 
debris to build up all along soffit 

- Pipe Bridge (Akatarawa) no-debris capacity reached 

1971 
Mar 1990 

 

13.3% 7.5 - Ava Rail Bridge capacity flow potential for debris to build 
up all along the soffit. 

- Lowest points on the Ewen Bridge soffit begins to trap 
debris 

Aug 1991 

10% 10 - Flood waters reach Market Garden and Electricity Sub-
station near Mills Street 

1948 
1955 

Jan 1980 
Dec 1982 

6.6% 15 - Floodwaters are over southern end of Fergusson Drive 
but are returned to river by railway embankment. 

- Lowest points of the Moonshine Bridge soffit begin to 
trap debris 

1962 
May 1981 

5% 20 - Floodwaters reach the lower lying buildings of St. 
Patricks College Silverstream 

- Floodwaters begin to flood properties in Akatarawa 
Road and Bridge Road. 

- Lowest points of Akatarawa Bridge soffit begins to trap 
debris 

- State Highway 2 is overtopped in the reach south of the 
Mangaroa confluence  

1931 
 

3.3% 30 - Ewen Bridge capacity flow Potential for debris to build 
up all along soffit 

- State Highway 2 is overtopped just upstream of 
Silverstream Bridges and at the point just before the 
road rises to the Maoribank corner 

 

2.5% 40 - Floodwaters begin to overtop the flood control scheme 
downstream of estuary bridge (assuming mean sea level 
at mouth) 

- Ava Rail and Silverstream Road Bridge no debris capacity 
- Lowest points on both Estuary and Silverstream Rail 

Bridge soffits begin to trap debris 

1939 

2% 50 - Flow is over the Eastern Hutt Road near the DSIR 
paddocks, Silverstream 

- Flooswaters reach some residential properties in 
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Hathway Ave, Heretaunga 
- State Highway 2 is overtopped between Moonshine 

Bridge and Masefield Street 
- Both Moonshine and Akatarawa Bridge capacity flows. 

Potential for debris to build up all along the soffit 
- The Pipe Bridge is overtopped  

1.3% 75 - The stopbanks between Ava Rail and Ewen Bridge begin 
to overtop 

- Lowest points on Melling Bridge soffit begin to trap 
debris 

- Silverstream Rail Bridge capacity flow Potential for 
debris to build up all along the soffit 

 

1% 100 - Floodwaters reach into the Manor Park station carpark 
- Floodwaters are over the full extent of Fergusson Drive 

between St. Patricks College and Silverstream Bridges 
- Water flows into Kiwi street area at Heretaunga 
- Lowest points on Totara Park Bridge soffit begin to trap 

debris 

 

0.66% 150 - The stopbank between Moonshine Bridge and the road 
entrance to Poets Park is overtopped 

- Estuary Bridge capacity flow  Potential for debris to build 
up all along the soffit 

 

0.4% 250 - Melling Bridge capacity flow Potential for debris build up 
all along soffit 

- Floodwaters begin to overtop the stopbank between 
Ewen and Kennedy-Good Bridge. The entire lower flood 
control scheme (below Kennedy-Good) is now 
overtopped 

- State Highway 2 is underwater between Silverstream 
and Moonshine Bridges 

 

0.2% 500 - Ewen and Akatarawa  Bridges no-debris capacities 
- Floodwaters flow into the Belmont residential area at a 

point opposite Avalon T.V studios 
- Floodwaters flow into Manor park residential area 

 

0.1% approx. 
1000 

- Pomare Bridge capacity Potential for debris to build up 
all along soffit 

- Floodwaters flow into Belmont over the southernmost 
500 metres of stopbank 

- Floodwaters flow over the Eastern Hutt Road near the 
Stokes Valley intersection 

- State Highway 2 is underwater between Moonshine and 
Totara Park 

 

0.04% approx. 
2500 

- Fllodwaters overtop the Totara park stopbank upstream 
of Maoribank 

- Melling and moonshine Bridges no-debris capacity 

 

0.035% approx. 
3000 

- 1950s Scheme Review Design Discharge   

0.017% approx. 
5000 

- Floodwaters overtop the right stopbank downstream of 
Totara Park Bridge 
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Table 3. Sections of flood defences vulnerable to overtopping defined by reach 

Section Description, flow (m3/s), and cross section (XS) 

Mouth to Estuary Bridge (1.4km) - Flow overtops stopbanks at 1600m3/s. 
- True left stopbank is overtopped between XS 0050-XS 0060 
- True right stopbank is overflowed between XS 0070-XS 0090 
 

Estuary to Ava Rail Bridge (1.2km)  
 

- Flow overtops stopbanks at 2200m3/s. 
- True right stopbank is overtopped between XS 0170-XS 0190 
 

Ava Rail to Ewen Bridge (1.1km) 
 

- Capacity of stopbanks is 2800m3/s.  
 

Ewen to Melling Bridge (1.3km) 
 

- Flow overtops stopbanks at 2100m3/s. 
- Both stopbank overflow between XS 0270 –XS 0390 
 

Melling to Kennedy-Good Bridge 
(2.4km) 
 

- Flow overtops stopbanks at 2200m3/s. 
- At 1200m3/s water will flow into market garden and 
electricity substation 
- At 1700m3/s water will flow into some low lying residential 
areas in Hathaway Avenue. 
- See note 
 

Kennedy-Good to XS 0820 (1.7km) 
 

- Flow overtops stopbanks at 2200m3/s in XS 0770 
- Flow overtops stopbanks at 2400m3/s in XS 0680 to XS 0730 
 

Pomare Rail to Silverstream 
Bridges (3.2km) 
 

- At 2300m3/s the right stopbank will be overtopped from XS 
1100 to XS 1160 and flow will get into Manor Park. 
 

Silverstream Bridges to Moonshine 
Bridge (4.2km) 

- At 1400m3/s water will flow over Fergusson Drive and the 
lower lying buildings in St Patricks College between XS 1420 
and XS 1490. 
- At 1900m3/s flow will be over Fergusson Drive from the 
Silverstream Bridge to XS 1490 and between XS 1540 and XS 
1570 into the kiwi street area. 
- State Highway 2 will be overtopped just upstream of 
Silverstream Rd at 1600m3/s. 
 

Moonshine to the Whakatiki 
Confluence (1.5km) 

- State Highway 2 is overtopped upstream of Moonshine 
Bridge at a flow of 1700m3/s. 
 

Totara Park to Birchville (2.6km) - Upstream of Maoribank the right stopbank is overtopped at 
2500m3/s at XS 2380 to XS 2400. 
- State Highway 2 is overtopped at 1400m3/s at XS 2230 to XS 
2240. 
 

Note: At the Melling to Kennedy-Good Bridge section there are proposed works to bring the level of 

protection up to 2800m3/s. Construction is due to start in October 2010 and will be completed by 

June 2013. For more details see Wallace (2010). 
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Table 4. Sections of flood defences vulnerable to overtopping defined by design flood 

Design 
flood 
(m3/s) 

Area Description and cross section 

1200 - Melling to Kennedy-Good Bridge - Water flows into market garden and electricity 
substation. 
 

1400 - Silverstream Bridges to 
Moonshine Bridge 
 
- Moonshine to the Whakatiki 
Confluence 
- Totara Park to Birchville 

- Water flows over Fergusson Dr and lower lying 
buildings in St Patricks College at XS 1420 to XS 
1290. 
- State Highway 2 is overtopped upstream of 
Moonshine Bridge. 
- State Highway 2 is overtopped at XS 2230 to XS 
2240. 
 

1600 - Mouth to Estuary Bridge 
 
 
- Silverstream Bridges to 
Moonshine Bridge 

- True left stopbank and true right stopbank 
overtopped at XS 0050 to XS 0060 and XS 0070 to XS 
0090.  
- State Highway 2 will be overtopped just upstream 
of Silverstream Rd. 
 

1700 - Melling to Kennedy-Good Bridge 
- Moonshine to the Whakatiki 
Confluence 
- Pomare Rail to Silverstream 
Bridges 

- Water will flow into some low lying residential 
properties in Hathway Ave. 
- State Highway 2 is overtopped upstream of 
Moonshine Bridge. 
- The Eastern Hutt Road floods at XS 1360 and XS 
1370. 
 

1800 - Whakatiki to Totara Park Bridge - State Highway 2 is overtopped upstream of 
Moonshine Bridge 
 

1900 - Pomare Rail to Silverstream 
Bridges 
 
- Silverstream Bridges to 
Moonshine Bridge 

- The Manor railway carpark will begin to flood. 
- Water flows over Fergusson Dr between the 
Silverstream Bridge and XS 1490. 
- Water flows into the Kiwi St area between XS 1540 
and XS 1570. 
 

2100 - Ewen to Melling Bridge 
 
- Silverstream Bridges to 
Moonshine Bridge 

- Both stopbanks overtopped between XS 0270 to 
XS 0390. 
- Large length of State Highway 2 is covered from 
Silverstream Bridge to Moonshine Bridge. 
 

2200 - Estuary to Ava Rail Bridge 
 
 
- Melling to Kennedy-Good Bridge 
- Kennedy-Good to XS 0820 
 
- Whakatiki to Totara Park Bridge 
 

- Right stopbank overtopped into Shandon Golf 
Course between XS 0170 and XS 0190. 
Flow overtops stopbanks at XS 0520 and XS 0460. 
- Water flows into Belmont residential area at XS 
0770. 
- State Highway 2 is overtopped upstream of 
Moonshine Bridge to XS 1840. 
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2300 - Ewen to Melling Bridge 
 
- Pomare Rail to Silverstream 
Bridges 
 

- Stopbanks are overtopped at XS 0370 and XS 0390. 
- The right stopbank will be overtopped from XS 
1100 to XS 1160 and flow will get into Manor Park. 

2400 - Kennedy-Good to XS 0820 
 
- Pomare Rail to Silverstream 
Bridges 

- Water flows into Belmont residential area at XS 
0680 to XS 0730. 
- The Eastern Hutt Road floods at XS 1180 and XS 
1190. 
 

2500 Totara Park to Birchville - Upstream of Maoribank the right stopbank is 
overtopped between XS 2380 and XS 2400. 
 

2800 Whakatiki to Totara Park Bridge - Downstream from Totara Bridge the stopbank will 
be overtopped. 
 

Note: At the Melling to Kennedy-Good Bridge section there are proposed works to bring the level of 

protection up to 2800m3/s. Construction is due to start in October 2010 and will be completed by 

June 2013. For more details see Wallace (2010). 

2.4 Flood hazard maps 

Figures 2 and 3 show the areas and inundation depths from a 1900, and 2300m3/s-1 flood event. The 

maps were created using shapefiles supplied by Wellington Regional Council (WRC) and are included 

here as a comparison to the flood maps in Section 3 of this report. It should be noted that the WRC 

maps were generated on the assumption that none of the currently installed protection works fail. 

More areas could be at risk if breaches occur in specific locations. The WRC floodplain management 

plans list the likely consequences of several stopbank breaches (Wellington Regional Council, 2001). 
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Figure 2. Inundation of the Hutt Valley from the 1900m3/s-1 flood. This map was generated from a shapefile supplied 
by WRC. 
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Figure 3. Inundation of the Hutt Valley from the 2300m3/s-1 flood. This map was generated from a shapefile supplied 
by WRC.
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3 Flood and inundation modelling 

The following outlines the methodology and results from the flood and inundation modelling. The 

methodology first describes the steps taken in creating digital elevation model (DEM) data from 

LIDAR information and delineation of the Hutt River shapefile before outlining model development 

and assumptions. This is followed by generated inundation maps under 1900, 2300, and 2800 cumec 

flood events. It is important to note that there was very limited information available, and significant 

assumptions had to be made (as outlined in the caveat to this report and Appendix 1). Further, we 

did not have the resources available to ground-truth the inundation maps. Results must therefore be 

treated as illustrative only. The concluding section of this report (Section 5) summarises some of the 

information and steps that would be required to generate more robust inundation maps using 

similar methodologies. 

3.1 Methodology 

3.1.1 Checking and creating data 

(a) Digital Elevation Model (DEM) Processing 

DEMs were produced in ESRI ArcMap using the Spatial Analyst extension. 1m grid resolution, 5m grid 

resolution and 10m grid resolution DEMs were produced by Inverse Distance Weighting (IDW) 

interpolation using 12 points with a variable search radius of 2m, 20m, and 100m. The DEMs 

produced from the 100m search radius produced a coverage that contained values for every cell 

within the extent of the point coverage and therefore provides a continuous layer that is void of no 

data values. However, the interpolation of points 100m from an actual data source can produce 

considerable uncertainty of an interpolated value. To provide a spatial extent of this uncertainty the 

DEM output with a 2m search radius was converted to a polygon shapefile. This produced a mask of 

areas where point data densities were considered to be sufficient to provide a realistic interpolated 

elevation value. This extent was buffered every 2m to provide a layer that visually represents areas 

of increasing uncertainty. With statistical analysis this layer could provide values associated with this 

uncertainty. 

The final DEM used for flood inundation modelling work was the 5m grid resolution version and 20m 

search radius version. Visual interpretation of the LIDAR point coverage against the above 

mentioned mask layer suggested this provided the most adequate and appropriately resolved 

representation of surface elevation. However, this was a visual interpretation that had no statistical 

support. Statistical calculation of the extent of interpolation error compared to the above mentioned 

mask layer would help quantify this. Further, it is important to note that LIDAR data, although 

significantly enhancing our ability to resolve topographical data, is subject to various errors in its 

collection and processing. As we did not have resources to ground-truth the elevation data, it is 

probable a number of significantly erroneous elevation values are present in our DEM. Such data 

artefacts may significantly affect the inundation areas we later calculate. Spurious “barriers” in 

elevation could potentially lead to areas at risk of inundation not being identified, or underestimated 

elevations could lead to protected areas being falsely identified as flood-prone.  
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(b) Hutt River shapefile 

For the modelling process a shapefile of the Hutt River channel was required. A polygon of the Hutt 

River was manually created by digitising channel width from aerial photographs from 2008 supplied 

by Wellington Regional Council (WRC). In the photographs thick vegetation often obscured the 

channel edge and therefore the channel was digitised slightly wider than appears in the photographs 

to be sure that the entire channel was represented in the model. The Hutt River shapefile covers the 

LIDAR extent provided by WRC. 

3.2 Inundation model description 

Flood plain inundation modelling for the Hutt River was complicated by the presence of very limited 

data. For example, there was no information on stage-discharge characteristics at flood flows, there 

were no roughness coefficients available, and we were also not able to obtain information on 

potential transfers of water between surface and subsurface sources (e.g. drainage network 

capacities, soil permeability, capacity for groundwater flooding). We had a limited area of high 

resolution (LIDAR) topographical data, and so were only able to model that limited area of the Hutt 

Catchment. Even this sub-area of the Hutt Valley is too large for detailed modelling without 

significant expenditure of resources (significant labour hours and supercomputing resources) well 

beyond the scope and available funds of this project. 

We developed a computationally efficient, parsimonious raster-based algorithm for simulating 

flood/sea level inundation. The flat-water basis of the algorithm requires only elevation data, flood 

runoff data or sea level rise, in contrast to the data intensive requirements of models simulating the 

physical dynamics of flood water inundation. 

This inundation model was used to assess the depth and velocity of floodwaters for a range of flood 

volumes between 1500 and 3500 cumecs (measured at the Taita Gorge gauge). We modelled the 

inundation with two scenarios, one with current stopbank specifications, and one with all stopbanks 

improved to contain floods of 2300 cumecs. For flood volume scenarios where significant 

overtopping of stopbanks occurs, the water spilled into the flood plain from the Hutt River will more 

than fill all available depressions. We therefore also modelled the additional effects of inundation 

and increases in flow velocity from large flood events that significantly exceed stopbank 

specifications. This velocity modelling in particular is only conceptual (respecting mass balance but 

otherwise based on empirical relationships) and would need significant refinement before it could 

be used as a robust guide for planning purposes. 

3.3 Review of flood inundation models 

Flood inundation occurs in a spatial domain when the flow rate of water volume entering a region is 

significant greater than the flow rate of the water volume leaving the region (Taylor, Walker, & Abel, 

1999). In the absence of historical observations, distributed models have been introduced to 

quantitatively estimate the extent and volume of flood inundation. This type of models can range in 

complexity from simply intersecting a plane representing the water surface with DEMs to give the 

flooded area to full three-dimensional solutions of the Navier-Stokes equations with sophisticated 

turbulence closure (Hunter, Bates, Horritt, & Wilson, 2007).  
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Flood Inundation Models (FIMs) usually describe the river channel and floodplain as a series of cross 

sections perpendicular to the direction of flow. However, the task to appropriately determine the 

cross section characteristics and locations is not always straightforward, while areas between cross 

sections are not explicitly represented (Merwade, Cook, & Coonrod, 2008). In addition, complicated 

FIMs have significant computational costs and are less well suited to parameterisation with 

traditional cross sectional surveys (Powell, Letcher, & Croke, 2008). As such, methods for modelling 

flood inundation should be reliable, require reasonable computational expense and input data, and 

capable of providing the hydraulic information in an appropriate format and level of detail (Beven, 

2001). 

The continued development of tools for predicting flood inundation and extent has as a result the 

existence of models of different structure and complexity. Generally, physically-based inundation 

models have showed advantage to empirical models; however, their application requires the 

availability of high quality quantitative parameterisation data, in particular topography and hydraulic 

properties, while it usually comes with computational cost (or burden).  

Real-time forecasting problems require computationally efficient models; hence simple one-

dimensional wave equations or approximations are usually in favour. However, two-dimensional and 

three-dimensional models are preferred for design and planning studies where no computational 

requirements are set. The literature identifies several one-dimensional (i.e. MIKE 11, ONDA, HEC-

RAS among others), two-dimensional (i.e. RMA-2, TELEMAC-2D, MIKE21 among others), and three-

dimensional (i.e. TELEMAC-3D, FLOW 3D, CFX among others) physically-based models used to 

simulate flood flows over floodplains for floodplain development and asset protection. 

Although floodplain flow is clearly a two-or-higher-dimensional phenomenon, overbank flow can still 

be treated using one-dimensional models (Ervine & Pender, 2005). One-dimensional models 

simulate water depth using full and simplified solution of the 1D St. Venant equations at each cross 

section. The water surface elevation is further reprojected onto a DEM to calculate the inundation 

extent. For example, (Ervine & Macleod, 1999) applied a one-dimensional inundation model in the 

lower River Thames, UK using the full solution of the 1D St. Venant equations (both channel and 

floodplain routing). The area was discretised using a series of cross sections (1000 cross sections to 

define the channel/floodplain geometry) perpendicular to the flow direction. (Werner, 2001) and 

(Horritt & Bates, 2001) used an interpolation method to generate inundation extent and water 

depths from predictions of a 1D code. The interpolation approximated the flood wave as a plane 

which was further intersected with the DEM to give inundation extent and water depths. However, 

the method was criticised since a lack of mass conservation under a planar approximation would 

mean that areas that are not hydraulically connected to the channel are predicted as flooded (P. D. 

Bates, 2005).  

Other one-dimensional methods include regression analysis to predict the flooded areas. For 

example, an empirically-based inundation model was used by (Townsend & Walsh, 1998). The 

authors used several models representing potential wetness and potential flood inundation surfaces 

as generated from elevation data using grid and network analyses. Regression models which relate 

the flood elevation to river position and floodplain location were used to derive the potential 

inundation surfaces. A similar approach was followed by (Overton, 2005) who developed a flood 

inundation model for the Murray River, Australia, allowing the integration of non-spatial river flow 
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models with the extent of flood inundation. The author further linked using empirical relationships 

the flood dynamics to ecological response in of form of habitat preference curves. 

Two-dimensional models typically treat in-channel flow with some form of the 1D St. Venant 

equations, but treat floodplain flows in a 2D domain using storage cell codes, full solutions of the 2D 

St. Venant and shallow water equations. For example, the full solution of the two-dimensional St. 

Venant equations with turbulence closure was used by (Paul D. Bates, Anderson, Baird, Walling, & 

Simm, 1992). The authors discretised the floodplain using finite difference an elements methods. (P. 

D. Bates, et al., 1998) extended this work by using a two-dimensional finite element model for flood 

inundation simulation in conjunction with a DEM of the channel and the floodplain surface. This 

approach allowed the water depth and depth-averaged velocity to be computed at each 

computational node at each time step. In a more resent study, (Zhang, et al., 2003) used a GIS-based 

inundation model based on the “micro-zonation” concept for flood risk assessment. This concept 

assumes that the entire floodplain is divided into numerous unit areas (grids). The dynamics of 

inundation flow on lowland areas were modelled as a shallow flow where the velocity distribution is 

integrated over the vertical direction; hence a two-dimensional hydraulic model was applied. (Dutta 

& Herath, 2003) used an integrated distributed model for urban flood risk analysis. The flood 

inundation model was a two-dimensional physically based distributed hydrological model which uses 

the diffusive wave approximation of Saint Venant’s equations (Dutta, Herath, & Musiake, 2000). The 

governing equations for flow propagation in different components were solved using the Newton-

Raphson finite difference scheme. Similar methodology was followed by other studies (i.e. (Kim, et 

al., 2007) and (Kang, 2009) among others). 

Two-dimensional storage cell models have also been used to estimate the flood inundation extents. 

For example, (Estrela, 1994) used the Manning and weir-type equations to describe the channel and 

floodplain routing of the 250km2 Jucar River, Spain. Similarly, (Romanowicz, Beven, & Tawn, 1996) 

used the same equations to describe the channel and floodplain routing in the Culm River, UK. The 

river was split into channel and single cells representing the floodplains. In another case study, (P. D. 

Bates & De Roo, 2000) described the channel routing using the one-dimensional kinematic wave 

(solved using explicit finite difference procedure); however, the Manning equation was used for 

floodplain routing (see also, (Hunter, Horritt, Bates, Wilson, & Werner, 2005) and (Horritt & Bates, 

2002)).  

Three-dimensional models usually use the 3D Reynolds Averaged Navier-Stokes (RANS) equations or 

the 3D shallow water equations for relatively short river-floodplain reaches (less than 5km). 

However, only a few examples (see (Stoesser, Wilson, Bates, & Dittrich, 2003) and (Shao, Wang, & 

Chen, 2003) among others) of such applications exist since these approaches require immense 

computational resources. 

3.4 Flat water inundation modelling 

A flat-water approach, requiring only input water volumes or flows, boundary information and 

topographical data is suitable for catchments where detailed hydraulic and hydrological data are not 

available. Such models are computationally cost effective. However, the literature contains only a 

limited number of studies using a flat-water approach for flood inundation. 

(Zerger, 2002) and (Zerger, Smith, Hunter, & Jones, 2002) developed a flat-water inundation model 

to estimate the coastal storm-surge risk in Cairns, Australia. Although the authors do not provide any 
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further information about the algorithm, simulated results were approved for use to prioritise 

evacuation zones, emphasising the algorithms perceived validity by decision makers. The 

inundations levels were modelled in a range from 0 to 15m by systematically increasing (in 0.5m 

increments) the water level based on the elevation data. (Chen, Hill, & Urbano, 2009) developed and 

evaluated a GIS-based urban flood inundation model (GUFIM) in two urban areas in the USA. The 

authors used the maximum surface runoff volume as input to assess the worst case scenario. The 

water distribution was initiated from a collection of routing-start-points (raster-based discretisation), 

which were chosen based on experimental threshold values of flow (1% of highest flow 

accumulation). The routing procedure iteratively increased water depth of the selected grids and 

simultaneously expanded water to the surrounding grids. The water level increased as a linear 

function of water surface elevation and region’s maximum elevation; hence water level increments 

varied in space. (Wang, Wan, & Palmer, 2010) presented a water level calculation process for the 

assessment of optimal flood protection levels in urban flood risk management. The flooded region of 

London and Thames Estuary was identified based on a flat-water flood spreading model which 

calculated water levels based on Manning’s equation; hence, roughness had to be specified. The 

flood was spread by searching regions of connectivity from the source of overflow to low-lying areas. 

However, the process of formed flood storage was related to the volume of flood flow and drain 

capacity in the flooded area. The code was finalised when the flood volume was balanced by the 

flood level held in the flooded region. 

Changes in flooded regions due to sea level rise caused by climate change are commonly assessed 

using flat-water inundation models. For instance, (Huang, Zong, & Zhang, 2004) produced isohyets of 

water surface elevation to identify flooded areas after a 30 cm sea level rise in Hong Kong. (Marfai & 

King, 2008) implemented a 120 and 180cm sea level rise inundation within a GIS framework. The 

authors do not provide details about the algorithm; however it is implied that the sea level rise was 

used as a threshold to identify the flooded extent without checking for connectivity between the 

grids. 

Overall, these raster-based flat-water models can be applied in data sparse regions where most 

inundation models cannot, and have lower computational cost; however, they do have a number of 

severe limitations. Flat-water models do not explicitly represent the dynamics of the system caused 

by energy transfer due to (e.g.) gravity and friction (mass conservation is the governing equation), 

which effects flood extent. A further limitation of papers presenting flat water inundation algorithms 

to date is that they only allow water spreading from one source (or breach), and no “off the shelf” 

models (whether commercial or free) seem to be obtainable.  

We developed a parsimonious flat-water inundation model capable of representing the flood 

spreading from multiple breaches to overcome this limitation, while achieving efficient performance 

within reasonable run time and hardware requirements. As with most flood inundation modelling, 

the spatial resolution of the topographic information available provides a fundamental limit to the 

resolution of the results. A 5m by 5m digital elevation model was used to drive the model, and 

therefore the resolution of the output is also 5m by 5m. The user can identify breaches along the 

river, and hence routing-start-points, and associate each breach with an ID and runoff volume value 

(breaches are usually sorted from upstream to downstream). The model iteratively allows water to 

exit the river through these breaches. It treats each breach point individually, starting from the most 

upstream breach point and iterating through to the lowest. Water is routed to lower elevation 

points and spreads to fill depressions, assuming the sum of elevation (topography) and ponded 
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water are “flat”. At the end of each iteration, the water level and water surface elevation rasters are 

stored and set as initial states for the next iteration (next breach water spreading). A height of water 

is specified as a boundary condition at all coastline grid points. We explored the effects of sea level 

rise of up to 2m but found that to have an insignificant effect on low return period flood inundation 

results because such floods inevitably led to significant riverine-sourced inundation in coastline-

threatened areas anyway. Our final simulations therefore assumed current average harbour water 

levels. Although it is outside the scope of this project, the model could be used to explore impacts of 

sea level or storm surge inundation independently of river flooding effects. 

The model did not consider water exchanges with the surrounding catchment; for instance, direct 

precipitation, evapotranspiration losses, and subsurface contributions to the floodplain groundwater 

from adjacent hillslopes. This would be required to make the model results robust rather than 

indicative. This inundation model was used to assess the depth and velocity of floodwaters for a 

range of flood volumes between 1500 and 3500 cumecs (measured at the Taita gorge gauge). We 

modelled the inundation with two scenarios, one with current stopbank specifications, and one with 

all stopbanks improved to contain floods of 2300 cumecs. The assumed boundary conditions 

significantly affect the estimation of flood extent and levels; in this application, it is assumed that 

water that reaches the boundaries goes directly to the sea, since the latter has an infinite area and 

the extra sea level rise is assumed negligible. 

3.5 Velocity modelling 

The above describes inundation modelling results in flood water inundation depths over the 

catchments. Although it ignores dynamics and there are many simplifications and assumptions made 

about water transfers, the overall approach used would be robust for estimating water depths if 

boundary conditions and transfers (e.g. drainage capacity etc) could be better defined. However, 

velocity estimates were also required by the RiskScape model for economic analysis of the cost of 

floods. . For flood volume scenarios where significant overtopping of stopbanks occurs, the water 

spilled into the flood plain from the Hutt River will more than fill all available depressions. We 

therefore also modelled the additional effects of inundation and increases in flow velocity from large 

flood events that significantly exceed stopbank specifications. 

In the absence of information on roughness, it was only possible to do very speculative, empirical 

estimation of average velocity. Mass balance constraints are used at each breach point; and 

volumetric fluxes of water conserved as water moves radially out from the breach locations 

(considering depth as well as area). This creates a mass consistent velocity estimation conserving the 

volume and energy due to the fluxes of breached water. Two additional velocity terms were added 

to take account of a) the gravitational force acting on water (with a Darcy velocity estimation 

evaluated over the catchment) and an empirical exponential relationship between velocity and 

depth to account for kinetic energy effects. It is very important to consider these calculations as 

indicative (or speculative) only.  
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4 Flood maps 

 

Figure 4. Inundation of the Lower Hutt near Melling Bridge from the 1900m3/s-1 flood. Areas flooded where the 
depth was less than 0.01m are not shown. Note the pixilation evident in this figure is an artefact of the 5x5m 
digital elevation raster data used as input to the inundation model. 
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Figure 5. Inundation of Lower Hutt near Melling Bridge from the 1900m3/s-1 flood. Areas flooded where the velocity 
was less than 0.08m/s-1 are not shown. Note the pixilation evident in this figure is an artefact of the 5x5m 
digital elevation raster data used as input to the inundation model.  
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Figure 6. Inundation of the Hutt Valley from the 2300m3/s-1 flood. Areas flooded where the depth was less than 
0.01m are not shown. 
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Figure 7. Inundation of the Hutt Valley from the 2300m3/s-1 flood. Areas flooded where the velocity was less than 
0.08m/s-1 are not shown. 
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Figure 8. Inundation of Lower Hutt near Melling Bridge showing difference in flood depth between the 2300 and 
1900m3/s-1 floods. Areas flooded where the difference in depth was less than 0.1m are not shown. Note the 
pixilation evident in this figure is an artefact of the 5x5m digital elevation raster data used as input to the 
inundation model.  
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Figure 9. Inundation of the Hutt Valley from the 2800m3/s-1 flood. Areas flooded where the depth was less than 0.01m 
are not shown. 
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Figure 10. Inundation of the Hutt Valley from the 2800m3/s-1 flood. Areas flooded where the velocity was less than 
0.08m/s-1 are not shown. 
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Figure 11. Inundation of the Hutt Valley showing difference in flood depth between the 2800 and 2300m3/s-1 floods. 
Areas flooded where the difference in depth was less than 0.1m are not shown.
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5 Summary and conclusions 

This report first provided a brief background on the Hutt River characteristics, its propensity for 

flood and its flood protection measures (Section 1). Previous flood inundation modelling efforts 

undertaken on the Hutt River were reviewed in Section 2. In Section 3, available data and possible 

modelling approaches were considered, and a new, computationally efficient, parsimonious raster-

based algorithm for simulating flood/sea level inundation was developed. This was used to produce 

indicative flood inundation depths and extent within populated areas of the Hutt Valley under 

different magnitude flood events. We had a limited area of high resolution (LIDAR topographical 

data, and its coverage determined the area modelled which covers the Hutt Valley floodplain from 

the river mouth upstream to Birchville.  

The flat-water basis of the algorithm requires only elevation data, flood runoff data and sea level, in 

contrast to the data intensive requirements of models simulating the physical dynamics of flood 

water inundation. However, even this parsimonious approach was complicated by the presence of 

very limited data. Most importantly, there was no information on stage-discharge characteristics at 

flood flows and the volumes of water we allowed to “breach” the river banks under selected floods 

are in effect only somewhat educated guesses. We consider this to be the most fundamentally 

limiting issue in this study. We were also not able to obtain information on potential transfers of 

water between surface and subsurface sources (e.g. drainage network capacities, soil permeability, 

capacity for groundwater flooding).  

This inundation model was used to assess the depth and velocity of floodwaters for a range of flood 

volumes between 1500 and 3500 cumecs (measured at the Taita Gorge gauge). For flood volume 

scenarios where significant overtopping of stopbanks occurs, the water spilled into the flood plain 

from the Hutt River will more than fill all available depressions. We therefore also modelled the 

additional effects of inundation and increases in flow velocity from large flood events that 

significantly exceed stopbank specifications. No roughness coefficients were available, and so again 

we were forced into making significant assumptions. This velocity modelling respected mass balance 

but was otherwise based on empirical relationships. It would need significant refinement before it 

could be used as a robust guide for planning purposes. Section 4 presents flood hazard maps to 

illustrate the results from this flood modelling, although it must be stressed that these are indicative 

only due to the above-mentioned limitations. 
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7 Appendix: Key caveats and assumptions to note 
regarding the modelling 

 There is no current information on the relationship between flood volume and the actual 

amount of water that would be spilled over various stopbanks once their design level has been 

exceeded. We assumed that for smaller floods, only some of the excess water would in fact spill 

over the stopbanks, whereas for very large floods, all excess water spills over stopbanks. More 

detailed observations and modelling of stage-discharge relationships would be necessary to 

produce more robust results. 

 We did not have resources to ground-truth the elevation data, so it is possible that some 

significantly erroneous elevation values are present in the LIDAR-derived elevation information 

(DEM) used to drive our flood inundation model. Such data artefacts may have significantly 

affected the inferred at-risk inundation areas. Spurious “barriers” in elevation could potentially 

lead to areas at risk of inundation not being identified, and underestimated elevations could lead 

to protected areas being falsely identified as flood-prone.   

 Our modelling approach is robust in determining the area that could be flooded under a given 

design flood event and the static depth of inundation. Our approach is limited when it comes to 

determining flood velocities especially for very large floods, and the resulting changes in local 

depths associated with currents that form along flow paths. Both the flood velocities and 

inundation depths, and the estimated damages, for floods in excess of 2300 cumecs should 

therefore be treated with caution. This modelling was undertaken as a component within a 

project to illustrate a risk-based approach to decision making under climate change, it is not 

intended to serve specific planning purposes. 

 We only modelled the consequences of stopbank breaches and resulting flooding from the Hutt 

River. We did not attempt to model flooding of minor streams, e.g. the Waiwhetu stream, nor 

did we attempt to model in detail flooding of the stormwater system, or the interaction of flood 

waters from the Hutt River with the stormwater system. To fully understand flood risk in the 

Hutt Valley, all those points would need to be considered but would require a study that is 

outside the scope of our approach. 

 Due to limited high resolution topographical coverage, we did not model inundation upstream of 

the entrance of the Stokes stream into the Hutt River, nor any downstream inundation that 

could due to breaches of stopbanks upstream of this point. 

 We considered the effects of sea level rise only in a static fashion, that is, with rising sea level 

representing an increasing boundary level for the flood plain. We did not model dynamic 

impacts such as implications for the flow at the Hutt River mouth, or structural implications such 

as rising water tables. 

 We used 1-hour peak floods to model impacts. In reality, flood peaks are not sustained 

consistently for 1 hour. Typically we would expect the time near peak to be less, which could 

result in overestimates in particular of flood velocities. However, it has also been noted by 

Wellington-based flood engineers that certain flood events on the Hutt River are sustained at 

large flow rates for well over an hour.  


