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Figure 6.0 Canterbury, the Banks Peninsula and the city of Christchurch.
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6.1 Introduction

In this chapter Christchurch’s populations, land uses and trends 
will be analysed to develop approaches to the spatial organisation 
of decentralised wastewater wetland systems in the urban 
environment. The landscape architect’s realm of expertise includes 
an understanding of spatial concepts and relationships at varying 
scales. Perhaps the greatest contribution the landscape profession 
can make to the collective understanding of the potential for urban 
wastewater wetlands is a spatial representation of the requirements 
for these wetlands and how they work with other landscape 
systems. It is a complex problem that in practice would require 
several teams of specialists from different disciplines compiling 
and analysing data to come up with precise recommendations. 
In the dynamic time of writing, almost two -years after the 
devastating earthquake, the City of Christchurch continues to 
revaluate, restructure and re-plan. Therefore some decisions have 
been made based on abridged information or draft documents 
in order to move this study and following redesign forward. This 
chapter synthesises existing technical and demographic data and 
applies it to a spatial representation of the city, to form a basis for 
the location and feasibility of a clustered network of wastewater 
wetlands.

The following approach evaluates three landscape imperatives in 
Christchurch: population density, open space and environmental 

conditions. Population density is 
evaluated to develop an indicative 
approach in determining the 
catchments of a clustered 
(distributed) wastewater network 
across the city. The existing 
open spaces are analysed to help 
determine the opportunities they 
present for siting wastewater 
wetland. Environmental 
conditions, such as hydrological 
and geologic systems are also 

Population 
Density

Environment

Open Space

evaluated to determine site suitability in terms of resilience and 
safety. This analysis will inform a redesign in Chapter 7 which will 
applies technologies of HSFCW wetlands and other sustainable 
wastewater pathways explored in Chapter 4 to the redesign of 
Christchurch.

6.2 Population density

Because the recent earthquakes have displaced many of the city’s 
residents, its population is a difficult thing to measure. Population 
data existed pre-earthquake but with the out-migration of many 
people immediately after the quakes, and with the designation of 
the residential red-zone which has deemed around 8000 properties 
unsuitable for repair, the pre-earthquake population projections are 
redundant. New projections have been made and these projections 
will be described in brief in order to understand future trends and 
relationships between the populations, land use and wastewater 
infrastructure. 

Population data in Christchurch is generally measured by two 
means, counting individuals or counting households. The average 
number of people per household in Christchurch is 2.7 (UDS 
2007). Since most of the data in Chapter 4 refers to individuals, 
as this data is transferred to data referencing the number of 
households, the average figure of 2.7 people per household (p/hh) 
will be used.

For this thesis the population of Christchurch will be assessed 
using residential zones and household density per hectare (hh/ha) 
as determined by the zones, then multiplying those households by 
the average occupancy of 2.7 to get total populations. Christchurch 
has 12,012 ha of living zones broken up into 5 categories (Fig 6.2). 
These zones are represented by high, medium and low densities. 
In the context of Christchurch, low density is 10 hh/ha, medium 
density is 17 hh/ha and high density is 25 hh/ha, (Rimmer 2011). 

Living Zone 1 (L1) and the Hills Zones associated with the Port 
Hills residential areas are low density. These zones are generally the 
outer urban areas of Christchurch such as Belfast and Cashmere. 

Figure 6.1 Landscape imperatives for 
wastewater wetlands.
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Figure 6.2 Living zones
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There are 9,913 ha of L1 zones accommodating 267,651 people or 
99,130 households and nearly 70% of the population.

Living Zone 2 (L2) is considered to be medium density and 
is characterised by the inner suburbs of Christchurch such as 
Sydenham and Linwood. There are 1,136 ha of L2 zones in 
Christchurch accommodating 52,142 people or 19,312 households 
and approximately 14% of the population.

Living Zones 3, 4 and 5 (L3, 4 &5) are high density living zones 
existing mainly in the inner city and CBD. There are 963 ha of L3, 
4 & 5 accommodating 65,002 people or 24,075 households and 
approximately 16% of the population.

The location of these different densities is significant because this 
will determine the location of clustered wastewater treatment 
facilities and their attached boundaries. This approach could be 
replicated in other urban environments by adapting the variables to 
suit the population distribution factors of other cities. By applying 
this model to Christchurch we can determine the population is 
384,795 (Fig 6.3).

The 2006 census revealed that there were 348,435 people in 
Christchurch City (including Banks Peninsula) plus an additional 
76,500 people in the whole of the Waimakariri and Selwyn Districts 
with a total sum of 424,935 people in these three districts known 
collectively as the Greater Christchurch Area (GCA) (Fig 6.4). 
Statistics NZ estimated the population of Christchurch city to be 
376,700 in 2010 and to increase to 424,000 by 2031. The annual 
percentage change was predicted to be 1%. 

The Urban Development Strategy (UDS 2007) is a joint effort by 
ECan, the Christchurch City Council, Selwyn District Council, 
Waimakariri District Council, the New Zealand Transport 
Agency and Te Runanga o Ngai Tahu. It projects a population 
increase of 135,000 by 2041 in the GCA. However the physical and 
psychological effects of the earthquake have skewed the data and 
adjustment to the UDS predictions are being made. 

Figure 6.3 Population of Christchurch based on living zone densities.

A draft of the Greater Christchurch Household Projections 
2011-2041 (2011) was prepared for the  UDS partners and the 
Christchurch Earthquake Recovery Authority (CERA). This 
document examines UDS data and applies it to four post-
earthquake scenarios; rapid recovery, quick recovery, moderate 
recovery and slow recovery. The moderate recovery scenario 

Figure 6.4 The Greater Christchruch Area (GCA).
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Figure 6.5 Population projections in Christchurch pre and post-earthquake.

shows that initially, Christchurch city will lose 4% of its population 
(14,400 people (p), 5300 hh). It will then grow by 11% of the UDS 
growth rate predictions for the 2011-2016 period (1890 p, 700 hh), 
increasing to 35% for the 2016-2021 period (8,532 p, 3,160 hh) and 
finally reaching 100% of the UDS predicted growth rate for the 
period of 2021-2041 (78,408 p 29,040 hh). This scenario indicates a 
net loss of 18,690 households (50,463 p) from the UDS by 2041.

Using the data provided by the UDS and Market Economics, the 
rate of growth of Christchurch City is expected to be .8% a year for 
the next 30 years (Fig 6.5). The population’s will shift dramatically 
after the change in zoning of around 8000 properties (Beca 2012). 
This population shift is being addressed by a rapidly developing a 
post-earthquake plans and revaluation of the UDS.

This population shift and growth is significant to this thesis because 
it demonstrates how the populations are changing, instigating 
a need to rethink the city’s wastewater network. It also provides 
an incentive to examine new ways of conveying and treating 
wastewater while presenting opportunities to implement pilot 
projects in existing neighbourhoods and greenfield developments.

6.3  Greenfield developments

The urban limit of Christchurch is defined by the Canterbury 
Regional Policy Statement. Prior to the earthquakes this document 
identified rural land that could be used to meet future housing 
demands. These demands have been accelerated due to the red 
zoning of residential areas in Christchurch. In October 2011 the 
document was amended to include chapter 12A which provides 
direction for growth in Christchurch in the light of the Canterbury 
earthquakes and subsequent residential displacement. It indicates 
key areas of greenfield development and the policies and direction 
for these developments (Fig 6.6).

The City Council and CERA have worked to ensure that there is 
sufficient land for housing by rezoning rural land for residential 
use according to the Canterbury Regional Policy Statement. These 
decisions will provide sections for over 20,000 households in 
coming years. Currently subdivision consent has been granted to 
24 new developments allowing access to 1,754 sections. Many of 
these developments are for a small number of sections however 
some developments represent a significant increase in medium 
density (at least 15 hh/ha) housing such as Wigram skies at 286 
sections and the Marsham Road development at 392 sections. In 
addition there are 17 future residential development involved in the 
subdivision consent process. These future  residential developments 
generally represent large scale development of thousands of 
sections. Several of these developments are at advanced planning 
stages.

These greenfield developments present several new opportunities 
and problems relevant to wastewater. New connections to the 
existing systems often require upgrades to the street sewers. There 
is potential for each new development to manage its wastewater 
on site with wetlands; however the benefits must be manifold. A 
hypothetical case study of how a proposed greenfield development 
could use wastewater wetlands and other IWRM techniques be 
carried out in Chapter 8.
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Figure 6.6 Proposed direction of growth.
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6.4  Environmental conditions

Christchurch is built on top of alluvial deposits. It was never 
thought of as earthquake prone until a “ghost” fault deep below the 
alluvial deposit ruptured in September 2010. This has significantly 
changed the face of Christchurch. Structures were not the only 
things damaged; land as well suffered significant damage due to 
sinking, lifting and liquefaction of the earthquakes of 2011. In 
March 2011 the national government appointed the Christchurch 
Earthquake Recovery Authority (CERA) as the key authority 
in the decision making, planning and recovery responses to the 
earthquakes. CERA has since classified Christchurch into several 
technical categories according to the stability of land (Fig 6.5). 
This new classification changes the face of Christchurch’s planning 
process and presents several opportunities for redevelopment, 
redistribution of population and creation of new open spaces. Red 
zones are not to be rebuilt, white zones are yet to be determined 
and green zones are areas suitable for repair. Within the green 
zones there are also technical categories relevant to the stability of 
land.  

Residential Red Zone 
The residential red zones are land areas that have “been so badly 
damaged by the earthquakes that it is unlikely it can be rebuilt on 
for prolonged periods.” (CERA 2012) The criteria for defining areas 
as residential red zone are:

•	 There	is	significant	and	extensive	area-wide	land	damage;
•	 The	success	of	engineering	solutions	may	be	uncertain	in		
 terms of design, its success and possible commencement,  
 given the on-going seismic  activity; and
•	 Any	repair	would	be	disruptive	and	protracted	for	land		
 owners” (CERA 2012).

A large swathe of land along the eastern stretches of the Avon 
River has been zoned red, this was the site chosen for the design 
experiment in Chapter 2. The recent land zoning decisions of June 
2012 put the number of insured red zone residential properties at 
7,500 (CERA 2012). This number is expected to grow to around 

8000 total red-zoned properties representing a significant shift in 
population (Beca 2012).

Technical Categories
Christchurch’s land that has not been zoned red or white has been 
given one of three technical categories. These categories are defined 
by the degree of potential for future liquefaction-related land 
damage and while houses can still be repaired/constructed on these 
land categories the new technical zoning may require more robust 
foundations or site specific design.

These technical categories have significantly changed property 
values but have not necessarily changed the populations of the 
different technical zones. Some TC3 property owners want out of 
their properties immediately and are selling them at fire-sale prices. 
Many investors are picking up these TC3 homes at land value, then 
turning around and renting them for a profit (McDonald 2012). 
For the purpose of this spatial analysis we can infer that the zoning 
and populations of all zones aside from the residential red zones 
shall remain at post-earthquake levels.

6.5 Watersheds

As stated in Chapter 1, the scope of landscape planning has in 
recent years become focused on river basins and watersheds 
especially in IWRM systems (Jamieson & Fedra 1996, Loucks 
et al 2005). Water basins are used as decision support criteria in 
many disciplines including ecology, hydrology, architecture and 
planning (Jamieson, Fedra 1996). Many of Christchurch’s original 
water bodies have been drained and buried to make way for urban 
development but their old boundaries can still be seen in historical 
maps and in most cases direct the drainage paths of Christchurch’s 
wastewater conveyance system.

When the first British colonial settlers arrived in Canterbury 
around 1840, present day Christchurch was a landscape of dry 
lands, wetlands and coastal dunes. The wetlands of Christchurch 
were heavily used by Maori people who visited from the greater 
settlement of Kaipoi and Port Levy (Koukourarata) to gather kai 
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Figure 6.7 Technical Categories.
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Styx River

Avon River

Heathcote River

Waimakariri River

Scale 1:150,000 @ A4

Figure 6.8 Christchurch's aquifers, watersheds and main surface waters.
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Figure 6.9 Open space and urban fabric
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Figure 6.10 Open space typologies.
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(food). The wetlands around the Avon River (Ōtākaro) were once 
rich in eels and birds with mostly low stature plants such as flax 
(harakeke, Phormium tenax) and bulrush (raupo, Typha orientalis). 
There were only three small tracts of native forest left, only one of 
which remains today known as Riccarton Bush. 

In 1847 the London based Canterbury Association appointed 
Captain Joseph Thomas as surveyor of a new settlement. “His 
orders were to select and survey a site, prepare for the arrival of the 
first settlers, and to make a map of the land held for the Association 
from which settlers would be able to choose their own sites.” When 
Thomas realized his preferred site in present day Lyttelton would be 
too expensive to develop, he chose instead to place the site on the 
swamps of what is present day Christchurch.

The main surface waters of Christchurch are the spring-fed 
Heathcote River, Avon River and Styx River. The Waimakariri 
River is a large braided river that marks the northern edge of 
Christchurch. Beneath the city are vast amounts of groundwater 
that supply the city’s municipal drinking water. This groundwater 
is stored in confined, unconfined or semi-confined aquifers. In the 
unconfined and semi-confined aquifer there is potential for surface 
water and wastewater to contaminate the groundwater. However 
in the confined aquifer zones the risk of cross contamination is 
minimal.

For the purposes of this thesis the watersheds of Christchurch’s 
main surface waters will be considered as guidelines to form 
boundaries and drainage strategies of wastewater systems (Fig 
6.8). The underlying and simplified logic for this decision is that 
topography dictates the flow of water and by using watersheds the 
energy needed in wastewater conveyance and effluent dispersal can 
be minimised thus meeting sustainability criteria.

6.6 Open space 

Christchurch city covers a total of 455.43 km2 of land, which can be 
divided up into two simple typologies, open space and the urban 
fabric (Fig 6.9). The urban fabric comprises all the business, living 

and special use zones and is 44% of the city with a total of 200.39 
km2. The open spaces include all rural, conservation, recreation etc. 
zones comprising 56% of the city with a total of 255.04 km2. These 
open space typologies are broken up into three basic categories: 
rural, conservation and open space zones (Fig 6.10). 

The rural zones cater to activities primarily reliant on rural 
resources such as farming and agroforestry. They include parts of 
the Port Hills, Styx – Marshlands area and the airport exclusion 
zone. There are 18,363 ha of rural zones comprising 72% of 
Christchurch’s open spaces. CCC planning rules could allow 
existing rural zones to be used for both wastewater wetlands and/or 
as land application areas for treated wastewater.

Conservation zones are areas of diverse scenic, ecological and 
heritage significance. They include the coastal margins and botanic 
garden. There are 3,061 ha of conservation land comprising 12% 
of Christchurch’s open spaces. Conservation zones are sensitive to 
modification and intensive public use. CCC planning rules dictate 
that they may be suitable for land application of treated wastewater 
but are unlikely to be suitable zones for wastewater wetlands.

Open space zones are areas within the city set aside primarily 
for recreation. There are a total of 4,080 ha of open space zones 
comprising 16% of the Christchurch’s open spaces. They are the 
parks and reserves within the city. There are essentially three types 
of open space zones.

Open Space 1 (OS 1) zones are the pocket parks and small 
open spaces up to 2 ha that service local neighbourhoods and 
communities. Planning rules could be interpreted to allow these 
small parks to be enhanced by wastewater wetlands and they could 
also receive treated wastewater for irrigation / land application.  

Open Space 2 (OS 2) zones are parks greater than 2 ha in size and 
facilitate informal and formal recreation activities. The planning 
rules for these zones again could allow for the implementation of 
wastewater wetlands and the lands could receive treated effluent as 
irrigation / land application. 
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Open Space 3 (OS 3)zones are classified in several sections but 
are generally large publicly and privately owned facilities such as 
golf courses and agribusiness parks. As part of the public / private 
nature of these zoning rules they are ideally suited to receive treated 
wastewater for irrigation / land application and could also be used 
to site wastewater wetlands. 

The CCC Public Open Spaces Strategy 2012 – 2040 (POSS) 
(CCC4 2010) is a document developed alongside the UDS 
that outlines strategies to provide adequate open spaces for a 
growing Christchurch. The Strategy’s objectives are to increase 
the accessibility and quality of open spaces within the urban 
environment. It highlights the need to design a better network 
of interconnected open spaces and outlines strategies such as 
enhancing the links between open spaces through the use of 
roadways, waterways and rural zones. It also recognises the values 
of open space in regard to carbon sequestration, biodiversity and 
cultural values.  The Strategy allocates open space requirements 
on a 1ha/1000 people ratio. It determines that all residents of 
Christchurch should have access to open spaces, approximately 
2500 m2 in size within 400 m of their homes. A study carried out 
by Abby Transportation Consultants on behalf of the City revealed 
that swaths of urban areas are deficient in open spaces (CCC4 2010) 
(Fig 6.9). The POSS includes a concept plan on how its objectives 
can be achieved (Fig 6.11).

Wastewater treatment wetlands could provide solutions to achieve 
some of the Strategy’s objectives. HSFCW wetlands can act as open 
space as they are safe enough to be sited next to a playground or 
as part of a street network and could enhance the biodiversity, 
visual amenity, connectivity and cultural values while providing 
an effective infrastructural service to the community. This analysis 
of open space when coupled with the technical requirements for 
these wetlands which requires 6m2 per person, demonstrates that 
to treat the wastewater of 1000 people 6000m2 would be required. 
If applied solely to Christchurch city’s open space requirements of 
1 ha per 1000 people, wetlands would form 60% of the open space 
requirements. The spatial implications and design opportunities of 
this and other scenarios will be explored further in Chapter 7.

6.7  Business, special use and cultural zones

In this thesis, the urban fabric is any urban space that is not zoned 
open space, comprises the living, business, special use and cultural 
zones. The primary concern of this thesis is the conveyance and 
ecological treatment of all residential black and grey waters and 
the outputs of business and industry has not been analysed. It is 
assumed that with the introduction of a new conveyance system 
infiltration will be eliminated, significantly decreasing the amount 
of wastewater received relative to current volumes at the CWTP. 
An assumption is made that any effluent of business and industry 
can be catered for in the final design of clustered systems. These 
inputs will actually be beneficial in terms of solid inputs for 
energy generation (Bourke 2012). Also, increased awareness of 
and education regarding the value of water will result in decreased 
water use  from all sectors and will allow for greater capacity in 
treatment systems to support business and industrial inputs.

6.8  Results

As Christchurch’s populations migrate from the east, further and 
further from the CWTP, a rethink of the city’s wastewater network 
is required (Bourke 2012). This includes storm, black and grey 
water systems. New greenfields developments are being approved 
rapidly on the city’s margins. While these new developments are 
necessary to meet the needs of a rapidly changing Christchurch, 
solutions on how to deal with increased and displaced sources of 
wastewater have yet to be developed.  The analysis in this chapter 
explores the spatial opportunities for a landscape of ecological 
wastewater treatment infrastructure in a clustered configuration. 
The application of this analysis to the spatial requirements and 
theoretical approaches to this green infrastructure will be further 
detailed in Chapter 7. The following results bring together the 
sustainable wastewater pathways explored in Chapter 3 and applies 
that technical data to this chapter’s spatial analysis. 

In a clustered conveyance system wastewater must be conveyed 
to a central point for primary treatment. The conveyance systems 
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Figure 6.11 Open space deficiencies. (CCC4 2010)
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Figure 6.12 Open space Concept. (CCC4 2010).
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identified in the sustainable wastewater pathways model were 
vacuum and pressure sewage systems. Vacuum sewers require a 
vacuum pump every few blocks while pressure sewage systems 
require a grinder pump at every household connection. These 
conveyance systems were identified as being resilient to ground 
movement while eliminating infiltration and reduced construction 
and maintenance costs. Anaerobic digesters were identified as 
a preferred technology for provide primary treatment. The area 
requirements of anaerobic digesters are negligible. They are lofty 
and can protrude some three-stories into the air, but part of the 
tanks can be buried. 

Data for the requirements of an anaerobic digester with the 
potential to produce enough methane for viable energy use shows 
that the wastewater inputs of 10,000 people can generate 40 kw of 
useable energy. In this analysis the catchment has been set at 20,000 
people, double the minimum. This decision was made to increase 
the energy producing capacity of the systems, minimise the 
number of clustered systems required in the city thus simplifying 
the management of those systems. It should be noted that there is 
potential to double the number of catchments while still producing 
a usable amount of methane gas.  

For secondary treatment a large land area is needed for HSFCW 
wetlands which require an area of 6 m2 p/p. This is approximately 
half the size of a parking spot. Finding sufficient area for this 
requirement is one of the greatest challenges of this thesis’s 
questions. Design techniques and application of wetlands in 
different scenarios will be explored further in the next chapter 
but at this analysis stage it is important to note that a wastewater 
catchment of 20,000 people would require a wetland area of 12 ha.

Christchurch’s public open space strategy outlines the need for 
increased and enhanced open spaces and the utilisation of green 
streets as hybrid open spaces that better link existing open spaces 
and provide amenity for residents within a 400 m walk. This 
strategy is perhaps the key to developing a concept of wastewater 
wetlands within an existing urban framework. The open space 
requirements are 1ha/1000 people and at present, if the assumed 

population of 384,795 were weighed against the open space 
allocation of 4080 ha, it would seem that this requirement has been 
met. However, as seen in Figure 6.8, large areas of open space exist 
far from the living zones on the margins of Christchurch city and 
the requirement to have sufficient open space within proximity to 
residential areas has not been met. This is shown in Figure 6.11. 
There is potential for wetlands to aid in the allocation of new 
open spaces, the “greening” of streets and corridors that link open 
spaces while performing several practical and ecological functions. 
The CCC encourages all new open space and drainage systems to 
consider six values; ecology, landscape, recreation, heritage, culture 
and drainage (CCC2 2010). With intelligent design of wastewater 
wetlands these values can all be incorporated into the creative 
allocation of space that uses ecology to provide an essential urban 
infrastructural services. 

To determine an indicative approach to siting these clustered 
systems, many factors have to be considered suiting the scale 
and arrangement of elements in the sustainable wastewaters 
pathways diagram (Fig 3.11). A catchment size of 20,000 people 
has been established across the three different housing densities 
in Christchurch’s living zones.  Because densities are different in 
each Living zone the sample catchment diameter varies in size. The 
catchment circles of Christchurch’s populations are 3 km in L1, 2.2 
km in L2 and 1.75 km in L 3, 4 and 5. This approach also consider 
water sheds, potential areas of growth, existing open spaces, open 
space deficiencies and post-earthquake land rezoning to provide an 
informed basis of support for the allocation of land to wastewater 
wetlands.
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Figure 6.13 Indicative approach to wastewater catchments in a clustered configuration.






