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Abstract: 
 

This case study of Auckland, New Zealand, examines an alternative method of water 

supply. Centralized water utility networks supply the majority of water to all municipal 

sectors. Increased population and an outdated and failing distribution system mean water 

shortages and restrictions are becoming more frequent occurrences for the cities around the 

world. The uncertainty of water resiliency must be brought into question regarding the future 

supply of water for Aucklander’s who are becoming increasingly subject to restrictions 

placed on water use. This study looks at rainwater harvesting as an alternative method of 

water supply to the failing centralized system. Water supply, obtained from flow data 

provided by the utility, indicate seasonal water use patterns. GIS analysis of each distribution 

zone in Auckland provides a clear analysis of each structure’s roof area. Runoff Data 

compiled from 70,834 structures suggests that runoff from precipitation events would be 

sufficient to fully replace centralized supply in months of higher rainfall. Partial offsets of ≥

75% were also simulated in 5 of the 7 distribution zones studied. The correlation between 

roof area + runoff produced and water supplied from the utility is also examined to determine 

the best zone for implementing this alternative approach.  
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Introduction 
 

As populations worldwide rapidly increase, and migration patterns suggest large 

numbers of population movement to urban areas (An Bdour et al., 2009), we must answer the 

question of freshwater scarcity. Along with this population data trend, the planet is 

experiencing unprecedented climate change events, unpredictable weather patterns, and 

conflict over natural resources. Due to these scenarios, many regions around the world are 

experiencing severe droughts and uncertain rainfall events. A question over whether public 

utilities can continue to supply these growing populations with freshwater under such 

strenuous sequences of events exists. 

 A case study of Auckland, New Zealand, suggests that these questions need to be 

answered soon to avoid such widespread disaster. During the winter months of the year 2020, 

where dam levels are usually highest, Watercare Services- Auckland’s primary water supply 

utility- announced a dire situation regarding the level of freshwater reserves in many of its 

reservoirs. Dams within the Hunua and Waitakere Ranges located to the Southeast and West 

of the city were at 43% capacity during May. Compared to data from the same month in  

2018, the dams’ capacity was close to 87% (an extra 41,493,916m3) [Watercare, (n.d.)]. This 

massive dam storage fluctuation highlights Auckland’s future problems with increased urban 

growth and uncertain rainfall events. Auckland Council has predicted that the population 

serviced by the metropolitan service lines will also increase by 800,000 over the next 35 
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years (Watercare, 2020). Therefore, it is crucial to implement alternative, resilient water 

supply methods to keep pace with an increased demand for water within the city. This 

research will examine the challenges that face Auckland regarding urban water scarcity and 

provide a viable alternative to centralized water distribution. 

Research Questions 
 

The primary intention of this research is to present a framework of results conducive 

to a resilient supply of water to the Auckland population. Questions devised from this 

statement include: 

 

• How much water is being supplied to different trunk networks within 

Auckland, and whether there are fluctuations in seasonal water consumption? 

• Is there a correlation between water consumption and average roof area? 

• Can rainwater harvesting methods employed at a district scale reduce the 

demand for a centralised supply? 

 

 

 

 

 

 

 

Literature Review 
 

Many regions worldwide face water scarcity and complications surrounding the 

distribution of water from a centralized system. First, a look into water scarcity in Asia shows 

the scope of water shortages and its impact on a large population. Public perceptions 

regarding the uptake of Earth’s natural resources are also examined to better understand the 

social constructs surrounding water availability. It is also crucial to understand the history of 

a centralized water supply network and where the system’s flaws originate. A case study of 

the United Kingdom examines these systems. Potential solutions that offer alternative 

supplies of water are examined to highlight their effectiveness.  



 

The study assessing the impact of climate change on water scarcity reported that, 

when using a WCI (Water Crowding Index) as a method of calculation under certain 

calculated climate models, South Asia and East Asia will see 52-1460 million and 0-506 

million people exposed to water scarcity respectively. This accounts alone for 1-18% and 0-

6% of the global population exposed to water scarcity due to climate change events globally 

(Gosling, 2016). It poses how reliant populations should become on a public or private utility 

service to meet their water demand. 

A social construct is also held among populations in the developed world that water is 

a free, abundant resource. Minimal understanding of consumption habits and the effects of 

continued depleted sources are widely misunderstood. This leads to an unhealthy dependence 

on a continued supply of water from public utility services. Because of this mentality, we are 

seeing a decline in Earth’s supporting ecosystems. An economy separated from the 

environment is the primary factor for freshwater availability fluctuations. The National 

Political Party in New Zealand also champions an economy over environment philosophy by 

proposing a potential $600 million (NZD) scheme to allow them to target 98% of fresh 

flowing water that is not currently being captured- for use in areas experiencing shortages 

(Infrastructure New Zealand, 2020). This scheme not only highlights the current situation of 

water shortages experienced within the country, but instead emphasizes the perception that 

water is simply a commodity- taken from the environment and profited off.  

Three decades ago, in 1992, the U.N. Conference on Environment and Development 

was held. Contributing were 127 senior government officials from which the Rio Declaration 

was devised, comprising 27 principles for Sustainable development (Rio Declaration, 1992). 

Noted in principle ‘4’, “In order to achieve sustainable development, environmental 

protection shall constitute an integral part of the development process and cannot be 

considered in isolation from it.” Highlighting the need for sustainable development and the 

integral part that the environment must play in decisions was key. However, in 2020 it seems 

that the degradational social construct towards the environment still exists. Governments are 

willing to place the economic value of capturing water for a city’s population use over the 

environment. 

The dependence on a centralised institution for water supply is not pertinent to 

Auckland alone. The United Kingdom has also relied on this water distribution method in 

urban and rural areas since commercial networks became available in the early 19th century. 

These networks were used to supply manufacturers and provide for fire protection systems. A 

socio-technical evolution of drought and water demand in England and Wales report notes 



 

that droughts are not natural events, but rather a ‘produced scarcity.’ Analysing periods of 

water scarcity within the U.K. between 1893 and 2006 showed varied differences between 

causation. Privatisation of water supply in 1989 separated water management from 

regulation. This allowed individual supply companies to allocate investment within the 

organization’s framework- independent of local regulations. This resulted in areas that 

recorded 40% of water lost to leakages within the distribution infrastructure. Little motive 

was made to fix these ‘losses,’ warranted by the fact that water was considered as ‘relatively 

cheap’ (Taylor et al., 2009). This ultimately influenced successive ‘produced’ droughts. 

Homogeneous data recorded by Auckland’s water supply network shows a link between 

these so-called ‘produced scarcity’ events. Relatable ‘losses’ in water are displayed as 

percentages of water supplied within distinct trunk distribution lines. Two distribution 

polygons incorporating multiple central Auckland suburbs unveil losses of above 30% of 

water labelled as ‘non-revenue water’ within the past three consecutive years. 

It is evident that throughout history, a centralised utility network has struggled to 

maintain a constant and sustainable supply of water. The impacts of a growing urban 

population and uncertain weather events highlight future issues surrounding the current 

freshwater supply method. Analysis of a new approach to achieve water resiliency, which 

takes away from a heavy dependence on governmental infrastructure, is imperative to 

Auckland city’s continued growth and the reduced negative impacts imposed through water 

consumption restrictions.  

Rainwater harvesting 

(RWH) has been a method of supply 

for millennia. However, since the 

industrial revolution, populations 

have relied on a singular and flawed 

network. Urban areas that employ 

RWH consist of collection, storage, 

and treatment. Rooftops and other 

on-site impervious surfaces capture 

the water and divert it to a storage 

location. Uses include non-potable 

sources, e.g., toilet flushing, 

laundry, garden irrigation. Other 

uses can be achieved with a higher 



 

level of filtration system installed in conjunction with the harvesting components. All uses 

aim to reduce water consumption from centralised networks  (A. Ghaffarian Hoseini et al., 

2019) suggest that non-potable uses account for 80-90% of global overall household demand. 

Conventional systems capture rainfall from roofs and divert it through a series of gutter and 

downspouts, where it is stored in a tank to be used for non-potable uses. Flush diverters and 

filtration screens are also present to control the quality of water captured. 

Methodology 
Study Area  

The focus area surrounding the research will be Auckland City. Auckland lies on an 

isthmus that connects the northern and central parts of the North Island in New Zealand. With 

a population of 1,571,718 ‘usual’ residents calculated from the 2018 census, along with an 

estimated average annual increase in the population of 1.86% reported by the U.N. World 

Urbanization Projects- proving an upward trend. With a limited and outdated distribution 

network of water supply zones, and significant fluctuations in annual water supply metrics, it 

seems relevant that such a city should focus on research questions to reduce the negative 

impacts felt from a fragile water supply network

Figure 2 Map of inner suburb Auckland 



 

 

Methods 
Secondary data sources were the main method of gaining knowledge to better 

understand the research questions’ scope and offer evidence to suggest a switch in water 

supply strategies. Watercare services- the infrastructure management organization controlled 

by Auckland Council, is the main source of data. Interactions exchanged with their Water 

Quality Specialist highlight current distribution ‘zones’ and supply data. These statistics fall 

under the category of longitudinal data as the supply of water measured in cubic meters was 

measured monthly over 3 years. Precipitation data recorded from weather stations operated 

by the National Institute of Water and Atmospheric Research will be used to determine the 

amount of rainfall in the distribution zones. GIS analysis of the roof structures within the 

study area of Auckland will be used to determine the most effective RWH zone. From this, 

runoff from roofs will be calculated to determine the amount of water collected compared 

with supply data. Comparing these types of measures will give an overview of the potential 

to offset water supply from the centralized utility. Similar work performed by Courtney 

Crosson in Tucson examines the potential to move towards a decentralized water supply 

method. Methods of rainwater harvesting through roof catchment areas are investigated to 

measure the potential of the alternative. 

The research aims to determine if RWH techniques employed in inner Auckland suburbs 

will decrease the demand from a centralized water distribution network. The methods to 

answer these questions fall under three main categories:  

• The first being total supply within these distribution networks and understanding 

supply will help determine the overall demand within these distribution zones 

annually.  

• The second step is to analyze the zones themselves. Roof surface areas within these 

zones is crucial in understanding the potential of RWH. Zones with higher roof 

surface area will be conducive to higher amounts of captured rainwater to offset water 

supply. 

•  The final method will calculate the total water captured from the roofs of the homes 

located within these distribution zones. Where runoff= roof area x average rain depth 

(month) x ROC (runoff coefficient). 

 



 

 
 
 

Data and Results 
 
Water Supply Data 
 

Watercare public supply data is organized by distribution lines. Percentages indicate 

water losses in infrastructure owned by Watercare. The monthly water supply is expressed in 

cubic meters (m3). Examples of water supply in two separate distribution lines are shown in 

the graphs provided below. Four consecutive years of water supply were analyzed from the 

Khyber and Owairaka distribution zones. 
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Figure 4. Khyber supply data 

Figure 3 Watercare distribution lines 



 

 
 

Calculations on the two distribution supply graphs indicate the average approximate 

daily water use per capita to be between 220L and 280L. Demand statistics presented in 

‘Future Implications of Past Domestic Water Usage Trends’ (Ghavidelfar, 2016) highlights 

similar water use within the Auckland region- categorized into high, mid, and low-income 

single households. Daily water use ranged from 298-687 liters per household. The monthly 

variation of water demand was measured from 6 years of data. An ANOVA test to determine 

the validity of the mean water consumption was calculated to prove or disprove the null 

hypothesis: μ2017=μ2018=μ2019=μ2020 (that there is no difference in mean water supply 

given the variable of 4 years). A P-value of 1.53E-44 was calculated. This leads to strong 

evidence to reject the null hypothesis. Yearly mean water consumption is not consistent with 

consecutive yearly means.  
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Figure 5. Owairaka supply data 



 

Precipitation 
 

Precipitation is the crucial element in determining the feasibility of rainwater 

harvesting systems for use in Auckland. There must be sufficient quantities of water stored in 

detention tanks on-site to satisfy the property’s water demand. NIWA’s Electronic Weather 

Station (EWS) located -36.86, 174.71 lat/long, places the weather station in the lower left 

quadrant of the Khyber network and is the most accurate weather station within the study  

area. 
Table 1. Monthly rainfall statistics derived from Motat EWS weather station (NIWA)- mm 

 

GIS Methodology 
 

To understand the potential for rainwater harvesting, a model of Auckland’s roof 

structures within Watercare’s distribution zones needed to be created. Rooftops have been 

selected as an alternative method of water supply as they are an effective catchment area for 

meeting the demand for urban areas (Barthwal, 2014). GIS software; ArcMap was used to 

carry out the data analysis using geospatial vector data provided by the Land Information 

New Zealand database (LINZ) 

The first step was to download .shp files from their database. LiDar 1m DSM and New 

Zealand building outlines are the two datasets that are used. Digital surface model (DSM)- A 

light pulse is sent from an aircraft using a LiDAR sensor to measure surface elevation with a 

Station I.D year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
41351 2017 34.8 56.6 241.6 215 130.8 58.8 205.8 119.8 116 63.8 38.6 17.2 1298.8 
41351 2018 122.8 202.4 66 118 131.2 184.8 103.6 93 46.6 64.2 86.2 156.4 1375.2 
41351 2019 20.8 18 63.4 100.4 59.6 64.2 111.2 170.2 127.8 97.4 45.2 43 921.2 
41351 2020 5 14.2 23.4 25 130.8 162 97.4 130.6 39.2 20.2 / / / 

Figure 5. Watercare supply zones georeferenced to ArcMap base map of Auckland City 



 

vertical accuracy of +/- 0.2m. New Zealand building outlines dataset shows the most recent 

set of building outlines extracted from the LINZ aerial imagery available on the LINZ Data 

Service database. building outline is a 2D representation of the roof outline of a building 

which has been classified from LINZ aerial imagery using a combination of automated and 

manual processes to extract and refine a building roof outline. Georeferencing Watercare’s 

distribution map (fig 5) with the base map on the software allowed for the creation of a new 

feature class (Distribution) that comprises polygons of the seven water distribution zones 

operated by Watercare (Eastern Bays, CBD, Maungawhau, Khyber, Owairaka, Owairaka 

High, Hobson).  

 
A spatial intersect was then performed, where the location of each distribution 

polygon was the source layer and New Zealand building outlines as the target layer. This 

produces building outlines located within each of the distribution polygons. Analysis of the 

building outlines in each ‘zone’ will show areas with higher potential for rainwater harvesting 

through total roof surface area. 

 

A graded building outline surface area shows groups of buildings in certain surface 

area ‘classes’ Building outlines with larger surface areas can capture larger amounts of 

rainwater. These are more suited to RWH techniques and are highlighted in green. The table 

below shows the roof statistics derived from the nz-building-outlines data, organised by the 

distribution zone. Statistics are organised through descending order of SUM roof area (Ft2). 

Figure 6. Water harvesting potential in each zone. 



 
Table 2 

 

 

Discussion 
 

Based on the building statistics of the buildings located within Watercare’s 

distribution zones, we can calculate the potential of RWH through water runoff from the roof 

catchment. Roof runoff is calculated using R(S.A) X Precipitation(in) X RC(runoff coefficient) X 0.62 

= Amount collected(gallons). (Imteaz et al., 2011) developed a tool for calculating optimized 

rainwater tank size. The tool was developed around a weather station in Melbourne, 

Australia. Conclusions were made that the average rainfall in the area was historically 25.7in. 

Additionally, a ‘wet year’ was adopted by multiplying the average by 1.6- giving an average 

‘wet year’ 41.2in. Reliability to supply a household of two peoples’ demand was 90% when 

the surface area is 200m2  (2153ft2) with a 1320 gallon tank.  

 Auckland calculations were conducted using a runoff coefficient of 0.9, commonly 

used for metal and tile roofs. The mean roof area was calculated from each distribution zone 

along with the average monthly rainfall over the three recorded year period. Table 3 shows 

the annual runoff collected if 100% of the properties employed an RWH system. Runoff 

against supply is expressed as a percentage and indicates in which months a distribution zone 

is ≥100% self-sufficient. Also highlighted are distribution zones that are ≥ 75% sufficient. 

A graph also plots water supply against runoff. The vertex at which runoff crosses over 

supply indicates a surplus of water collected. A clear trend is observed with both supply and 

runoff having a significant seasonal difference. When the water supply is highest during 

summer (December-March), runoff has a much more seasonal variability. Winter months 

(May-September) highlight more runoff- consistent with the annual precipitation patterns. 

 

Distribution zones Building count Min roof area Max roof area Sum Mean 
Eastern Bays 20614 107.9 347517.2 42709451.3 2071.9 
Maungawhau 12843 107.9 202486.4 31621055.8 2462.1 
Owairaka 13523 107.8 266977.6 24447520.2 1807.8 
Khyber 10593 108.1 120021.8 21623273 2041.3 
Hobson 10328 107.7 143366 21247876.3 2057.3 
CBD 1760 109.9 184797.1 13503218.3 7672.3 
Owairaka High 1173 108.4 21845.1 2135397.4 1820.5 



 
 

Table 3 

 

 

 

Distribution zones with the highest potential for RWH systems are Hobson and Eastern Bays. 

Both of which highlighted that 7 months of the year, they are able to achieve ≥ 75% water 

sufficiency. 
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Figure 7 Water supply Vs runoff potential 



 

Figure 8 Eastern Bays supply vs runoff 

 
Figure 9 Hobson supply vs runoff 

 
 

The results show that it is feasible, in some locations, to offset a substantial amount of water 

using harvesting techniques in building designs. However, there may be issues to address 

regarding regulation and use. 
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Conclusion 
 

This study sought to explore the possibility of using rainwater harvesting to supply water 

to structures in the Auckland, New Zealand area. The study looked at roof surface areas as 

the source of runoff. It sought to calculate rainwater collected as a percentage of water 

supplied to determine the potential of this alternative water supply. Also examined in the 

research was the correlation between roof size and the amount of water consumed per 

structure. Other speculative research on the subject was limited to regions associated with 

low rainfall and underdeveloped nations. The context of this specific research was intent on 

discovering: 

1. The supply data of distribution zones operated by the centralised utility company and 

analysing statistics on water consumption. 

2. If runoff collected from roof surface areas is substantial enough to offset total water 

supplied.  

3. If there is a correlation between water supplied and roof surface areas. 

The findings from this study are highlighted in each section of the results. The answers to 

the research questions are summarised to provide final clarity. 

1. Supply data indicated that water loss was high in every distribution zone due to 

failing infrastructure. Supply had seasonal variability with higher usage in summer 

months. Zones with larger roof areas showed higher supply statistics. 

2. Runoff collected in all distribution zones were found to partially offset water supplied 

from the centralised water network, with 3/7 zones having water surplus in winter 

months. 5/7 were found to meet 75% water supplied through runoff collected. 

3. Larger roof surface areas were found to have a positive correlation with water runoff. 

Increased roof surfaces also presented a positive correlation with supply. A negative 

correlation was determined when comparing the roof surface area and water offset 

potential. 



 

This study implies that rainwater harvesting has the potential to offset the demand for 

water from a centralised network. Reliving some of the pressures the infrastructure is 

experiencing will allow for sustainable growth in the city. Research provided offers a 

perspective of the possibilities of creating a more resilient supply of water for those in 

Auckland. Assessment of different case studies and supply statistics would yield a more 

comprehensive solution, whilst also reducing limitations experienced in this study. 
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