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Executive Summary 
 

Increasing water demands attributed to population growth and climate change highlight 

the need to adopt practices, such as rainwater harvesting, to reduce water demands. In 

Vancouver, the irrigation of lawns and gardens from May to September is a major constituent of 

domestic water demands. The extent to which rainwater harvesting can help reduce domestic 

water demand in Vancouver has been neglected in research. This study aims to evaluate the 

capacity of rainwater harvesting to reduce domestic outdoor water demands under two water use 

settings. The first setting, referred as ‘business as usual’, considers that there are no water 

restrictions implemented. The second setting, referred as ‘water restricted’, accounts for water 

restriction measures in which the irrigation of lawns and gardens is banned during July and 

Augusts. To achieve the objective of the study, the monthly irrigation demand and the monthly 

amount of rainwater that can be harvested during the irrigation season for a typical home in 

Vancouver were calculated. A comparison was made between the monthly irrigation demand and 

the monthly rainwater harvesting potential to determine the proportion of domestic outdoor water 

demand that can be offset through rainwater harvesting. It was determined that, in the business as 

usual setting, the domestic outdoor water demand can be reduced by 28.8 ± 4.6%. Meanwhile, 

operating under the water restricted setting, a 73.4 ± 9.6% reduction in outdoor water demand 

can be achieved. In the interest of time, a number of variables had to be estimated, assumed and 

standardized when calculating irrigation demands and the rainwater harvesting potential. None 

the less, the results of the study can help residents and policy makers in Vancouver realize the 

benefits that rainwater harvesting can provide and, in particular, the extent to which outdoor 

water demand can be reduced. 
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1 Introduction 
 

1.1 Vancouver’s Location, Demographics and Climate 
 

Vancouver is a coastal city located in southwestern British Columbia. The City of 

Vancouver is bounded by the English Bay and Burrard Inlet (an arm of the Strait of Georgia) to 

the north, the University Endowment Lands to the west, the Fraser River delta to the south and 

the City of Burnaby to the east. Vancouver’s metropolitan area is commonly referred as the 

Metro Vancouver Regional District (MVRD) or simply Metro Vancouver (formerly known as 

Greater Vancouver). Metro Vancouver comprises a total of 23 local authorities, subdivided into 

21 municipalities, one electoral district and one treaty First Nation (Metro Vancouver, n.d.; 

Wang, 2020).  

 
Figure 1.1A. Map illustrating the location of Metro Vancouver in British Columbia, highlighting 
Vancouver’s location and delineating the locations of member jurisdictions comprising Metro 
Vancouver. Author: GVRD_-_Vancouver.svg: TastyCakes on English Wikipedia; derivative 
work: єmarsee. License link: http://creativecommons.org/licenses/by/3.0. Image retrieved from 
https://commons.wikimedia.org/wiki/File:GVRDVancouver.svg 
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According to the most recent population census published in 2016, the population in 

Metro Vancouver was 2,463,431, making it the third largest urban center in Canada after 

Toronto and Montréal (Statistics Canada, 2017). The City of Vancouver had a population of 

631,486 in 2016, ranking eighth in the list of Canada’s most populous municipalities (Statistics 

Canada, 2017). According to UN projections (Figure 1.1B), the total population is still expected 

to increase in the near future, reaching 2.96 millions by 2035 (Macrotrends, n.d.). Consequently, 

the region will experience and increase in water demand to support the needs of the growing 

population. 

 
 
Figure 1.1B. Historical and projected trends in population for Metro Vancouver. Source: 
Macrotrends, n.d. 
 

Under the Köppen climate classification system, Vancouver is best described to have a 

temperate oceanic climate (Cfb) but closely borders a warm-summer Mediterranean climate 

(Csb) (Peel, Finlayson & McMahon, 2007). Figure 1.1C illustrates the mean daily maximum, 

minimum and average temperature, as well as the mean monthly precipitation collected at the 

Vancouver International Airport. Vancouver is characterized by cool-dry summers and mild-wet 

winters. The mean annual precipitation is 1,189 mm with the wettest month being November 

(188.9 mm). The driest month is July (35.6 mm), closely followed by August (36.7 mm). The 

precipitation experienced between October and March accounts for 74.5% (885.5 mm) of the 

average annual precipitation. This means that the precipitation experienced during the wet season 

is nearly three times larger than the precipitation experienced during the dry season, from April 

to September.  

2021 2035 1950 
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Figure 1.1C. Graphic illustrating the daily maximum, minimum and average temperatures (°C) 
together with the average monthly precipitation (mm) recorded at the Vancouver International 
Airport meteorological station (climate ID: 1108447) for 1981 to 2010 Canadian Climate 
Normals. Source: Government of Canada, 2021. 

 

According to Metro Vancouver’s Climate Projection Report published in 2016, climate 

change will play a critical role in the regions’ ability to meet future water demands. By 2050, 

Metro Vancouver is expected to experience warmer temperatures year around, particularly in the 

summer. An estimated 5% increase in total annual precipitation is also expected but, the overall 

increase in precipitation will be confined to the fall, winter and spring. Meanwhile, summers will 

become drier and experience a 19% decrease in precipitation. The dry summer season is 

expected to extend into autumn and snow is expected to begin melting earlier in the spring. By 

2050, the snowpack depth is expected to decrease by 58% across the three watersheds supplying 

water to Metro Vancouver (Metro Vancouver, 2016). Overall, climate change is projected to 

alter the historic hydrological regime of the region. As such, the region’s future water supply 

may become compromised.  

 

1.2 Regional Water Supply  
 

Vancouver’s water supply is managed by the Greater Vancouver Water District 

(GVWD), which shares a common water treatment and distribution system that is responsible for 

the provision of clean and reliable potable water to 2.6 million inhabitants in Vancouver’s 
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metropolitan area (Metro Vancouver, 2021d; Wang, 2020). The water supply is sourced from 

three watersheds: Capilano, Seymour and Coquitlam. Each watershed accounts for a third of the 

region’s drinking water supply (Metro Vancouver, 2021d). Three reservoirs located within the 

watersheds are responsible for storing the water accumulated in each watershed. The reservoirs 

are recharged in part by rainfall but predominantly by snowfall from October to March. Snowfall 

is predominant due to the wet season mainly occurring during the winter months, as well as the 

elevation at which the watersheds are located. Sometime around late-May and early-June the 

water stored at the reservoirs begins to drain faster than recharge rates due to increasing water 

demands. Due to high water demands and low recharge rates, the water levels decline rapidly 

through July and August. By late-September and early-October, the drainage rate slows down 

but the overall water storage continues to decrease slightly. Around November, the recharge 

rates are high enough to offset the drainage rates; thereby, refilling the reservoirs. Figure 1.2 

indicates that the average water storage on May 1st ranges between 284.31 billion liters (BL) and 

237.54 BL. By November 1st, the average storage range is between 165.66 BL and 100.90 BL. 

Taking the averages of these ranges, one should expect the water storage to be around 260.93 BL 

on May, and 133.28 BL on November. This represents a 48.92% decrease in total water stored 

across all reservoirs in a period of six months coinciding when water demand is highest. Before 

supplying water directly to residents, the water receives treatment at either one of two drinking 

water treatment facilities (Metro Vancouver, 2021c). 
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Figure 1.2. Total water storage (in billion of liters) at the Capilano, Seymour and Coquitlam 
reservoirs from May to November. Source: Metro Vancouver, 2021a. 
 

1.3 Regional Water Demand 
 

The average daily water use in billions of liters per day (BL/d) for each month in Metro 

Vancouver is illustrated in Figure 1.3A. The average water demand from November to January is 

0.99 BL/d. The lowest water demands are experienced in February and March, with 0.98 and 

0.97 BL/d, respectively. In April, the water demand begins to increase rapidly, peaking at 1.44 

BL/d in July before decreasing to 0.99 BL/d by November. This represents a 48.5% increase 

between the nadir and pinnacle water demand experienced in a year. In essence, water demand 

can approximately increase by 50% in the summer, largely attributed to lawn irrigation (Metro 

Vancouver, 2021a).  
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Figure 1.3A. Average daily water use (in billions of liters per day) in Metro Vancouver. Values 
represent averages measured between 2003 and 2019. Source: Metro Vancouver, 2021a. 
 

The average daily water use per capita in the past decade has been steadily decreasing 

from 523 liters per capita per day (L/c/d) in 2009 to 403 L/c/d in 2020 (Figure 1.3B). The 

gradually decreasing trend in average daily water consumption per person has been influenced 

by improvements in water use efficiencies and conservation practices stemming from lower 

precipitation trends and increasing drought frequencies (Metro Vancouver, 2021b). The values 

reported in Figure 1.3B include both commercial and domestic water uses. Excluding the 

commercial uses would give an indication on the domestic water consumption. 

 
Figure 1.3B. Average annual daily water use (in liters per capita) in Metro Vancouver. Source: 
Metro Vancouver, 2021b. 
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1.3.1 Domestic Water Demand 
 

Domestic water demand, or residential water use, refers to a household’s use of water for 

indoor and outdoor purposes. The average domestic water use in Metro Vancouver is about 270 

L/c/d (Metro Vancouver, 2021e). According to the 2016 Canadian population census, there were 

960,890 occupied private dwellings in Metro Vancouver and the average household size was 2.5 

people (Statistics Canada, 2017). Taking the domestic daily water use per capita and multiplying 

by the average number of residents per dwelling gives an estimated daily consumption of 675 

liters per household. Multiplying this figure by the 960,890 occupied dwellings results in 

approximately 648.6 ML/d attributed to domestic water use alone in the region. The United 

Nations recognizes that the basic water requirements for personal and domestic use are 50-100 

L/c/d (United Nations, n.d.). This means that the average domestic daily water use per capita in 

Metro Vancouver is between 5.4 and 2.7 times higher than UN’s recommendations. Taking into 

consideration the high domestic water use, Vancouver could benefit from practices to reduce 

domestic water demands. One such practice is rainwater harvesting. 

 

1.4 Rainwater Harvesting 
 

Rainwater harvesting (RWH) is defined as the process of collecting and storing rainfall 

for its future use (Dhalla & Zimmer, 2010). In essence, RWH allows for the collection and 

repurpose of rainwater instead of letting it flow as runoff; thereby, effectively managing 

rainwater as a resource rather than treating it as waste product. The process involves the design 

of a system to intercept rainfall and convey it to a storage tank (Figure 1.4). The system begins 

by intercepting rainfall with a slanted surface (typically the roof of a building) referred as the 

catchment area. Rainwater falling to the catchment area is diverted by gutters into a pipe system 

that conveys the water into a storage tank (Avis & Avis, 2019; Novak, Van Giesen & DeBusk, 

2014). The stored water can be extracted from the storage tank when needed for various 

domestic purposes such as lawn irrigation, toilet flushing, washing, drinking and cooking. 

Depending on the intended purpose of usage, the stored water may undergo different treatment 

processes (Lewis, Warner & Tzilivakis, 2019). A minimum of first flush diversion and filtration 

are generally required (Mendez et al., 2011). Before the rainwater reaches the storage tank, it 

typically passes through a filtration system and a first-flush diversion. This significantly 
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decreases the amount of particulates that are collected by the rainwater as it flows through the 

catchment area (Avis & Avis, 2019). With filtration and first-flush diversion alone, the water 

may be used for non-potable uses (e.g. irrigation, washing and toilet flushing). Further 

disinfection treatments will be required if the intended use entails the water to be safe for 

consumption.  

 
Figure 1.4. Design and components of a basic rainwater harvesting system. Image adapted from 
Raseswari & Jayaprakash, 2019. 

 

Most conventional water sources, both naturally occurring or man-made, include rivers, 

lakes and wells, but RWH is not a novel concept. Evidence of civilizations utilizing RWH 

structures dates back as far as 3,000 BC (Novak, Van Giesen & DeBusk, 2014). This long 

history of civilizations practicing RWH suggests that it must provide significant advantages.  

 

1.5 Significance 
 

The most notable benefit of RWH is the decrease in water demand (Campisano et al., 

2017; Sample & Liu, 2014; van Dijk et al., 2020). Considering that climate change and 

population growth are reasons for emerging concerns in the ability to meet future water 
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demands, RWH may play a significant role in achieving water security by decreasing regional 

water demands. In Canada, residential water use is the largest sector of municipal water services, 

accounting for 43% of municipal water use in 2011 (De Cuypere, C. & Nelligan, 2013). RWH 

can help alleviate the stress of municipal water suppliers to meet domestic water demands. 

Resident may use the collected rainwater for various domestic purposes. The more water 

collected at a household scale, the lower the proportion of water that must be sourced from the 

regional supply system; resulting in lower water bills for residents. Furthermore, reducing the 

amount of water sourced from regional water suppliers translates to lower volumes of water that 

must be processed at drinking water treatment facilities. Lowering the volume of water that must 

be treated will directly lower the operational cost of these facilities. RWH also has the potential 

to contribute in the reduction of stormwater runoff, if implemented at a large scale (Raseswari & 

Jayaprakash, 2019). By reducing runoff, issues with erosion and risks of flooding may be 

alleviated (Karvonen, 2011; Sample & Liu, 2014; van Dijk et al., 2020). The advantages of 

RWH are numerous and its potential is well recognized, especially with the evolution of superior 

system efficiencies making it an increasingly feasible practice to implement (Dallman et al., 

2021).  

 

Although, a general consensus exists within the scientific community that acknowledges 

rainwater harvesting as a viable practice to reduce domestic water demand and decrease surface 

runoff at the same time, the extent to which domestic water demand and surface runoff can be 

reduced are unique to each specific location. In the context of Vancouver, an assessment of the 

potential reduction in domestic outdoor water demand from the implementation of RWH has yet 

to be made. Performing such assessment would help residents who may be considering installing 

a RWH system in their homes formulate a decision. Additionally, the assessment may encourage 

city officials in a position to revise legislation policies to further incentivize the implementation 

of RWH systems at a residential and, possibly, at a commercial and industrial scale. 

 

1.6 Objective  
 

The outdoor water use is often the single largest constituent (about 40%) of total 

domestic water use, due to the extensive irrigation requirements of lawns and gardens (Cook, 
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2016). The purpose of this study is to evaluate the reduction of domestic outdoor water demand 

through rainwater harvesting in Vancouver under two different water use settings. In other 

words, the paper attempts two answer two questions: 1) By how much can the outdoor water 

demand be reduced through RWH? And, 2) How does the reduction in outdoor water demand 

change under different water use settings? The first water use setting, referred as ‘business as 

usual’, considers that there are no water restriction measures implemented to conserve water. 

The second setting, referred as ‘water restricted’ considers the implementation of water 

restriction measures in which the irrigation of lawns and gardens during July and Augusts is not 

permitted.  

 

2 Method  
 

Figure 2A outlines the approach utilized to evaluate the reduction of outdoor water 

demand through RWH. The approach entails determining the domestic outdoor water demand 

and the amount of water that can be harvested under both water use settings. In order to 

determine the domestic outdoor water demand, it is first necessary to identify the irrigated area 

per property. Meanwhile, before determining the rainwater harvesting potential, the catchment 

area per property must be identified. To identify both the irrigated area and the catchment area 

per property, a total of six residential blocks were randomly selected predominantly among 

residential neighborhoods in Vancouver (Kitsilano, Dunbar – Southlands, Kerrisdale and 

Marpole). The neighborhoods are located between Granville Street and the University 

Endowment Lands (see Figure 2B). Vancouver’s west end is dominated by low density 

residential neighborhoods where properties’ premises consist of a single detached house, a 

detached garage/shed and a yard; all combined create a characteristic feature of Vancouver’s 

housing structures. These conditions made the stated neighborhoods prime for the selection of 

city blocks to collect measurements. A total of 85 property lots were analyzed. On each property 

lot, measurements of roofed areas and vegetated areas were collected. The measurements for the 

vegetated areas were used to calculate the average irrigated area per property. Meanwhile, the 

measurements for the roofed areas served to calculate the average catchment area per property.  
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Figure 2A. Schematic representation on the approach utilized to evaluate the potential reduction 
of domestic outdoor water demand through rainwater harvesting in Vancouver under two 
different water use settings. 
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Figure 2B. Map depicting the location of the six city blocks selected as study areas in 
Vancouver. For more information on the study areas refer to Appendix A. 
 

2.1 Determining the Domestic Outdoor Water Demand 
 

In order to determine the domestic outdoor water demand, an overarching three-steps 

methodology was designed and executed. The three steps are described below: 
• Step 1: Measure the vegetated areas on each property lot and the vegetated areas adjacent to 

property lots for every residential block selected as a study area. 

• Step 2: Use measurements from Step 1 to calculate the average irrigated area per property. 

• Step 3: Input the average irrigated area obtained from Step 2 into the BC Agriculture Water 

Calculator (described later) to determine the average monthly irrigation demand of a single 

property lot in Vancouver during the irrigation season. 

In reality, each step is significantly more complicated than outlined above. As such, the 

following sections will thoroughly describe how the three steps were executed along with the 

tools used for measurements and calculations, as well as assumptions and generalizations that 

were made during the process. 
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2.1.1 Calculating Irrigated Areas  
 

This section describes Step 1 and Step 2 in detail. To perform Step 1, areal imagery 

provided by Google Earth served to identify all the vegetated areas on each property for all six 

study areas. Google Earth’s ruler tool function allows the user to make polygon shapes on the 

areal images, giving the area of the polygon. Polygon shapes delineating the portions covered in 

vegetation on each property lot were created and their respective areas were recorded. Appendix 

B presents areal images and tables with the recorded measurements of vegetated areas for every 

property lot in all study areas. All the vegetated portions within the premises of a property were 

accounted for because it was assumed that all receive irrigation. Additionally, most city blocks 

have a strip of vegetation (consisting of turfgrass and sometimes containing some trees) adjacent 

to the sidewalks that are not part of the property premises but, some of which, are also irrigated 

and contribute towards domestic outdoor water demands. When present, the area of vegetated 

strips adjacent to each property was also measured. The reason for measuring the vegetated areas 

adjacent to the properties separately is due to the unlikely event that all of the vegetated areas 

that are adjacent to properties receive irrigation; therefore, three scenarios were developed. The 

three scenarios consider that all vegetated areas in the properties are being irrigated. The 

difference between scenarios depends on the proportion of vegetated areas adjacent to the 

properties that receive irrigation. The three scenarios are presented as follows: 

1. The first scenario assumes that no vegetated areas adjacent to properties are irrigated. 

2. The second scenario assumes that all the vegetated areas adjacent to properties are 

irrigated. 

3. The third scenario considers that 50% of all the vegetated areas adjacent to properties 

receive irrigation.  

In the first scenario, where no adjacent vegetated areas are irrigated, only the vegetated areas 

found in the properties were accounted. In the second scenario, the vegetated areas adjacent to 

the properties were added to the vegetated areas on properties. In the third scenario, 50% of the 

vegetated areas adjacent to properties was calculated and then added to the vegetated areas on 

properties. Step 2 involves calculating the mean vegetated area for each irrigation scenario. 

Appendix C presents tables with all the measurements used to calculate the average irrigated area 

for each irrigation scenario. 
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2.1.2 Calculating Monthly Irrigation Demands 
 

This section describes Step 3, where the calculated mean irrigated area per property lot 

for each irrigation scenario were inputted into the BC Agriculture Water Calculator to obtain 

monthly irrigation demands for a single property lot in Vancouver during the irrigation season. 

The BC Agriculture Water Calculator is an online tool developed by The Partnership for Water 

Sustainability in British Columbia, a non-profit legal entity that delivers services on behalf of the 

provincial government with the purpose of helping users estimate the irrigation requirements of 

vegetated landscapes in their properties. The BC Agriculture Water Calculator was used as a 

comparative tool for this study, recognizing that the tool was developed for agricultural 

irrigation. A list of relevant variables are accounted when using the tool to obtain irrigation 

estimates on a property lot. These variables include the area being irrigated, type of vegetation, 

soil type and method of irrigation (sprinkler, drip, pivot, microspray, etc.). Furthermore, the 

calculator takes into account climatological factors (maximum and minimum daily temperatures, 

dew point temperature, elevation, wind speed and precipitation) averaged from 2001 to 2010 and 

downscaled to 500-meter climatic grid cells that cover the entire province. The climatological 

data is used to calculate peak evapotranspiration, representing the maximum 10-day value from 

the 10 year period. 

 

Variables such as vegetation type, method of irrigation, soil type and peak 

evapotranspiration were kept constant across all property lots for every study area. The dominant 

vegetation type in most properties from the selected study areas is grass. Sprinkler irrigation 

systems are the most commonly used irrigation system in the region for lawn watering (Statistics 

Canada, 2019). The native topsoil in Vancouver have been displaced for the most part due to 

urban development. Hence, the selected soil type is sandy loam since this is the topsoil texture 

typically recommended for lawns in terms of irrigation efficiency (Cook, 2016). Finally, the peak 

evapotranspiration across all study areas is 4.7 mm/day. The irrigated area and the length of the 

irrigation season are the only two variables being adjusted when performing the irrigation 

demand calculations. As stated before, the calculated values for mean irrigated areas per property 

lot for each irrigation scenario were inputted. With regards to the length of the irrigation season, 

further discussion is necessary. The typical irrigation season in Vancouver spans from May1st to 
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September 30th. The irrigation demand was calculated for each month in the irrigation season for 

each irrigation scenario. Subsequently, a monthly average of the three irrigation scenarios was 

calculated. Considering that irrigation is not permitted during July and August under the water 

restricted setting, the irrigation demand for these two months was neglected for this setting. 

 

2.2 Determining the Rainwater Harvesting Potential  
 

After calculating the average outdoor water demand, the following section focuses on 

determining the potential rainwater than can be collected from an average-sized single-detached 

dwelling in Vancouver. To achieve this, the following steps were executed:  

• Step 1: Measure the roofed areas on each property lot for every residential block selected as 

a study area. 

• Step 2: Estimate the catchment area (proportion of roofed areas that can be utilized to 

collect rainwater). 

• Step 3: Use information from Steps 1 & 2 to calculate the average catchment area per 

property lot. 

• Step 4: Use information from Step 3 along with the mean monthly precipitation during the 

irrigation season and the average system efficiency to determine how much rainwater can 

be harvested. 

 

2.2.1 Calculating the Catchment Area 
 

This section explains Steps 1-3 in detail. Using Google Earth’s ruler tool function, 

measurements on the area covered by the roof of building structures were recorded for each 

property in all six study areas (Appendix B). The roofed area measurements not only represent 

the housing structure but also includes garages and sheds detached from the house. Something to 

note is that not all the roofed area in a property is utilized to harvest rainwater. In other words, 

the catchment area is not necessarily equal to the roofed area. This is because not all properties 

will be able to install a RWH system for either lack of economic investment, inadequate roofing 

materials or lack of inclination on the roof. For this reason, a conservative estimate of 20% of 

dwellings are able to harvest rainwater. Hence, 20% of the average roofed area was calculated to 
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obtain the mean catchment area per property. Appendix D presents tables with all the 

measurements relevant to the calculation of the average catchment area per property. 

 

2.2.2 Calculating the Monthly Rainwater Harvesting Potential 
 

 This section describes Step 4 in detail. The formula to calculate the amount of rainwater 

that can be harvested is described below:  

RWH = catchment	area × 	precipitation	 × 	system	efficiency 

 

The average catchment area was calculated in Step 3. Monthly mean precipitation values during 

the irrigation season can be found in Appendix E. The system efficiency, expressed as a 

percentage, refers to the losses that occur in the process of collecting rainwater. These losses are 

governed by the type of material composing the catchment area and the geometry of the 

catchment area. In Vancouver, the most common roofing material is asphalt shingles and, 

accounting for wind and leaks in the conveyance component of RWH systems, about 20% loss in 

rainfall is experienced (Depins, 2012). In other words, the average efficiency for RWH systems 

with the described characteristics is approximately 80%. The catchment area is given in squared 

meters and the rainfall is usually given in millimetres. The mean monthly rainfall was converted 

to meters (1,000 mm = 1 m) in order to yield a result in cubic meters. The result was converted 

from cubic meters to liters (1 m3 = 1,000 L).  

 

2.3 Evaluating the Potential to Offset the Domestic Outdoor Water Demand  
 

 To evaluate the proportion of the outdoor water demand that can be offset through 

rainwater harvesting, the following formula was used: 

 
 

The offset proportion, calculated as a percentage, takes into account the size of the storage tank 

and the fact that stored water from the winter and spring can be utilized to reduce irrigation 

demands beginning in May. The City of Vancouver’s design principles for rainwater harvesting 

suggests a storage tank with a volume capacity of 15,000 liters (Golder Associates Ltd., 2016). 
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Storage tanks are typically designed with an overflow pipe to discharge water once the tank 

reaches full capacity. Assuming that the rainwater harvested is used exclusively for lawn and 

garden irrigation, the starting storage balance in May would be 15,000 L. A few guidelines were 

followed to calculate the offset proportion on a monthly basis. If a monthly outdoor water 

demand is offset by 100%, then the remaining water in the storage tank carries over to the next 

month. If the tank is depleted, then the rainwater harvested in a given month is the only factor 

that can offset the monthly water demand. Lastly, in the water restricted setting, because no 

irrigation takes place in July and August, the water harvested during these two months 

contributes to the offsetting potential in September.  

 

3 Results  
 

3.1 Irrigated Areas 
 

 The measurements of vegetated areas from each property lot in all study areas served to 

determine the average irrigated area for three irrigation scenarios. In the first irrigation scenario, 

where no vegetated areas adjacent to properties are irrigated, the average irrigated area is 175.86 

± 119.60 m2 per property lot. In the second scenario, where all vegetated areas adjacent to 

properties are irrigated, the average irrigated area is 216.57 ± 144.98 m2 per property lot. Finally, 

in the scenario where 50% of vegetated areas adjacent to the properties are irrigated, the average 

irrigated area is 196.23 ± 130.69 m2 per property lot. These values have been summarized in 

Table 3.1.  

 

Irrigation Scenario Irrigated Area (m2) 

1. All vegetated areas on properties but no 

adjacent vegetated areas are irrigated 

 

175.86 ± 119.60 

2. All vegetated areas on properties and all 

adjacent vegetated areas are irrigated 

 

216. 57 ± 144.98 

3. All vegetated areas on properties and 50% 

of adjacent vegetated areas are irrigated 

 

196.23 ± 130.69 

Table 3.1. Average irrigated area per property lot (m2) for each irrigation scenario. 
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3.2 Domestic Outdoor Water Demand 
 

 The average irrigated area for each scenario summarized in Table 3.1 was used to 

calculate the monthly outdoor water demand during the irrigation season in Vancouver. The 

average monthly outdoor water demand of all irrigation scenarios was calculated (see Appendix 

F). The results of the calculations are displayed in Figure 3.2A. In May, the average domestic 

outdoor water demand for irrigation of lawns is 4,380 ± 2,923 L. In June, the average outdoor 

water demand is 19,020 ± 12,680 L. The highest outdoor water demands are observed in July 

and August, with 26,500 ± 17,670 L and 19,843 ± 13,227 L, respectively. Lastly, the outdoor 

water demand in September is 6,517 ± 4,347 L.  

 

 
Figure 3.2A. Monthly outdoor water demand (in liters) for three irrigation scenarios (blue, 
orange and green) and the average of all irrigation scenarios (yellow) during the irrigation season 
in Vancouver.  
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 The months of July and August alone account for 60.7% of all the domestic outdoor 

water demand experienced during the entire irrigation season. This realization lead to the 

proposition of the different water use settings previously described in section 1.6. To reiterate, 

under the business as usual setting, no water restrictions are implemented. Meanwhile, under the 

water restricted setting, irrigation of lawns and gardens is not permitted during July and August. 

The total domestic outdoor water demand for the entire irrigation season in the former setting is 

76,260 ± 50,847 L and 29,917 ± 19,950 L in the latter setting. Figure 3.2B presents the total 

domestic outdoor water demand for both settings. Overall, the total domestic outdoor water 

demand can be reduced by 60.8% after adopting the water restriction measures outlined under 

the water restricted setting.  

 

 
Figure 3.2B. Total outdoor water demand (in liters) under the business as usual setting (blue) and 
the water restricted setting (orange) during the entire irrigation season in Vancouver. 
 

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

Do
m

es
tic

 O
ut

do
or

 W
at

er
 D

em
an

d 
(L

)

Domestic Outdoor Water Demand for Two Water Use 
Settings During the Entire Irrigation Season in Vancouver

Business as usal Water restricted



 20 

3.3 Catchment Area 
 

As mentioned under section 2.2.1, the average catchment area is estimated to be 20% of 

the roofed area. From the measurements collected in all study areas, the average roofed area per 

property is 179.29 ± 49.53 m2. As a result, the average catchment area per property is estimated 

to be 35.86 ± 9.91 m2. 

 

3.4 Rainwater Harvesting Potential 
 

The catchment area, mean monthly precipitation and the average efficiency of a RWH 

system is used to calculate the amount of water that can be harvested per month during the 

irrigation season in Vancouver. In May, the amount of rainwater that can be harvested is 1,865 ± 

515 L. A total of 1,543 ± 427 L can be collected in June. Since July and August receive the least 

rainfall, their rainwater harvesting potential is also the lowest, with 1,021 ± 282 L harvested in 

July and 1,053 ± 291 L collected in August. Finally, the RWH potential in September is 1,460 ± 

404 L. The amount of water that can be harvested per month is presented in Figure 3.4. 

 

 
Figure 3.4. Monthly amount of rainwater (in liters) that can be harvested during the 
irrigation season in Vancouver.  
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3.5 Offsetting the Outdoor Water Demand 
 

The average monthly outdoor water demand for irrigation of lawns and gardens (reported 

in section 3.2) was compared to the potential rainwater that can be harvested per month (reported 

in section 3.4) for both water use settings. As explained in section 2.3, the starting balance in the 

storage tank in May is 15,000 L. Adding the starting balance to the amount of water harvested in 

May amounts to 16,865 ± 515 L available for irrigation. Meanwhile the water demand in May is 

4,380 ± 2,923 L. This means that the water demand in May can be offset by 100 ± 17.6% for 

both water use settings, leaving a remaining balance of 12,485 ± 2,197 L in the storage tank. In 

June, RWH can offset the outdoor water demand for both settings by 73.8 ± 3.4% before the 

storage tank is depleted. With the storage tank depleted, the monthly water demands during July, 

August and September can only be offset by the amount of harvested rainwater in each 

respective month. As such, the outdoor water demand in the business as usual setting can be 

offset by 3.9 ± 1.6% in July, 5.3 ± 2.2% in August and 22.4 ± 9.3% in September. In the water 

restricted setting, the rainwater collected during July and August contributes to the offsetting of 

the outdoor water demand in September. For this reason, the outdoor water demand in September 

is offset by 54.2 ± 22.5% in the water restricted setting. The proportion of water demand that can 

be offset per month for both water use settings is displayed in Figure 3.5. 
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Figure 3.5. Proportion of water demand (as a percentage) that can be offset by rainwater 
harvesting for each month during the entire irrigation season in Vancouver for a business as 
usual setting (blue) and a water restricted setting (orange).  
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After identifying the proportion of outdoor water demand that can be offset per month for 
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4.1 Limitations 
 

The results presented in this study are subject to uncertainty and consequently, should 

only be perceived as estimates of the reduction in domestic outdoor water demand that can be 

achieved per household after adopting RWH practices in Vancouver. The method utilized in the 

study suffers from limitations ought to be discussed. The first contribution of uncertainty in the 

results is attributed to the measurements of vegetated and roofed areas. The measurements taken 

using Google Earth’s ruler tool are susceptible to human error that will extend to the calculations 

of average irrigated area and average catchment area per property. In the interest of time, only 85 

properties were analyzed which, in the grand scheme of the entire city of Vancouver, represents 

a small sample size to accurately determine the average irrigated area and roof area for a typical 

home in Vancouver. Another limitation of the study regards making estimates and 

generalizations when calculating the domestic outdoor water demand. Obtaining the most 

accurate results would in fact require the collection of information on the area being irrigated, the 

type of vegetation, soil type and method of irrigation for each property in Vancouver. Due to 

lack of resources and time constraints, such method is not realistically feasible for the caliber of 

this particular study. Therefore, it was decided to standardize the variables in order to simplify 

and make the domestic outdoor water demand calculations more manageable at the cost of 

perfect accuracy. When calculating the amount of rainwater that can be harvested, the catchment 

area was estimated to be 20% of the roof area and the monthly rainfall values that were used 

belonged to averages recorded at the Vancouver International Airport, where the average annual 

precipitation is 1,189 mm. In reality, the precipitation varies between 1,200 and 1,600 mm across 

neighbourhoods in Vancouver (Conger et al., 2019). A storage tank capacity of 15,000 L was 

used when calculating the offsetting potential because it is the storage tank capacity suggested by 

the City of Vancouver. This storage capacity seems to be on the larger scale for a residential 

property, considering dimensions and cost. Consequently, it is unlikely that the average storage 

tank capacity in properties equipped with RWH systems will have a capacity of 15,000 L. 

Finally, the paper fails to examine how the outdoor water demand and the rainwater harvesting 

potential will change under climate change projections.  
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5 Conclusion 
 

Population growth and climate change are pressing factors challenging the ability of 

municipal drinking water supply systems to meet future water demands. In Vancouver, the 

domestic outdoor water demand, specifically the water demand for irrigation of lawns and 

gardens in residential areas, accounts for 40% of domestic water use. Adopting practices that 

help lower the domestic outdoor water demand would alleviate some of the growing concerns 

regarding water security in the future. Rainwater harvesting (RWH) involves the interception, 

conveyance and collection of rainwater for its future use. This study evaluated the reduction in 

domestic outdoor water demand that can be achieved through RWH under two water use settings 

in Vancouver. Two measures were compared to accomplish this evaluation: the domestic 

outdoor water demand and the amount of rainwater that can be harvested. Quantifying the 

domestic outdoor demand and the rainwater harvesting potential required measuring vegetated 

areas and roofed areas for a total of 85 properties in six study areas across Vancouver. The 

measurements for vegetated areas were used to determine the average irrigated area per property, 

which were needed to calculate the domestic outdoor water demand. Meanwhile, the 

measurements for roofed areas were used to determine the average catchment area per property, 

which served to calculate the rainwater harvesting potential.  

 

When calculating the outdoor water demand, three irrigation scenarios were outlined: 1) 

All vegetated areas on properties but no adjacent vegetated areas are irrigated; 2) All vegetated 

areas on properties and all adjacent vegetated areas are irrigated and; 3) All vegetated areas on 

properties and 50% of adjacent vegetated areas are irrigated. Lawns in Vancouver are typically 

irrigated from May to September; hence, a monthly breakdown of the outdoor water demand for 

each irrigation scenario was developed. Across the three irrigation scenarios, the largest water 

demands are experienced in July and August. Stemming from this realization, two settings were 

proposed. A ‘business as usual’ setting, where there are no water restrictions and, a ‘water 

restricted’ setting, where irrigation of lawns and gardens is banned during July and August.  

 

The outdoor water demands and the amount of rainwater that can be harvested per month 

during the irrigation season were compared in order to evaluate how much of the monthly water 
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demand can be offset through RWH. A storage tank with a starting water balance of 15,000 L in 

May was accounted when performing the assessment. For both water use settings, RWH was 

capable of satisfying 100 ± 17.6% of the outdoor water demand in May and 73.8 ± 3.4% in June. 

In the business as usual setting, the water demand in July, August and September is offset by 3.9 

± 1.6%, 5.3 ± 2.2% and 22.4 ± 9.3%, respectively. Since irrigation of lawns is not permitted 

during July and August under the water restricted setting, the harvested rainwater during these 

two months was allocated to the water balance in September. As such, RWH can satisfy 54.2 ± 

22.5% of the outdoor water demand in September under the water restricted setting. Overall, 

RWH can significantly reduce the domestic outdoor water demand in both settings. Under the 

business as usual setting, the outdoor water demand can be reduced from 76,260 ± 50,847 L to 

54, 298 ± 48,512 L, a 29.8 ± 4.6% reduction. Meanwhile, under the water restricted setting, 

RWH can reduce irrigation demands from 29,917 ± 19,950 L to 7,968 ± 18,026 L, a 73.4 ± 9.6% 

reduction. These results are subject to uncertainty due to limitations associated with the method 

of research. The method utilized in the study required making generalizations, assumptions and 

estimates. None the less, the results of the study serve to comprehend the extent to which the 

domestic outdoor water demand may be reduced through RWH. As such, this study presents 

meaningful information to residents in Vancouver considering to install a RWH system in their 

homes, as well as city officials seeking to incentivize practices to reduce water demands. 

 

6 Recommendations 
 

In this section, some recommendations are presented to reduce the domestic outdoor 

water demand. Residents should adhere to municipal lawn irrigation restrictions. In the city of 

Vancouver, water restrictions are typically implemented between May and October. The 

restrictions may vary according to the need to conserve water in a given year. As of 2021, the 

measures are outlined to restrict irrigation to 25 mm of water for 1 hour each week (City of 

Vancouver, 2021). The irrigation limit is set to two days per week and the irrigation sessions are 

confined to the early hours of the morning (4 to 9 am) (City of Vancouver, 2021). The water 

restrictions can be found on the City of Vancouver’s website (https://vancouver.ca) and residents 

should check periodically between May and October for updates on water restriction measures. 

New developments should adhere to municipal bylaws regarding topsoil depth requirements for 
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rainwater management. Since 2018, many municipalities in Metro Vancouver require new 

developments to have at least 450mm of topsoil (Metro Vancouver, 2017). The deeper the 

topsoil, the more water that can be retained for longer periods of time, consequently reducing the 

irrigation frequency requirements (Cook, 2016). In 2017, approximately 66% of household that 

watered their lawn used a sprinkler or sprinkler system (Statistics Canada, 2019). This method of 

irrigation is highly inefficient due to evaporation losses and water could be better conserved by 

implementing more efficient irrigation methods, such as drip irrigation systems (Wagih 

A.AlHalim, 2020). Irrigation demands can also be reduced by minimizing lawn areas and 

replacing them with a selection of native plants (Wagih A.AlHalim, 2020). In comparison to 

turfgrass, most native plants are already adapted to the climate of Vancouver, making them more 

resistant to drought and low water availability during the summer. A simple Google search will 

yield an extensive list of native and drought tolerant plants for urban gardening. Lastly, 

information on incentives for the implementation of RWH systems in residential homes is 

unclear as no information could be found in the City of Vancouver’s webpage. Therefore, if the 

city is currently offering incentives, then information should be made more easily accessible for 

interested residents to find. In the event that the city is not currently offering incentives, the City 

of Vancouver should make incentives available for residents. The purchase and installation of a 

storage tank is typically the most costly investment. The larger the capacity of the storage tank, 

the greater the reduction in water demand; however, the larger the dimensions of the storage 

tank, the more space it occupies and the more costly it becomes. A storage tank with a capacity 

of 15,000 L can cost up to $10,000 when placed below ground (Golder Associates Ltd., 2016). 

The lack of capital investment can discourage individuals from implementing a RWH system in 

their homes. Incentives would help to lower the investment cost and, as a result, more residents 

may decide to adopt RWH practices.  
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8 Appendices 
 
 
 Appendix A – General information on the selected study areas. 

 

Study Area 

 

Number of lots 

 

Neighborhood 

 

Coordinates 

 

Block 1 

 

8 

 

Dunbar – Southlands 

49°14’26.64’’ N, 

123°10’36.95’’ W 

 

Block 2 

 

17 

 

Dunbar – Southlands 

49°14’25.10’’ N, 

123°11’42.61’’ W 

 

Block 3 

 

11 

 

Kitsilano 

49°15’57.22’’ N, 

123°10’36.55’’ W 

 

Block 4 

 

20 

 

Kitsilano 

49°15’55.13’’ N, 

123°09’48.43’’ W 

 

Block 5 

 

12 

 

Kerrisdale 

49°13’51.68’’ N, 

123°09’01.45’’ W 

 

Block 6 

 

17 

 

Marpole 

49°12’43.52’’ N, 

123°08’32.07’’ W 
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Appendix B – Measurements taken on each property lot for all study areas. 

Residential Block 1:  

 
      Roofed area  

      Vegetated area on property 

      Vegetated area adjacent to property 

 

  

Lot number Vegetated area on 

property (m2) 

Vegetated area adjacent 

to property (m2) 

Roofed area (m2) 

1 408.29 47.28 205.41 

2 146.82 50.21 297.77 

3 452.52 53.76 217.96 

4 130.15 53.59 292.24 

5 426.68 46.57 217.56 

6 590.46 52.87 123.44 

7 390.28 48.49 171.22 

8 457.27 198.07 121.24 
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Residential Block 2: 

 
      Roofed area  

      Vegetated area on property 

      Vegetated area adjacent to property 

Lot number Vegetated area on 

property (m2) 

Vegetated area adjacent 

to property (m2) 

Roof area (m2) 

1 221.65 52.60 119.95 

2 265.67 30.57 147.17 

3 50.03 20.21 166.54 

4 100.10 20.17 140.01 

5 74.75 20.02 139.53 

6 59.39 19.97 139.84 

7 61.59 19.98 154.08 

8 108.06 19.59 147.88 

9 59.37 17.24 153.63 

10 126.50 18.46 168.14 

11 103.12 22.95 149.07 

12 102.24 21.93 149.42 

13 435.20 31.23 144.92 

14 304.67 42.08 204.33 

15 219.15 37.87 151.73 

16 123.59 27.70 175.92 

17 241.19 228.30 224.44 
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Residential Block 3:  

 
      Roofed area  

      Vegetated area on property 

      Vegetated area adjacent to property 

 

 

 

Lot number Irrigated area on 

property (m2) 

Irrigated area adjacent 

to property (m2) 

Roof area (m2) 

1 167.62 85.13 125.7 

2 143.76 0 144.9 

3 80.57 0 171.55 

4 122.15 0 106.89 

5 123.37 0 109.60 

6 79.20 0 223.23 

7 77.58 0 206.54 

8 184.99 0 125.83 

9 184.59 0 91.24 

10 137.72 0 128.15 

11 234.51 69.21 346.36 
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Residential Block #4:  

 
      Roofed area  

      Vegetated area on property 

      Vegetated area adjacent to property 

Lot number Irrigated area on 

property (m2) 

Irrigated area adjacent 

to property (m2) 

Roof area (m2) 

1 128.32 80.02 214.15 

2 87.48 27.48 163.71 

3 128.76 20.09 182.99 

4 59.08 23.91 188.87 

5 116.71 6.16 258.68 

6 106.01 13.88 198.05 

7 345.08 23.88 134.82 

8 263.90 18.03 119.84 

9 359.15 25.49 100.50 
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Residential Block #5:  

 
      Roofed area  

      Vegetated area on property 

      Vegetated area adjacent to property 

10 392.96 37.89 176.32 

11 206.03 51.46 205.59 

12 78.83 18.05 207.48 

13 120.11 7.73 172.20 

14 110.94 13.13 217.56 

15 212.10 15.65 214.21 

16 162.86 19.51 192.30 

17 154.94 24.59 156.72 

18 239.20 20.58 186.06 

19 91.64 32.05 217.08 

20 138.48 152.56 237.56 

Lot number Irrigated area on 

property (m2) 

Irrigated area adjacent 

to property (m2) 

Roof area (m2) 

1 208.64 180.06 256.65 

2 215.43 51.94 240.02 

3 142.58 53.58 281.48 

4 150.44 38.45 275.17 
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Residential Block #6:  

 
      Roofed area  

      Vegetated area on property 

      Vegetated area adjacent to property 

5 213.15 38.26 250.13 

6 151.75 44.10 240.40 

7 310.90 47.66 178.56 

8 249.68 48.23 184.11 

9 397.96 46.60 168.35 

10 162.78 50.59 278.12 

11 184.41 61.82 198.45 

12 408.38 273.73 90.78 

Lot number Irrigated area on 

property (m2) 

Irrigated area adjacent 

to property (m2) 

Roof area (m2) 

1 125.28 142.69 156.36 

2 68.73 25.34 151.72 

3 0 26.10 154.73 

4 74.57 21.49 160.75 

5 17.38 22.74 158.80 

6 88.49 25.74 170.95 
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7 99.55 27.33 179.35 

8 123.22 31.34 178.84 

9 97.37 22.83 156.70 

10 100.67 21.85 160.44 

11 70.23 25.56 146.62 

12 118.95 29.69 159.86 

13 69.62 27.22 172.38 

14 76.29 27.60 146.41 

15 110.71 25.34 176.80 

16 87.00 20.59 161.10 

17 126.96 15.41 157.86 
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Appendix C – Measurements relevant to the calculations of average irrigated area per property 

for the three irrigation scenarios. 

Study 

Area 

Lot 

Number 

Vegetated 

area on 

property 

(m2) 

Vegetated 

area 

adjacent to 

property 

(m2) 

Vegetated area 

on property +  

Vegetated area 

adjacent to 

property (m2) 

50% of 

vegetated 

area 

adjacent to 

property 

(m2) 

Vegetated area 

on property + 

50% of 

vegetated area 

adjacent to 

property (m2) 

 

 

 

Block 

1 

1 408.29 47.28 455.57 23.64 431.93 

2 146.82 50.21 197.03 25.11 171.93 

3 452.52 53.76 506.28 26.88 479.40 

4 130.15 53.59 183.74 26.80 156.95 

5 426.68 46.57 473.25 23.29 449.97 

6 590.46 52.87 643.33 26.44 616.90 

7 390.28 48.49 438.77 24.25 414.53 

8 457.27 198.07 655.34 99.04 556.31 

 

 

 

 

 

 

Block 

2 

 

 

 

 

 

 

1 221.65 52.60 274.25 26.30 247.95 

2 265.67 30.57 296.24 15.29 280.96 

3 50.03 20.21 73.24 10.11 60.14 

4 100.10 20.17 120.27 10.09 110.19 

5 74.75 20.02 94.77 10.01 84.76 

6 59.39 19.97 79.36 9.99 69.38 

7 61.59 19.98 81.57 9.99 71.58 

8 108.06 19.59 127.65 9.80 117.86 

9 59.37 17.24 76.71 8.62 67.99 

10 126.50 18.46 144.96 9.23 135.73 

11 103.12 22.95 126.07 11.48 114.60 

12 102.24 21.93 124.17 10.97 113.21 

13 435.20 31.23 466.43 15.62 450.82 

14 304.67 42.08 346.75 21.04 325.71 
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Block 

2 

15 219.15 37.87 257.02 18.94 238.09 

16 123.59 27.70 151.29 13.85 137.44 

17 241.19 228.30 469.39 114.15 355.34 

 

 

 

 

 

Block 

3 

 

1 167.62 85.13 225.75 42.57 210.19 

2 143.76 0 143.76 0.00 143.76 

3 80.57 0 80.57 0.00 80.57 

4 122.15 0 122.15 0.00 122.15 

5 123.37 0 123.37 0.00 123.37 

6 79.20 0 79.20 0.00 79.20 

7 77.58 0 77.58 0.00 77.58 

8 184.99 0 184.99 0.00 184.99 

9 184.59 0 184.59 0.00 184.59 

10 137.72 0 137.72 0.00 137.72 

11 234.51 69.21 303.72 34.61 269.12 

 

 

 

 

 

 

 

Block 

4 

 

 

 

 

 

 

 

1 128.32 80.02 208.34 40.01 168.33 

2 87.48 27.48 114.96 13.74 101.22 

3 128.76 20.09 148.85 10.05 138.81 

4 59.08 23.91 82.99 11.96 71.04 

5 116.71 6.16 122.87 3.08 119.79 

6 106.01 13.88 119.89 6.94 112.95 

7 345.08 23.88 368.96 11.94 357.02 

8 263.90 18.03 281.93 9.02 272.92 

9 359.15 25.49 384.64 12.75 371.90 

10 392.96 37.89 430.85 18.95 411.91 

11 206.03 51.46 257.49 25.73 231.76 

12 78.83 18.05 96.88 9.03 87.86 

13 120.11 7.73 127.84 3.87 123.98 

14 110.94 13.13 124.07 6.57 117.51 

15 212.10 15.65 227.75 7.83 219.93 

16 162.86 19.51 182.37 9.76 172.62 
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Block 

4 

17 154.94 24.59 179.53 12.30 167.24 

18 239.20 20.58 259.78 10.29 249.49 

19 91.64 32.05 123.69 16.03 107.67 

20 138.48 152.56 291.04 76.28 214.76 

 

 

 

 

 

Block 

5 

1 208.64 180.06 388.70 90.03 298.67 

2 215.43 51.94 267.37 25.97 241.40 

3 142.58 53.58 196.16 26.79 169.37 

4 150.44 38.45 188.89 19.23 169.67 

5 213.15 38.26 251.41 19.13 232.28 

6 151.75 44.10 195.85 22.05 173.80 

7 310.90 47.66 358.56 23.83 334.73 

8 249.68 48.23 297.91 24.12 273.80 

9 397.96 46.60 444.56 23.30 421.26 

10 162.78 50.59 213.37 25.30 188.08 

11 184.41 61.82 246.23 30.91 215.32 

12 408.38 273.73 682.11 136.87 545.25 

 

 

 

 

 

 

Block 

6 

 

 

 

 

 

 

1 125.28 142.69 267.97 71.35 196.63 

2 68.73 25.34 94.07 12.67 81.40 

3 0 26.10 26.10 13.05 13.05 

4 74.57 21.49 96.06 10.75 85.32 

5 17.38 22.74 40.12 11.37 28.75 

6 88.49 25.74 114.23 12.87 101.36 

7 99.55 27.33 126.88 13.67 113.22 

8 123.22 31.34 154.64 15.67 138.89 

9 97.37 22.83 120.20 11.42 108.79 

10 100.67 21.85 122.52 10.93 111.60 

11 70.23 25.56 95.79 12.78 83.01 

12 118.95 29.69 146.64 14.85 133.80 

13 69.62 27.22 96.84 13.61 83.23 

14 76.29 27.60 103.89 13.80 90.09 



 42 

 

 

Calculated metric  

Vegetated area 

on property 

(m2) 

Vegetated area on 

property + Vegetated 

area adjacent to 

property (m2) 

Vegetated area on 

property + 50% of 

vegetated area adjacent 

to property (m2) 

Mean 175.86 216.57 196.23 

Standard Deviation 119.60 144.98 130.69 

 

  

 

Block 

6 

15 110.71 25.34 136.05 12.67 123.38 

16 87.00 20.59 107.59 10.30 97.30 

17 126.96 15.41 142.37 7.71 134.67 
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Appendix D – Measurements relevant to the calculation of average catchment area per 

property. 

 

 

 

 

Study 

Area 

Lot Number Roofed Area (m2) Catchment Area (m2) (i.e. 20% of 

Roofed Area) 

 

 

 

Block 1 

1 205.41 41.08 

2 297.77 59.55 

3 217.96 43.59 

4 292.24 58.45 

5 217.56 43.51 

6 123.44 24.69 

7 171.22 34.24 

8 121.24 24.25 

 

 

 

 

 

 

 

Block 2 

1 119.95 23.99 

2 147.17 29.43 

3 166.54 33.31 

4 140.01 28.00 

5 139.53 27.91 

6 139.84 27.97 

7 154.08 30.82 

8 147.88 29.58 

9 153.63 30.73 

10 168.14 33.63 

11 149.07 29.81 

12 149.42 29.88 

13 144.92 28.98 

14 204.33 40.87 
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Study 

Area 

Lot Number Roofed Area (m2) Catchment Area (m2) (i.e. 20% of 

Roofed Area) 

 

Block 2 

15 151.73 30.35 

16 175.92 35.18 

17 224.44 44.89 

 

 

 

 

 

Block 3 

1 125.70 25.14 

2 144.90 28.98 

3 171.55 34.31 

4 106.89 21.38 

5 109.60 21.92 

6 223.23 44.65 

7 206.54 41.31 

8 125.83 25.17 

9 91.24 18.25 

10 128.15 25.63 

11 346.36 69.27 

 

 

 

 

 

 

 

Block 4 

1 214.15 42.83 

2 163.71 32.74 

3 182.99 36.60 

4 188.87 37.77 

5 258.68 51.74 

6 198.05 39.61 

7 134.82 26.96 

8 119.84 23.97 

9 100.50 20.10 

10 176.32 35.26 

11 205.59 41.12 

12 207.48 41.50 

13 172.20 34.44 
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Study 

Area 

Lot Number Roofed Area (m2) Catchment Area (m2) (i.e. 20% of 

Roofed Area) 

 

 

 

Block 4 

14 217.56 43.51 

15 214.21 42.84 

16 192.30 38.46 

17 156.72 31.34 

18 186.06 37.21 

19 217.08 43.42 

20 237.56 47.51 

 

 

 

 

 

 

Block 5 

1 256.65 51.33 

2 240.02 48.00 

3 281.48 56.30 

4 275.17 55.03 

5 250.13 50.03 

6 240.40 48.08 

7 178.56 35.71 

8 184.11 36.82 

9 168.35 33.67 

10 278.12 55.62 

11 198.45 39.69 

12 90.78 18.16 

 

 

 

 

Block 6 

1 156.36 31.27 

2 151.72 30.34 

3 154.73 30.95 

4 160.75 32.15 

5 158.80 31.76 

6 170.95 34.19 

7 179.35 35.87 

8 178.84 35.77 

9 156.70 31.34 
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Study 

Area 

Lot Number Roofed Area (m2) Catchment Area (m2) (i.e. 20% of 

Roofed Area) 

 

 

 

Block 6 

10 160.44 32.09 

11 146.62 29.32 

12 159.86 31.97 

13 172.38 34.48 

14 146.41 29.28 

15 176.8 35.36 

16 161.1 32.22 

 

Calculated metric  Roofed Area (m2) Catchment Area (m2) (i.e. 20% of 

Roofed Area) 

Mean 179.29 35.86 

Standard Deviation 49.53 9.91 
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Appendix E - Mean monthly precipitation (in meters) in Vancouver during the irrigation 

season (May to September) used to calculate the rainwater harvesting potential for each month.  

 

Month May June July August September 

Precipitation (m) 0.0650 0.0538 0.0356 0.0367 0.0509 

Source: Government of Canada, 2021. 
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Appendix F – Table presenting the domestic outdoor water demand (in liters) for each month 

of the irrigation season (May to September) for three irrigation scenarios and the averages for all 

irrigation scenarios. 

 

Irrigation Scenario 
Domestic Outdoor Water Demand (L) 

May June July August September 

1. All vegetated areas 

on properties but no 

adjacent vegetated 

areas are irrigated 

3,940 ± 2,630 17,120 ± 11,410 23,850 ± 15,900 17,860 ± 11,900 5,860 ± 3,910 

2. All vegetated areas 

on properties and all 

adjacent vegetated 

areas are irrigated 

4,820 ± 3,290 20,920 ± 14,270 29,150 ± 19,880 21,830 ± 14,880 7,170 ± 4,890 

3. All vegetated areas 

on properties and 50% 

of adjacent vegetated 

areas are irrigated 

4,380 ± 2,850 19,020 ± 12,360 26,500 ± 17,230 19,840 ± 12,900 6,520 ± 4,240 

 

Average of all 

irrigation scenarios 

 

4,380 ± 2,923 19,020 ± 12,680 26,500 ± 17,670 19,843 ± 13,227 6,517 ± 4,347 

 

 

 


