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Abstract 

 Increased stormwater runoff from impervious areas is a major threat to the 

ecological health of urban streams and the sustainability of water resources. Low impact 

development (LID) is an approach to stormwater management that reduces the impact of 

imperviousness on urban watersheds. This study explored LID retrofitting on private lots to 

reduce runoff within Calgary’s Nose Creek watershed. Six variations of a suburban lot scenario 

were designed by incorporating three low impact development practices: absorbent landscaping, 

bioretention/rain gardens, and rainwater capture. These scenarios were then modelled using the 

City of Calgary Water Balance Spreadsheet. The lowest rainfall runoff percentage (3.2%) was 

achieved by doubling the soil depth of absorbent landscaping. Further, capture and re-use of 

runoff from 5% of the impervious area would reduce indoor non-potable water use by 3.4m3. 

Future LID research into retrofitting costs, landowner acceptance, and hydraulic performance of 

existing private lot source controls is recommended. 
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Chapter 1: Background 

As urbanization spreads, cities are becoming assemblages of complex and unique 

ecological conditions. Mitigating the environmental impacts of both aging infrastructure and 

rapid urban sprawl presents enormous challenges to planning and engineering professionals 

while causing concern for those living in or near urban areas. A particularly critical issue is the 

effect of urban development on aquatic ecosystems. Increased areas of impervious ground cover 

and soil compaction dramatically increase the volume and contaminant load of untreated 

stormwater runoff that eventually drains into local waterways (City of Calgary, 2009).  The 

effects of increased impervious area in a watershed are exacerbated by the use of conventional 

stormwater drainage, designed to reduce the risk of localized flooding by rapidly conveying 

untreated runoff from impervious areas to a nearby receiving water body (Walsh, Fletcher, & 

Burns, 2012). The biological, chemical, and morphological changes to these waterways as a 

result of increased stormwater runoff and conventional stormwater management compromise the 

quantity and quality of water resources in both urban and surrounding areas (Walsh, Roy, 

Feminella & Cottingham, 2005). 

 

Urban Streams 

Research on the effects of urbanization on watersheds shows consistent stream changes 

resulting from changes in land cover; these features include higher nutrient and contaminant 

loads, increased channel erosion and incision, decreased bank stability, and decreased aquatic 

species diversity (Walsh et al., 2005; Paul & Meyer, 2001; Meyer, Paul & Taulbee, 2005). Of 
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particular note is the emergence of a characteristic “flashy” hydrograph, showing frequent high 

flow events with rapid rise and fall (Walsh et al., 2005, p.707). An example of the difference 

between a pre-development and post-development stream hydrograph is shown in Figure 1. 

These changes can in fact be used to predict the degradation of an urban stream (Walsh et al., 

2005). Additional features seen in some cases are increased suspended solids and decreased base 

flows. Collectively, these features have been coined in the literature as “urban stream syndrome” 

(Walsh et al., 2005, p. 707; Wallace, Croft-White, & Moryk, 2013, p. 7857).  

 

Figure 1: The effect of urbanization on a stream hydrograph 
 

Low Impact development 

Conventional urban stormwater management approaches are designed to convey runoff 

as quickly as possible to stormwater sewers and then to either a detention pond or directly to a 

receiving body of water. In turn, the use of conventional stormwater drainage and increased 

watershed imperviousness cause changes to stream hydrology in urban areas. Further, the total 
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size of impervious area in a catchment alone is not necessarily a predictor of stream degradation; 

the degree to which that impervious area is directly connected to conventional drainage and the 

efficiency of that drainage system are associated with “poor ecological condition” observed in an 

urbanized catchment (Walsh et al., 2012, p.4).  

In light of the ecological impacts of conventional stormwater drainage on urban streams 

and the growing costs of updating or expanding stormwater infrastructure, a suite of stormwater 

runoff management methods that better reflect the natural hydrology of the landscape by 

mimicking the pre-development hydrological condition provide an appealing alternative. These 

methods are used to slow, store, infiltrate, and treat runoff and can be integrated throughout the 

urban environment to enhance natural hydrological regimes (Prince George's County, 1999). 

They are typically referred to as low impact development (LID; the commonly-used term in 

Canada and the U.S.), best management practices (BMP’s), sustainable urban drainage systems 

(SUDS), or green infrastructure. Types of LID installations (source control practices) may 

include bioretention, biofiltration, green roofs, rainwater harvesting, permeable pavements, urban 

forestry, absorbent landscaping, or constructed wetlands. The implementation of these practices 

can vary widely according to climate, topography, soil structure, native vegetation, and land use 

or other policy constraints. 

 

Study Objectives 

The primary objective of this study is to examine the stormwater runoff reductions that 

could be achieved through LID retrofitting on single family private lots in an urbanized 
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watershed in Calgary, Alberta. Three LID source controls - rainwater harvesting, rain gardens, 

and absorbent landscaping – were incorporated into various iterations of a single family site 

design to explore the runoff reductions that could be achieved using these source controls. The 

City of Calgary Water Balance Spreadsheet (WBSCC), a modified water balance approach, was 

selected to quantify the potential reductions of LID retrofits on single family lots, primarily 

because the City of Calgary Water Resources Department requires that this model be used in 

their development approvals process. While the WBSCC is geared toward new developments, 

the goal of this study is to explore adaptation of the model toward the development of local 

residential LID guidelines for single family lot retrofits. This study also explores how LID 

retrofits could be practically implemented, based on local conditions and existing practices. 

While the cost of implementing LID on private property has been largely unexplored in Calgary-

specific LID research, the scope of this study does not include thorough consideration of the cost 

implications of the modeled site designs.  
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Chapter 2: Context & Rationale  

The Nose Creek Watershed 

A semi-arid climate, increasing urban sprawl, and its location within six different 

watersheds make the Calgary region particularly vulnerable to water resource issues (City of 

Calgary [Municipal Development Plan], 2009). Climate change will also likely increase the 

severity and duration of flood and drought periods and exacerbate stream degradation (City of 

Calgary, 2005). The Calgary Metropolitan Plan outlines how the Calgary region, which includes 

eleven other municipalities, could increase by 1.6 million people and 125,000 hectares of 

developed land over the next 50-70 years (Calgary Regional Partnership, 2014). This rapid 

increase in water demand and expansion of developed land cover within Calgary’s main 

watershed, the Bow River basin, are likely to impact future water security within the region. The 

Bow River has been under a moratorium for new water licenses since 2006 due to historical 

over-allocation, including diversion of more than 70 percent of its annual flow to three irrigation 

districts east of Calgary (Maitland, 2013). The two major streams in the northern portion of the 

Bow River watershed are Nose Creek and West Nose Creek. The confluence of these two 

waterways in north Calgary gives rise to the main stem of Nose Creek, whose mouth at the Bow 

River is located just southeast of the downtown area. The Nose Creek basin is of particular 

concern for various reasons that will be discussed further in the following section.  

The Nose Creek watershed encompasses approximately 1,000 km2 area and includes the 

towns of Crossfield and Airdrie and a portion of the city of Calgary (Nose Creek Watershed 

Partnership, 2008; see Figure 2). A total of 20% of its basin is located in urban areas (Bow River 
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Basin Council, 2010). According to recent water quality and riparian health assessments of the 

Nose Creek, the current degraded state of the stream is largely attributed to increased impervious 

area and ongoing development activities (Palliser Environmental, 2013; Bow River Basin 

Council, 2010). While some issues, such as nutrient loading from agriculture and sediment from 

stream bank erosion, originate upstream of Calgary city limits, urban development is the major 

contributor to non-point source pollution (Maitland, 2013). Changes observed in Nose Creek 

include altered flow regime, widening of the stream channel, increased water temperature and 

growth of algae, and decreased species distribution, diversity, and abundance of both vertebrates 

and invertebrates (Bow River Basin Council, 2010). The most concerning water quality issues 

within the urban reaches of the creek include high electrical conductivity in the winter months, 

"probably" due to road salting, "consistently elevated” levels of Escheria coli bacteria (pp.iii, iv), 

total suspended solids and total phosphorus (Palliser Environmental, 2013). Data from the 2009-

2012 reporting period shows considerable spatial and temporal variation in the concentrations of 

these pollutants, indicating that a variety of factors may play a role. However, increased 

imperviousness, degraded riparian zones, and typical urban features such as dog parks, 

residential lawns, and winter street maintenance are likely contributors within urban areas 

(Palliser Environmental, 2013). In years with higher rainfall, as was seen in 2011, 2012, and 

2013, water quality in Nose Creek is expected to worsen due to increased stormwater runoff 

(Nose Creek Watershed Partnership, 2014). 
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The Nose Creek Watershed Water Management Plan 

 Formed in 1998, the Nose Creek Watershed Partnership (NCWP) includes the City of 

Calgary, the Municipal District of Rocky View, City of Airdrie, the Town of Crossfield, and the 

Calgary Airport Authority among its members. The NCWP commissioned several studies, 

including water quality monitoring, instream flow needs and groundwater investigations, and 

riparian health assessments, all of which informed the NCWP’s 2008 Nose Creek Watershed 

Water Management Plan (NCWWMP). This document provides a comprehensive set of 

recommendations for improving the condition of the Nose Creek watershed in its 

Implementation Action Plan. Guidance in the plan includes:  

• Water Conservation Objectives 

• Integrated Stomwater Management 

• Protection of Natural Features 

• Riparian Protection, Water Quality Protection 

• Source Water Protection 

• Channelization 

• Mitigation, Compensation, and Restoration 

• Cumulative Effects 

The recommendations in the Integrated Stormwater Management section are most applicable to 

the issues of increased imperviousness in urbanized watersheds and therefore will be echoed 

throughout this study.  

According to the NCWWMP, stormwater runoff in a developed watershed can range 
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from 5 to 100 percent more runoff than would have been generated in the predevelopment 

condition (Nose Creek Watershed Partnership, 2008). To address the current and future effects of 

development on Nose Creek, the NCWP has set out aggressive runoff volume reduction targets 

for the Nose Creek sub-basin. These include a reduction of annual stormwater runoff volumes 

from developed areas to 16 mm, or 93-95% runoff capture, and 11 mm by 2017, or 95-97% 

capture, of Calgary’s 350 mm annual rainfall (Nose Creek Watershed Partnership, 2008). At this 

time, the 2013 volume control targets are being implemented with the watershed (L. Van Duin, 

personal communication, January 13th, 2016). 

For developments in the Nose Creek watershed to meet the stormwater runoff targets, the 

NCWWMP recommends greater implementation of LID so that small storm events and 

occasional severe events can be better managed through natural hydrological processes, such as 

infiltration and evapotranspiration (Nose Creek Watershed Partnership, 2008). The aim of 

implementing LID in the case of the NCWWMP is to “approach predevelopment hydrographs in 

developed and developing areas of the Nose Creek watershed by methods other than detention.” 

(Nose Creek Watershed Partnership, 2008, p. 12). 

Nose Creek is a waterway of particular interest for this study for several reasons. First, 

precedent has already been set for the use of LID to address urban stormwater runoff in the Nose 

Creek basin. Previous Calgary-specific research in LID and the current use of source control 

practices in other areas of the city justify the exploration of practical, actionable implementation 

of LID to reduce stormwater runoff to Nose Creek. The section of the Nose Creek basin within 

Calgary city limits and north of its confluence with West Nose Creek was initially selected as the 
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study area in order to evaluate the stormwater runoff reductions that could be achieved at the 

watershed scale. Geographically, this is a small enough area that the process of upscaling site 

level LID performance to the entire study area was assumed to be relatively straightforward. 

However, the scale of the study was later reduced to site level only because accurate data for 

specific land uses (e.g., single family residential) that were required for accurate quantification of 

watershed scale LID performance could not be accessed at the time of the study. 

Second, the stream itself is particularly vulnerable to current and ongoing development in 

the area as well as water quality issues that originate higher up in the watershed, making the 

management of Nose Creek an ongoing challenge for several municipalities both upstream and 

downstream of Calgary. The pre-development hydrological condition for Nose Creek involves 

very little contribution from overland runoff during storm events; this condition has changed 

dramatically due to urbanization, leading to exponentially higher in-stream flows and associated 

stream degradation (Nose Creek Watershed Parternship, n.d.). Increased imperviousness, 

compacted soils, and “artificial precipitation” from lawn watering and outdated, leaking 

infrastructure are major contributors to the current condition of Nose Creek (p.2). Indicators of 

urban stream syndrome have been observed consistently through the NCWP’s monitoring 

activities, indicating a need to address the effects of urbanization.  

Nose Creek was also selected due to its proximity and hydrological contribution to the 

Bow River, the main municipal water supply in the region. The mouth of Nose Creek on the 

Bow River is located 500 metres upstream of the Calgary Weir, where the Western Irrigation 

District diverts its water supply. This water is also used to supply the Bow River and Eastern 
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Irrigation Districts. Therefore, water quality and quantity issues in Nose Creek impact the Bow 

River as well as the water supply for regional crop growing and livestock feed lots (Maitland, 

2013).  

This study was originally conceived to investigate the role that LID could play in 

reducing stormwater runoff within an urbanized watershed; however, data constraints dictated 

that a smaller, more well-defined area would need to be used. The scope and duration of this 

study necessitated the selection of an area that was located in the Nose Creek watershed, was 

characteristic of developments in that part of the city, and could be clearly defined for the sake of 

analysis. While the overarching goal of the research was to explore potential reduction in runoff 

to Nose Creek, a portion of the northeast Calgary subdivision of Panorama Hills was selected as 

the specific study area. This subdivision is located within both the Nose Creek and West Nose 

Creek watersheds (Figure 3) and is representative of the type of developments in the area (WER, 

2010). Because theoretical LID implementation in this subdivision had been explored previously 

and the technical specifications of the subdivision (e.g., lot size and areas of impervious and 

pervious land cover) were available for this research, Panorama Hills was an ideal candidate for 

the study area.  
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Figure 2: Panorama Hills Subdivision within the Nose Creek and West Nose Creek watersheds 
 (source: Google Earth Pro™; map data: 2015 DigitalGlobe; 51° 09’34.48” N, 114° 04’ 49.22” W; obtained Sept. 5th, 2015) 

Private Lot LID  

The Nose Creek watershed runoff reduction targets, as they exist now and over the 

timeframe of the current NCWWMP, can be met in any manner that a developer chooses. For 

example, a site design can include rain or stormwater capture and detention that meets the 11mm 

target, though is approach is not recommended by the NCWWMP (Nose Creek Watershed 

Partnership, 2008, p. 12). Reducing runoff by capture and detention alone does not support 

natural landscapes processes such as infiltration into soils, treatment by biological processes, 

groundwater recharge, or moderation of instream baseflows by groundwater (Maitland, 2013). 

LID practices that do mimic these natural processes as close to pre-development conditions as 

possible are recommended by several regional management plans. The NCWWMP includes 
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LID-specific references, recommending that these practices be used to meet runoff volume 

control target “wherever feasible, for all new developments and/or areas of redevelopment 

according to best available science.” (Nose Creek Watershed Partnership, 2008, p.14). The Bow 

River Phosphorus Management Plan (2014) acknowledges the importance of increased 

implementation of LID in managing urban non-point source pollution, including phosphorus and 

suspended sediment, in Calgary’s waterways (p. 26). The Calgary Municipal Development Plan 

(2014) encourages the use of LID and site level stormwater control measures for watershed 

protection (p. 2-45). The imagineCalgary Plan also promotes LID practices and has set out a 

2036 target that states that the "effective impervious areas are reduced equal to or below 30 per 

cent to restore natural hydrograph" (imagineCalgary Plan, 2013, p.78). Calgary-specific research 

also contains references to and recommendations for the use of LID (Maitland, 2013; Khan et al., 

2012, WER, 2010; Skorobogatov, 2014; Kalmakoff, 2007).   

This study was intended as a follow-up to previous investigations of the role of LID in 

residential areas in reducing runoff the Calgary region, including the City of Calgary’s 2010 

Theoretical Residential Low Impact Development Subdivision Project (WER, 2010) that was 

designed specifically to address the role that LID could play in reducing stormwater runoff from 

a new residential development in the Nose Creek basin. The 2010 Theoretical Residential Low 

Impact Development Subdivision Project project gave rise to the 2010 Residential LID 

Subdivision Study Final Report (RLSS) referred to extensively throughout this paper. Various 

aspects of LID implementation in the Nose Creek watershed have been researched in recent 

years for new commercial and industrial developments (Kalmakoff, 2007; Maitland, 2013), new 
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residential developments (WER, 2010), and new developments in general (MPE Engineering, 

2013). Meeting the NCWWMP runoff reduction targets entirely through the implementation of 

LID in new industrial and commercial developments is likely too costly or will take up valuable 

developable land area (Maitland, 2013). While some stormwater control performance targets 

have been achieved in new developments in Calgary and other urban areas in the region, older 

established developments have yet to meet the same standards (Nose Creek Watershed 

Partnership, n.d.). The development of an integrated stormwater management strategy for the 

Nose Creek Watershed therefore must include consideration of retrofitting existing properties in 

addition to source controls for new developments. 

 Because single family lots “dominate the land mass” within existing residential 

subdivisions in Calgary (WER, 2010, p.37), this particular land use constitutes a promising target 

for stormwater runoff reduction in the Nose Creek watershed and throughout the rest of the city. 

Implementation of LID practices on these lots is “achievable” and “ultimately necessary” to 

reduce runoff to the levels specified in the NCWWMP (WER, 2010, p.37). Implementation of 

LID practices on private lots is not without challenges, however. Private landowners must 

commit both finances and time for the installation and maintenance of source controls. While 

developers could provide an array of LID schemes (and associated cost spectrum) that a potential 

home buyer could choose from before construction takes place, retrofitting an existing property 

requires the property owner to research, organize, and invest in source control practices of their 

own undertaking. Single family properties may be especially challenging as the property owner 

is solely responsible for maintenance or potential failures. The absence of any runoff reduction 
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requirements or enforcement on private lots necessitates significant public outreach and 

education to encourage buy-in. In Calgary, the Alberta Low Impact Development Partnership 

(ALIDP) partly fulfills this role through training programs for professionals and construction of 

LID demonstration sites and other public awareness activities. The City of Calgary’s YardSmart 

program also provides information for residential LID, especially the installation of rain gardens.  

Aesthetically, some LID practices can conflict with accepted landscaping norms. In 

particular, large swaths of manicured lawns or other vegetation requiring considerable use of 

water, fertilizers, herbicides, or pesticides impact stormwater quality and quantity and are 

contradictory to LID design. Reduction of lawn area and wider use of native or locally-adapted 

plant species may not be broadly appealing, despite potential for reduced maintenance costs and 

effort. People may have a general concern for ecological issues but this concern often does not 

translate to their own landscapes, particularly if they believe that others will disapprove of a 

property that appears unkempt or disorderly (Nassauer, 1995). The subjective nature of cultural 

norms and their variability within an urban environment present challenges for landscape design 

that is both functional and socially acceptable. Successful widespread implementation of 

residential LID will require particular attention to contextual variation, and therefore increased 

input from individual homeowners during planning and design. 

LID Retrofit Options  

The results of a qualitative literature review provided inputs for later site design and 

modelling using the WBSCC. Substantial literature on LID effectiveness is currently available 

(Ahiablame et al., 2013); however, the design of source control practices requires careful 
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consideration of local climate and soil conditions, hydrology, development type, and land use 

(City of Calgary, 2007; City of Edmonton, 2014). As noted previously, the application of LID to 

single family property retrofits involves additional considerations such as ease of installation, 

ongoing maintenance, costs, aesthetic value, and sizing requirements. 

An informal (versus a systematic) approach to the literature review was undertaken 

because the body of previous research in Calgary-specific LID for residential retrofit applications 

was assumed to be relatively limited. A study with increased scope and timeframe would likely 

benefit from a broader literature review that includes LID applications in areas and conditions 

that are comparable to those in Calgary. The results from the initial search were cross-referenced 

for source control practices that met the following criteria: 

• runoff volume reduction,  

• runoff pollutant removal,  

• suitability for residential retrofits (as indicated in the literature), 

• expertise needed for installation,  

• maintenance and operation requirements,  

• cost, and 

• aesthetic value. 

By combining runoff performance criteria with applicability for private residential 

developments, the potential for LID retrofits on single family lots to address the stormwater 

reduction targets for the Nose Creek watershed could be assessed.  

Several documents provide LID design guidance in the Calgary context. Of note, the 
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Stormwater Source Control Practices Handbook (City of Calgary, 2007), the City of Calgary 

Low Impact Development Technical Guidance draft modules (Kerr Wood Leidal, 2012), and the 

Nose Creek Internal Drainage Areas Final Report (MPE, 2013) contained the most recent and 

comprehensive guidelines for applying LID in Calgary. Due to their moderate to high potential 

to reduce runoff volumes and pollutant loading, and their suitability for private lots, the most 

applicable LID practices selected from the aforementioned sources were Absorbent Landscaping, 

Bioretention/Rain Gardens, and Rainwater Harvesting/Re-use.  

Rainwater Harvesting/Re-use. The RLSS did not incorporate rainwater harvesting and 

re-use on single family lots in its scenarios. The rationale for excluding this feature is that typical 

rain barrel capacity is not enough to have a significant impact on runoff reduction (WER, 2010). 

Rain barrels are included in the lot descriptions and in the drawings solely for the “awareness 

and educational purposes” (p.45). Prior research suggests that even with large capacity rain 

barrels and “perfect operation”, residential rainwater harvesting requires a defined “beneficial 

use” (e.g., urban gardening) and still only yields modest run-off reductions (Jennings et al., 2013, 

p.765). For watershed-scale effectiveness, as much as 25-50% implementation of rainwater 

harvesting on high-density residential lots would be required (Ahiablame, Engel, & Chaubey, 

2013). Because urban gardening and other beneficial uses were not included in the design 

scenarios for this study, rainwater harvesting and re-use features were initially excluded. 

However, a final scenario with the equivalent of a 1,000 L rainwater tote was later added to 

explore the additional runoff reductions that could be achieved through rainwater harvesting for 

an indoor non-potable use (i.e., toilet flushing) in addition to some outdoor irrigation. The 
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inclusion of a 1,000 L rainwater tote was intended to reflect the upper limit of current residential 

rainwater harvesting practices in Calgary. Interest in urban agriculture and rainwater harvesting 

for food production is steadily growing in Calgary, although current federal and provincial 

regulations prohibit the use of non-potable water for this purpose (City of Calgary, 2014). 

Despite these restrictions, 1,000 L rainwater totes have been installed on several single family 

properties throughout the city (Figure 4).  

Bioretention/Rain Gardens. The application of the category of bioretention/rain gardens 

to single family lot retrofits was found to be somewhat problematic. While the precise definition 

varies somewhat in the literature, a rain garden generally consists of a shallow depression that 

has been filled with soil media and vegetation designed to capture and infiltrate stormwater 

runoff (Johnston, 2011). Rain gardens are typically considered to be a bioretention method, 

providing some degree of stormwater treatment via pollutant removal (Dietz & Clausen, 2005; 

Khan, 2012). Rain garden design guides often include a gravel drainage layer beneath a 

vegetated soil layer as well as an underdrain to allow percolated runoff to enter the stormwater 

sewer system (City of Calgary, 2007; City of Edmonton, 2014; MPE, 2013; Kerr Wood Leidal, 

2012; Dietz & Clausen, 2005). The conductivity of the underlying soil layer might dictate 

whether or not a gravel layer and subdrain are used (City of Calgary, 2007). Calgary’s sub-soils 

are dominated by clay and silty-clay soils with low infiltration rates (Skorobogatov, 2014; City 

of Calgary 2011); therefore, a bioretention area would likely need to include a gravel layer and 

underdrain to reduce the risk of failure, such as extended periods of ponding or seepage into an 

adjacent basement. These requirements would increase both professional input during design and 
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installation (MPE, 2013) and presumably higher cost of materials than a rain garden with 

permeable soil and vegetation only. Without an underlying gravel layer and underdrain, a rain 

garden can act as a “soakaway area” and is capable of accepting concentrated flows from 

adjacent roads or rooftops (MPE, 2013). In this way, a rain garden can be considered to be 

synonymous with absorbent landscaping with increased soil depth (Kalmakoff, 2007). While a 

potentially effective source control practice, a rain garden without a gravel layer and underdrain 

would still require significant inputs in a residential retrofit scenario.  The cost in terms of labour 

and materials to create a depression and then add 300 – 500mm of amended native or imported 

topsoil as well as plants could be prohibitively high for widespread implementation. For the 

purposes of the scenarios in this research, a rain garden is included in Absorbent Landscaping 

category. However, distinctions should be made between source control design for hydrological 

modelling and design in the real world. These distinctions, as they apply to residential 

retrofitting, will be further explored in the Discussion section.   

Absorbent Landscaping. In the WBSCC, the absorbent landscaping category includes 

either the preservation of native soils and vegetation or the creation of amended topsoil with 

planted vegetation, with a soil depth of at least 300mm (WER, 2010). Topsoil, also referred to as 

the A-horizon or rooting zone, absorbs runoff and allows it to infiltrate into deeper soil layers or 

to be taken up by plants to undergo evapotranspiration back into the atmosphere (Kalamakoff, 

2007). The rate and degree to which these processes occur is a function of the conductivity of the 

underlying soil layers and the characteristics of the vegetation in the absorbent landscape (Khan, 

2012; Skorobogatov, 2014).  
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Interaction between vegetation and the underlying soil is essential to the function of an 

absorbent landscape. Physically, plants intercept and slow rainfall and provide an irregular 

surface that attenuates stormwater flow (Skorobogatov, 2014). This slowing of rainwater before 

and after it reaches the ground improves infiltration into the soil and reduces erosion by wind, 

raindrops, and runoff (WER, 2010). Soil structure and permeability are also highly dependent on 

vegetation. Leaf litter adds organic content to the soil surface and in turn enhances infiltrative 

capacity (WER, 2010). The creation of macropores by spreading plant roots and the addition of 

organic material through root decay naturally aerate and increase the sponge-like capacity of the 

soil to absorb water and release it slowly (Skorobogatov, 2014). The microscopic interface 

between plant roots and the surrounding soil, the rhizosphere, is also the location of important 

physical and biochemical processes that build complex and stable soil structure over time. 

Exudates released by plant roots into the surrounding soil bind soil particles together and attract 

a wide variety of microbes that also create micropores they travel through the soil (Cardon & 

Whitbeck, 2007). Some plant species form symbiotic relationships with mycorrhizal fungi that 

further contribute to soil stability both physically because of their considerable biomass and 

chemically through the transportation of nutrients which support plant vigor (Cardon & 

Whitbeck, 2007). As porosity and soil structure is established through cycles of plant growth and 

decay, soil hydraulic conductivity also increases (Skorobogatov, 2014).  

Considering the interactions between soil structure and soil hydraulic conductivity, 

predictions can be made about relationships between the amount of organic matter contributed 

(or potentially contributed) by different plants and the degree to which those plants would 
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enhance infiltration in an absorbent landscape. While this relationship is highly complex and 

somewhat context-dependent, recent research indicates that the types of vegetation for LID have 

a significant effect on infiltration rates (Skorobogatov, 2014).  Compared to typical lawn grass 

and native grassland species, trees and woody shrub species found in Calgary (Rosa woodsii 

and/or acicularis, for example) display significantly higher soil infiltration rates (Skorobogatov, 

2014). Native varieties of woody shrubs will perform similarly to trees in an absorbent landscape 

without interfering with sight lines or overhead utilities in an urban environment (Skorobogatov, 

2014). Shrubs can readily be incorporated into an aesthetic landscape design that requires little 

maintenance (Figure 3). Residential lawn grass is associated with relatively low infiltration rates due 

to shallow root systems, decreased macropore formation, and reduced addition of organic content to 

the soil due to cutting and subsequent wind dispersal of grass clippings (Skorobogatov, 2014). The 

Calgary Stormwater Source Control Practices Handbook recommends conventional lawn areas be 

eliminated or reduced and encourage the use of low maintenance native grass species to improve 

infiltration and drought-tolerance (City of Calgary, 2007).  
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Figure 3: 1,000 L totes for rainwater harvesting and re-use in Calgary 

 

Figure 4: Low maintenance shrub planting on a residential property in Calgary 

Chapter 3: Research Question & Methodology 

This study was designed as a two-phase mixed methods exploratory investigation of the 

role that private lot residential LID could play in reducing stormwater runoff within an urbanized 

watershed. A mixed methodology was selected so that the strengths of both qualitative and 

quantitative methods could be utilized while mitigating the shortcomings of both approaches 

(Johnson & Onwuegbuzie, 2004). A pragmatist approach to research problems, where finding 

real-world solutions is the goal, is also best addressed using a mixed methodology (Creswell, 

2009). In this case, the literature review constituted the initial phase of the research and informed 
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the various iterations of the site design. Potential performance gaps between real world site 

designs and their idealized equivalents used for modelling are included in the Discussion. 

 

Research Question 

What degree of stormwater runoff reduction can be achieved on single family private lots 

that are typical in the Nose Creek watershed, based on modelling LID retrofit options 

optimized for local conditions? 

 

Stormwater Modelling 

The City of Calgary Water Balance Spreadsheet (WBSCC) was used to model the 

performance of examples of LID installations. An Excel-based water balance model prepared by 

Westhoff Engineering Resources, Inc. (WER) for the City of Calgary, the WBSCC was designed 

to allow consultants to “simulate the precipitation-runoff process for urban catchment areas” and 

to “evaluate the performance of various source control practices and stormwater management 

facilities” (City of Calgary, 2011, p.1). As such, this tool was also used to model the Panorama 

Hills subdivision in the Theoretical Residential Low Impact Development Subdivision Project. 

The capabilities of the WBSCC that were especially appealing for its use in this study include: 

• re-routing of flows from impervious areas to pervious areas, absorbent 

landscaping, or bioretention areas, 

• modelling of rainwater harvesting and re-use for irrigation and other non-potable 

household uses (at a constant, user-defined rate), and 
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• incorporation of reduced soil infiltration rates and (user-defined) sublimation 

losses during the winter (City of Calgary, 2011, pp.1-2). 

The WBSCC is based on a “simplified water balance approach” (City of Calgary, 2011, 

p.14) and incorporates a modified version of Water Balance Model by the British Columbia 

Inter-Governmental Partnership (WER, 2010). The WBSCC’s model allows the user to design 

individual sub-catchments that discharge to two central ponds (although the ponds were not 

included for the purposes of this study). Runoff from each land cover type (i.e., impervious, 

pervious, absorbent landscaping, bioretention, or green roof media) can be redirected to other 

cover types or to a storage tank for re-use. The WBSCC is capable of continuous simulation 

using a daily time step, relying on Calgary climate data from 1960 – 2010.  

The WBSCC assumes that “effective precipitation” includes the amount of snow on the 

ground that melts in a single day once the temperature reaches a threshold (in this case, 0°C) and 

that residual precipitation will accumulate until that threshold is reached (City of Calgary, 2011, 

p.30). It also assumes that there are some moisture losses due to sublimation, based on a user-

defined factor. A sublimation factor of 10% was recommended by City of Calgary Water 

Resources engineer B. Van Duin (personal communication, June 13th, 2015), and therefore was 

used in this study. The inflow and outflow of runoff is assumed to be constant within the daily 

time step and flow travel time over impervious areas is assumed to be less than this time step, an 

assumption that is usually met because the flow travel time is only a few minutes (City of 

Calgary, 2011).  

 



MODELLING LOW IMPACT DEVELOPMENT 

 

33 

Scenario Design 

The lot diagram in the RLSS (WER, 2010, p.47) was the starting point for the site design 

scenarios for this study. The Front Attached Garage Residential Product Lot 1 modelled for this 

study is 519.50 m2 with a house, attached garage, and small shed in the backyard, following 

specifications in the RLSS. Total areas of hardscape (i.e., impervious area) and softscape (i.e., 

pervious area and absorbent landscaping) are 222.5 m2 and 297 m2, respectively. Various 

iterations of an existing lot diagram were developed. The specifications for those iterations are 

detailed in Tables 1 – 6. The WBSCC uses the category of “pervious area” to include residential 

lawns (City of Calgary, 2011) so for the modelled scenarios, the pervious area is equivalent to 

the residential lawn area of the lot. The RLSS single family lot design suggests increasing the 

topsoil depth for pervious areas from the “typical” 150 mm to 300 mm, for “increased 

absorption” (WER, 2010, p.47). For the sake of modelling the hydrological performance of 

pervious areas and absorbent landscaping in the WBSCC, these areas have identical 

specifications apart from soil depth. For each scenario in this study, 100% of pervious areas have 

either 150 mm (Scenario 1) or 300 mm (Scenarios 2 – 5) of topsoil, with soil depths of 400 mm 

or 500 mm for areas of absorbent landscaping.  

Pervious Areas. The size of pervious area modelled in Scenario 1 and Scenario 2 is 199 

m2, taken directly from the RLSS lot diagrams (p.47). The size of the pervious area for Scenarios 

3 – 5 are re-sized proportionately to the areas of absorbent landscaping while keeping the total 

softscape areas to 297 m2, as specified in the RLSS.  

Absorbent Landscaping. The size of absorbent landscaping area modelled in Scenario 1 
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and Scenario 2 is 98 m2, taken directly from the RLSS lot diagrams (p.47). The size of the 

absorbent landscaping area for Scenarios 3 – 5 are re-sized proportionately to the areas of 

pervious area while keeping the total softscape areas to 297 m2, as specified in the RLSS. 

 
Table 1: Scenario 1 (150 mm Pervious Area with 500mm Absorbent Landscaping as a 98 m2 shrub planting) 
Cover	Type	 Total	Area	(m2)	 Description	

Impervious	Surface	 222.5	 Total	hard	surface	(house,	garage,	and	shed	roof	area;	deck;	

sidewalks;	pavers;	driveway)	

Pervious	Surface	 199.0	 Lawn	(150	mm	soil	depth);	receives	68%	of	runoff	from	

impervious	areas	(i.e.,	all	rooftop	runoff,	151	m2)	

Absorbent	Landscape	 98.0	 Shrub	planting	(500	mm	soil	depth);	receives	32%	of	runoff	from	

impervious	areas	(i.e.,	all	non-rooftop	runoff,	71.5	m2)	

 

Table 2: Scenario 2 (300 mm Pervious Area with 500 mm Absorbent Landscaping as a 98 m2 shrub 
planting) 
Cover	Type	 Total	Area	(m2)	 Description	

Impervious	Surface	 222.5	 Total	hard	surface	(house,	garage,	and	shed	roof	area;	deck;	

sidewalks;	pavers;	driveway)	

Pervious	Surface	 199.0	 Lawn	(300	mm	soil	depth);	receives	68%	of	runoff	from	

impervious	areas	(i.e.,	all	rooftop	runoff)	

Absorbent	Landscape	 98.0	 Shrub	planting	(500	mm	soil	depth)	receives	32%	of	runoff	from	

impervious	areas	(i.e.,	all	non-rooftop	runoff)	
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Table 3: Scenario 3 (300 mm Pervious Area with 400 mm Absorbent Landscaping as a 143 m2 rain garden) 
Cover	Type	 Total	Area	(m2)	 Description	

Impervious	

Surface	

222.5	 Total	hard	surface	(house,	garage,	and	shed	roof	area;	deck;	

sidewalks;	pavers;	driveway)	

Pervious	

Surface	

154.0	 Lawn	(300	mm	soil	depth);	receives	68%	of	runoff	from	impervious	

areas	(i.e.,	all	rooftop	runoff)	

Absorbent	

Landscape	

143.0		 Rain	garden	(400	mm	soil	depth);	receives	32%	of	runoff	from	

impervious	surface	(i.e.,	all	non-rooftop	runoff);	sized	at	2X	the	

impervious	area	drained*	

 

Table 4: Scenario 4 (300 mm Pervious Area with 400 mm Absorbent Landscaping as a 226.5 m2 rain 
garden) 
Cover	Type	 Total	Area	(m2)	 Description	

Impervious	

Surface	

222.5	 Total	hard	surface	(house,	garage,	and	shed	roof	area;	deck;	

sidewalks;	pavers;	driveway)	

Pervious	Surface	 70.5	 Lawn	(300	mm	soil	depth);	receives	32%	of	runoff	from	impervious	

surface	(i.e.,	all	non-rooftop	runoff)	

Absorbent	

Landscape	

226.5	 Rain	garden	(400	mm	soil	depth);	receives	51%	of	runoff	from	

impervious	surface	(i.e.,	75%	of	rooftop	runoff);	sized	at	2X	the	

impervious	area	drained*	

 

Table 5: Scenario 5 (300 mm Pervious Area with 500 mm Absorbent Landscaping as a 226.5 m2 rain 
garden) 
Cover	Type	 Total	Area	(m2)	 Description	

Impervious	

Surface	

222.5	 Total	hard	surface	(house,	garage,	and	shed	roof	area;	deck;	

sidewalks;	pavers;	driveway)	
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Pervious	Surface	 70.5	 Lawn	(300	mm	soil	depth);	receives	32%	of	runoff	from	impervious	

surface	(i.e.,	all	non-rooftop	runoff)	

Absorbent	

Landscape	

226.5	 Rain	garden	(500	mm	soil	depth);	receives	51%	of	runoff	from	

impervious	surface	(i.e.,	75%	of	rooftop	runoff);	sized	at	2X	the	

impervious	area	drained*	

 
 
Table 6: Scenario 6 (300 mm Pervious Area with 500 mm Absorbent Landscaping as a 226.5 m2 rain 
garden and Rainwater Harvesting/Re-use) 
Cover	Type	 Total	Area	(m2)	 Description	

Impervious	Surface	 222.5	 Total	hard	surface	(house,	garage,	and	shed	roof	area;	deck;	

sidewalks;	pavers;	driveway)	

Pervious	Surface	 70.5	 Lawn	(300	mm	soil	depth);	receives	all	of	non-rooftop	runoff	(32%	

of	impervious	area)	

Absorbent	

Landscape	

226.5	 Rain	garden	(500	mm	soil	depth);	receives	50%	of	rooftop	runoff	

(34%	of	impervious	area);	sized	at	2X	the	area	drained**	

Rainwater	

Harvesting/Re-Use	

N/A	 1,000	L	(1.0	m3)	capacity;	receives	50%	of	rooftop	runoff	(34%	of	

total	impervious	area);	water	used	for	non-potable	indoor	use	

(e.g.,	toilet	flushing)	at	a	rate	of	120	L/day†		

                                                   

* Absorbent Landscaping receiving direct runoff should be sized at twice the area of the 

impervious area drained (City of Calgary, 2007) 

† See Appendix A: Equations 
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Chapter 4: Results 

Site Level Performance 

A summary of the WBSCC results for Scenarios 1 – 5 is presented individually and 

includes predicted performance for pervious areas and absorbent landscaping. The total annual 

runoff discharge over the modelling period for each scenario (1960 – 2010) is shown in Figure 8 

and Table 7. Detailed WBSCC results for all scenarios are included in Appendix C. 

Scenario 1. Scenario 1 constituted the base case for this study and its predicted 

performance measures provide comparison for all subsequent scenarios. With 150 mm pervious 

area (lawn) soil depth and 500 mm deep absorbent landscaping (shrub planting area), the 

percentage of rainfall occurring as runoff was 8.9% for the entire site, 22.4% for pervious area, 

and 1.5% for absorbent landscaping. The average runoff volume for Scenario 1 was 36.4 mm.  

Scenario 2. The specifications for Scenario 2 are identical to Scenario 1, apart from 

increased soil depth for 100% of the pervious area. The increase from 150 mm to 300 mm soil 

depth resulted in a decrease in rainfall as runoff, from 8.9% to 3.2% for the site. The rainfall as 

runoff percentage for pervious area was 7.6%, approximately a third of that of Scenario 1. There 

was no decrease in runoff for absorbent landscaping as the soil depth and sizing for this source 

control was kept the same between the two scenarios. Average runoff was 13.1 mm. 

Scenario 3. All runoff from non-roof impervious areas (sidewalks, driveways, and deck) 

was directed onto the absorbent landscaping, which was increased in size from 98 m2 to 143 m2, 

but with a decreased soil depth from 500 mm to 400 mm. 32% of the total impervious area, or 

71.5 m2, drains directly onto the absorbent landscaping, which is sized at twice that area (as per 
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sizing guidelines in the Stormwater Source Control Practices Handbook [2007]). The size of 300 

mm lawn area was then reduced to 154 m2 to keep the total softscape area consistent with the 

other scenarios, and was allocated 100% of rooftop runoff, or 68% of the total impervious 

surface. Results for Scenario 3 were similar to Scenario 2, with 4.2%, 13.0%, and 1.3% rainfall 

as runoff percentages for the total site, pervious areas, and absorbent landscaping, respectively. 

Average runoff was slightly elevated from Scenario 2 at 17.2 mm. 

Scenario 4. This scenario was designed to allocate 75% of rooftop runoff (or 51% of 

total impervious area runoff) onto absorbent landscaping, which had to be resized to 226.5 m2 to 

accommodate the increased hydraulic loading. The pervious area was proportionately decreased 

to 70.5 m2 and received runoff from all non-rooftop impervious areas (32%), with the remaining 

17% of impervious area runoff was allowed to discharge from the site. Soil depth for pervious 

areas and absorbent landscaping was kept at 300 mm and 400 mm, respectively. The total site 

rainfall as runoff percentage increased to 7.8% over the previous scenario while percentages for 

pervious area (13.7%) and absorbent landscaping (1.3%) were virtually unchanged. Average site 

runoff was 32.1 mm. 

Scenario 5. The specifications for Scenario 5 are identical to those of Scenario 4, except 

for an increase in absorbent landscaping soil depth from 400 mm to 500 mm. The results from 

this design are comparable, with a rainfall as runoff percentage of 7.5% and average runoff of 

30.5 mm. An appreciable decrease in percentage of rainfall as runoff was seen for absorbent 

landscaping, from 1.3% in Scenario 4 to 0.4%. No alterations were made to pervious area inputs 

so predictably, pervious area runoff values were the same as Scenario 4.   
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Figure 5: Total lot discharge for Scenarios 1 - 5, 1960 – 2010 
 

 

Table 7: Total lot discharge data for Scenarios 1 - 5, 1960 – 2010 
Year	 Scenario	1	 Scenario	2	 Scenario	3	 Scenario	4	 Scenario	5	

1960	 5.7	 0.0	 0.0	 10.1	 10.1	

1961	 24.6	 12.2	 13.9	 17.9	 17.9	

1962	 3.5	 0.0	 0.0	 6.9	 6.9	

1963	 17.1	 3.1	 5.4	 15.3	 15.3	

1964	 23.6	 9.3	 12.1	 16.4	 16.4	

1965	 61.0	 35.5	 39.6	 41.3	 35.3	

1966	 27.4	 5.3	 7.9	 15.9	 15.9	

1967	 12.7	 5.7	 6.6	 9.7	 9.7	

1968	 12.0	 0.0	 0.0	 9.4	 9.4	
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1969	 25.2	 6.5	 9.1	 17.7	 17.7	

1970	 24.8	 16.2	 17.8	 22.4	 18.2	

1971	 16.7	 1.9	 3.8	 12.9	 12.9	

1972	 25.1	 5.1	 10.3	 19.5	 19.5	

1973	 11.0	 0.0	 1.1	 11.0	 11.0	

1974	 19.9	 0.0	 2.8	 11.1	 11.1	

1975	 0.5	 0.0	 0.0	 9.4	 9.4	

1976	 9.3	 0.0	 1.8	 12.3	 12.3	

1977	 8.6	 0.0	 0.0	 11.2	 11.2	

1978	 34.0	 8.7	 16.1	 23.7	 23.7	

1979	 0.0	 0.0	 0.0	 7.5	 7.5	

1980	 18.9	 7.2	 9.3	 17.0	 17.0	

1981	 16.1	 5.5	 7.3	 18.3	 18.3	

1982	 12.3	 1.3	 3.8	 13.7	 13.7	

1983	 3.1	 0.0	 0.0	 7.0	 7.0	

1984	 16.5	 2.2	 4.8	 12.8	 12.8	

1985	 26.7	 18.4	 20.0	 24.9	 18.9	

1986	 42.3	 23.6	 27.8	 32.3	 26.6	

1987	 14.6	 0.0	 4.9	 12.3	 12.3	

1988	 25.2	 13.7	 15.6	 19.2	 19.2	

1989	 0.0	 0.0	 0.0	 10.0	 10.0	

1990	 11.2	 2.7	 4.8	 12.4	 12.4	

1991	 17.2	 0.0	 2.6	 12.9	 12.9	
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1992	 30.0	 15.8	 19.3	 25.0	 21.8	

1993	 22.2	 0.1	 5.1	 15.9	 15.9	

1994	 1.9	 0.0	 0.0	 9.6	 9.6	

1995	 14.8	 2.2	 5.0	 13.9	 13.9	

1996	 8.0	 2.4	 3.9	 11.6	 11.6	

1997	 38.0	 18.1	 22.8	 25.2	 23.6	

1998	 48.5	 30.7	 36.2	 41.3	 36.0	

1999	 30.4	 6.9	 11.5	 19.2	 19.2	

2000	 4.1	 0.0	 0.0	 11.6	 11.6	

2001	 12.4	 3.6	 5.2	 11.6	 11.6	

2002	 0.0	 0.0	 0.0	 8.8	 8.8	

2003	 12.5	 0.0	 1.5	 13.4	 13.4	

2004	 7.1	 0.0	 0.0	 9.7	 9.7	

2005	 68.8	 47.2	 50.5	 53.1	 46.6	

2006	 24.0	 8.1	 10.1	 16.8	 16.8	

2007	 34.6	 16.2	 18.9	 26.8	 22.6	

2008	 20.4	 10.7	 13.3	 20.0	 20.0	

2009	 9.8	 1.2	 3.9	 10.4	 10.4	

2010	 10.6	 0.0	 0.0	 13.2	 13.2	

 

Scenario 6. Rainwater capture for non-potable indoor use was initially outside the scope 

of this research. Previous studies had reported relative success in using this source control for 

outdoor residential use (Jennings et al., 2013; Ahiablame, Engel, & Chaubey, 2013). However, 
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the WBSCC is capable of modelling a constant, user-defined rate of non-potable indoor 

rainwater re-use (WER, 2010). Further, current legislation in Alberta permits the use of captured 

rainwater for toilet or urinal flushing (City of Calgary, 2013). Given the goals of this research, 

the technical capabilities of the WBSCC, and legislative support in the real world, indoor non-

potable rainwater use was identified as an opportunity for further runoff reductions. 

Scenario 6 was designed with the same specifications as Scenario 2, primarily because 

Scenario 2 resulted in the greatest runoff reduction among Scenarios 1 – 5. A 1,000 L rainwater 

tote was added, with a constant non-potable demand of 0.0014 L/second (120 L/day; Appendix 

A, Equation 1) to approximate daily toilet flushing for a family of four. Runoff from rooftop 

areas was then divided between the pervious area (63%) and the rainwater tote (5%), with the 

remainder of the impervious area runoff (32%) directed to absorbent landscaping. Percentage of 

rainfall as runoff was reduced from 3.2% in Scenario 2 to 2.8%. For pervious areas, rainfall as 

runoff was reduced to 6.5% while absorbent landscaping stayed approximately the same as 

Scenario 2 at 1.6%. Average runoff was 11.5mm. While the runoff results remain virtually 

unchanged from Scenario 2, Scenario 6 allows for an average annual water savings of 3.4m3 per 

year (see Appendix C). As is evident in Figure 9, the inflow volume and the demand volume for 

the rainwater tote are balanced, resulting in zero overflow.  
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Figure 6: Inflow, demand, and overflow for rainwater harvesting in Scenario 6, 2000 – 2010 
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Chapter 5: Discussion 

Performance of Site Scenarios 

Although the specifications for Scenario 1 were taken directly from the RLSS, no follow 

up steps were taken during this research to determine if any or all of the single family lots in the 

Panorama Hills subdivision were constructed according to these specifications. The amount of 

pervious area and amount and type of absorbent landscaping (in this case, a 500mm shrub 

planting) were assumed to be a reasonable approximation of typical of single family lots built 

around that time (2010). Interestingly, the average annual runoff volume from the Scenario 1 

design, 36.4mm, is slightly more than the NCWWMP 2010 target of 30mm, that, as noted 

earlier, has yet to be achieved. In the context of a typical 150mm lawn area and a relatively 

conservative area of absorbent landscaping that includes vegetation with measured high 

hydraulic conductivity, Scenario 1 likely reflects a realistic lot design. Estimating the density of 

comparable lots as well as determining the measures needed to retrofit other lots in the Nose 

Creek watershed to the same performance level could be an approach taken to address the 2010 

target.  

The largest gain in runoff reduction was seen with the conversion of all 150mm soil 

depth lawn areas in Scenario 1 to 300mm in Scenario 2. A rainfall runoff percentage of 3.2% 

was the lowest of all the scenarios. The average annual runoff volume, at 13.1mm, falls between 

the 2013 and 2017 NCWWMP targets of 16mm and 11mm, respectively. Because the size of the 

lawn and absorbent landscaping areas remains unchanged, Scenario 2 is also assumed to be a 

reasonable design for a single family lot in Calgary. However, how the increase in soil depth 
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from 150mm to 300mm for all pervious areas on a lot would be practically implemented is 

unclear. The most straightforward, albeit labour and cost – intensive, approach would be to 

replace the existing lawn sod entirely. This process involves removing the sod, aerating surface 

soils and tilling subsoils to reduce “excessive” compaction, adding soil amendments or imported 

topsoil, and replacing vegetative cover (ideally, a native grass sod that would develop a deeper 

root system than the pre-existing lawn) (City of Calgary, 2007, p.45). Other recommendations 

involve overseeding of the existing lawn with native grass seed and leaving the existing soil 

structure fully intact (L. Van Duin, personal communication, Sept. 2nd, 2015) or retaining at least 

300mm of the existing A-horizon then amending with organic matter as needed (WER, 2010).  

The performance of Scenario 3 was comparable to the performance of Scenario 2, but 

with some important design modifications. The lawn area was reduced by over 20 percent, 

replaced by 400mm soil depth absorbent landscaping. The RLSS suggests that absorbent 

landscaping with deeper soil is “appropriate for shrubs and trees” (WER, 2010, p. 37). 400mm 

soil depth could conceivably be enough for small trees or a variety of shrubs while saving the 

cost of additional topsoil amendment or import, with the benefit of increased hydraulic 

conductivity of woody species. From a practical standpoint, it should be noted that Scenarios 1 

and 2 were designed to allocate non-rooftop runoff (i.e., runoff from sidewalks, driveways, and 

decks) to absorbent landscaping and all rooftop runoff to pervious areas. In reality, concentrated 

flows such as rooftop runoff from a downspout should be evenly distributed over the landscape 

that is intended to absorb it (B. Van Duin, personal communication, Sept. 2nd, 2015). Directing 

concentrated rooftop flow to a broad area while simultaneously directing distributed non-rooftop 
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flow to a relatively small area would take very careful planning. A rain garden (i.e., a depression 

filled with absorbent soil and vegetation) would be more appropriate for accepting concentrated 

downspout runoff from rooftops (B. Van Duin, personal communication, Sept. 2nd, 2015). 

Regardless of practical considerations, at 17.2mm of average annual runoff, this scenario almost 

meets the 2013 NCWWMP target of 16mm.  

The sizing of absorbent landscaping areas for Scenario 4 and 5 was intended to maximize 

rooftop runoff infiltration while keeping some lawn area intact. The results from both scenarios 

were similar enough to indicate that increasing absorbent landscaping soil depth from 400mm 

(Scenario 4) to 500mm (Scenario 5) did not have a significant impact on the overall runoff 

reduction for the site. While any further increase in absorbent landscaping area could yield 

additional runoff reduction, the practicality of this approach is questionable. Research into public 

preference suggests that people prefer a “conventional” landscape aesthetic or one that resembles 

a conventional landscape with approximately half lawn and half garden (Nassauer, 1995, pp. 165 

– 166). In situations with a weedy lawn or with more than half of the lawn replaced by a garden 

of native shrubs, public preference decreased due to perceptions of messiness and lack of caring 

(Nassauer, 1995). In reality, Scenarios 4 and 5 would have roughly 24 percent of lawn area 

intact. Between aesthetic preference and the cost of installing larger areas of absorbent 

landscaping, persuading private landowners to adopt either of these two designs could be 

difficult. Further, the runoff reductions for these scenarios, especially when compared to the 

performance of Scenario 2, are not particularly compelling. 

While Scenario 2 showed promising overall results for runoff reduction, a 1,000 L 
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rainwater tote with a constant non-potable indoor use was included in Scenario 6 to explore 

additional gains in runoff reduction that rainwater harvesting and re-use could provide. On 

average, between 30 and 34 percent of indoor water use in Calgary is used for flushing toilets 

(City of Calgary, 2005), which, as noted previously, is one permitted use of collected rainwater 

in Alberta. The other permitted use, subsurface irrigation, could potentially address the seasonal 

spike in outdoor irrigation demand that can reach up to 50 percent of daily residential water 

consumption (City of Calgary, 2005). Despite the restrictions on collected rainwater use, the 

Province of Alberta’s Reclaimed Water Working Group has released comprehensive guidelines 

for installing rainwater harvesting systems on single family lots (Government of Alberta, 2010). 

Steffen et al. (2013) evaluated the potential benefits of residential rainwater harvesting in 23 

cities across the United States using the water balance approach. Cities in semi-arid regions (i.e., 

receiving less than 762mm of of annual precipitation) had the highest potential for reducing 

stormwater runoff through residential rainwater harvesting (Steffen et al., 2013). Widespread use 

of 190 L rain barrels in 17 of those 23 cities would potentially reduce stormwater runoff by more 

than 25 percent (Steffen et al., 2013), suggesting that even small measures can have significant 

impact at higher scales of implementation.  

Winterization and appropriate sizing are important factors for planning rainwater 

harvesting systems in Calgary. Above ground rain barrels must be drained at the end of the 

season to prevent damage from the expansion of frozen water. Underground tanks must be 

installed below the frost line or can be placed inside a heated garage or basement, although 

placement would be limited in a retrofit scenario (City of Calgary, 2013). Sizing of rainwater 
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tanks and routing of overflow must also be considered. The roof size used in this study could 

provide over 39,000 L of rainwater per year (see Appendix A, Equation 2) and overflow routing 

must be carefully considered. Both indoor installation and high volume capture add to the 

complexity and cost of the system. However, continued assessment of the benefits and 

performance of rainwater harvesting practices using a water balance approach would be useful 

for planning and designing private lot installation on a variety of scales.  

 

The Water Balance Approach 

While WBSCC was ultimately chosen for use in this study, other stormwater modelling 

tools were initially considered. The first was the EPA’s PCSWMM; however, this particular 

model is described in one review as “too complex” for general use or use by non-modelling 

planners (Elliott & Trowsdale, 2007, p.397). At the time the review was conducted, PCSWMM 

was also not capable of modelling LID practices designed to infiltrate into soils rather than into 

an underlying sub-drain. Because many LID practices rely on deep infiltration into soil or 

evapotranspiration by plants to manage runoff, finding a model that could incorporate these 

practices was imperative.  

Consideration was also given to the Water Balance Model, powered by QUALHYMO, a 

web-based model developed in British Columbia. This model can be set to use Calgary-specific 

parameters such as precipitation and temperature data and was developed with input from the 

Alberta Low Impact Development Partnership (L. Van Duin, personal communication, May 23rd, 

2015). LID installations can be modelled at the single site scale, neighbourhood scale, or 
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watershed scale. However, only a short-term trial version of the model was available at the time 

of this study.  

The accuracy of the WBSCC for local conditions is supported by the incorporation of 50 

years of Calgary climate data and the ability to include winter sublimation losses and intermittent 

thawing (City of Calgary, 2011). Soil hydraulic conductivity and evapotranspiration rates for 

vegetation ultimately determine the success of absorbent landscaping as an LID practice; these 

parameters in the WBSCC can be defined by the user, further increasing its customizability for 

local applications. These rates can be measured in the field (as in Skorobogatov, 2014, for 

example), they can also be inferred from knowledge of the underlying soil composition and the 

type of vegetation. The WBSCC essentially infers these values, based on the Soil-Plant-Air-

Water (SPAW) software and the relationship between actual and potential evapotranspiration 

rates, also known as crop coefficients (City of Calgary, 2011). Crop coefficients in the WBSCC 

are limited to two types of ground cover (i.e., Kentucky Bluegrass and sagebrush) to determine 

monthly irrigation demand (City of Calgary, 2011). A guidance document outlining irrigation 

demand for a wider array of local vegetation types is expected to be available later in 2015 (L. 

Van Duin, personal communication, June 13th, 2015).  

For the scenarios modelled in this study, the default soil composition and conductivity 

values for pervious areas and absorbent landscaping were used. A field assessment of soil 

composition and hydraulic conductivity of an actual site can be performed; however, the cost to 

hire a professional to perform soil composition or hydraulic conductivity testing would likely be 

prohibitive for many single family property owners. While the results obtained from the WBSCC 
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for this study may not reflect actual performance in the field, the comparison of the relative 

performance of site designs is still useful for considering retrofit options. 

 

Implementation 

Potential Barriers. The degree to which private landowners are willing to implement 

LID retrofits is highly context dependent and may be difficult to predict. Individual aesthetic 

preferences, ecological concern (or lack of), labour intensity for installation and maintenance, 

financial costs, and potential failure risks will all likely factor into the decision making process. 

Public understanding of how LID works is often inaccurate or incomplete and community level 

resistance due to perceived “messy” appearance are additional challenges for implementation 

(Roy et al., 2008).  

Nassauer (1995) offers advice for designers to create landscapes that incorporate ecological 

function while maintaining a tidy appearance. Ecologically-functional elements (such as native 

shrubs and grasses) can be included in design so long as they are contained within “orderly 

frames” that communicate intention and care on the part of the homeowner (Nassauer, 1995, 

p.169). Substituting conventional landscaping features, such as Kentucky Bluegrass sod, for LID 

features that have a similar aesthetic may appeal to a wider portion of the public, particularly in a 

suburban setting with a high degree of landscaping uniformity. The array native plants and trees 

available in the Calgary area that are suitable for LID (Appendix C) provides a high degree of 

customization. While a variety of style options for residential LID applications is available, full 

appreciation of these options will require increased public education (WER, 2010).  
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 Upfront investment costs for LID may be higher than for conventional landscaping but 

the use of native vegetation allows for “more vigorous” growth and “improved viability”, 

reducing the need for watering (WER, 2010). The higher initial investment can be further offset 

by increased curb appeal and property values, particularly for absorbent landscaping (WER, 

2010; City of Calgary, 2007; City of Edmonton, 2014). The costs associated with retrofitting a 

conventional lot with LID source controls was not included in this research, although some cost 

analyses for new residential LID in Calgary has been done (e.g., WER, 2010). The cost of 

absorbent landscaping installation for new developments is not expected to be much more than 

the cost of conventional landscaping; however, a retrofit absorbent landscaping installation could 

be more expensive due to demolition and soil replacement costs (City of Calgary, 2007). The 

cost saving in terms of utilities (i.e., water usage and stormwater fees) may help to offset the 

initial investment (WER, 2010). In addition, permaculture “blitzes” or ALIDP demonstration site 

projects engage community-based volunteer networks that minimize labour cost and construction 

time and have been used in Calgary to install absorbent landscaping on residential lots. 

Incentives. Market-based incentive programs have potential for encouraging 

implementation of LID on private lots. Fee and rebate structures (Roy et al., 2008; Thurston, 

2006), tradable runoff allowances that incorporate opportunity costs (Thurston, 2006), and 

reverse auctions (Thurston et al., 2010) have shown promise for driving voluntary adoption by 

private landowners. Research into LID retrofits on private lots by Thurston et al. (2010) 

demonstrated that people’s willingness-to-accept source controls on their property could be 

achieved with “relatively minimal” financial incentives (p. 405). Educational programs alone 

were also likely to encourage homeowner participation, though not to the same degree as 
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financial incentives (Thurston et al., 2010). The authors indicated that research into the effect of 

pairing education and subsidized installation of source controls (i.e., an incentive) on homeowner 

participation would be useful for understanding LID acceptance.  

Implementation of both requirements and incentive programs for water efficiency 

(though not LID practices) have had some measure of success in Calgary, inspiring significant 

reductions in water usage (City of Calgary, 2005). Current LID demonstration sites include 

bioretention (e.g., Bridgeland and Winston Heights community rain gardens) and absorbent 

landscaping (e.g., the Street to Stream project in Inglewood) although the degree to which LID 

practices have been adopted by private residential landowners in Calgary remains to be seen.  
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Chapter 6: Conclusion & Future Directions 

The existence of a Calgary-specific water balance model bodes well for a movement 

toward site-specific, rather than prescriptive, LID design. The unique features of Calgary’s 

climate, including intermittent periods of winter snow melt (i.e., Chinooks), high rates of 

evapotranspiration, and low rates of infiltration due to tight clay subsoils necessitate careful 

consideration on the part of designers and municipal planning and approval departments for LID 

to be a widespread and successful part of Calgary’s stormwater management. New development 

is likely to exacerbate the challenges of managing urban runoff in Calgary, unless 

recommendations in guidance documents such as the NCWWMP become an integral part of 

development requirements. Addressing runoff reduction targets in established communities 

presents its own unique challenges. Aging infrastructure and high levels of imperviousness in 

developed areas are key concerns for managing runoff quality and quantity, particularly when 

local waterways have already been significantly impacted by conventional development 

practices.  

Innovative solutions for managing stormwater that are feasible for retrofits that address 

the NCWWMP targets will become increasingly vital to protect the water quantity and quality in 

the Nose Creek watershed. Public awareness and education as well as incentive programs will be 

necessary drive voluntary adoption of LID retrofits by private landowners. Gaps in current 

knowledge include costs associated with residential retrofits and aesthetic preferences for LID 

source control practices among Calgarians living in established neighbourhoods. Assessment of 

the infiltrative capacity of existing private lot landscape practices (e.g., urban agriculture, mature 
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trees and shrubs) would also be useful for understanding how the effects of urbanization in older 

communities could be mitigated through preserving rather than retrofitting established 

vegetation. To meet the targets of the NCWWMP both now and in the future, the integration of 

both new and existing developments into stormwater management planning is essential. 
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Appendix A: Equations 

1. Estimated non-potable indoor use calculation for a family of four, daily average of 5 

flushes/person, 6 L/flush = 4 x 5 x 6 = 120 L per day (rate of 0.0014 L per second entered 

into the WBSCC).  

(Source: City of Calgary Rainwater Harvesting Guidelines (2013), Appendix D) 

2. Collection volume calculation: Rooftop runoff Volume = Roof area (Length x width) x 

Average Annual Rainfall  

e.g., Front Attached Garage Residential Product Lot 1: house rooftop area (112m2) x average 

annual rainfall in Calgary (350mm) = 39, 200 L  

(Source: City of Calgary, Rainwater Harvesting Guidelines (2013), Appendix A) 
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Appendix B: Detailed WBSCC Scenario Results  

SUBCATCHMENT	1	(Scenario	1)	

	

(mm)	 (m3)	

	

SC1:	IMPERVIOUS	AREA	 (mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 10856.0	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 4649.6	

AVERAGE	PRECIPITATION	 409.7	

	  

TOTAL	RUNOFF	

	

15516.1	 3452.3	

MEDIAN	PRECIPITATION	 404.7	

	  

%	OF	RAINFALL	AS	RUNOFF	 74.3	

	

TOTAL	RUNOFF	(INCLUDING	SUBDRAIN)	 1857.1	 964.8	

	

AVERAGE	

RUNOFF	

	

304.2	 67.7	

%	OF	RAINFALL	AS	RUNOFF	 8.9	

	  

MEDIAN	RUNOFF	

	

299.3	 66.6	

AVERAGE	RUNOFF	(INCLUDING	

SUBDRAIN)	 36.4	 18.9	

	

MAXIMUM	RUNOFF	(ANY	

TIMESTEP)	 91.0	 20.2	

MEDIAN	RUNOFF	(INCLUDING	

SUBDRAIN)	 31.8	 16.5	

	

TOTAL	RUNON	

	

0.0	 0.0	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	DEP	STORAGE	

(EVAPORATION	LOSS)	 5018.5	 1116.6	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 51.3	 26.7	

	

TOTAL	SUBLIMATION	LOSS	 356.4	 79.3	

AVERAGE	EVAPORATION	 306.9	 159.5	

	

SNOW	PACK	AT	THE	END	OF	

SIMULATION	 5.9	 1.3	

AVERAGE	PERCOLATION	 17.0	 8.8	

	

WATER	BALANCE	(OVER	PERIOD	OF	

RECORD)	 0.0	 0.0	

TOTAL	RUNOFF	+	EVAP	+	PERCOLATION	 360.3	 187.2	

	      

           SC1:	PERVIOUS	AREA	 (mm)	 (m3)	

	

SC1:	ABSORBENT	AREA	 (mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 4158.5	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 2047.9	

TOTAL	RUNOFF	

	

4689.0	 933.1	

	

TOTAL	RUNOFF	

	

323.1	 31.7	

%	OF	RAINFALL	AS	RUNOFF	 22.4	

	  

%	OF	RAINFALL	AS	RUNOFF	 1.5	

	

AVERAGE	RUNOFF	

	

91.9	 18.3	

	

AVERAGE	

RUNOFF	

	

6.3	 0.6	
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SUBCATCHMENT	2	(Scenario	2)	

	

(mm)	 (m3)	

	

SC2:	IMPERVIOUS	AREA	

	

(mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 10856.0	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 4649.6	

AVERAGE	PRECIPITATION	

	

409.7	

	  

TOTAL	RUNOFF	

	

15516.1	 3452.3	

MEDIAN	PRECIPITATION	

	

404.7	

	  

%	OF	RAINFALL	AS	RUNOFF	 74.3	

	TOTAL	RUNOFF	(INCLUDING	SUBDRAIN)	 668.1	 347.1	

	

AVERAGE	RUNOFF	

	

304.2	 67.7	

%	OF	RAINFALL	AS	RUNOFF	 3.2	

	  

MEDIAN	RUNOFF	

	

299.3	 66.6	

AVERAGE	RUNOFF	(INCLUDING	SUBDRAIN)	 13.1	 6.8	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 91.0	 20.2	

MEDIAN	RUNOFF	(INCLUDING	SUBDRAIN)	 4.5	 2.4	

	

TOTAL	RUNON	

	

0.0	 0.0	

MEDIAN	RUNOFF	

	

82.9	 16.5	

	

MEDIAN	RUNOFF	

	

0.0	 0.0	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 122.9	 24.5	

	

MAXIMUM	RUNOFF	(ANY	

TIMESTEP)	 56.4	 5.5	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

TOTAL	RUNON	

	

11796.9	 2347.6	

	

TOTAL	RUNON	

	

11272.9	 1104.7	

AVERAGE	RUNON	

	

231.3	 46.0	

	

AVERAGE	RUNON	

	

221.0	 21.7	

MEDIAN	RUNON	

	

227.5	 45.3	

	

MEDIAN	RUNON	

	

217.4	 21.3	

TOTAL	SEEPAGE	

	

1679.7	 334.3	

	

TOTAL	SEEPAGE	

	

1177.1	 115.4	

AVERAGE	SEEPAGE	 32.9	 6.6	

	

AVERAGE	SEEPAGE	 23.1	 2.3	

MEDIAN	SEEPAGE	

	

31.8	 6.3	

	

MEDIAN	SEEPAGE	

	

19.8	 1.9	

TOTAL	EVAPORATION	 25944.6	 5163.0	

	

TOTAL	EVAPORATION	 30300.6	 2969.5	

AVERAGE	EVAPORATION	 508.7	 101.2	

	

AVERAGE	EVAPORATION	 594.1	 58.2	

MEDIAN	EVAPORATION	 503.8	 100.3	

	

MEDIAN	EVAPORATION	 586.9	 57.5	

TOTAL	SUBLIMATION	LOSSES	 356.4	 70.9	

	

TOTAL	SUBLIMATION	LOSSES	 356.4	 34.9	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.2	

	

SNOW	PACK	AT	THE	END	OF	

SIMULATION	 5.9	 0.6	

WATER	BALANCE	(OVER	PERIOD	OF	

RECORD)	 -0.1	 0.0	

	

WATER	BALANCE	(OVER	PERIOD	OF	

RECORD)	 -0.1	 0.0	
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TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	DEP	STORAGE	(EVAPORATION	LOSS)	 5018.5	 1116.6	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 42.8	 22.2	

	

TOTAL	SUBLIMATION	LOSS	 356.4	 79.3	

AVERAGE	EVAPORATION	

	

330.9	 171.9	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.3	

AVERAGE	PERCOLATION	

	

16.3	 8.5	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 0.0	 0.0	

TOTAL	RUNOFF	+	EVAP	+	PERCOLATION	 360.4	 187.2	

	      

           SC2:	PERVIOUS	AREA	

	

(mm)	 (m3)	

	

SC2:	ABSORBENT	AREA	

	

(mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 4158.5	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 2047.9	

TOTAL	RUNOFF	

	

1585.0	 315.4	

	

TOTAL	RUNOFF	

	

323.1	 31.7	

%	OF	RAINFALL	AS	RUNOFF	 7.6	

	  

%	OF	RAINFALL	AS	RUNOFF	 1.5	

	AVERAGE	RUNOFF	

	

31.1	 6.2	

	

AVERAGE	RUNOFF	

	

6.3	 0.6	

MEDIAN	RUNOFF	

	

11.8	 2.4	

	

MEDIAN	RUNOFF	

	

0.0	 0.0	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 86.4	 17.2	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 56.4	 5.5	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

TOTAL	RUNON	

	

11796.9	 2347.6	

	

TOTAL	RUNON	

	

11272.9	 1104.7	

AVERAGE	RUNON	

	

231.3	 46.0	

	

AVERAGE	RUNON	

	

221.0	 21.7	

MEDIAN	RUNON	

	

227.5	 45.3	

	

MEDIAN	RUNON	

	

217.4	 21.3	

TOTAL	SEEPAGE	

	

1595.1	 317.4	

	

TOTAL	SEEPAGE	

	

1177.1	 115.4	

AVERAGE	SEEPAGE	

	

31.3	 6.2	

	

AVERAGE	SEEPAGE	

	

23.1	 2.3	

MEDIAN	SEEPAGE	

	

29.5	 5.9	

	

MEDIAN	SEEPAGE	

	

19.8	 1.9	

TOTAL	EVAPORATION	

	

29137.0	 5798.3	

	

TOTAL	EVAPORATION	

	

30300.6	 2969.5	

AVERAGE	EVAPORATION	

	

571.3	 113.7	

	

AVERAGE	EVAPORATION	

	

594.1	 58.2	

MEDIAN	EVAPORATION	

	

568.7	 113.2	

	

MEDIAN	EVAPORATION	

	

586.9	 57.5	

TOTAL	SUBLIMATION	LOSSES	 356.4	 70.9	

	

TOTAL	SUBLIMATION	LOSSES	 356.4	 34.9	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.2	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 0.6	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	
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SUBCATCHMENT	3	(Scenario	3)	

	

(mm)	 (m3)	

	

SC3:	IMPERVIOUS	AREA	

	

(mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 10856.0	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 4649.6	

AVERAGE	PRECIPITATION	

	

409.7	

	  

TOTAL	RUNOFF	

	

15516.1	 3452.3	

MEDIAN	PRECIPITATION	

	

404.7	

	  

%	OF	RAINFALL	AS	RUNOFF	 74.3	

	TOTAL	RUNOFF	(INCLUDING	SUBDRAIN)	 878.6	 456.4	

	

AVERAGE	RUNOFF	

	

304.2	 67.7	

%	OF	RAINFALL	AS	RUNOFF	 4.2	

	  

MEDIAN	RUNOFF	

	

299.3	 66.6	

AVERAGE	RUNOFF	(INCLUDING	SUBDRAIN)	 17.2	 8.9	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 91.0	 20.2	

MEDIAN	RUNOFF	(INCLUDING	SUBDRAIN)	 9.7	 5.0	

	

TOTAL	RUNON	

	

0.0	 0.0	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	DEP	STORAGE	(EVAPORATION	LOSS)	 5018.5	 1116.6	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 39.7	 20.6	

	

TOTAL	SUBLIMATION	LOSS	 356.4	 79.3	

AVERAGE	EVAPORATION	

	

326.8	 169.8	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.3	

AVERAGE	PERCOLATION	

	

16.3	 8.5	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 0.0	 0.0	

TOTAL	RUNOFF	+	EVAP	+	PERCOLATION	 360.4	 187.2	

	      

           SC3:	PERVIOUS	AREA	

	

(mm)	 (m3)	

	

SC3:	ABSORBENT	AREA	

	

(mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 3218.1	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 2988.3	

TOTAL	RUNOFF	

	

2712.5	 417.7	

	

TOTAL	RUNOFF	

	

270.5	 38.7	

%	OF	RAINFALL	AS	RUNOFF	 13.0	

	  

%	OF	RAINFALL	AS	RUNOFF	 1.3	

	AVERAGE	RUNOFF	

	

53.2	 8.2	

	

AVERAGE	RUNOFF	

	

5.3	 0.8	

MEDIAN	RUNOFF	

	

32.6	 5.0	

	

MEDIAN	RUNOFF	

	

0.0	 0.0	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 105.7	 16.3	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 54.5	 7.8	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

TOTAL	RUNON	

	

15244.1	 2347.6	

	

TOTAL	RUNON	

	

7725.5	 1104.7	

AVERAGE	RUNON	

	

298.9	 46.0	

	

AVERAGE	RUNON	

	

151.5	 21.7	

MEDIAN	RUNON	

	

294.0	 45.3	

	

MEDIAN	RUNON	

	

149.0	 21.3	

TOTAL	SEEPAGE	

	

1950.1	 300.3	

	

TOTAL	SEEPAGE	

	

919.8	 131.5	



MODELLING LOW IMPACT DEVELOPMENT 

 

67 

AVERAGE	SEEPAGE	

	

38.2	 5.9	

	

AVERAGE	SEEPAGE	

	

18.0	 2.6	

MEDIAN	SEEPAGE	

	

36.3	 5.6	

	

MEDIAN	SEEPAGE	

	

15.1	 2.2	

TOTAL	EVAPORATION	

	

31098.1	 4789.1	

	

TOTAL	EVAPORATION	

	

27063.1	 3870.0	

AVERAGE	EVAPORATION	

	

609.8	 93.9	

	

AVERAGE	EVAPORATION	

	

530.6	 75.9	

MEDIAN	EVAPORATION	

	

610.4	 94.0	

	

MEDIAN	EVAPORATION	

	

522.7	 74.7	

TOTAL	SUBLIMATION	LOSSES	 356.4	 54.9	

	

TOTAL	SUBLIMATION	LOSSES	 356.4	 51.0	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 0.9	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 0.8	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	

 

SUBCATCHMENT	4	(Scenario	4)	

	

(mm)	 (m3)	

	

SC4:	IMPERVIOUS	AREA	

	

(mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 10856.0	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 4649.6	

AVERAGE	PRECIPITATION	

	

409.7	

	  

TOTAL	RUNOFF	

	

15516.1	 3452.3	

MEDIAN	PRECIPITATION	

	

404.7	

	  

%	OF	RAINFALL	AS	RUNOFF	 74.3	

	TOTAL	RUNOFF	(INCLUDING	SUBDRAIN)	 1638.9	 851.4	

	

AVERAGE	RUNOFF	

	

304.2	 67.7	

%	OF	RAINFALL	AS	RUNOFF	 7.8	

	  

MEDIAN	RUNOFF	

	

299.3	 66.6	

AVERAGE	RUNOFF	(INCLUDING	SUBDRAIN)	 32.1	 16.7	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 91.0	 20.2	

MEDIAN	RUNOFF	(INCLUDING	SUBDRAIN)	 25.8	 13.4	

	

TOTAL	RUNON	

	

0.0	 0.0	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	DEP	STORAGE	(EVAPORATION	LOSS)	 5018.5	 1116.6	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 38.6	 20.1	

	

TOTAL	SUBLIMATION	LOSS	 356.4	 79.3	

AVERAGE	EVAPORATION	

	

315.0	 163.7	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.3	

AVERAGE	PERCOLATION	

	

13.2	 6.9	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 0.0	 0.0	

TOTAL	RUNOFF	+	EVAP	+	PERCOLATION	 360.4	 187.2	

	      

           SC4:	PERVIOUS	AREA	

	

(mm)	 (m3)	

	

SC4:	ABSORBENT	AREA	

	

(mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 1473.2	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 4733.2	

TOTAL	RUNOFF	

	

2871.0	 202.4	

	

TOTAL	RUNOFF	

	

274.2	 62.1	

%	OF	RAINFALL	AS	RUNOFF	 13.7	

	  

%	OF	RAINFALL	AS	RUNOFF	 1.3	

	AVERAGE	RUNOFF	

	

56.3	 4.0	

	

AVERAGE	RUNOFF	

	

5.4	 1.2	
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MEDIAN	RUNOFF	

	

35.4	 2.5	

	

MEDIAN	RUNOFF	

	

0.0	 0.0	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 108.9	 7.7	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 54.9	 12.4	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

TOTAL	RUNON	

	

15670.2	 1104.7	

	

TOTAL	RUNON	

	

7773.5	 1760.7	

AVERAGE	RUNON	

	

307.3	 21.7	

	

AVERAGE	RUNON	

	

152.4	 34.5	

MEDIAN	RUNON	

	

302.2	 21.3	

	

MEDIAN	RUNON	

	

149.9	 34.0	

TOTAL	SEEPAGE	

	

1992.6	 140.5	

	

TOTAL	SEEPAGE	

	

926.4	 209.8	

AVERAGE	SEEPAGE	

	

39.1	 2.8	

	

AVERAGE	SEEPAGE	

	

18.2	 4.1	

MEDIAN	SEEPAGE	

	

37.0	 2.6	

	

MEDIAN	SEEPAGE	

	

15.2	 3.4	

TOTAL	EVAPORATION	

	

31322.9	 2208.3	

	

TOTAL	EVAPORATION	

	

27100.7	 6138.3	

AVERAGE	EVAPORATION	

	

614.2	 43.3	

	

AVERAGE	EVAPORATION	

	

531.4	 120.4	

MEDIAN	EVAPORATION	

	

615.9	 43.4	

	

MEDIAN	EVAPORATION	

	

523.6	 118.6	

TOTAL	SUBLIMATION	LOSSES	 356.4	 25.1	

	

TOTAL	SUBLIMATION	LOSSES	 356.4	 80.7	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 0.4	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.3	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	

 

SUBCATCHMENT	5	(Scenario	5)	

	

(mm)	 (m3)	

	

SC5:	IMPERVIOUS	AREA	

	

(mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 10856.0	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 4649.6	

AVERAGE	PRECIPITATION	

	

409.7	

	  

TOTAL	RUNOFF	

	

15516.1	 3452.3	

MEDIAN	PRECIPITATION	

	

404.7	

	  

%	OF	RAINFALL	AS	RUNOFF	 74.3	

	TOTAL	RUNOFF	(INCLUDING	SUBDRAIN)	 1557.1	 808.9	

	

AVERAGE	RUNOFF	

	

304.2	 67.7	

%	OF	RAINFALL	AS	RUNOFF	 7.5	

	  

MEDIAN	RUNOFF	

	

299.3	 66.6	

AVERAGE	RUNOFF	(INCLUDING	SUBDRAIN)	 30.5	 15.9	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 91.0	 20.2	

MEDIAN	RUNOFF	(INCLUDING	SUBDRAIN)	 25.8	 13.4	

	

TOTAL	RUNON	

	

0.0	 0.0	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	DEP	STORAGE	(EVAPORATION	LOSS)	 5018.5	 1116.6	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 26.2	 13.6	

	

TOTAL	SUBLIMATION	LOSS	 356.4	 79.3	

AVERAGE	EVAPORATION	

	

318.4	 165.4	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.3	
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AVERAGE	PERCOLATION	

	

11.5	 6.0	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 0.0	 0.0	

TOTAL	RUNOFF	+	EVAP	+	PERCOLATION	 360.4	 187.2	

	      

           SC5:	PERVIOUS	AREA	

	

(mm)	 (m3)	

	

SC5:	ABSORBENT	AREA	

	

(mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 1473.2	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 4733.2	

TOTAL	RUNOFF	

	

2871.0	 202.4	

	

TOTAL	RUNOFF	

	

86.5	 19.6	

%	OF	RAINFALL	AS	RUNOFF	 13.7	

	  

%	OF	RAINFALL	AS	RUNOFF	 0.4	

	AVERAGE	RUNOFF	

	

56.3	 4.0	

	

AVERAGE	RUNOFF	

	

1.7	 0.4	

MEDIAN	RUNOFF	

	

35.4	 2.5	

	

MEDIAN	RUNOFF	

	

0.0	 0.0	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 108.9	 7.7	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 26.3	 6.0	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

	

TOTAL	IRRIGATION	DEMAND	 0.0	 0.0	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

	

AVERAGE	IRRIGATION	DEMAND	 0.0	 0.0	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

	

MEDIAN	IRRIGATION	DEMAND	 0.0	 0.0	

TOTAL	RUNON	

	

15670.2	 1104.7	

	

TOTAL	RUNON	

	

7773.5	 1760.7	

AVERAGE	RUNON	

	

307.3	 21.7	

	

AVERAGE	RUNON	

	

152.4	 34.5	

MEDIAN	RUNON	

	

302.2	 21.3	

	

MEDIAN	RUNON	

	

149.9	 34.0	

TOTAL	SEEPAGE	

	

1992.6	 140.5	

	

TOTAL	SEEPAGE	

	

720.9	 163.3	

AVERAGE	SEEPAGE	

	

39.1	 2.8	

	

AVERAGE	SEEPAGE	

	

14.1	 3.2	

MEDIAN	SEEPAGE	

	

37.0	 2.6	

	

MEDIAN	SEEPAGE	

	

9.4	 2.1	

TOTAL	EVAPORATION	

	

31322.9	 2208.3	

	

TOTAL	EVAPORATION	

	

27497.3	 6228.1	

AVERAGE	EVAPORATION	

	

614.2	 43.3	

	

AVERAGE	EVAPORATION	

	

539.2	 122.1	

MEDIAN	EVAPORATION	

	

615.9	 43.4	

	

MEDIAN	EVAPORATION	

	

536.4	 121.5	

TOTAL	SUBLIMATION	LOSSES	 356.4	 25.1	

	

TOTAL	SUBLIMATION	LOSSES	 356.4	 80.7	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 0.4	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.3	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	

 

SUBCATCHMENT	2	WITH	RAIN	WATER	

HARVESTING	(Scenario	6)	

	

(mm)	 (m3)	

	

SC2:	IMPERVIOUS	AREA	

	

(mm)	 (m3)	
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TOTAL	MSC	PRECIPITATION	 20897.0	 10856.0	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 4649.6	

AVERAGE	PRECIPITATION	

	

409.7	

	  

TOTAL	RUNOFF	

	

15516.1	 3452.3	

MEDIAN	PRECIPITATION	

	

404.7	

	  

%	OF	RAINFALL	AS	RUNOFF	 74.3	

	TOTAL	RUNOFF	(INCLUDING	SUBDRAIN)	 584.3	 303.5	

	

AVERAGE	RUNOFF	

	

304.2	 67.7	

%	OF	RAINFALL	AS	RUNOFF	 2.8	

	  

MEDIAN	RUNOFF	

	

299.3	 66.6	

AVERAGE	RUNOFF	(INCLUDING	SUBDRAIN)	 11.5	 6.0	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 91.0	 20.2	

MEDIAN	RUNOFF	(INCLUDING	SUBDRAIN)	 3.2	 1.7	

	

TOTAL	RUNON	

	

0.0	 0.0	

TOTAL	IRRIGATION	DEMAND	 25.2	 13.1	

	

TOTAL	DEP	STORAGE	(EVAPORATION	LOSS)	 5018.5	 1116.6	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 41.6	 21.6	

	

TOTAL	SUBLIMATION	LOSS	 356.4	 79.3	

AVERAGE	EVAPORATION	

	

327.2	 170.0	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.3	

AVERAGE	PERCOLATION	

	

15.7	 8.2	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 0.0	 0.0	

TOTAL	RUNOFF	+	EVAP	+	PERCOLATION	 354.3	 184.1	

	      

           SC2:	PERVIOUS	AREA	

	

(mm)	 (m3)	

	

SC2:	ABSORBENT	AREA	

	

(mm)	 (m3)	

	           TOTAL	MSC	PRECIPITATION	 20897.0	 4158.5	

	

TOTAL	MSC	PRECIPITATION	 20897.0	 2047.9	

TOTAL	RUNOFF	

	

1363.5	 271.3	

	

TOTAL	RUNOFF	

	

328.7	 32.2	

%	OF	RAINFALL	AS	RUNOFF	 6.5	

	  

%	OF	RAINFALL	AS	RUNOFF	 1.6	

	AVERAGE	RUNOFF	

	

26.7	 5.3	

	

AVERAGE	RUNOFF	

	

6.4	 0.6	

MEDIAN	RUNOFF	

	

8.4	 1.7	

	

MEDIAN	RUNOFF	

	

0.0	 0.0	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 83.2	 16.6	

	

MAXIMUM	RUNOFF	(ANY	TIMESTEP)	 56.4	 5.5	

TOTAL	IRRIGATION	DEMAND	 44.1	 8.8	

	

TOTAL	IRRIGATION	DEMAND	 44.1	 4.3	

AVERAGE	IRRIGATION	DEMAND	 0.9	 0.2	

	

AVERAGE	IRRIGATION	DEMAND	 0.9	 0.1	

MEDIAN	IRRIGATION	DEMAND	 0.6	 0.1	

	

MEDIAN	IRRIGATION	DEMAND	 0.6	 0.1	

TOTAL	RUNON	

	

10929.5	 2175.0	

	

TOTAL	RUNON	

	

11272.9	 1104.7	

AVERAGE	RUNON	

	

214.3	 42.6	

	

AVERAGE	RUNON	

	

221.0	 21.7	

MEDIAN	RUNON	

	

210.8	 41.9	

	

MEDIAN	RUNON	

	

217.4	 21.3	

TOTAL	SEEPAGE	

	

1506.8	 299.8	

	

TOTAL	SEEPAGE	

	

1184.7	 116.1	

AVERAGE	SEEPAGE	

	

29.5	 5.9	

	

AVERAGE	SEEPAGE	

	

23.2	 2.3	

MEDIAN	SEEPAGE	

	

27.3	 5.4	

	

MEDIAN	SEEPAGE	

	

20.1	 2.0	
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TOTAL	EVAPORATION	

	

28624.3	 5696.2	

	

TOTAL	EVAPORATION	

	

30331.4	 2972.5	

AVERAGE	EVAPORATION	

	

561.3	 111.7	

	

AVERAGE	EVAPORATION	

	

594.7	 58.3	

MEDIAN	EVAPORATION	

	

558.4	 111.1	

	

MEDIAN	EVAPORATION	

	

587.4	 57.6	

TOTAL	SUBLIMATION	LOSSES	 356.4	 70.9	

	

TOTAL	SUBLIMATION	LOSSES	 356.4	 34.9	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 1.2	

	

SNOW	PACK	AT	THE	END	OF	SIMULATION	 5.9	 0.6	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	

	

WATER	BALANCE	(OVER	PERIOD	OF	RECORD)	 -0.1	 0.0	

	           STORAGE/	REUSE	TANK	 (m3)	

	   

SC2:	STORAGE	/	REUSE	

	

(m3)	

	

           MAXIMUM	VOLUME	 1.1	

	   

MAXIMUM	VOLUME	OVER	RECORD	 1.1	

	MINIMUM	VOLUME	 0.1	

	   

AVERAGE	MAX.	VOLUME	

	

0.6	

	TOTAL	INFLOW	 172.6	

	   

MEDIAN	MAX.	VOLUME	

	

0.5	

	TOTAL	DEMAND	 172.7	

	   

MINIMUM	VOLUME	OVER	RECORD	 0.1	

	TOTAL	OVERFLOW	 0.0	

	   

AVERAGE	MIN.	VOLUME	

	

0.1	

	TOTAL	MUN.	MAKE-UP	WATER	 0.0	

	   

MEDIAN	MIN.	VOLUME	

	

0.1	

	TOTAL	RECHARGE	 0.0	

	   

TOTAL	INFLOW	

	

172.6	

	

      

AVERAGE	INFLOW	

	

3.4	

	

      

MEDIAN	INFLOW	

	

3.3	

	

      

TOTAL	DEMAND	

	

172.7	

	

      

AVERAGE	DEMAND	

	

3.4	

	

      

MEDIAN	DEMAND	

	

3.3	

	

      

TOTAL	OVERFLOW	

	

0.0	

	

      

AVERAGE	OVERFLOW	

	

0.0	

	

      

MEDIAN	OVERFLOW	

	

0.0	

	

      

TOTAL	MUN.	MAKE-UP	WATER	 0.0	

	

      

AVERAGE	MUN.	MAKE-UP	WATER	 0.0	

	

      

MEDIAN	MUN.	MAKE-UP	WATER	 0.0	

	

      

TOTAL	RECHARGE	FROM	PONDS	 0.0	

	

      

AVERAGE	RECHARGE	FROM	PONDS	 0.0	

	

      

MEDIAN	RECHARGE	FROM	PONDS	 0.0	
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WATER	BALANCE	(RECORD)	 -0.1	

	 


