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Abstract 

This study demonstrates the importance of valuing ecosystem goods and services 

provided by wetlands and riparian areas in municipal land-use planning. When society 

ignores the economic values associated with ecosystem goods and services, landowners 

have an incentive to participate in activities that destroy and degrade natural capital. This 

is exactly the situation in North Cowichan, British Columbia, where the health of 

Quamichan Lake is at risk with high levels of eutrophication due to nutrient overloading 

caused by land-use practices in the watershed. I conduct a contingent valuation survey to 

estimate the economic benefits provided by a healthy Quamichan Lake. I then use the 

monetary estimates along with other data and analysis to evaluate policy alternatives that 

encourage land-use change in the watershed. My analysis illustrates the need and support 

for policy action and that it is efficient to conserve and protect environmentally 

significant areas within the watershed.   
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Executive Summary 

It is easy to forget that nature provides the basic necessities required for life and 

human wellbeing, such as food, clean air and water. Nature also provides many less 

obvious goods and services, such as flood control, pollination, recreation, carbon 

sequestration, and many more. Yet despite these benefits, we continue to lose natural 

areas – our natural capital – at an alarming rate to urban development, industrial activity, 

resource depletion and pollution. One reason for this is that governments do not regularly 

monitor, measure, or account for natural capital, which means that it often receives too 

little weight in policy decisions, economic accounts, and land-use planning. Moreover, 

when we ignore the economic value of natural capital and its ecosystem goods and 

services, landowners and governments have an incentive to convert natural areas to other 

uses. This often leads to inefficient social outcomes.  

This paper focuses on the ecosystem service of phosphorus retention and the 

ability of wetlands and riparian areas to purify water and reduce the occurrence of 

eutrophication in downstream watercourses. The case study area – the Quamichan Lake 

watershed in North Cowichan, British Columbia – helps to demonstrate the importance of 

measuring and accounting for the economic value of ecosystem services in municipal 

land-use and watershed management plans. Quamichan Lake is currently suffering from 

high levels of eutrophication caused by excess nutrients that flow into the lake from the 

surrounding agricultural and residential lands. Eutrophication in Quamichan Lake 

threatens to significantly degrade the ecosystem and reduce recreational opportunities in 

the watershed. 

I conduct a contingent valuation survey of North Cowichan residents in order to 

provide an approximate economic value for the ecosystem service of phosphorus 

retention / water purification provided by wetlands and riparian areas in the Quamichan 

Lake watershed. The contingent valuation survey asks residents of North Cowichan what 

they would be willing-to-pay to reduce eutrophication in Quamichan Lake and protect 
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natural capital in the watershed. Results indicate that residents of North Cowichan value 

Quamichan Lake highly, and would be willing-to-pay approximately $300,000 - 

$860,000 per year to protect the watershed and enhance water quality. This is in addition 

to the recreational willingness-to-pay estimates, which indicate that residents would be 

willing-to-pay approximately $110,000 - $350,000 to improve recreational facilities at 

Quamichan Lake. Furthermore, 91% of survey respondents indicated that they were 

concerned with the water quality of Quamichan Lake. 

The economic value derived from the willingness-to-pay estimates demonstrates 

that the public of North Cowichan supports policy action to protect Quamichan Lake. I 

assess four policy options to reduce eutrophication in Quamichan Lake and protect 

natural capital in the region: 

• In-lake technical solutions – This policy option involves implementing 

technical solutions to eutrophication in Quamichan Lake, such as dredging or 

other appropriate means. This option represents a removal of the internal 

phosphorus load and, as such, a net reduction in overall nutrient levels in the 

watershed. 

• Land zone change – This policy option involves zoning for conservation of 

wetlands and riparian areas in the watershed. It requires the identification of 

sensitive ecosystems and areas responsible for the highest concentrations of 

nutrients entering the watershed from surface run-off. 

• Land acquisition – Like land zoning, this option requires the identification of 

sensitive ecosystems and areas responsible for high concentrations of nutrients 

entering Quamichan Lake; unlike land zoning, the municipality will purchase 

desired greenways directly from private landowners at fair market value. 

• Conservation covenants – This policy option requires the purchase of 

conservation covenants on private lands in the watershed. Conservation 

covenants are a voluntary, legal tool that allows for the permanent preservation 

of natural features and can restrict certain uses of land, while retaining private 

ownership.  
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I analyze policy options based on estimated cost, public support, impact on private 

landowners, administrative complexity, and effectiveness in reducing eutrophication and 

conserving natural capital over time. Results of the analysis indicate that no singular 

option stands out as the obvious choice for North Cowichan; each option has its own 

unique advantages and challenges, as shown in Table 1.  

Table 1 - Policy alternative advantages and challenges 

Policy 
Alternative Advantages Challenges 

In-Lake 
Measures 

• Net reduction in nutrient load 
• Effective in the short-term 
• Public support and WTP 
• Low impact on landowners 

• High cost to municipality 
• Requires repetition over long-

term if not combined with other 
measures  

• Does not conserve natural capital 
in the watershed 

• Administratively complex 

Land Zoning 

• Maximizes natural capital 
conservation 

• Low cost to municipality 
• Moderate public support 

• High impact on landowners, 
likely to receive low levels of 
landowner support 

• Flexible conservation persistence 
• Restrictions within ALR 

Land 
Acquisition 

• High public support and WTP 
• Provides economic incentive to 

landowners to conserve 
• Persistent conservation if 

donated to land trust 
• Ease of administration 

• High cost to municipality 
• Does not maximize natural 

capital conservation 

Conservation 
Covenants 

• High public support and WTP 
• Provides economic incentive to 

landowners to conserve 
• Landowners keep private 

property 
• Persistent conservation 
• Moderate cost to municipality 

• Does not maximize natural 
capital conservation 

• Administratively complex 
• Restrictions within ALR 

 

Reducing eutrophication in Quamichan Lake and conserving natural capital in the 

watershed is a complex process that requires a multi-pronged approach. A multi-criteria 

assessment, literature review, survey results, and willingness-to-pay estimates supports 
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the analysis. I recommend that the Municipality of North Cowichan implement both 

short-term in-lake measures as well as long-term voluntary conservation measures in the 

watershed. This combination of policy options will help reduce eutrophication in the 

watershed now and for future generations. I also recommend that the Quamichan Lake 

Watershed Stewardship Society partner with the British Columbia Lake Stewardship 

Society to pressure the Agriculture Land Commission to review permitted land use on the 

Agriculture Land Reserve and allow municipalities some freedom in conserving natural 

capital on agricultural lands throughout the province.    
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1: Introduction: Natural Capital and Environmental 
Externalities  

1.1 A Classic Policy Problem 

The Quamichan Lake watershed, located in North Cowichan, British Columbia, 

helps illustrate an archetypal problem in public policy – that is, challenges created by 

environmental externalities often lead to the destruction and degradation of natural 

capital. Quamichan Lake, the most significant environmental attribute in the watershed, is 

in poor health due to high levels of eutrophication (or the excessive growth of blue-green 

algae caused by high concentrations of nutrients in the water). Quamichan Lake is low-

lying, with slopes on all sides, meaning that rainfall, streams, and ditches running through 

the surrounding agricultural and residential lands drain into the lake. Because 

surrounding watercourses drain into the lake, nutrients and surface pollution from those 

“upstream” negatively affect the water quality of Quamichan Lake “downstream”. To put 

it another way, there is a negative externality associated with the actions of those 

“upstream”. The Quamichan Lake watershed illustrates the crucial need for policies and 

management plans that value natural capital and its flow of ecosystem goods and services 

(EGS), concepts discussed in detail below. In short, the Quamichan Lake watershed helps 

to demonstrate that exclusion of ecosystems from our current measures of value and 

decision-making contributes to their degradations and destruction; a loss to society now 

and into the future. The policy problem that this paper tackles is: current land-use 

practices in the Quamichan Lake watershed are inefficient and lead to the destruction 

and degradation of natural capital, resulting in the prolonged eutrophication of 

Quamichan Lake. 

1.2 What is Natural Capital: Why Measure It? 

The goods and services of ecological systems and the natural capital stocks that 

produce them are critical to the functioning of the Earth’s life-support system. Natural 
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capital and its ecosystem goods and services (EGS) contribute to human survival, our 

livelihoods, and our wellbeing, both directly and indirectly. The earth’s stock of natural 

capital consists of ecosystems – the atmosphere, water, lands, and the stock of natural 

resources.  These are “capital” because they can be long-lived assets that contribute 

valuable inputs and outputs to the economy, including our overall state and sense of 

wellbeing. Ecosystems provide us with a plethora of goods and services; for example, 

water and air quality regulation, erosion and flood control, recreational and aesthetic 

appeal, and climate regulation resulting from carbon storage in trees, plants, and soils. 

Table 1 provides further examples of the different types of EGS we receive from nature. 

Table 2 - Ecosystem Goods and Services (EGS), by type 

Provisioning Services 

Products obtained from 

ecosystems 

Regulating Services 

Benefits obtained from 

ecosystem processes 

Cultural Services 

Nonmaterial benefits 

obtained from ecosystems 

• Food 

• Freshwater 

• Wood 

• Fibre 

• Fuel 

• Biochemical 

• Genetic Resources 

• Climate Regulation 

• Flood Regulation 

• Disease Regulation 

• Water Purification 

• Carbon 

Sequestration 

• Pest Regulation 

• Pollination 

• Recreation 

• Tourism 

• Aesthetic Values 

• Spiritual Values 

• Cultural Heritage 

• Education 

• Sense of Place 

Supporting Services 

Services necessary for the production of all other ecosystem services 

•  Soil Formation   •  Nutrient Cycling   •  Primary Production 

Source: Adapted from Voora and Venema (2008) 

Estimates of the earth’s total stock of natural capital and its flow of goods and 

services are in the order of trillions of dollars per year (TEEB, 2010). Yet, we undervalue 

natural capital because we do not pay directly for EGS in our market economy. 

Governments do not regularly monitor, measure, or account for natural capital, which 
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means that it often receives too little weight in policy decisions, economic accounts, and 

land-use planning. This is problematic for a number of reasons. For one, excluding 

natural capital from our current measures of value and decision-making may lead to the 

destruction and degradation of the environment. Secondly, the conversion of natural areas 

may be inefficient from an economic point of view. When we destroy and degrade 

natural capital, we must find man-made substitutes for the EGS that nature provides free 

of charge. Many of these goods and services, such as water purification, carbon 

sequestration, soil retention, flood mitigation, pest regulation, and many more, are 

difficult to duplicate and expensive to build and operate. Furthermore, we do not fully 

understand the complex functioning of ecosystems, and we cannot replicate many of its 

goods and services – such as freshwater or the atmosphere – so destroying natural capital 

may lead to outcomes that are devastating now and for future generations. Natural capital 

also provides many intangible and hard-to-quantify benefits to society, such as aesthetic 

appreciation, spiritual connectedness, and biodiversity. Recognizing the importance and 

value of natural capital is a crucial component in making informed economic, land-use, 

natural resource, and water management policy decisions.      

Inefficient land-use and policy decisions governing natural resources and water 

management that lead to the destruction of natural capital can happen because of 

environmental externalities. For instance: 

• EGS that flow from natural areas are “public goods” – that is, they are “non-rival” 

(one person’s consumption does not detract from the amount available for others to 

consume) and “non-excludable” (individuals can enjoy the good without exclusion or 

paying a fee). For natural capital on private land, this means that EGS provide 

benefits to the entire community, not just the private landowner. Landowners, as 

rational economic agents, engage in activities that maximize their wellbeing. For 

some landowners, conservation and sustainable land-use practices that benefit society 

as a whole may generate wellbeing, but for many others, the rational choice is to 

exercise their legal property rights and maximize revenues without considering the 

costs imposed on society. This behaviour happens because landowners have no ready 

means of capturing the economic benefits that natural capital and EGS provide to 

society. For instance, when a landowner conserves a wetland, he has no means of 
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capturing all the benefits produced by the wetland’s EGS. He therefore has an 

incentive to develop or sell the land because these activities yield economic benefit to 

the landowner whereas conservation does not. 

• Natural capital produces a flow of valuable goods and services that benefit society, 

yet society is not required to incur any of the costs associated with the consumption 

or maintenance of EGS. Landowners are therefore providing an economic benefit to 

society while paying a disproportionate share of the costs. Based on the principles of 

equality, this is not a favourable circumstance for landowners, which is why they are 

reluctant to conserve and protect natural capital without due compensation. There is 

an “opportunity cost” of land, which is to say that there are foregone profits when 

land remains in its natural state. Reducing or eliminating the flow of EGS that come 

from natural areas is not in society’s best interest because society benefits from them. 

Society should therefore be willing-to-pay (WTP) for the provision of EGS and 

landowners should receive some form of compensation from society for the 

protection and maintenance of natural capital. From an economic perspective, this 

compensation should equal the social opportunity cost of the land (Olewiler, 2004).  

• Natural capital produces a flow of non-marketable goods and services that lack a 

defined price structure. In our market economy, this means that we undervalue natural 

capital in decision-making processes and typically preclude its measurement from 

cost-benefit analyses by governments and private companies. The true cost of 

developing natural areas is therefore underestimated, which leads to the continual 

destruction and degradation of the environment. Governments and municipal 

authorities, responsible for approving development and subdivision applications, also 

have an incentive to favour land-uses that generate revenue – from property tax or 

development fees, for example – because the value of natural capital is ignored 

(Olewiler, 2004). 

The impacts of climate change are projected to place additional pressure on 

ecosystems and the earth’s stock of natural capital. Scientists expect that climate change 

will compromise the ability of ecosystems to provide a stable flow of goods and services 

such as water supply, flood control, and pest regulation. This adds to the vulnerability of 
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communities and highlights the importance of accounting for natural capital in order to 

mitigate its loss and enable governments to protect and conserve EGS now and for future 

generations.  

Thankfully, across Canada and throughout the international community, 

individuals and agencies are beginning to embrace the concept of natural capital and 

EGS. Studies are beginning to surface that highlight natural capital within certain regions 

and remind leaders that nature is an asset we cannot afford to take for granted.  For 

example, in 1997, Nature published the landmark natural capital study entitled, “The 

value of the world’s ecosystem services and natural capital.” It estimated that the global 

value of the world’s ecosystems to be approximately double that of global GDP 

(Costanza et al., 1997). More recently, in 2005, the United Nations Environment 

Programme completed the comprehensive Millennium Ecosystem Assessment (MEA). 

This planet-wide study found that over the past 50 years humans have changed the 

Earth’s ecosystems more rapidly and extensively than in any other period in human 

history. The MEA concluded that approximately 60% of the world’s ecosystem services 

are being degraded or used unsustainably (MEA, 2005). The study highlights the crucial 

need for governments to include natural capital and EGS in domestic and international 

measures of value, decision-making, and GDP.  

There are also many examples of natural capital studies throughout Canada and 

within British Columbia. In October 2010, the David Suzuki Foundation released a study 

on the non-market benefits provided by natural capital within British Columbia’s Lower 

Mainland (Wilson, et al., 2010). In 2009, the Fraser Basin Council and Simon Fraser 

University conducted a study to estimate the value of the public amenity benefits 

provided by farmland in Metro Vancouver. The study found that the value of EGS in the 

area was roughly ten times greater than the market value of potential farm products 

produced in Metro Vancouver (Robbins, et al., 2009). Ducks Unlimited Canada and the 

Nature Conservancy of Canada have also commissioned a number of studies aimed at 

estimating the value of EGS and the benefits of conservation. One such study, 

commissioned by Ducks Unlimited Canada, found that Manitobans value natural capital 

highly and would be WTP a range of $602 – $729 million in increased taxes over five 

years to protect and restore wetlands in the province (Boxall, et al., 2009).    
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1.3 Purpose of Study 

This paper demonstrates the importance of valuing nature by focusing on a 

pertinent case study that illustrates the need to protect natural capital and its flow of EGS 

in municipal land-use and watershed management plans. The case study area – the 

Quamichan Lake watershed in North Cowichan, British Columbia – helps to demonstrate 

that municipal authorities may be making inefficient choices in allocating land to uses 

that destroy and degrade natural capital. Residents value Quamichan Lake for its natural 

beauty and recreational appeal; yet, over the past 50 years, residents and regulatory 

agencies have witnessed a steady increase in the lake’s trophic state (see Section 2.2). It 

has been determined that, without intervention, the eventual result of prolonged 

eutrophication will be the lake turning into a swamp, which in turn will destroy the 

ecosystem, reduce recreational opportunities, and this can negatively impact property 

values within the watershed (Stewards, 2009).  

Eutrophication of Quamichan Lake arises largely from excess nutrients that flow 

into the lake from waterways in the surrounding agricultural lands and residential areas 

within the watershed. Natural areas such as wetlands and riparian zones within the 

watershed provide valuable EGS and can act as nutrient buffers that can effectively 

purify water and reduce the amount of nutrients flowing into the lake that cause 

eutrophication. This ecosystem service is a public good and benefit to the entire 

community of North Cowichan because it improves the water quality of Quamichan 

Lake, which in turn creates recreational opportunities, habitat for wildlife, and 

subsequently increases property values in the watershed. However, as explained above, 

landowners have no ready means of capturing these social benefits and therefore have an 

incentive to convert environmentally significant areas (ESAs) for agriculture and 

development. This study employs a non-market valuation technique to provide monetary 

estimates of Quamichan Lake and the identified ecosystem services of natural areas 

within the watershed. I use the monetary estimates along with other data to evaluate 

policy alternatives that encourage land-use change in the Municipality of North 

Cowichan and demonstrate that it may be more efficient to conserve and protect ESAs 

within the watershed.   
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2: Case Study Area Background 

2.1 Overview of Quamichan Lake Watershed  

The Quamichan Lake watershed is located in the Municipality of North 

Cowichan, British Columbia, which is immediately east of the urban centre of Duncan on 

Vancouver Island. The watershed has a drainage basin of approximately 17 km2, with 

roughly 15 surface inlets (Stewards, 2009). The major inlet to the northeast of the lake, 

McIntyre Creek, drains the low-lying agricultural wetlands and rural lands in the area. 

The major outlet to the south of the lake, Quamichan Creek, drains into the Cowichan 

River 1.6 km downstream (Stewards, 2009). Quamichan Lake is the largest of three lakes 

in the District of North Cowichan, with a surface area of approximately 3 km2 (Stewards, 

2009). The lake, however, is relatively shallow, with a mean depth of 4.7 meters and a 

maximum depth of 7.9 meters (Stewards, 2009). The lake responds exclusively to local 

precipitation, of which there is an annual average of 1039mm (Stewards, 2009). In peak 

winter and spring conditions, water levels can fluctuate dramatically – as much as 1.58 

meters – and low-lying agricultural lands around the lake are flooded annually (Stewards, 

2009).  Land-use in the Quamichan watershed varies, with a mix of rural and agricultural 

zones to the north and west, and residential, commercial, and public use zones to the 

south and east. The natural conditions of the lake, combined with an increasing nutrient 

supply (both natural and from pollution), are working together to produce poor water 

quality and negative conditions for both ecological and human systems.    
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Figure 1 - Quamichan Lake watershed 

 

Source: Reproduced with the permission of the Quamichan Watershed Stewardship Society (2009) 

2.2 Status of Quamichan Lake  

Quamichan Lake is primarily a recreational lake, used for activities such as 

boating, fishing, wildlife viewing, and to a lesser extent, swimming. The Canadian men’s 

national rowing team practices on the lake; there is an annual rowing regatta; boating and 

fishing are year-round activities; the lake also provides the backdrop for various public 

parks and walkways. In 2002, Quamichan Lake had 396 anglers for a total of 2073 days 

fished with 9948 fish caught and 1594 fish kept (Stewards, 2009). The lake also has 

important historical significance for First Nations – who until recently held an annual 

canoe race on the lake – and it provides essential habitat for aquatic life (Stewards, 2009). 

Over the past 50 years, however, the quality of the lake has been on a steady and 

persistent decline that now threatens the ecosystem (Crawford, 2008). The lake is 

currently classified as mesotrophic-eutrophic, which means that there is an abundance of 
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nutrients in the lake that facilitate excessive plant growth (Crawford, 2008). This plant 

growth is predominantly in the form of phytoplankton – most commonly, blue-green 

algae – which grows upon the surface layer of the water column and is aesthetically 

unappealing, resembling a green sludge or a “murky pea soup” (Crawford, 2008). Not 

only does this reduce the recreational appeal of the lake to boaters, swimmers, and 

property owners, but excessive phytoplankton growth can also deplete oxygen levels in 

the lake and cause massive fish kills. When the algae at the surface die, they sink to the 

depths of the lake and consume oxygen as part of the decomposition process. In large 

blooms, this process can cause the creation of “dead zones” or an anoxic/near anoxic 

environment at depth, which is inhospitable to fish and other life (Crawford, 2008).  

Environment Canada has recorded massive fish kills at Quamichan Lake in 1987, 1997, 

1998, 2003, 2004, and 2006 (Stewards, 2009). If nutrient levels are not brought down in 

Quamichan Lake, the concern is that prolonged eutrophication will essentially turn the 

lake into a swamp, and effectively destroy the ecosystem and reduce or eliminate 

recreational opportunities in the watershed (Stewards, 2009). 

 

 
Source: Reproduced with the permission of the Quamichan Watershed Stewardship Society (2009) 

Figure 2 - Large algae bloom in Quamichan Lake 
Figure 2 - Large algae bloom in Quamichan Lake 
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2.3 Phosphorus Loading in Quamichan Lake 

The main nutrient of concern in Quamichan Lake is phosphorus. Phosphorus is a 

chemical element that is essential for all living cells and is widely distributed in many 

different minerals. Fertilizers, pesticides, animal food additives, detergents and 

explosives also contain phosphorus.  Rainfall in the Quamichan watershed flushes excess 

phosphorus and other minerals from the surrounding lands into a system of small streams 

and ditches that flow into Quamichan Lake. The British Columbia Ministry of 

Environment (MoE) estimates that surface run-off accounts for 55% of the phosphorus 

load in Quamichan Lake – see Table 2 (Crawford, 2008). Different land-uses account for 

different concentrations of phosphorus run-off; for instance, fertilized agricultural lands 

normally have a higher concentration of phosphorus than run-off from hobby farms, 

residential areas, or uncultivated rural land. Phosphors can also enter the lake via 

subsurface flows that draw nutrients from the ground into the lake. In this regard, aging 

or failing septic tanks can be a major source of external phosphorus loading.  

Quamichan Lake also generates phosphorus internally from lake sediments 

(Crawford, 2008). This occurs when oxygen levels at depth are depleted, causing lake 

bottom sediments to release phosphorus into the overlying waters. In normal conditions, 

phosphorus is naturally bound to metals, but when conditions become anoxic, phosphorus 

is released from metals and flows back into the water column, where it returns to the 

surface and feeds photosynthetic organisms (Crawford, 2008). This cycle causes an 

internal build up of phosphorus and prolonged eutrophication, as is the case with 

Quamichan Lake (Crawford, 2008). The MoE estimates Quamichan Lake generates 30% 

of the nutrient load from lake sediment – see Table 2 (Stewards, 2009). However, it is 

important to note that the initial cause of oxygen depletion – which subsequently causes 

metals to release phosphorus – is usually the result of pollution or nutrient overload from 

surface or subsurface run-off.   
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Table 3 - Nutrient budget for Quamichan Lake 

Source Load (kg/year) % of Total Input 
Internal Loading 99.7 – 121.1 29.5 – 33.7 
Streams 188.7 52.5 – 55.8 
• Agricultural/Rural Steams 133.4 37.1 – 39.3 
• Residential Streams 55.3 15.4 – 16.3 
Aerial Load1 49.8 13.9 – 14.7 
TOTAL INPUT 338.2 – 359.6  

Source: Adapted from Crawford, British Columbia Ministry of Environment (2008) 

 

The MoE estimates that between 1985 and 2005, the average total concentration 

of phosphorus in Quamichan Lake was 60ug/L (Crawford, 2008). The Criteria for 

Drinking Water and Recreation is 10ug/L maximum, making levels at Quamichan Lake 

six times higher than the safety baseline for humans. Moreover, during this period 90% of 

samples taken exceeded the guideline, while 83% of samples taken exceeded the upper 

limit of the Aquatic Life Maximum Criteria and 98% of samples taken exceeded the 

lower limit (Crawford, 2008). This means that, for the most part, Quamichan Lake is 

unsafe for both humans and aquatic life 

2.4 Land-Use in the Quamichan Watershed 

Land-use patterns in the watershed are a major factor in the eutrophication of 

Quamichan Lake. As noted above, 55% of phosphorus in the lake comes from surface 

run-off (Crawford, 2008). The Quamichan watershed is comprised of 5276 parcels of 

land (Stewards, 2009). There are a number of zone types in the watershed as shown in 

Figure 3 and in the list below: 

• 974 parcels or 18% of land is Agriculture Land Reserve (A1 zone) 

• 2195 parcels or 42% of land is mixed rural (A2, A2LUC, A3, A4, A5, A7 zones) 

                                                 
1 Rain, snowfall, and dust produce the aerial load in the Quamichan Lake watershed. The 
Ministry of Environment determined this value “from an estimate of aerial source phosphorus 
concentrations used in a similar study on nearby Cusheon Lake, and adjusted for a slightly higher 
precipitation in the Quamichan Lake area” (Crawford, 2008). 
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• 994 parcels or 19% of land is mixed residential (R1, R2, R2-A, R3, R6 zones) 

• 70 parcels or 2% of land is private institutional, public use or public conservation 

(P1, PU, PC zones) 

• 293 parcels or 5% of land is Cliffs Comprehensive Development (CD1 zone) 

Figure 3 - Quamichan Lake watershed zoning 

 
A1=Agricultural (ALR) 
A2=Rural 
A3=Rural Restricted Zone 
A4=Rural Resources 
A5=Rural Residential 
C7=Commercial Rural Hospitality 
CD1=Cliffs Comprehensive Development 
 

PC=Public Conservation 
PI=Private Institutional 
PU=Public Use 
R1=Residential Rural 
R2=Residential Restricted 
R2-A=Residential Restricted Properties 
R3=Residential One and Two Family 
R6=Residential 

Source: Reproduced with the permission of the Quamichan Watershed Stewardship Society (2009) 

 

As shown in Figure 3, the division of these zone types are distinct. The east and 

south sides of the lake are largely urban and residential, while the north and northwest 

sides of the lake are primarily agricultural and rural. In order to determine key sources of 
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phosphorus run-off in the Quamichan watershed, the MoE identified 15 small streams 

and ditches that flow into the lake for nutrient testing (Crawford, 2008). The MoE 

determined that it was important to measure in-stream flows for phosphorus 

concentration because the lake has a water residency rate – or “flushing” rate – of 1.02 

years, which means that the entire volume of the lake is effectively replaced by inflowing 

water every 1.02 years (Crawford, 2008). By measuring in-stream flows, the MoE was 

able to determine key sources of nutrient in-take from different land-uses and identify 

problematic areas. Figure 4 shows the location of the 15 streams that were tested.     

Figure 4 - Stream location in the Quamichan watershed 

 
1= MacIntyre Creek 
1a= MacIntyre Creek at Herd Rd 
2= 1950 Stanhope Rd 
3= Garth Creek Pumphouse 
4= Sterling Creek 
5= Churchill Creek 
6= Deykin Creek 
7= Woodgrove Creek  

8= Highwood Creek 
9= Aitken Creek 
10= 1840 Stamps Rd 
11= Martin Place 
12= Stanhope Creek 
13= Osprey Creek 
14= Trumpeter Point 
15= Quamichan Creek 

Source: Adapted from Crawford, British Columbia Ministry of Environment (2008) 
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The results of these tests showed that phosphorus concentration is consistently 

higher in the creeks draining agriculture areas (Crawford, 2008). Specifically, inflows 

from MacIntyre Creek (#1) and 1840 Stamps Rd (#10), which both run through the 

agricultural lands north of the lake, have significantly higher concentrations of 

phosphorus than streams draining residential and other areas (Crawford, 2008). One 

sample taken on November 5, 2006, showed that the two creeks combined accounted for 

84% of the phosphorus flowing into the lake from surface run-off (Crawford, 2008). The 

MoE report concluded that streams running through agricultural/rural lands, on average, 

are responsible for approximately 70% of phosphorus in-take from surface run-off 

(Crawford, 2008). The MoE has suggested that watershed management plans in North 

Cowichan should consider strategies to reduce and capture surface run-off from 

agricultural lands as well as corroborate with farmers to impact timing and quantity of 

fertilization (Crawford, 2008). In other words, policy actions to limit the external 

phosphorus load from surface run-off should focus primarily on agricultural lands. 

However, there is currently no policy action being undertaken by the Municipality of 

North Cowichan – this paper demonstrates the public desire to remedy the problem.    

2.5 Wetland Ecosystem Functions 

Wetland ecosystems and riparian areas perform a variety of biochemical, 

ecological, and hydrological functions that provide a flow of valuable EGS (Acreman and 

Fisher, 2004).  Wetlands provide essential habitat for many plant and animal species, they 

regulate water flow and provide natural flood protection, and improve water quality. In 

essence, wetlands are Mother Nature’s kidneys – they filter pollutants such as nitrogen, 

phosphorus, heavy metals, and pathogens. Wetlands trap many pollutants in surface 

runoff, thereby protecting downstream watercourses. Wetlands reduce nutrients in 

watercourses by “encouraging sedimentation, sorbing nutrients to sediments, taking up 

nutrients in plant biomass and enhancing denitrification” (Acreman and Fisher, 2004)2. 

                                                 
2 Sorbing is a scientific term meaning to attract and retain substances by absorption. Denitrification is 
essentially the conversion of nitrate to nitrogen gas. Denitrification is a natural process carried out by many 
microorganisms when sufficient oxygen is lacking 
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This implies that wetlands in the Quamichan watershed provide a valuable ecological 

service by retaining excessive quantities of phosphorus from entering Quamichan Lake, 

which in turn reduces the formation of algae and the acceleration of the lake’s trophic 

state. Yet, for this valuable ecological service to have any real influence on the water 

quality of Quamichan Lake, wetlands in the Quamichan watershed need to be protected 

and restored. Land-use practices and activities that destroy and degrade wetlands – such 

as draining, excavating, filling, or fragmenting wetlands for agricultural use or 

development inhibit their ecosystem functions.  

Protecting wetlands for their effective water purifying services is a cost-effective 

solution for the treatment of water, as shown by a number of studies (Acreman and 

Fisher, 2004). This is because the valuable EGS provided by wetlands save municipalities 

the costs associated with building and operating man-made replacements. For example, 

New York City decided that it was cheaper to pay $1.8 billion to private landowners to 

protect 80,000 acres of watershed (including wetlands) that supplies its drinking water 

than to pay the $8 billion dollars it would have otherwise cost to build a new water 

filtration system (Olewiler, 2004). This is an important lesson for the Municipality of 

North Cowichan and other jurisdictions that are attempting to resolve problems 

associated with high levels of eutrophication in watercourses and are considering 

implementing technical solutions such as dredging or installing aeration systems. In some 

cases, protecting and restoring wetlands may be a more cost-effective and sustainable 

solution.    

This is especially true for the low-lying wetland areas north of Quamichan Lake 

and adjacent to MacIntyre Creek. The area – identified above in Figure 4 by stream 

location 1 – is currently agricultural land, and is responsible for the highest concentration 

of phosphorus entering Quamichan Lake from surface run-off (Crawford, 2008). The area 

exists in Quamichan Lake’s natural floodplain, and during peak water levels, the 

agricultural fields in the area become flooded, inhibiting the crops harvests and releasing 

the nutrients captured by plant growth back into the watershed (Stewards, 2009). This is 

likely an inefficient use of the land, and represents the problem indentified above 

whereby landowners have no ready means of capturing the valuable EGS of wetlands and 

therefore convert wetlands for uses that yield economic benefit.  
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The majority of North Cowichan residents agree, in principle, that the Quamichan 

watershed needs ecologically sustainable land-use practices and wetland conservation. In 

a 2009 survey undertaken by the Quamichan Watershed Stewardship Society, the vast 

majority of respondents supported the various actions outlined under the management 

goal of “better ecologically sustainable land-use practices in the watershed” (Stewards, 

2009). One respondent commented on the problem of inefficient land-use, stating: “It 

seems to me that some of the semi-flooded farm lands (now almost useless) might serve a 

better economic purpose if we made them public wetlands” (Stewards, 2009). Another 

respondent commented: “We should not be manipulating that natural balance [of lake 

levels] especially if the ecology of our wetlands is to be traded for economic benefits for 

agricultural or private land owners” (Stewards, 2009). The District of North Cowichan in 

their Official Community Plan (OCP) identifies this area as an Environmentally 

Significant Area (ESA), as seen in the map included in Appendix 1. The protection and 

restoration of wetlands in this area is one option for the municipality to reduce the 

amount of phosphorus flowing into Quamichan Lake from surface run-off. 

Figure 5 - Semi-flooded agricultural field north of Quamichan Lake 
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2.6 Current Policy Context 

In British Columbia, the Local Government Act and the Community Charter enable 

local governments to implement a number of different strategies and bylaws that protect 

natural capital and green infrastructure in their regions. Some of these measures include 

Regional Growth Strategies, Official Community Plans, zoning bylaws, environmental 

development permit areas, tax exemptions, regulatory bylaws, riparian area restrictions, 

securities and covenants (Curran, et al., 2007). In the District of North Cowichan, the 

most significant policy measures relating to the protection of the Quamichan Lake 

watershed are the current provincial Riparian Areas Regulation (RAR), the Natural 

Environment Development Permit Area (DPA5/DPA8), and the North Cowichan Official 

Community Plan (OCP).  

The Riparian Areas Regulation requires local governments in British Columbia to 

take steps to protect riparian areas – areas bordering streams, lakes, and wetlands that link 

water to land – by requiring residential, commercial, and industrial development to 

undergo a science based environmental assessment conducted by a qualified professional. 

The regulation requires land developers to assess riparian habitat, develop mitigation 

measures, and avoid impacts to fish and fish habitat. Subsection 4(b) requires local 

governments to establish bylaws that are comparable to or exceed the requirements of the 

RAR. The District of North Cowichan has done this with the Natural Environment 

Development Permit Area (DPA5) bylaw. DPA5 subjects the entire district to 

development permits for the protection of the environment and water conservation. DPA5 

states: “no alteration of land, disturbance of vegetation, movement of soils or other 

disturbance of land, water or subdivision of land within the DPA may be undertaken 

without (a) a development permit issued under these guidelines and (b) strict compliance 

to the terms of such a development permit”. To obtain a permit under DPA5, all 

developers must undergo an environmental assessment process similar to the conditions 

of the RAR. The bylaw also identifies Protection Areas, which are areas deemed by the 

assessment to be of special ecological value and susceptible to disturbance. These areas 

are to be free of development and conserved, except as allowed under the conditions of 
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the guidelines, including the Agricultural Land Reserve (ALR) or site design that 

minimizes or avoids environmental impacts.   

The District of North Cowichan is also in the process of updating and renewing its 

OCP. OCPs articulate community objectives and policies regarding land-use, community 

development, and operations (Curran, et al., 2007). OCPs guide policy and Council 

cannot pass any bylaws that are contrary to the OCP, making them extremely valuable 

tools for environmental protection. The North Cowichan 2011 Draft OCP sets important 

policy objectives relating to the environment, including municipal commitments to: 

• Maintain, protect and restore ecosystems and address threats to biodiversity; 

• Recognize the special characteristics of waterfronts, streams, wetlands, estuaries 

and groundwater; 

• Identify and connect ecologically sensitive lands and green spaces; 

• Base land-use decisions on the best available information. 

These objectives, along with other objectives outlined in the North Cowichan 

OCP, are extremely important in the context of protecting water quality and ESAs in the 

Quamichan Lake watershed. In fact, as discussed above, the OCP identifies specific areas 

surrounding Quamichan Lake as ESAs (see Appendix 1). However, while these measures 

are significant tools for the protection of water quality and natural capital, they are not 

perfect. OCPs, for example, set policy objectives and guidelines, but mechanisms for 

enforcement of the guidelines are unclear and can be onerous. Another crucial challenge 

is balancing environmental protection with the agricultural heritage of North Cowichan. 

Approximately 18% of the land base in the watershed is classified as ALR by the 

province, which is significant in limiting urban sprawl and development, but ALR lands 

and agriculture development within those lands are not subject to environmental 

assessment under the conditions of the RAR or DPA5 (Stewards, 2009). The exemption 

from environmental assessment is a problem because agricultural is responsible for the 

highest concentrations of phosphorus entering the Quamichan Lake watershed from 

surface run-off. In certain ALR areas and ESAs, it may be more efficient to convert 

agriculture lands into natural areas in order to benefit from the EGS that natural capital 

provides.      
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3: Land-Use Change Alternatives for the Restoration of 
Quamichan Lake 

3.1 Policy Goals and Objectives of Current Study 

The principal goal of this study is the restoration of Quamichan Lake and the 

protection of natural capital within the watershed. Measurement of the overall water 

quality of the Quamichan watershed is complex and difficult; however, the level of 

eutrophication observed in Quamichan Lake serves as an effective proxy for the health of 

the ecosystem. This is because the tropic status of the lake is a cumulative effects 

indicator – a term used to describe the effects of human actions that “add up” or 

“accumulate” over time to produce observable impacts in water quality (Karr, 1991). 

Reducing eutrophication, improving overall water quality, and ultimately restoring the 

health of Quamichan Lake requires the reduction of nutrients in the watershed, primarily 

phosphorus. Reducing phosphorus levels and, in turn, eutrophication, is a gradual process 

that requires a variety of policy measures and actions throughout the watershed, 

including:  

• improving wastewater treatment facilities; 

• reducing internal net phosphorus levels through aeration, water flow augmentation, 

sediment dredging, and/or other appropriate technical measures;  

• implementing Environmental Farm Plans (EFPs) and best farm-management 

practices (BMPs) throughout the watershed;  

• implementing waterfowl management programs; 

• upgrading storm and flood water management systems; 

• enhancing fish stocking and food-web manipulation; 

• introducing non-point source pollution controls and fertilizer regulations; 

• enforcing riparian area management; and, 

• formulating land conservation strategies. 
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It is beyond the scope of this paper to examine each of these complex 

management areas in detail. My analysis therefore addresses one fundamental element in 

this equation – that is, the importance of protecting natural capital and its flow of 

valuable EGS in land-use decision-making. As discussed above, when natural capital is 

not valued in economic accounts and our current measures of land-use management, 

landowners have an incentive to participate in activities that destroy and degrade EGS. 

My analysis therefore provides a monetary estimate of the value of identified EGS – 

specifically the value of phosphorus retention provided by wetlands – to the residents of 

North Cowichan and then examines policy measures that encourage land-use change and 

natural capital conservation in the Quamichan Lake watershed. I examine various levels 

and types of land-use change options that help protect natural capital in order to assess 

tradeoffs in reducing phosphorus levels through conserving ESAs in the watershed.  

This analysis will aid and complement the current work of the Quamichan 

Watershed Stewardship Society. The Quamichan Watershed Stewardship Society 

(Quamichan Stewards) formed in 2006 to respond to the continuously declining health 

and eutrophication of Quamichan Lake. After 3 years of research, professional advice, 

stakeholder and public consultation, the Quamichan Stewards released the Quamichan 

Watershed Management Plan in 2009. The management plan “takes the whole 

Quamichan Watershed into consideration and provides a blueprint for restoring the lake 

to health” (Stewards, 2009). The plan takes a comprehensive approach to lake restoration, 

and recommends a variety of measures to reduce phosphorus levels in Quamichan Lake, 

including many shown in the list above. This study is meant to inform the work of the 

Stewards. It may assist in determining actions pertaining to land-use management, 

demonstrate tradeoffs between different conservation measures, and inform the Stewards 

about public preferences and WTP for lake restoration. I describe my methodological 

approach in detail in Chapter 4; below are the four policy options under consideration. 

3.2 Option #1 – No Land-Use Change / In-Lake Technical Solution 

The Quamichan Stewards have identified a suite of in-lake technical solutions for 

water quality improvement in Quamichan Lake. The most suitable technical options 
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identified are: dredging the lake bottom3, destratification4, installing fine bubble linear 

aeration5, and hypolymentic withdrawal6 (Stewards, 2009). These techniques represent a 

removal of the internal phosphorus load and, as such, a net reduction in overall nutrient 

levels in the watershed. These options provide a short-term solution to eutrophication 

because while they reduce net phosphorus levels and improve the overall water quality 

within Quamichan Lake, they require repetition if they are the only mechanism 

employed.  

This policy option does not include any land-use change or direct behavioural 

change of landowners in the watershed. For the sake of simplicity, both in this analysis 

and for survey respondents, I select dredging as the in-lake technical solution for 

analysis. This makes assessing tradeoffs between in-lake measures and external measures 

feasible. Decision-makers can determine what specific in-lake measure is most 

appropriate for Quamichan Lake at the time of implementation 

3.3 Option #2 – Land Zoning 

Land zoning allows local governments to regulate the use to which a landowner 

can put a piece of land. Land zoning can also restrict how much use (density) is allowed 

on a specific parcel of land. In British Columbia, the Local Government Act Section 903 

governs zoning regulations. On a municipal or watershed level, zoning is the primary 

means of preventing development in ESAs. Zoning allows local governments to protect 

natural capital by designating appropriate lot sizes and the location and use of specific 

parcels of land and can require setbacks – or buffer zones – between development areas 

and sensitive ecosystems. Zoning can also prevent polluting activities such as industrial 

development from locating near ESAs and can set standards for the total area that 

                                                 
3 Dredging is the physical removal of accumulated lake bottom sediments (“muck”) that are rich in 

nutrients and generate phosphorus internally.   
4 Destratification is the process of circulating oxygen-rich water from the surface to the lake bottom. When 

oxygen is absent, lake bottom sediments release phosphorus – destratification uses aeration to limit this 
occurrence. 

5 Installing fine bubble linear aeration systems in key areas can break up sediments and push particles into 
the water column for removal through fish consumption or water flow out of the lake (Stewards, 2009).  

6 Hypolymentic withdrawal is the process of removing nutrient-rich water from the bottom of the lake 
(Stewards, 2009).   
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buildings or impermeable surfaces can cover (Curran, et al., 2007). Finally, the Local 

Government Act enables municipalities to allow developers to seek a zoning density 

bonus in exchange for dedicating land in other areas to protect natural capital (Curran, et 

al., 2007). The biggest strength of zoning is that it allows for several ways to direct 

development away from ESAs, such as lot size restrictions, density, setbacks, and 

permitted use regulations. The biggest weakness of zoning in the context of ecosystem 

protection is that it can be politically unpopular when zoning restrictions impact 

landowner rights and the ability for local development.      

In the context of the Quamichan watershed, the Municipality of North Cowichan 

can employ zoning for land conservation in areas where the protection of natural capital – 

such as wetlands or riparian areas – can reduce the amount of phosphorus and other 

pollutants flowing into Quamichan Lake. The first step in this process is to map the 

location of sensitive ecosystems and desired greenways. Important areas identified in the 

North Cowichan OCP as ESAs include riparian zones and the low-lying wetlands along 

MacIntyre Creek. The area is also responsible for the highest concentration of 

phosphorus entering the lake from surface run-off (Crawford, 2008). Zoning is a 

straightforward legal tool and municipalities are not required to pay any compensation to 

landowners for changes in the value of land due to rezoning enacted in the public interest 

(Section 5.4 and Section 914 of the Local Government Act).     

3.4 Option #3 – Land Acquisition 

Another option for the protection of natural capital in the Quamichan watershed is 

for the Municipality of North Cowichan to purchase ecologically significant lands in the 

watershed. Like land zoning, the first step in this process is to map the location of 

sensitive ecosystems and desired greenways. Unlike land zoning, the municipality will 

provide landowners with compensation. Land acquisition requires the purchase of private 

land from identified landowners at fair market value. Formal land assessment is required 

to estimate values for specific parcels of land. The Municipality of North Cowichan 

would undertake in this process as well as identify desired ESAs for the purpose of 

phosphorus reduction in the Quamichan Lake watershed (possible areas for purchase 

include the ESAs north of Quamichan Lake, discussed above).  
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3.5 Option #4 – Conservation Covenants 

A conservation covenant – or conservation easement – is a voluntary agreement 

between a landowner and a covenant holder (a municipality, regional district, or approved 

NGO such as a land trust). The conservation covenant is “registered against title to the 

property that ensures that it binds future owners of the land, not just the current owners, 

since the conservation covenant generally is intended to last permanently” (Atkins, et al., 

2004). Local governments and landowners can use covenants to restrict the use of private 

land to activities and areas of use that respect sensitive ecosystems and natural capital. 

Section 219 of the Land Title Act covers conservation covenants and includes provisions 

restricting the use of the land, restricting the ability of landowners to subdivide, and 

requiring the land or a specific natural feature to be protected, preserved, maintained, or 

restored in accordance with the wording of the covenant (Curran, et al., 2007). Covenants 

are site-specific – the landowner agrees to conserve the land and/or uphold certain natural 

features according to the legal wording of the covenant. The covenant holder has the right 

to monitor the land and enforce the agreement to ensure that the landowner is using the 

land in accordance with the contract.         

 In the context of the Quamichan watershed, there are a number of ways to place 

conservation covenants on ESAs. The Municipality of North Cowichan, for example, 

can: 

1. Approach private landowners directly and offer to purchase a covenant registered on 

the title to private land that protects specific characteristics, such as wetlands, or 

prohibits certain uses, such as agricultural development. The legal wording of the 

covenant requires landowners to uphold certain conditions and places negotiated 

terms of enforcement, such as fines, on the landowner if terms of the covenant 

agreement are broken (Curran, et al., 2007). 

2. Provide tax exemptions through the Community Charter (Section 225) and/or the 

Local Government Act (Section 811) for covenanted areas donated to a registered 

land trust organization. As a part of this process, the municipality and the landowner 

enter into an exemption agreement that ties the tax exemption to certain conditions 

outlined in the covenant (Curran, et al., 2007). The agreement requires the landowner 
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to pay the municipality – or covenant holder – a specified amount of the tax 

exemption plus interest if the property owner does not comply with the conditions of 

the covenant (Curran, et al., 2007).  

3. Require developers to place conservation covenants on certain aspects or areas of 

land as part of the planning process. This is currently the case in Trumpeter Pointe, an 

ongoing residential development on the eastside of Quamichan Lake. There are 

conservation covenants on 17 lakefront properties in the development, held jointly by 

the Municipality of North Cowichan and the Cowichan Land Trust (Stewards, 2011). 

The developer is required to agree to the terms of the conservation covenants before 

the municipality grants planning permission.     

Conservation covenants encourage landowners to maintain the natural value of 

ESAs because they compensate landowners for the social and EGS benefits that natural 

capital provides. This strategy’s biggest strength is that it offers an economic incentive to 

landowners to consider conservation, and thereby creates benefits for all. Landowners 

receive compensation for conservation, and society benefits through the protection of 

natural capital and its flow of valuable EGS. Covenants are also beneficial because they 

provide protection without the full expense of purchasing the land. They can also be 

tailored to specific ecological features, leaving the rest of the private property 

unrestricted (Curran, et al., 2007). Creating, monitoring, and enforcing conservation 

covenants, however, requires considerable input from the local government, including 

staff time, public education, identification of ESAs, land assessment, legal negotiation, 

and council processes. Local NGOs and land trust organizations are often willing to assist 

in these areas; in fact, the Quamichan Stewards and the Cowichan Land Trust are 

currently responsible for monitoring covenants along the lakeshore riparian areas in 

Trumpeter Pointe. What exact conservation covenant technique the municipality decides 

to pursue can be determined at time of implementation. Use of all types enhance the 

strengths of each and help maximize the land area protected. However, for the sake of my 

survey and for this analysis, I assume direct covenant purchase from private landowners 

as the primary method.     
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4: Methodological Approach 

4.1 Non-Market Valuation 

In order to evaluate the four policy alternatives described above, this paper takes a 

two-step approach. The first stage is a non-market valuation of Quamichan Lake and the 

ecosystem service of phosphorus retention provided by wetlands and riparian areas 

within the watershed. It is necessary to undertake a non-market valuation in this context 

because current land-use practices and decision-making processes in North Cowichan 

ignore EGS and the public benefits they provide. The non-market valuation approach 

ensures that land-use policy in the Municipality of North Cowichan reflects a better 

understanding of the public’s values. As noted in Chapter 1, market prices typically do 

not represent public values about the environment, and land-use management and 

decision-making occurs without incorporation of these values. Hence, providing a 

monetary measurement for EGS benefits provided by the Quamichan Lake watershed is 

an essential first step in ensuring its protection and helping the Municipality of North 

Cowichan make better decisions about land-use, economic activity, and water 

management in the region.  

However, the unique character of EGS makes economic valuation difficult in 

many respects. For instance, one can easily assess the market value of mineral extraction 

from a particular mining project, but clear indicators of the value of EGS damaged by 

development is not represented by these market values. Researchers are therefore 

required to estimate non-market values by either asking the public about their values for a 

particular good of interest (“stated preference”) or use existing data to infer value 

(“revealed preference”). There are many types and methods of non-market valuation that 

require careful consideration before employment, such as averting behaviour, avoided 

cost techniques, contingent valuation method, change of productivity studies, hedonic 

pricing, travel cost studies, and benefit transfer methodologies.  
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For this current study, I excluded many revealed preference techniques – such as 

hedonic pricing, averting behaviour, and avoided cost – because such techniques require 

large amounts of data and scientific/econometric expertise, which were not appropriate in 

this context. I considered implementing a change of productivity study – that is, an 

evaluation of the loss of economic productivity of fishing in Quamichan Lake due to 

eutrophication – but excluded the option because fishing in Quamichan Lake is 

recreational, making economic valuation difficult and imprecise. I also considered 

implementing a travel cost study, but eliminated the option because many other 

recreational lakes exist in the area – such as Lake Cowichan and Somenos Lake – making 

identification of recreational demand for Quamichan Lake challenging. The local 

community values Quamichan Lake primarily for its existence as an environmental 

attribute. As such, I determined that the most appropriate non-market valuation technique 

was a stated preference technique – that is, a contingent valuation method (CVM) survey, 

described in detail below. It should be noted, however, that other non-market valuation 

techniques could be employed in the future (given the appropriate resources) to provide 

more comprehensive monetary estimates for the EGS benefits of the Quamichan Lake 

watershed (see Chapter 8).  

4.2 Contingent Valuation Method Survey 

 I employ the contingent valuation method (CVM), which is a widely accepted 

stated preference technique used by economists to ask the public about their values for a 

particular good or service. The CVM uses survey questions to elicit people’s preferences 

for EGS by asking respondents what they would be willing-to-pay (WTP) or willing-to-

accept (WTA) for a change in the quality or quantity of an environmental attribute. The 

survey accomplishes two objectives: (1) it creates a hypothetical market in which survey 

respondents can “purchase” environmental attributes; and (2) it informs decision-making 

and helps researchers highlight optimal social outcomes by monetizing attributes that 

would otherwise lack observable data, such as the value of EGS and the “existence 

value” or “passive use value” for environmental attributes such as wetlands or 

Quamichan Lake. CVM surveys construct scenarios that offer different environmental 

outcomes and then ask survey respondents for their stated preferences – or perceived 
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utility – regarding those outcomes. The researcher then analyzes the choices made by 

respondents in a similar manner to choices made in actual markets, as the economic value 

derived from the CVM survey is “contingent” upon the hypothetical market.  

I use the CVM technique in order to highlight the fact that residents of North 

Cowichan value the Quamichan Lake watershed and the EGS it provides to the 

community. My monetary estimates are not exact, but provide a signal to the 

Municipality of North Cowichan that residents are willing to cover a share of the costs 

associated with restoration, conservation, reduction of phosphorus levels, and recreational 

upgrades7.  

To elicit respondent WTP, the CVM survey employed in this study (Appendix 2) 

constructs three different scenarios with three different payment bids: 

1.  Tax bid – This bid uses a mandatory payment vehicle and asks survey respondents 

what they would be WTP in increased annual property taxes to reduce internal 

phosphorus levels and eutrophication in Quamichan Lake by dredging the lake 

bottom (see Section 3.2). 

2. Donation bid – This bid uses a voluntary payment vehicle and asks survey 

respondents what they would be WTP in the form of donations to a registered land 

trust where the money donated would be used exclusively to purchase conservation 

covenants and reduce external phosphorus levels and eutrophication in Quamichan 

Lake (see Section 3.5). 

3. Recreational bid – This bid uses a recreational fee payment vehicle and asks survey 

respondents what they would be WTP in the form of parking fees and/or annual 

access fees to use Quamichan Lake for recreational activities. 

I mailed the CVM survey to residents of North Cowichan, BC, between 

November 29th, 2010, and January 4th, 2011. Selection of households involved 

identification of Canada Post Letter Carrier Walks (LCWs) surrounding Quamichan 

                                                 
7 My WTP estimates do not include all aspects or components of EGS in the watershed. Table 1 

demonstrates the wide range of EGS benefits that natural capital provides. My survey dealt, primarily, 
with the EGS benefits of phosphorus retention, recreation, aesthetic appeal, and sense of place. As such, 
WTP estimates provided in this study are likely significant underestimations of the total value of EGS in 
the watershed. 
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Lake. There are five major LCWs in the area; therefore, I sent 100 copies of the survey to 

each LCW as unaddressed ad mail and asked Canada Post to deliver the surveys 

randomly throughout each LCW. However, there is no way to determine that Canada 

Post workers complied with this request – for instance, they could have simply delivered 

the surveys to the first 100 houses on their route. I also did not request a return address or 

phone number, so there is no way of determining which survey came from what LCW or 

household, making my survey sample ill-defined. Out of the 500 surveys mailed to 

residents of North Cowichan, I received 127 returned and complete copies. This 25% 

response rate is significant and worth highlighting, as theory suggests that CVM surveys 

sent by mail suffer from low response rates fewer than 10% (Mitchell and Carson, 1989).  

The reason for the high response rate is likely due to respondent characteristics, which I 

discuss at length in Chapter 5. 

Many economists are sceptical of CVM surveys because stated preference 

techniques, like any form of opinion survey, can be victim to various types of bias 

(Mitchell and Carson, 1989). Economists view this as especially problematic for CVM 

surveys because unlike the actual marketplace, there is no direct consequence or 

monetary commitment to decisions made in a hypothetical market (Shaffer, 2010). Critics 

believe that this hypothetical bias discredits WTP estimates, making CVM surveys 

incapable of revealing true preferences and economic tradeoffs in the real world. This is 

especially true for environmental goods and services. When respondents are asked to 

value things like the protection of endangered species or a wilderness area, they are likely 

to place a high value because they believe that doing so is strategic and will affect policy 

development. In the real world, however, where consumers face limited resources, they 

are likely to place a smaller value on “passive-use” and “existence value” goods – 

something revealed in consumer behaviour.   

Strategic bias can also have the opposite effect – that is, it can cause respondents 

to place a lower than normal value on the good in question. For example, consider a 

survey such as the one employed here that discusses policy options relating to the poor 

quality of a lake. The survey explains that failing septic tanks are responsible for the 

lake’s poor health, and that in order to address the problem, residents will have to pay for 

septic tank upgrades. Respondents to this survey may recognize that improved water 
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quality is a non-excludable good and that if other people pay for septic upgrades, they 

will be able to free ride. Respondents therefore have an incentive to understate their WTP 

for improved lake quality in the hopes that someone else will be WTP for septic 

upgrades. Nay-saying is the term used to describe one’s understatement of their true WTP 

(Mitchell and Carson, 1989).     

There are also other forms of bias surrounding CVM surveys, including what 

critics refer to as design bias and mental account bias. Design bias refers to the way in 

which researchers present information to respondents in the CVM survey and can take on 

a number of forms. For example, in a survey regarding the preservation of a natural 

wilderness area, respondents may have a higher WTP if the bid vehicle is a donation as 

opposed to an entrance fee (something that is true in this study). This could be because 

respondents simply dislike direct fees, or because they believe that charging for entrance 

into a natural area somehow debases the environmental experience (Hanley and Spash, 

1993). Other types of design bias include the starting point or anchor bias, which refers to 

how the starting point in bidding games can influence the respondent’s final WTP (i.e. 

Are you WTP x amount? If yes, how about y amount?). This is either because 

respondents believe that the starting point represents what size of bid is appropriate, or 

because they are impatient and aware that the final bid has no real life consequence 

(Hanley and Spash, 1993). This bias can also cause respondents to stop “somewhere in 

the middle” as they do not want to be viewed as cheap, but are also not truly WTP what 

their bid suggests (Mitchell and Carson, 1989).     

Mental account bias refers to the inability of respondents to separate their WTP 

for accounts of a very similar nature. For instance, an individual may decide how much 

income and time they are willing to spend on environmental goods in general, but they 

may not be able to allocate that budget for various goods within the account. Individuals 

may have an idea of their “endangered species account” but when asked to allocate funds 

for the preservation of endangered amphibians, they end up allocating the entire budget to 

the question at hand, even though they also care about protecting other species. Critics 

believe that this problem is widespread in CVM studies, and leads to constant 

overestimation of WTP (Hanley and Spash, 1993); however, I believe that this current 

study avoids the problem by making survey questions clear and directed specifically at 
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reducing eutrophication in Quamichan Lake. Although the various problems of bias are 

unlikely to affect every CVM survey, it is important to be aware of the presence of bias 

and its ability to skew WTP estimates in studies such as this one. 

4.3 Multi-Criteria Assessment 

The second stage of the policy evaluation is an assessment using other relevant 

criteria that influence the proposed strategies to conserve natural capital and reduce 

phosphorus levels in the Quamichan Lake watershed. Table 3 illustrates the criteria and 

measures. The multi-criteria assessment highlights tradeoffs for each policy alternative 

and enriches the non-market valuation of Quamichan Lake, discussed in Chapter 5. The 

non-market valuation shows that residents of North Cowichan value the EGS of 

Quamichan Lake watershed and are WTP for lake restoration and conservation, which is 

a significant finding. WTP sends a signal to decision-makers that policy action is desired 

and feasible. The multi-criteria assessment shows decision-makers the pros and cons in 

choosing among land-use policy alternatives and options that reduce phosphorus levels in 

Quamichan Lake. 
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Table 4 - Multi-criteria evaluation matrix 

Criterion Definition Measurement Source 

Cost 

Estimated cost of 
implementing proposed 
policy alternative versus 
estimated benefits of EGS 

Economic value 
(Low/Medium/High) 

Literature 
review 

Public Support 
(WTP) 

Determines the degree of 
public support for policy 
alternative, represented by 
WTP where possible 

WTP estimate 
(Low/Medium/High) 

CVM survey 
+ Quamichan 
Stewards 
consultation 

Impact on 
Landowners 

Determines the extent to 
which policy alternative 
impacts the rights of 
landowners 

Low/Medium/High Literature 
review 

Effectiveness 

Determines the policy 
alternative most likely to 
reduce phosphorus levels & 
limit eutrophication over 
time 

Low/Medium/High Literature 
review 

Ease of 
Administration 

Determines the 
administrative complexity 
of policy alternative 
through examination of 
provincial / municipal 
framework  

Low/Medium/High 

Literature 
review + 
Quamichan 
Stewards 
consultation 
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5: Results of the Contingent Valuation Method Survey 

5.1 Contingent Valuation Method Summary Statistics 

Table 4 presents an overview of the CVM survey, which also included a number 

of questions asking respondents about Quamichan Lake and their preferences regarding 

its water quality, recreational use, and desired options to reduce phosphorus levels. Table 

5 presents an overview of demographics, and Table 7, in the following section, provides 

WTP estimates of Quamichan Lake and its surrounding EGS for the residents of North 

Cowichan. The survey is included in Appendix 2.  

Table 5 - Summary statistics for CVM survey, excluding WTP estimates and demographics 

Total number of surveys completed = 127 

 
Survey Inquiry 

 

 
 

Response (%) 
 

Are you concerned with the water quality in Quamichan Lake? 
Yes 
No 
 

 
91% 
7% 

Do you participate in recreational activities at Quamichan Lake? 
Yes 
No 
 

 
65% 
35% 

Were you aware that phosphorus has a negative impact on the water 
quality of Quamichan Lake? 
Yes 
No 
 

 
 

76% 
23% 

What option would you prefer the Municipality of North Cowichan 
pursue? 
Reduction of internal phosphorus load (e.g. dredging) 
Reduction of external phosphorus load (e.g. conservation covenants) 
Reduction of internal and external loads with multiple options (e.g. 

dredging and conservation covenants) 
Unsure 

 
 

2% 
36% 

 
43% 
19% 
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Do you support improvements at Art Mann Park and the development 
of additional public access points? 
 
Yes 
No 
 

 
 
 

80% 
18% 

Would you be willing to donate a portion of your property to the 
Municipality of North Cowichan in order to develop a public access 
point on Quamichan Lake? 
Yes (% of respondents whose land borders Quamichan Lake) 
No (% of respondents whose land borders Quamichan Lake) 

 
 
 

6% 
94% 

 

Table 6 - Demographics of survey respondents 

Total number of surveys completed = 127 
 

Survey Inquiry 

 
 

Response (%) 
 

What is your age? 
26 - 35 
36 - 45 
46 - 55 
56 - 65 
66 - 75 
76 and over 
 

 
3% 

10% 
18% 
32% 
26% 
11% 

 
What is your gender? 
Female 
Male 
 

 
40% 
59% 

What is your level of education? 
Did not graduate high school 
High school graduate 
College diploma 
Bachelor's degree 
Post-graduate degree 

 
5% 

24% 
30% 
17% 
25% 

 
What is your gross annual household income? 
Under $9,999 
$10,000 - $29,999 
$30,000 - $49,999 
$50,000 - $69,999 
$70,000 - $89,999 
$90,000 - $109,999 
$110,000 - $129,999 
Greater than $130,000 

 
1% 
7% 
9% 

21% 
23% 
13% 
5% 

21% 
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The following is a brief overview and analysis of the summary statistics and 

demographics: 

• First, note that survey demographics are skewed relative to the 2006 Census data for 

the North Cowichan region. Median age of the survey sample (60.5) is much higher 

than the median age of the 2006 Census data (44.4). Survey respondents were roughly 

60% male, whereas Census data indicates a larger female population in the North 

Cowichan region. Education and income levels were also much higher in the survey 

sample. Over 40% of survey respondents indicated having at least a university 

Bachelor’s degree, whereas the 2006 Census data shows only 12% having an 

equivalent level of education. Lastly, 2006 Census data shows an average before-tax 

individual income in North Cowichan of $24,795 whereas over 60% of survey 

respondents reported a before-tax household income of over $70,000, which, 

adjusting for household versus individual income, is still higher than average 

(Statistics Canada, 2007). Thus, it is important to note that the survey sample is not 

statistically representative of the population of North Cowichan and, therefore, data 

may not accurately characterize the preferences and values of the population as a 

whole. Moreover, this means that one should read results derived from extrapolating 

survey sample data to the entire population of North Cowichan cautiously. In my 

WTP estimates below, I have presented a range of values in an attempt to control for 

the skewed survey sample.             

• The vast majority of survey respondents (91%) are concerned with the water quality 

of Quamichan Lake. As this was a mail survey, it is not surprising that those who care 

the most about the lake responded.  This shows that there is a public desire to 

improve the lake’s health, albeit how the municipality should tackle the problem and 

who should pay for restoration are debatable topics.  

• The majority of survey respondents (65%) participate in recreational activities at 

Quamichan Lake, and this is in spite of the fact that the sample has a relatively high 

average age (60.5). It is reasonable to assume that a younger sample population 

would be more likely to participate in recreational activities and use facilities such as 
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public parks. This statistic reinforces the argument that Quamichan Lake is an 

important attribute to the residents of North Cowichan.  Furthermore, over 80% of 

respondents supported the proposed lake access strategy and improvements to Art 

Mann Park. This shows that while Quamichan Lake has no immediate use-value for 

many respondents, the existence of the lake as an environmental and recreational 

attribute of North Cowichan is valued. It is possible that poor lake access and poor 

amenities are a deterrent to some residents of North Cowichan and that they would 

participate in recreational activities at Quamichan Lake following improvements. As 

one respondent mentioned in the comments section of the survey, her family 

frequently travels to Lake Cowichan for recreational activities because they find the 

excessive algal growth in Quamichan Lake unappealing.    

• Approximately 76% of survey respondents were aware that phosphorus has a 

negative impact on the water quality of Quamichan Lake. However, there is no clear 

consensus as to what the District of North Cowichan should do to limit phosphorus 

levels. When respondents were asked if they preferred reducing the internal load 

(with dredging – see Section 3.2) or reducing the external load (with conservation 

covenants – see Section 3.5) or both, the majority (43%) chose both options. 

Interestingly, only 2% of respondents preferred reducing the internal load alone 

whereas 36% of respondents preferred only reducing external phosphorus levels. It is 

possible that the majority selected both options as their preferred method due to a 

response selection bias and/or leading question bias and/or protest vote. Another 

hypothesis is that survey respondents view reducing the internal phosphorus load as a 

temporary short-term measure and view reducing the external phosphorus load as an 

additional long-term solution. In other words, the majority of survey respondents 

seem to prefer a combination of policy options to reduce phosphorus levels in 

Quamichan Lake.   

• Approximately 19% of respondents were unsure what option they preferred to reduce 

phosphorus levels and many expressed in the comments section of the survey that 

perhaps none of the proposed means are appropriate. Some respondents commented 

on the need to create agricultural and household fertilizer regulations, install aeration 
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systems, improve the lake’s outflow, and introduce a waterfowl management program 

(see Section 3.1).       

• When asked if they would be willing to donate a portion of their property to the 

District of North Cowichan in order to develop a public access point, the 

overwhelming majority of respondents said no. Only 6% of those whose property 

borders Quamichan Lake said that they would be willing to donate land to the 

municipality. This shows that there is little desire to give up private property for lake 

access among respondents, which is significant considering the level of support for 

conservation covenants. This shows that the majority of survey respondents are not 

opposed to conservation measures or to limiting the use of private land, but are 

opposed to losing ownership of that land and giving it up for public access. 

• Compared to 2006 Census data for North Cowichan, where the median age is 44.4, 

the survey sample has a high average age with over 65% of respondents being over 

the age of 56 (Statistics Canada, 2007). This is significant for a number of reasons, 

creates bias, and limits the WTP estimates to a particular subset of the population. For 

one, as determined through cross-tabulations of the survey data, older people in the 

sample population are not as financially secure as younger people, and this affects 

their WTP. For example, older people in the sample population are less willing to 

support parking fees, annual access passes, and property tax increase, but are more 

likely to support tax-deductible donations to a land trust organization. Secondly, it is 

plausible that older people have lived in North Cowichan longer than the average 

population and connect more with the area. They likely value Quamichan Lake more 

highly, even if they are less able to pay for restoration8. Finally, older people are less 

likely to participate in recreational activities and thus less WTP for lake access and 

improved facilities. This bias is significant because it shows that the sample 

population may in fact be underestimating overall resident WTP, and if a larger 

proportion of respondents were younger and/or participated in recreational activities 

                                                 
8 Unfortunately, the survey did not ask respondents how long they have lived in North Cowichan, which 

would have been an interesting variable in determining the degree to which residents value Quamichan 
Lake and how much they are willing-to-pay for restoration.  
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at Quamichan Lake, WTP would likely be higher. In short, sample characteristics 

show that the WTP estimates below are not likely to be overestimations.  

• Average household incomes and average levels of education for the survey sample 

are both slightly higher than the averages found in 2006 Census data for North 

Cowichan. This is worth noting because higher incomes and higher levels of 

education affect WTP and therefore skew the survey sample from the general 

population. Cross-tabulations of the survey data show that respondents with higher 

incomes are WTP larger amounts than those with lower incomes, which is what 

theory would suggest. Cross-tabulations also show that those with higher levels of 

education are more WTP for measures to reduce phosphorus levels in Quamichan 

Lake. However, while those with higher incomes are more likely to be WTP for 

parking fees and annual access passes, education levels do not have a discernable 

impact on WTP for parking fees and annual access passes, which the majority 

opposed independent of education level.     

• As noted above (Section 4.1), CVM surveys suffer from various types of bias. Mail-

out surveys, specifically, suffer from sample selection bias – that is, people who 

respond to mail-out/online surveys are likely to value the survey topic more than the 

general population (Mitchell and Carson, 1989). This bias may account for the 

majority of respondents (91%) indicating that they are concerned with the water 

quality of Quamichan Lake, and it therefore may also affect WTP estimates.  

5.2 Willingness-to-Pay Estimates 

Willingness-to-pay (WTP) can relate to any desired good or service, or a person 

could be WTP to avoid something undesirable, such as pollution or noise. Factors unique 

to the individual, such as personal values, wealth, education, age, location, and a variety 

of other variables determine WTP. Studies estimate WTP for a population using 

sophisticated econometric regression analysis with data from contingent valuation 

studies, choice experiments, or revealed preference surveys. CVM survey models such as 

the one employed in this study – the referendum style, multiple bound discrete choice 

model – require the application of the random effects probit regression model (Champ, et 
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al., 2003); a technique that requires sophisticated methods and large amounts of varied 

and complex data, not available in this study.  

I use averages to reflect WTP, recognizing the limitations of this approach.  

Nonetheless, these calculations highlight the fact that residents of North Cowichan value 

the Quamichan Lake watershed and the EGS it provides to the community. The WTP 

estimates illustrate that there is public preference for a healthy Quamichan Lake and that 

citizens are willing to cover a share of the costs associated with restoration. Table 6 

presents an overview of the WTP questions found in the CVM survey and shows the 

maximum WTP under each price category.     

Table 7 - WTP overview 

Total number of surveys completed = 127 

 
Survey Inquiry 

 

Percentage 
of total 

sample (%) 
Suppose the District of North Cowichan proposed to limit phosphorus levels in 
Quamichan Lake by dredging the lake. A portion of the costs would be paid 
from your annual property taxes. Would you vote yes if it increased property 
taxes by: 

 
Not WTP anything at all 

Max $20.00 per year every year 
Max $40.00 per year every year 
Max $60.00 per year every year 
Max $80.00 per year every year 

Max $100.00 per year every year 
Max > $100.00 per year every year 

 
 
 
 
 

27% 
18% 
13% 
15% 
6% 

10% 
11% 

Suppose the District of North Cowichan proposed to limit phosphorus levels in 
Quamichan Lake by using conservation easements in ecologically significant 
areas. A portion of the costs would be paid through tax-deductible donations to 
a land trust account where the money would only be used to purchase 
conservation easements. Would you vote yes and donate: 
 

Not WTP anything at all 
Max $20.00 per year every year 
Max $40.00 per year every year 
Max $60.00 per year every year 
Max $80.00 per year every year 

Max $100.00 per year every year 
Max > $100.00 per year every year 

 
 
 

 
 
 

25% 
20% 
14% 
10% 
2% 

14% 
15% 
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Suppose the District of North Cowichan proposed to pay for recreational 
improvements at Quamichan Lake by introducing a parking fee at all public 
access points. Would you support the plan if it cost you: 
 

Not WTP anything at all 
Max $1.00 in parking fees per visit  
Max $2.00 in parking fees per visit  
Max $3.00 in parking fees per visit  
Max $4.00 in parking fees per visit  
Max $5.00 in parking fees per visit  

 
 
 
 

36% 
18% 
27% 
9% 
1% 
9% 

Suppose the District of North Cowichan proposed to pay for recreational 
improvements at Quamichan Lake by introducing an annual access pass. 
Would you support the plan if it cost you: 

 
Not WTP anything at all 

Max $10.00 in access fees per year 
Max $20.00 in access fees per year 
Max $30.00 in access fees per year 
Max $40.00 in access fees per year 
Max $50.00 in access fees per year 

 
 
 
 

46% 
24% 
19% 
6% 
0% 
5% 

 

Using the data found in Table 6, a simple calculation provides an estimate of the 

mean annual WTP among survey respondents9. Then, to estimate the aggregate mean 

WTP for the population, I use 2006 Census agglomeration data for the North 

Cowichan/Duncan region and multiple the mean WTP of survey respondents by the total 

number of households (17,340). Then, to control for survey sample characteristics, I also 

multiple the mean WTP of survey respondents by the number of households in the North 

Cowichan/Duncan region that more accurately reflect my survey sample (6069). This 

number was reached by taking the total number of households in the Census region and 

controlling for age, education, and income characteristics that better reflect my survey 

sample – roughly 35% of the total population in North Cowichan/Duncan reflect my 

survey characteristics of (a) higher than average age, (b) higher than average education, 

and (c) higher than average income. The result of this separation provides a high WTP 

estimate for the population (all households) and a low WTP estimate for the population 

(controlled households). This range of WTP estimate helps to provide a more appropriate 

measure that takes into account my skewed survey sample. Moreover, for these 

                                                 
9 I exclude the “>$100.00” WTP category in the mean calculations because there is no way of determining 

max WTP under this category. It would therefore skew the estimate. Eliminating the top end also helps 
to provide a more conservative estimate of WTP noting the sample selection bias discussed earlier.   
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calculations, I assume each respondent reflects the WTP for each household, which is 

appropriate for increases in property taxes and annual access passes, but may be an 

underestimation for donations and parking fee estimates. For the parking fee estimate, a 

simple calculation yields an approximate average WTP of $2.00 per visit; I then assume 

an average of 10 visits per household per year (or a little less than one visit per month). 

For the present value calculation, I assume a standard discount rate of 5% and calculate 

for a period of 10 years in order to give a better picture of how the restoration and 

upgrade of the Quamichan Lake watershed may influence other municipal plans and 

projects. Again, these calculation methods are less exact than the more sophisticated 

CVM studies, but given the available data, the WTP estimates found in Table 7 help to 

provide a snapshot of the preferences of North Cowichan residents for a healthy 

Quamichan Lake watershed. Figure 6 helps to illustrate the difference between the high 

and low estimate for the annual WTP of the population more clearly. 

Table 8 - Quamichan Lake annual WTP estimates 

Total number of surveys completed = 127 
 

WTP Payment Vehicle  Mean 
Tax bid – Increased annual property taxes / Dredging  
 
Annual WTP/Person 
Annual WTP/Aggregate – High Estimate 
Annual WTP/Aggregate – Low Estimate 
Aggregate PV over 10 years (r = 5%) – High Estimate 
Aggregate PV over 10 years (r = 5%) – Low Estimate 
 

 
 

$39.16 
$679,034 
$237,662 

$4,168,679 
$1,459,039 

Donation bid – Annual donations to land trust / Covenants 
 
Annual WTP/Person 
Annual WTP/Aggregate – High Estimate 
Annual WTP/Aggregate – Low Estimate 
Aggregate PV over 10 years (r = 5%) – High Estimate 
Aggregate PV over 10 years (r = 5%) – Low Estimate 
 

 
 

$49.79 
$863,359 
$302,175 

$5,300,275 
$1,855,092 

Recreational bid – Parking fees per visit (assume $2.00 parking fee per 
visit and average 10 visits per year per household) 
 
Annual WTP/Person  
Annual WTP/Aggregate – High Estimate 
Annual WTP/Aggregate – Low Estimate 

 
 
 

$20.00 
$346,800 
$121,380 
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Aggregate PV over 10 years (r = 5%) – High Estimate 
Aggregate PV over 10 years (r = 5%) – Low Estimate 

$2,129,051 
$745,168 

Recreational bid – Annual access pass 
 
Annual WTP/Person 
Annual WTP/Aggregate – High Estimate 
Annual WTP/Aggregate – Low Estimate 
Aggregate PV over 10 years (r = 5%) – High Estimate 
Aggregate PV over 10 years (r = 5%) – Low Estimate 

 
 

$18.19 
$315,415 
$110,395 

$1,936,374 
$677,730 

Figure 6 - Annual Aggregate WTP - High and Low Estimates 

 

 

Table 6, Table 7, and Figure 6 all demonstrate that the majority of North 

Cowichan residents support both voluntary and mandatory payment vehicles for the 

reduction of phosphorus levels and the restoration of Quamichan Lake. Recreational fees, 

on the other hand, have a relatively lower level of support (less than 50% of respondents 

support parking fees or annual passes above $1.00 per visit). This disparity is worth 

highlighting – the survey states that recreational fees are to be put towards recreational 

upgrades and lake access, whereas increased annual property taxes and donations are to 

be used by the municipality to limit phosphorus levels in the Quamichan Lake watershed. 
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Hence, the WTP estimates show that residents value a healthy Quamichan Lake 

watershed as an environmental attribute to North Cowichan, but not necessarily as a 

recreational attribute. This is a significant finding because it helps to demonstrate the 

importance of natural capital and the value of EGS – specifically the ecosystem service of 

nutrient retention – aside from direct-use recreational value. Survey respondents, 

untypically, seem to value non-use and option-values over direct-use value in the 

Quamichan Lake watershed. One hypothesis for the disparity is because many 

recreational substitutes exist in the area, such as Somenos Lake (approximately 2 km 

away from Quamichan Lake) and Lake Cowichan (approximately 35 km away from 

Quamichan Lake). Another hypothesis is that the disparity arises because reduced 

phosphorus levels in Quamichan Lake limit the appearance of blue-green algae growth, 

which subsequently improves the aesthetic appeal of Quamichan Lake and raises 

individual property values in the area. Cross-tabulations of the survey data show those 

who view Quamichan Lake from their property are more likely to be WTP higher 

amounts to reduce phosphorus levels. Whatever the reason, it is important to note that the 

majority of surveyed North Cowichan residents prefer limiting phosphorus levels in 

Quamichan Lake to improving recreational amenities. Alternatively, to state the 

hypothesis in another way, the residents who responded to the survey in North Cowichan 

favour long-term solutions to the eutrophication of Quamichan Lake over short-term 

recreational upgrades. 

Note that survey design bias could be responsible for significant underestimations 

of WTP. For example, as shown in Table 6, 27% of respondents were not WTP anything 

at all to reduce internal phosphorus levels in Quamichan Lake through dredging. It is 

possible that this 27% represents an aversion to dredging as a technical means as opposed 

to unwillingness to contribute to lake restoration (dredging, for example, can cause 

unintended environmental consequences). Support for this hypothesis is that over 90% of 

respondents stated that they were concerned with the water quality of Quamichan Lake. 

The problem of design bias is true for the other survey questions as well – all questions 

combined a payment vehicle with a policy action, making it hard to determine if the WTP 

estimates represent a preference for improving environmental quality at Quamichan 
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Lake, the proposed payment vehicle, or the proposed action. As such, the WTP estimates 

provided above likely suffer from a “protest vote” and are likely underestimations.   

A literature review of similar CVM studies on the wetland ecosystem service of 

water purification provides comparable results to the WTP estimates found in this study 

and supports the point that they are likely underestimations. For example, a Simon Fraser 

University study on benefits derived from wetland EGS in the Lac La Biche watershed, 

Alberta, found that residents are WTP, on average, $86 per year in increased taxes to 

reduce eutrophication in the area (Kimmel, 2007). A meta-analysis study conducted in 

1999, which compiled the results of 30 different CVM studies on wetlands throughout 

North America and Europe, found that average WTP for the wetland ecosystem service 

of water quality improvement to be 52.5 SDR10 in 1990 terms – an estimate that is 

significantly higher than the average WTP per person found in this study (Brouwer, et al., 

1999). Another study, conducted in 2005 on coastal wetlands in Denmark, found that 

residents are WTP approximately DKK11 39 per month to reduce eutrophication and 

improve water quality in the region (Atkins, et al., 2007). Such examples of WTP 

estimates for the wetland EGS benefit of water purification help to provide context for 

the estimates found in this study and demonstrate that the numbers provided in this study 

are not likely overestimations.          

5.3 Survey Conclusions 

• The residents of North Cowichan are concerned with the water quality of Quamichan 

Lake and support policy action that limits phosphorus levels and reduces 

eutrophication. Moreover, residents are WTP significant amounts for such policies 

that protect and restore the health of Quamichan Lake.  

• In this context, residents value the EGS provided by the Quamichan watershed and 

are WTP to restore those EGS. As such, current land-use practices in the watershed 

that destroy and degrade natural capital do not reflect the preferences of the 

community and thus support theoretical arguments that negative externalities require 

                                                 
10 SDR – Special Drawing Right – is the monetary unit of the International Monetary Fund (IMF) and is 

equal to approximately 1.54 Canadian dollars in April 2011. 
11 DKK – Danish Krone – is equal to approximately 0.19 Canadian dollars in April 2011. 
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government action to mitigate them. Thus, the research supports the argument that the 

Municipality of North Cowichan should adopt renewed land-use and water 

management strategies that reflect the preferences of residents and incorporate the 

benefits of EGS.  

• Residents rate the existence value of Quamichan Lake more highly than its 

recreational – or direct use – value. This means that residents value the Quamichan 

Lake watershed for its environmental significance, its cultural/heritage value, and its 

aesthetic value. These are non-market benefits that lack price signals and are 

therefore often excluded from our current measures of decision-making. Again, this 

supports policy action to protect and restore Quamichan Lake. Land-use management 

within the watershed should better reflect the public’s values. 

• Residents value and are WTP for the EGS benefit of water purification / nutrient 

retention and prefer protecting ESAs over implementing technical solutions to 

eutrophication alone. Residents seem to understand that ESAs provide “public good” 

benefits in the watershed that require funding for long-term protection. 

• Residents prefer a combination of policy options that reduce both the internal and 

external phosphorus load in Quamichan Lake. Residents also support both short-term 

and long-term solutions and are WTP for a multi-pronged approach. 

• Residents support a wide range of payment vehicles, but prefer property tax increases 

and donations to a land trust account over parking fees and annual lake access passes. 

As previously mentioned, it appears that residents value Quamichan Lake for its 

environmental significance over its recreational value, but survey design or other 

forms of bias could be the cause as well as reflecting the preference for payment 

vehicles. 

• Due to various types of bias, the WTP estimates provided above are likely not 

overestimations. I have tried to err on the lower bound to offset the sample selection 

bias noted above.    
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6: Multi-Criteria Assessment  

The survey results and WTP estimates show that residents of North Cowichan 

value the Quamichan Lake watershed and the EGS it provides to the community. These 

results support policy action to reduce eutrophication in Quamichan Lake. The following 

multi-criteria assessment shows tradeoffs between policy alternatives (Chapter 3) that 

limit phosphorus levels in Quamichan Lake through various levels of land-use change 

and natural capital conservation in the watershed. I reproduce the evaluation matrix in 

Table 8.  

Table 9 - Multi-criteria evaluation matrix 

Criterion Definition Measurement Source 

Cost 

Estimated cost of 
implementing proposed 
policy alternative versus 
estimated benefits of EGS 

Economic value 
(Low/Medium/High) 

Literature 
review 

Public Support 
(WTP) 

Determines the degree of 
public support for policy 
alternative, represented by 
WTP where possible 

WTP estimate 
(Low/Medium/High) 

CVM survey 
+ Quamichan 
Stewards 
consultation 

Impact on 
Landowners 

Determines the extent to 
which policy alternative 
impacts the rights of 
landowners 

Low/Medium/High Literature 
review 

Effectiveness 

Determines the policy 
alternative most likely to 
reduce phosphorus levels & 
limit eutrophication over 
time 

Low/Medium/High Literature 
review 

Ease of 
Administration 

Determines the 
administrative complexity 
of policy alternative 
through examination of 
provincial / municipal 
framework  

Low/Medium/High 

Literature 
review + 
Quamichan 
Stewards 
consultation 
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6.1 Analysis of Option #1 – No Land-Use Change / In-Lake Solution 

6.1.1 Cost 

In-lake technical solutions such as dredging represent a net reduction in 

phosphorus levels and reduced generation of new internal nutrients from lake sediments. 

As such, technical measures provide short-term relief from eutrophication and limit 

overall phosphorus levels in the lake. However, if not combined with actions to reduce 

external sources of nutrients, in-lake actions will be ineffective in the long-term and 

require repetition. This policy option, therefore, has a recurring cost. The exact period is 

unknown because the intensity of eutrophication depends on the actions of those in the 

watershed; however, it is possible to estimate capital costs. Dredging involves 

mechanical measures to remove sediments (“muck”) from the lake bottom. Based upon 

lake characteristics, dredging can cost from $5.00 – $15.00 per cubic meter12. For 

Quamichan Lake, based upon its surface area, this gives a low estimate of approximately 

$20 million and a high estimate of approximately $50 million for lake bottom dredging. 

Other in-lake technical solutions are less expensive than dredging, but considering in-lake 

measures require repetition over time, I categorize this policy option as highly expensive. 

The Quamichan Stewards have also assessed various in-lake solutions. They determined 

that suitable measures for Quamichan Lake range from “moderately to very expensive” 

(Stewards, 2009). Dredging, specifically, is categorized as “very expensive” (Stewards, 

2009).     

Moreover, this option does not protect natural capital and its flow of EGS within 

the watershed. Instead, this option uses a man-made technical solution (dredging) to 

replace ecosystem services (water filtration/phosphorus reduction) that nature provides 

free of charge. In this context, one can interpret the costs of dredging as the value of the 

ecosystem service of phosphorus retention. Without measures that protect natural capital, 

in-lake solutions are not only expensive, but also result in the continued loss of EGS 

                                                 
12 These numbers are based on approximate costs for a similar dredging project conducted at Burnaby 

Lake, which cost the City of Burnaby and BC government over $20 million (Burnaby Lake Rejuvenation 
Project, 2010). Dredging operations are complex and site-specific; proper monetary estimates therefore 
require engineering expertise and evaluation at the time of implementation.    
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benefits if not combined with other measures that protect natural capital. This option 

receives the lowest score for the cost criterion of all alternatives. 

6.1.2 Public Support / WTP 

The majority of North Cowichan residents support in-lake technical measures, 

with over 70% of survey respondents stating that they would be WTP at least $20.00 in 

increased property taxes per year to cover costs of dredging. Moreover, 21% of that 

sample stated they would be WTP up to $100.00 in increased annual property taxes. 

Figure 7 presents frequencies of respondent WTP for dredging based on increased annual 

property taxes.   

Figure 7 - Respondent WTP for dredging 

 

Figure 7 shows that WTP for dredging decreases as price increases, which is 

expected, but does not necessarily indicate that public support for dredging or other in-

lake measures would be low if implemented by the municipality, especially considering 

the possibility of the protest vote noted above. Dredging – and other in-lake technical 

measures – are supported by residents for their short-term benefits and ability to reduce 

the net phosphorus load, but many respondents indicated the need to combine dredging 

with other measures that reduce external phosphorus loading. Dredging, therefore, would 

likely receive higher levels of support if implemented in tandem with other measures. 
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This hypothesis is supported by the Quamichan Stewards and the CVM survey, which 

found that while only 2% of respondents prefer dredging as the sole means of phosphorus 

reduction, over 50% of respondents prefer a combination of dredging with other means 

that reduce external phosphorus loading (Stewards, 2009). Again, survey design is likely 

responsible for this disparity, as many respondents desire policy action but are opposed to 

dredging – they would likely support other in-lake measures and external measures. 

Therefore, it is difficult to determine public support for this policy alternative if 

implemented alone, but it is safe to assume that it would receive high levels of public 

support if implemented in combination with other measures – it receives a moderate 

score in the evaluation matrix.     

6.1.3 Impact on Landowners 

This policy alternative requires no land-use change in the Quamichan watershed 

and, therefore, does not have a large impact on the rights of private property owners in 

the watershed. Yet, there are considerations: 

• Reduced levels of eutrophication and the appearance of blue-green algal growth on 

Quamichan Lake will increase property values of lakeside owners and of those who 

view Quamichan Lake from their property (Stewards, 2009). Therefore, lakeside 

property owners have the most to gain in the short-term if the municipality decides to 

implement technical solutions. Lakeside property values will increase with reduced 

eutrophication and owners will not be required to change current land-use practices or 

lose riparian areas and ESAs to conservation. Many survey respondents commented 

on this inequality and suggested that lakeside property owners should therefore pay a 

higher portion of the costs – through increased property taxes – associated with 

technical solutions.  

• Dredging requires a large area for sediment settling and disposal. Croplands and 

pasturelands are commonly utilized for disposal of nutrient-rich sediments, but 

landfills are also used. Generally, dredging is more cost-effective when the disposal 

site is located within close proximity of the dredging area (EPA, 1998). For hydraulic 

dredging, a disposal basin must also be designed and constructed to hold not only all 
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the dredged sediments once they’ve dried, but also be large enough to allow the 

pumped sediment/water mixture enough time to settle out the solids and return 

relatively clear water to the lake – see Figure 8 (EPA, 1998). Consideration of the 

geology of the disposal site is also important, as porous sites could adversely affect 

nearby streams or groundwater. These factors mean that dredging affects some 

landowners in the watershed, albeit likely with compensation from the dredging firm. 

Figure 8 - Typical dredging operation 

 

Source: Illinois EPA, Division of Water Pollution Control. Available at: www.epa.state.il.us/water 

/conservation/lake-dredging.pdf   

6.1.4 Effectiveness 

Dredging is a well-developed technology that has been used for many years to 

alter various features of water bodies, including navigation improvement, construction, 

flood control, and eutrophication. Dredging has been proven to limit the incidence and 

intensity of algal blooms in the short-term, but its impacts are unknown in the long term 

due to lack of control data and the fact that dredging is usually carried out simultaneously 

with other tactics, so its separate influence on eutrophication is largely unknown (De 

Haven, 1981). Dredging, as explained above, removes nutrient-rich sediments from the 

lake bottom and, hence, represents a net removal of the overall nutrient load. This occurs 

through direct removal of sediments and by deepening the lake, which allows thermal 
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stratification13 to develop and thereby limits nutrient movement from deep-water areas to 

the upper waters where algal blooms occur (De Haven, 1981). However, dredging also 

has its risks and, in some instances, can increase the intensity of algal blooms by 

uncovering fertile sediments on the lake bottom (De Haven, 1981). In short, dredging is 

not a panacea for the control of eutrophication, and without measures to reduce external 

phosphorus loading, will be ineffective over the long term. This is true of all in-lake 

technical measures: they may be effective in limiting the appearance of algal growth in 

the short term, but require other measures that reduce external phosphorus in-take to have 

any real impact on eutrophication and the health of the watershed in the long term. This 

overview is consistent with scientific analysis on Quamichan Lake and with the 

Quamichan Watershed Management Plan (Stewards, 2009).   

6.1.5 Ease of Administration 

As the analysis above illustrates, dredging operations are complex, require 

scientific and engineering expertise, and are expensive. The decision to dredge should not 

be made lightly, and needs to be based on sufficient study that shows accumulated 

sediment is having an adverse impact on water quality and is directly linked to 

eutrophication. Furthermore, dredging should be compared to other measures to ensure it 

is the most feasible and cost-effective solution. Dredging operations require scientific and 

engineering feasibility studies, oversight and monitoring, environmental impact 

assessments, and provincial approval. This process is very complex and time consuming. 

The City of Burnaby, for example, is currently in the process of dredging Burnaby Lake 

after more than a decade of pilot projects and professional studies14. The Burnaby Lake 

dredging project was required to produce various management plans before going 

forward, including management plans relating to: fish and wildlife, environmental 

monitoring, site layout, erosion and sediment control, noise management, spill response 

                                                 
13 Thermal stratification refers to the layering of warmer waters over colder waters. This layering occurs as 

surface waters warm and become less dense than the underlying colder waters. This means that water 
and sediment flow from the lake bottom to the surface reduces. 

14 The primary objective of the Burnaby Lake Rejuvenation project is to “provide long-term protection and 
enhancement of the lake ecosystem, fish passage and wildlife habitat by removing sediment that has 
accumulated in the lake over time through dredging. The secondary objective of the project is to restore 
the open water area and create better opportunities for rowing activities” (City of Burnaby, 2011). 
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and emergency contingency, air quality management, vegetation management, traffic and 

safety management, awareness and education (City of Burnaby, 2011). In short, dredging 

and other in-lake technical solutions are administratively complex and time consuming. 

The Quamichan Stewards, in partnership with MoE, have already conducted a 

phosphorus loading study that determines lake sediments relate to the lake’s 

eutrophication, but the municipality needs to do much more before implementing 

dredging or other in-lake technical solutions. In this regard, the Quamichan Watershed 

Management Plan is a valuable resource to the municipality, albeit additional 

professional input is required at the time of implementation.  

6.2 Analysis of Option #2 – Land Zoning  

6.2.1 Cost 

As discussed above, current land-use practices do not take into account the value 

of EGS provided by nature free of charge. Wetlands and riparian zones in the Quamichan 

watershed provide the residents of North Cowichan with valuable EGS, most notably 

phosphorus retention. The CVM survey revealed that residents are WTP for these 

services; yet, because landowners have no means of capturing the social benefits 

provided by EGS, they convert natural capital for uses that yield private economic 

benefit. In this context, the main area of concern is the low-lying wetlands northeast of 

Quamichan Lake and adjacent to MacIntyre Creek (see Section 2.5). The area is 

responsible for the highest concentrations of phosphorus entering the watershed and its 

current use is to cultivate silage corn and/or silage grain (Stewards, 2009). From a natural 

capital viewpoint, this is an inefficient use of land and creates a net loss in capital. 

Average annual agricultural revenues in North Cowichan range from $2,500 – $24,999 

per farm with approximately 60% of all farms (out of 242 farms in the region) falling 

within this range (North Cowichan, 2006). EGS benefits within the watershed, on the 

other hand, are likely significantly higher than agricultural revenues, especially 

considering crops within the low-lying wetlands often go to waste due to high water 

levels that flood agricultural fields, making harvest impossible and intensifying 

phosphorus concentration in the watershed (Stewards, 2009). A study conducted by the 
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Fraser Basin Council on public amenity benefits of farmland in Metro Vancouver helps 

to support this point – the study concluded that the public value of natural capital on 

farmlands in Metro Vancouver exceeded private market value of agricultural goods by a 

factor of ten (Robbins, 2009). This policy option therefore produces a net economic 

benefit by conserving ESAs and EGS through land zone change. Land zoning has no 

capital cost to the municipality, and converting the agricultural lands into public wetlands 

produces a net social benefit. Farmers will lose the opportunity cost of the land – 

represented by agricultural revenues – but from a public policy perspective, this option 

produces large social benefits at no direct cost.     

6.2.2 Public Support / WTP 

I do not have quantitative data to assess the public acceptability criterion for land 

zoning comparable to the WTP estimates for alternative techniques. However, a review 

of literature suggests that land zoning receives a “somewhat high level of support” from 

the public when zoning for conservation and the protection of the environment is 

employed (Duke and Lynch, 2006). Zoning generally receives a high level of support 

because it is a mandatory conservation technique that maximizes the protected area based 

on environmental assessment by the government. Voluntary techniques such as land 

acquisition or conservation covenants depend upon the willingness of landowners to 

participate, and can therefore result in the conservation of a smaller land base. Zoning, on 

the other hand, does not require permission of landowners and can maximize benefits 

produced by natural capital. Zoning can create larger lot sizes and setbacks to maintain 

undeveloped landscape-level corridors, or, if the existing zoning is inconsistent with 

protecting EGS, local governments can rezone to decrease the density or intensity of use 

in areas that warrant more protection for ecological features. In the case of the 

Quamichan watershed, agricultural zones within determined ESAs – such as the low-

lying wetlands along MacIntyre Creek – can be rezoned as public conservation areas. 

This option is administratively difficult considering the lands in question are part of the 

provincial ALR (see Section 6.2.5); however, comments from the CVM survey as well as 

comments provided to the Quamichan Stewards suggest that the public is not opposed to 

limiting agricultural production in areas where society may better benefit from natural 



 

 53 

capital protection. As mentioned above, one respondent stated: “It seems to me that some 

of the semi-flooded farm lands (now almost useless) might serve a better economic 

purpose if we made them public wetlands” (Stewards, 2009). A number of other survey 

respondents echoed this sentiment. As such, this policy option receives a somewhat high 

level of public acceptability in the evaluation matrix.     

6.2.3 Impact on Landowners 

In British Columbia, local governments have the ability to approve conservation 

zoning for legitimate community purposes, such as ecosystem protection, as long as the 

zoning does not restrict the private property to a public use, such as a park (Curran, et al., 

2007). Furthermore, local governments are not required to pay any compensation to 

landowners for changes in the value of land due to rezoning enacted in the public interest 

(Section 5.4 and Section 914 of the Local Government Act). For this reason, zoning for 

conservation purposes can be politically unpopular, as private property values are 

decreased and landowners are restricted in their use of private land.  

Unlike land acquisition techniques and conservation covenants, which are both 

voluntary measures, land zoning is a mandatory technique that imposes land-use change 

on property owners without any form of compensation. Landowners therefore lose the 

opportunity cost of private land while, in effect, subsidizing the rest of society by 

providing public benefits in the form of EGS free of charge. As such, this technique 

creates inequities. For instance, in the Quamichan watershed, landowners in determined 

ESAs will lose the agricultural benefits of their private property while landowners in 

other areas surrounding Quamichan Lake will receive benefits through reduced levels of 

eutrophication and the subsequent increases in property value. This means that the 

property values of some in the watershed will increase at the expense of property value 

decreases for others. This option therefore receives a negative score in the evaluation 

matrix as it produces inequities by forcing some landowners to provide public benefits at 

their own loss.    
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6.2.4 Effectiveness 

As discussed in Section 2.5, the conservation, restoration and creation of wetlands 

and riparian areas provide beneficial hydrological functions relating to water quality 

improvement (Acreman and Fisher, 2004). Wetlands are often called “the kidneys of the 

catchment” because they have been shown to be effective at reducing nutrient loading 

and thereby reducing eutrophication in adjacent water bodies (Acreman and Fisher, 

2004). This is true for both point source and non-point source pollution. Point source 

pollution can be traced to one specific contributor, such as pollution from a particular 

drainpipe from a factory, whereas non-point source pollution, like agricultural run-off, 

comes from a collective of contaminants that cannot be traced to any stand-alone source. 

Literature suggests that wetlands and riparian areas are of particular importance for non-

point sources of pollution because, unlike point source pollution, it is difficult to place 

direct regulations on polluters (Reinhardt, et al., 2005). Hence, wetlands and riparian 

areas placed between agricultural lands (or other sources of non-point pollution, such as 

roads) and bodies of water provide an effective “buffer zone” that protects the watershed 

by filtering nutrients and other pollutants flowing from surface run-off.       

Land zoning for conservation can therefore protect key wetlands and riparian 

areas between Quamichan Lake and identified sources of non-point phosphorus in-take. 

As discussed in Section 2.3, the main source of phosphorus entering Quamichan Lake is 

from inflows from MacIntyre Creek and 1840 Stamps Rd, which both run through the 

agricultural lands north of the lake (Crawford, 2008). Zoning can maximize the 

conservation of wetlands and riparian areas in the watershed, thereby creating an 

effective nutrient buffer that limits the levels of phosphorus flowing into Quamichan 

Lake. It should be noted that while wetland and riparian area conservation is considered 

an effective means to reduce eutrophication over the long term, the challenge of land 

zoning in this regard is that land zoning is subject to the political climate and changes in 

attitude. This option allows future administrations to re-zone conservation areas and, 

therefore, it is not a long-term, persistent conservation technique. 
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6.2.5 Ease of Administration 

The North Cowichan Official Community Plan (2011) and Strategic Agricultural 

Plan (2001) both point to the need for better riparian buffer zones in agricultural areas. 

This is important to note because it shows that land zoning for conservation purposes and 

watershed protection is indeed politically feasible at the municipal level. The difficultly 

in this option, however, is the fact that areas responsible for the highest concentrations of 

phosphorus entering the Quamichan watershed lie within the provincial ALR. Agriculture 

is the priority use in the ALR. Regulations control non-agricultural uses in the ALR. The 

Farm Practices Protection (Right to Farm) Act (1995) protects farmers within the ALR 

that are “using normal farm practices from nuisance lawsuits and nuisance bylaws of 

local governments”. Furthermore, the ALR takes precedence over municipal or regional 

jurisdiction and requires local governments to plan in accordance with the ALR and the 

provincial policy of preserving agricultural land. As such, North Cowichan’s OCP and 

Regional Growth Strategy are both committed to preserving agricultural land and the 

rural heritage of the region. This creates competing interests in the Quamichan watershed 

between conserving and restoring agricultural wetlands for EGS benefits and preserving 

agricultural land for the purposes of farming.  

The province, however, does allow land zone change in the ALR to protect the 

environment. The Agricultural Land Commission Act (2002) permits the following:  

(i) ecological reserve established under the Ecological Reserve Act or by the Protected 
Areas of BC Act; 

(ii) park established under the Park Act or by the Protected Areas of BC Act; 

(iii)  protected area established under the Environment and Land-use Act; 

(iv)  wildlife management area established under the Wildlife Act; or, 

(v) recreation reserve established under the Land Act. 

Therefore, establishing conservation areas in the Quamichan watershed through 

land zone change is possible, but administratively complex. The municipality would be 

required to forward plans to the Agricultural Land Commission (ALC) for review to 

ensure consistency with the Agricultural Land Commission Act (2002).  
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6.3 Analysis of Option #3 – Land Acquisition 

6.3.1 Cost 

This policy alternative requires the Municipality of North Cowichan to purchase 

desired ESAs from private landowners at fair market value. This will require formal land 

assessment and ESA mapping at the implementation stage; however, one can estimate the 

range of values to highlight potential costs and benefits. This policy alternative is very 

costly, especially considering identified ESAs within the watershed – such as the low-

lying wetlands north of Quamichan Lake – fall within the ALR. British Columbia has 

some of the highest levels and rate of growth of agricultural land prices in Canada (Farm 

Credit Canada, 2005). Statistics Canada estimates the average value of an acre of BC 

farmland at $4,091 in 2008; however, this is likely a significant underestimation, as 

market prices suggest that quality farmland in British Columbia is roughly fifteen to 

twenty times that amount (Eagle, et al., 2008). Therefore, for example, if the 

Municipality of North Cowichan were to purchase roughly half of the low-lying wetlands 

within the natural floodplain north of Quamichan Lake – an area of approximately 178 

acres – this would give a low estimate of approximately $368,000 and a high estimate of 

approximately $5.3 million (Stewards, 2009). For comparison, average residential lots in 

the Trumpeter Pointe development are valued from $200,000 to $300,000 for lots that are 

less than half an acre (Nicon Developments, 2011). These price ranges are not exact, and 

land acquisition by the municipality would depend upon the number of private 

landowners willing to sell, but the approximate range helps to illustrate the costs of this 

policy alternative.  

The CVM survey, meanwhile, revealed that residents of North Cowichan support 

measures that protect and conserve EGS and would be WTP, at the high end, 

approximately $860,000 per year for the purchase of ESAs and wetlands within the 

watershed. Over 10 years, this produces a present value of approximately $5.3 million. 

This means that resident WTP for EGS within the watershed would cover the 

approximate costs of land acquisition over time. Moreover, the protection of natural 

capital within the Quamichan watershed produces a flow of valuable EGS and public 

benefits that are recurring. In the long run, therefore, this policy option produces net 
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benefits by protecting EGS, such as phosphorus retention, that save the municipality costs 

associated with implementing technical solutions in the future. I rank this alternative as 

high cost, noting that purchasing land is an upfront, non-recurring cost whereas in-lake 

technical solutions require repetition over time if not combined with other measures.      

6.3.2 Public Support / WTP 

Public support for this policy alternative is high as indicated by the CVM survey 

data. For the sake of simplicity, the CVM survey asked respondents what they would be 

WTP in the form of donations to a land trust account, where the money collected would 

be used exclusively to purchase conservation easements on private land; the survey did 

not include a similar WTP question for outright land acquisition by the municipality. 

However, because both options are voluntary natural capital conservation measures, I 

assume WTP estimates and public support for both options to be equivalent. The CVM 

survey revealed that resident WTP is somewhat higher for natural capital conservation 

than for technical solutions to the eutrophication of Quamichan Lake (See Section 6.4.2).    

6.3.3 Impact on Landowners 

This policy alternative does not create large or inequitable impacts on landowners 

within the watershed. Those who are willing to sell private property for the protection of 

ESAs will receive compensation at fair market value. Those who do not wish to sell 

private property for conservation are free to continue current land-use practices as 

normal. Furthermore, if the purchase of ESAs within the watershed leads to reduced 

levels of phosphorus and reduced eutrophication in Quamichan Lake, then all property 

owners within the watershed benefit. The main consideration for this alternative is how 

the municipality will generate funds to purchase private land. Increased property taxes, 

for example, can be applied to the entire district, and therefore have the ability to 

generate the largest and most steady streams of revenue. Yet, the benefits produced by a 

healthy Quamichan Lake will vary. Lakefront property owners, for example, will 

experience higher increases in property value relative to those who live elsewhere within 

the watershed, while those who use Quamichan Lake for recreation will receive greater 

benefits than those who do not use the lake for recreation. As such, the municipality may 
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not favour a uniform increase in property taxes throughout North Cowichan to pay for 

ESA purchase. Donations to a registered land trust account, on the other hand, ensure that 

those who value a healthy Quamichan watershed most highly are the ones paying for its 

protection (although this creates the possibility of free riding and highly likely to produce 

smaller revenues). The CVM survey revealed that respondents support both payment 

vehicles, with donations being favoured slightly over tax increase and both being 

favoured over parking and annual lake access fees. In short, selecting the appropriate 

payment vehicle will be a challenge at the time of implementation (See Chapter 7). 

Recall that survey respondents were overwhelmingly opposed to losing private 

land for the sake of lake access and recreational upgrades. Approximately 94% of 

property owners whose land borders Quamichan Lake stated that they would not be 

willing to donate a portion of their land to the municipality for lake access. However, 

they supported conservation covenants on private land and natural capital conservation. 

This shows that landowners in the watershed are not opposed to selling land or limiting 

its use for conservation purposes, but are opposed to losing private land for public lake 

access. 

6.3.4 Effectiveness 

Like the land zoning alternative, this policy option reduces phosphorus levels and 

eutrophication in Quamichan Lake through the protection of ESAs – particularly 

wetlands and riparian areas – in the watershed. As discussed above, wetlands and riparian 

areas filter nutrients and reduce the intensity of eutrophication in adjacent water bodies. 

The effectiveness of this option therefore depends on the willingness of landowners to 

sell private property that contains ESAs and the ability of the municipality to generate 

revenues. Unlike the land-zoning alternative, which maximizes the protected area by 

making land-use change mandatory, this option is voluntary and could therefore lead to 

an inadequate conservation of land. The strength of this option is that once the 

municipality purchases lands, they can be conserved in perpetuity through donation to a 

land trust. However, there is also the possibility that the municipality will hold on to 

lands and sell it in the future for other uses. Overall, this policy option is somewhat 
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effective because it ensures the maintenance of EGS from natural capital over the long-

term, but the amount of landowners willing to participate is unknown.    

6.3.5 Ease of Administration 

This policy option scores the highest of all alternatives in the ease of 

administration criterion. Land acquisition at fair market value is a relatively 

straightforward and common practice by local governments. Land acquisition avoids the 

complexities involved with municipal re-zoning, and avoids the legal costs and 

complexities associated with drafting the conditions of conservation covenants. 

Furthermore, it avoids complications with re-zoning or placing covenants on ALR lands. 

Land acquisition by the municipality will require environmental monitoring and upkeep, 

but compared to other techniques, this is the simplest alternative. It is also politically 

feasible, as the North Cowichan 2011 Draft OCP identifies purchase of lands that contain 

sensitive ecosystems as an environmental strategy (North Cowichan, 2011). The 

Quamichan Stewards have also expressed interest in raising funds to purchase ESAs 

within the watershed (Stewards, 2009).  

6.4 Analysis of Option #4 – Conservation Covenants 

6.4.1 Cost 

The financial costs associated with conservation covenants are specific to the land 

in question, its environment features, the conditions of the conservation agreement, and 

the parties involved in negotiations. It is therefore difficult to estimate the costs of 

implementing this policy option in the Quamichan watershed. However, because I have 

assumed that the Municipality of North Cowichan will purchase conservation covenants 

directly from landowners, it is possible to estimate a range relative to the land acquisition 

alternative. When purchasing a conservation covenant on private land, one has to conduct 

a full financial appraisal of the land and determine: (1) the assessed value of the land 

without the conservation covenant, and (2) the assessed value of the land with the 

conservation covenant and its specific restrictions. Generally, the appraised value of land 

including the conditions of the conservation covenant is 20% to 40% less than the value 
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of the land without the covenant (Barnett, personal communication, 2011). Therefore, 

this difference between the values of the land before and after the specific restrictions 

becomes the value or price of the conservation covenant. In the case of donated 

conservation covenants, this difference becomes the deduction in property taxes; in the 

case of purchased conservation covenants, the covenant holder and private landowner 

will have to determine and agree upon the present value of the covenant. Costs of this 

policy alternative will increase relative to the amount of landowners willing to 

participate, but compared to an assumed equal proportion of landowners willing to sell 

land outright, this alternative is significantly cheaper for the municipality. Conservation 

covenants also require costs associated with environmental monitoring and enforcement. 

As noted above, the CVM survey revealed that residents of North Cowichan are WTP for 

measures that protect EGS within the watershed over the long-term. Relative to other 

techniques, this option receives a moderate cost score in the evaluation matrix.    

6.4.2 Public Support / WTP 

This policy alternative received the highest public support and WTP in the CVM 

survey relative to other options. When asking respondents if they preferred limiting the 

external phosphorus load with conservation covenants or limiting the internal phosphorus 

load with dredging, or both options, 43% of respondents chose both options while 

another 36% of respondents preferred limiting the external load alone. For comparison, 

only 2% of respondents preferred limiting the internal phosphorus load alone with 

dredging. In total, approximately 80% of survey respondents support conservation 

covenants if paired with other techniques that reduce eutrophication in Quamichan Lake. 

Furthermore, the CVM survey also revealed that conservation covenants – or similar 

techniques that preserve natural capital in the watershed, like land acquisition – received 

the highest WTP among respondents. Approximately 75% of survey respondents were 

WTP at least $20.00 per year every year in donations to a land trust account, while 15% 

of respondents were WTP over $100.00 per year every year. Figure 9 shows respondent 

WTP for conservation covenants relative to WTP for in-lake measures.   
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Figure 9 - Comparison of CVM survey respondent WTP 

 

6.4.3 Impact on Landowners 

Similar to the land acquisition alternative, this policy option provides landowners 

with compensation – and hence an incentive – to conserve and protect ESAs on their 

property. As discussed above, providing landowners with an economic incentive to 

conserve is efficient and equitable, because without compensation landowners would be 

providing society with valuable EGS at their own expense. Unlike the land acquisition 

alternative, however, conservation covenants also allow landowners to keep private 

property. Landowners are free to develop and use the land in accordance with the 

covenant, and they can transfer or sell the land at a future date. In addition, the level of 

property taxes may depend on the difference between the land’s value with, and without, 

the covenant, which adds further benefits to landowners. Landowners do not lose private 

property with this option, and because conservation covenants are specific to each site, I 

expect that landowners will prefer and support this option over other techniques. 

Furthermore, if conservation covenants in the watershed lead to reduced levels of 

eutrophication in Quamichan Lake, then all landowners will benefit and property values 

in the watershed will increase. Studies suggest that this is, in fact, the case – riparian 

areas and conserved wetlands in rural and suburban settings can lead to increased 

property values in the community (Hamilton and Quayle, 1999; Curran, et al., 2007). In 
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short, this policy option produces benefits and consequences similar to the land 

acquisition alternative, with the exception that landowners retain private property, giving 

this option the highest ranking in the evaluation matrix under this criterion.  

6.4.4 Effectiveness 

Again, like the land acquisition alternative, the effectiveness of this policy option 

in conserving ESAs and, hence, reducing phosphorus levels in Quamichan Lake depends 

upon the willingness of landowners in the watershed to participate. Landowners in 

desired ESAs may be unwilling to enter into conservation agreements, leading to an 

inadequate protection of natural capital and the possible prolonged eutrophication of 

Quamichan Lake. The strength of this option, however, is that it allows the municipality 

and/or conservation authority to work in partnership with each individual landowner and 

tailor covenants specifically to meet the needs of both the environment and the property 

owner. This site-specific strategy could involve restrictions that apply to the entire 

property or just a portion of the property containing significant natural features, allowing 

development, building, or other uses in remaining areas. Conservation covenants, in this 

regard, are an effective policy measure because they allow for flexibility and for 

landowners to keep control of and benefit from private property. Conservation covenants 

are also an effective tool because they are perpetual in duration. Once registered, a 

conservation covenant is on the title to the property and remains in effect upon the sale or 

transfer of the land. The covenant binds future owners to the terms of the covenant and 

therefore ensuring long-term conservation. This policy option ranks highly in the 

effectiveness criterion, with the caveat that the amount of land conserved depends upon 

the willingness of landowners to participate.    

6.4.5 Ease of Administration 

As previously indicated, the Municipality of North Cowichan currently holds 17 

conservation covenants on the lakefront properties in Trumpeter Pointe, an on-going 

residential development on the east side of Quamichan Lake. The municipality required 

these covenants as part of the planning process, which shows that the municipality is 

familiar with the legal and environmental complexities of conservation covenants, 
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making this option politically and administratively feasible. Furthermore, the North 

Cowichan OCP identifies conservation covenants as an environmental strategy and 

requires future developments to protect watercourses through a Return to Crown Land or 

through conservation covenants (North Cowichan, 2011). The difficulty in this option, 

however, is the fact that identified ESAs are on established private lands and within the 

ALR. Conservation covenants within the ALR are subject to certain conditions, 

especially if they prohibit agricultural use, and require the formal approval of the 

provincial ALC. The ALC does support covenants that place “reasonable restrictions” on 

agricultural use, so long as the conservation covenants allow for “specified farm activities 

in locations that will not unduly impact or diminish the identified environmental values” 

(ALC, 2003). Covenants, therefore, are possible within the ALR, but require careful 

planning, extensive scientific research, and the approval of the ALC.    

Conservation covenants on private land also require ongoing public education and 

outreach, because new landowners may not be aware of or understand covenant 

provisions or processes. Covenants also require considerable staff time to survey land, 

develop the covenant, negotiate its provisions, monitor and enforce its environmental 

restrictions. These requirements and complexities add to the administrative difficulty of 

this option, but as indicated above, conservation groups in the area such as the Cowichan 

Land Trust and the Quamichan Stewards are available to the municipality and are already 

responsible for monitoring the covenants in Trumpeter Pointe. Relative to other options, 

this alternative is administratively complex and receives a negative ranking in the 

evaluation matrix.  
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7: Policy Evaluation and Tradeoffs 

The most significant finding of this study is that residents of the Quamichan 

watershed place a high value on the health of Quamichan Lake and are WTP significant 

amounts for its restoration and the protection of EGS within the watershed. This finding 

indicates that the Municipality of North Cowichan should better represent the values of 

residents by taking steps to reduce phosphorus levels in Quamichan Lake and curb its 

eutrophication. There are two main approaches to restraining eutrophication in this 

context: (1) reduce the internal phosphorus load through technical measures, and (2) 

reduce the external phosphorus load entering Quamichan Lake by changing land-use 

practices in the watershed. Both of these approaches are complex and contain a multitude 

of potential strategies. My analysis focuses on EGS and natural capital conservation in 

the watershed and considers various levels of land-use change. The first option requires 

no land-use change, but reduces phosphorus levels through technical measures. The 

second option makes land-use change mandatory through municipal zoning, while the 

third and fourth options are voluntary measures that provide landowners with an 

economic incentive to conserve. Based on the analysis found in Chapter 6, I determine 

that no one singular option stands out as the obvious choice. Rather, each policy 

alternative under consideration has its unique advantages and challenges.  

Furthermore, the CVM survey revealed that residents prefer a combination of 

options that take a multi-pronged approach to reducing phosphorus levels, so choosing 

only one policy alternative is likely inappropriate for this reason and for scientific reasons 

(discussed in Section 3.1). Table 9 presents the evaluation matrix results, which 

demonstrate how policy options ranked under each criterion. I use a colour scheme to 

demonstrate tradeoffs more effectively – green represents a positive ranking, yellow 

moderate, and red a negative ranking.  
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Table 10 - Evaluation matrix results 

    Criterion                                                          Policy Alternative 

 In-Lake 
Solution Zoning Land 

Acquisition 
Conservation 

Covenants 

Cost High cost 
(recurring) Low cost 

High cost 
(non-
recurring) 

Moderate cost 

Public Support 
(WTP) 

Moderate 
support 
(High if 
combined 
with other 
measures) 

Moderate 
support High support  High support 

Impact on 
Landowners Low impact High impact Low impact Low impact 

Effectiveness 

Moderate 
(Effective in 
short-term, 
but low over 
the long-term 

Moderate 
(Maximizes 
land base, but 
not persistent) 

Moderate 
(Persistent, 
but does not 
maximize 
land base) 

Moderate 
(Persistent, but 
does not 
maximize land 
base) 

Ease of 
Administration 

High 
complexity 

Moderate 
complexity 

Low 
complexity 

High 
complexity 

 

As Table 9 demonstrates, no single policy alternative stands out as the obvious 

choice. All policy options have tradeoffs, advantages and challenges. The land 

acquisition alternative, for example, scores positively on three out of five criterion, but 

comes at a very high cost to the municipality. The land-zoning alternative, on the other 

hand, comes at a very low cost to the municipality, but scores somewhat negatively in the 

remaining criteria. Furthermore, there is no panacea to eutrophication. Limiting 

phosphorus levels in the Quamichan watershed is complex. As seen in Table 9, no 

alternative scored highly under the effectiveness criterion. In short, tradeoffs and 

challenges are to be expected, as the complexities associated with reducing 

eutrophication, combined with varying public preferences and the difficulties inherent in 

land-use management, makes a multi-pronged approach to the policy problem 
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appropriate. Table 10 presents the advantages and challenges discussed in Chapter 6 

more clearly. 

Table 11 - Policy alternative advantages and challenges 

Policy 
Alternative Advantages Challenges 

In-Lake 
Measures 

• Net reduction in nutrient load 
• Effective in the short-term 
• Public support and WTP 
• Low impact on landowners 

• High cost to municipality 
• Requires repetition over long-

term if not combined with other 
measures  

• Does not conserve natural capital 
in the watershed 

• Administratively complex 

Land Zoning 

• Maximizes natural capital 
conservation 

• Low cost to municipality 
• Moderate public support 

• High impact on landowners, 
likely to receive low levels of 
landowner support 

• Flexible conservation persistence 
• Restrictions within ALR 

Land 
Acquisition 

• High public support and WTP 
• Provides economic incentive to 

landowners to conserve 
• Persistent conservation if 

donated to land trust 
• Ease of administration 

• High cost to municipality 
• Does not maximize natural 

capital conservation 

Conservation 
Covenants 

• High public support and WTP 
• Provides economic incentive to 

landowners to conserve 
• Landowners keep private 

property 
• Persistent conservation 
• Moderate cost to municipality 

• Does not maximize natural 
capital conservation 

• Administratively complex 
• Restrictions within ALR 

 

 As Table 9 and Table 10 make clear, reducing eutrophication and conserving 

natural capital in the Quamichan Lake watershed is a difficult challenge for decision-

makers in North Cowichan. Another difficult challenge is establishing who will pay for 

the restoration of Quamichan Lake and determining the most appropriate payment 

vehicle. The CVM survey revealed that residents support a range of payment vehicles, 

but prefer property tax increases and voluntary donations to parking fees or annual lake 
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access passes. It is unclear exactly why recreational fees received low levels of support, 

but it could be due to design bias and the belief, discussed above, that charging for 

entrance into a natural area somehow debases the environmental experience (Hanley and 

Spash, 1993). Residents might support a recreational fee for tourists, but recreational 

demand for Quamichan Lake relative to other lakes in the region is unknown and requires 

further study.  

It is also possible that donations received the highest levels of support in the CVM 

survey due to design bias. In the CVM survey, donations are linked to the reduction of 

the external phosphorus load, so support for donations could simply be reflecting support 

for natural capital conservation in general, not the payment vehicle. Another hypothesis is 

that respondents were aware of hypothetical bias, meaning that they understood there is 

no direct consequence or monetary commitment to decisions made in a hypothetical 

market, and that in the real world, they would not actually be required to provide 

donations to restore Quamichan Lake. While hypothetical bias is also present in the 

property tax questions, I believe that the nature of the payment vehicle makes the bias 

less severe than for donations.   

For these reasons, as well as its relative ease of administration, decision makers 

may prefer implementing property tax increases to cover costs of watershed restoration. 

The CVM survey revealed that the majority of respondents support property tax 

increases; however, many respondents commented on the fact that a uniform tax increase 

creates inequities because a healthy Quamichan Lake produces larger benefits for 

lakefront property owners and for those who use the lake for recreation. I agree with this 

sentiment; however, a healthy Quamichan Lake creates benefits for all in the watershed, 

even if benefits are more pronounced for some residents (91% of survey respondents, for 

instance, stated that were concerned with the water quality of Quamichan Lake; 73% 

were WTP at least $20.00 per year every year in increased taxes). For this reason, the 

Municipality of North Cowichan should consider a differentiated property tax increase 

throughout the watershed. In short, determining the appropriate payment vehicle for the 

restoration of Quamichan Lake is another difficult challenge that will require further 

study at the time of implementation.    
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8: Conclusion: Recommendations and Lessons Learned 

Natural areas such as wetlands and riparian zones are an essential component to 

the Quamichan Lake watershed because they provide valuable EGS to the community. 

Wetlands and riparian areas act as nutrient buffers that can effectively filter water and 

reduce the amount of phosphorus flowing into the watershed that cause eutrophication. 

This ecosystem service is a public good and benefit to the entire community of North 

Cowichan because it improves the water quality of Quamichan Lake, which, in turn, 

enhances recreational opportunities, benefits wildlife habitat, and increases cultural 

amenities and property values in the watershed. However, because municipal land-use 

and watershed management plans do not include these values, landowners have an 

incentive to convert ESAs to agriculture and development that degrades natural capital. 

This study evaluated a number of policy options that reduce eutrophication in 

Quamichan Lake and encourage natural capital conservation in the watershed. The study 

employed a CVM survey that identified that residents of North Cowichan value the 

public good benefits provided by EGS highly, and that they are WTP for the restoration 

and long-term protection of Quamichan Lake. As such, land-use policies that destroy and 

degrade natural capital in the watershed are inefficient. This study revealed that no single 

policy alternative or land conservation strategy dominates others based on the evaluation 

criteria. A combination of short-term in-lake measures and long-term voluntary 

conservation measures will likely achieve the stated environmental goals and reduce the 

eutrophication of Quamichan Lake.      

The results of the CVM survey show that residents are WTP approximately: (1) 

$237,000 - $680,000 per year every year to reduce the internal phosphorus load in 

Quamichan Lake with technical measures, and (2) $300,000 - $860,000 per year every 

year to reduce the external phosphorus load entering Quamichan watershed by protecting 

natural capital. Residents understand the importance of protecting natural capital and 

demonstrate a clear preference for sustainable solutions to the eutrophication of 
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Quamichan Lake. These WTP estimates, in addition to the recreational WTP estimates, 

represent a portion of the value of relevant EGS in the watershed; the total values are 

likely much higher. Current land-use planning and practices ignore these values and the 

preferences of residents. This leads to the degradation of Quamichan Lake and creates an 

inefficient outcome that the residents wish to remedy. I therefore recommend that the 

Municipality of North Cowichan consider the following short and long-term options: 

• In-lake solutions, such as dredging or other means, represent a net reduction in 

phosphorus levels by removing internal build-up and, hence, are most likely to have 

an impact on eutrophication in the short-term. I recommend that the Municipality of 

North Cowichan work in partnership with the Quamichan Watershed Stewardship 

Society to determine the most cost-effective and practical in-lake solution. The 

Quamichan Watershed Management Plan, in this regard, is a valuable resource as it 

identifies a suite of in-lake measures. Furthermore, various scientific studies have 

already been completed by the Quamichan Stewards, including a phosphorus loading 

study that determines a significant build-up of nutrients in lake bottom sediments. In-

lake measures represent a short-term solution to the eutrophication of Quamichan 

Lake and are supported by residents of North Cowichan, specifically when combined 

with long-term measures that protect natural capital in the watershed. 

• Thus, in addition to short-term solutions, I recommend that the Municipality of North 

Cowichan introduce voluntary conservation measures that protect natural capital in 

the Quamichan Lake watershed over the long-term. Voluntary measures include both 

land acquisition and conservation covenants in ESAs. The lands targeted by the 

municipality for outright acquisition or purchase of conservation covenants should 

include the areas in the watershed responsible for the highest concentrations of 

phosphorus entering Quamichan Lake, such as the low-lying agricultural wetlands 

northeast of the lake and along MacIntyre Creek. As discussed above, these lands 

could provide valuable EGS to the community if left in their natural state; however, 

because landowners have no incentive to conserve, the area is in agriculture, which is 

inefficient considering public preferences and WTP for a healthy watershed. 

Voluntary conservation techniques compensate landowners for the provision of EGS 

and address the market failure. From an economic point of view, these options are 
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efficient, equitable, and produce positive externalities and net social benefits – 

something revealed in the multi-criteria assessment. I recommend both voluntary 

conservation options because the CVM survey revealed that landowners may not be 

willing to give up private property outright, but may be willing to conserve and 

restrict the use of land as defined in a conservation covenant agreement, especially if 

they receive compensation. Implementing both alternatives also gives the 

Municipality of North Cowichan flexibility and the potential to attract a greater 

number of landowners.   

• I recommend considering zoning changes in ESAs only as a last resort if landowners 

in the watershed are unwilling to participate in voluntary conservation measures. 

Land-use change in the watershed is essential to limit and reduce the external 

phosphorus load entering Quamichan Lake from surface run-off. Without measures 

that reduce the external load and conserve natural capital over the long-term, the 

Municipality of North Cowichan will need to repeat the expensive in-lake technical 

solutions that are imperfect means of mitigating eutrophication, hence the need to 

secure a long-term solution.  

• I also recommend that the Quamichan Watershed Stewardship Society partner with 

the British Columbia Lake Stewardship Society (BCLSS) to lobby the Agricultural 

Land Commission to examine permitted land-use within the ALR more rigorously. 

As the multi-criteria assessment revealed, ALR regulations inhibit natural capital 

conservation due to the inability to re-zone and use conservation covenants to restrict 

agricultural activity. Because agriculture is often responsible for large amounts of 

phosphorus entering watercourses, it may be more efficient and socially desirable to 

designate some areas within the ALR conserved as public wetlands. This problem is 

not unique to the Quamichan watershed, but exists throughout the province. Thus, 

communities and stewardship groups across BC should team with the BCLSS to 

pressure the ALC in this regard. The ALC should grant municipalities some freedom 

to specify land-use that protects natural capital within such areas, or require farmers 

to implement BMPs and EFPs. Re-examining land-use within the ALR will require 

further study, economic and scientific analysis, as well as collaboration with farmers.    
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• There are various other next steps worth pursuing in addition to the recommendations 

listed above. This study highlights the importance of valuing natural capital in 

municipal land-use and watershed management plans. Additional non-market 

valuation studies could help determine the full extent of the value of EGS within the 

Quamichan Lake watershed. As discussed earlier, this study employs a CVM survey 

to estimate the value of the ecological service of nutrient retention and the value of 

Quamichan Lake as a recreational and environmental attribute to North Cowichan. To 

manage the scope of this research, I was unable to consider other types and forms of 

EGS. A broader measurement of EGS would raise the economic value of actions to 

protect these EGS within the Quamichan Lake watershed and thus further reinforce 

the conclusions reached in this study.  
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Appendices 
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Appendix 1: Environmentally Significant Areas (ESAs) in North 
Cowichan 

This map comes from the North Cowichan Official Community Plan. I have 

highlighted Quamichan Lake. ESAs around Quamichan Lake include wetlands on the 

northern and southern tips and also along the western side of the lake. 
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Appendix 2: Contingent Valuation Survey 

 

Simon Fraser University  
School of Public Policy 
 
 
 

 
 

Quamichan Lake Restoration Survey 
November/December 2010 

 
 

 
 

Using the enclosed prepaid and self-addressed envelope, please return the completed 
survey to SFU’s School of Public Policy no later than December 15, 2010. 
As an incentive to participate in this survey and complete all survey questions, 
survey respondents will be eligible to win a print of “Looking West over Quamichan 
Lake” by renowned artist E.J. Hughes. Please include your email address to be 
entered into the draw here:________________________________. Your email will 
not be shared and will not be used for any purpose other than to contact the winner.  
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Dear Quamichan Lake watershed resident, 
 
 

Thank you for taking the time to participate in the Quamichan Lake Restoration 
Survey. I am a graduate student undertaking research for the completion of my degree at 
Simon Fraser University’s School of Public Policy.  

 
The purpose of this survey is to gather information on the values that North 

Cowichan/Duncan residents place on Quamichan Lake. Specifically, I am interested in 
public opinion on acceptable policy solutions to the lake’s deteriorating health, enhancing 
and creating new recreational opportunities in the watershed, and resident willingness-to-
pay for the restoration of Quamichan Lake. 

 
The results of this survey will be used for academic purposes. My final project 

will be publicly available and also shared with the Quamichan Watershed Stewardship 
Society. The Quamichan Stewards are currently in the process of implementing the 
Quamichan Watershed Management Plan. One of the goals of the plan is to improve the 
overall quality of Quamichan Lake by promoting "community ownership" of the lake and 
encouraging sustainable land-use practices in the region. My thesis project will aid the 
Quamichan Stewards in their quest to restore the health of Quamichan Lake and increase 
the watershed's visibility as an important economic, recreational, and educational benefit 
to the community of North Cowichan/Duncan. 

 
As a resident of North Cowichan/Duncan, your input is highly valued and greatly 

appreciated. Please be assured that your answers are completely confidential, and 
will never be attributed directly to you or your address. You may omit any question 
you are uncomfortable with and may stop answering at any time. Completed surveys 
will be kept in a locked container and destroyed two years after the completion of the 
study. If you have any questions or concerns, you can contact Dr. Hal Weinberg, Director 
of SFU's Office of Research Ethics, at hal_weinberg@sfu.ca or 778-782-6593. Please 
quote Ethics Application: #2010s0728, “Valuing Natural Capital in the Quamichan Lake 
Watershed”. To obtain a copy of the final report, please email Dr. Nancy Olewiler, 
Director of SFU’s School of Public Policy, at olewiler@sfu.ca. 
 
  
 
Sincerely, 
 
 
 
Jon Robinson 
School of Public Policy 
Simon Fraser University  
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Part One: Overview of Quamichan Lake 
 

 
 Quamichan Lake is the largest of three lakes in the District of North Cowichan. 

The lake has a surface area of approximately 3 kilometres, but is relatively shallow, with 

a maximum depth of approximately 8 meters. The lake responds exclusively to local 

precipitation within the watershed. In peak winter and spring conditions, water levels can 

fluctuate dramatically – as much as 1.58 meters – flooding low-lying agriculture lands in 

the area.  Land-use in the Quamichan watershed is varied, with a mix of rural and 

agricultural zones to the north and west, and residential, commercial, and public use 

zones to the south and east.  

1) Are you concerned with the water quality in 

Quamichan Lake? ☐  Yes ☐  No 

 

2) Do you participate in recreational activities at 
Quamichan Lake, such as boating, fishing, wildlife 
viewing, nature walking, or swimming? 

☐  Yes ☐  No 

 

 
3) Approximately how close do you live to Quamichan 
Lake? 
 

☐ Within 1 kilometre 
☐ 1 – 3 kilometres 
☐ 3 – 5 kilometres 
☐ Over 5 kilometres 
☐ Don’t know 

 

4) Does your property border Quamichan Lake? ☐  Yes ☐  No 



 

 77 

 

5) Do you view Quamichan Lake from your property? ☐  Yes ☐  No 

 

Part Two: Phosphorus levels in Quamichan Lake 

 

 Quamichan Lake is currently 

classified as eutrophic, which means that 

there is an abundance of nutrients in the 

lake that facilitate excessive plant growth. 

This plant growth is predominantly in the 

form of blue-green algae, which grows 

upon the surface layer of the water column 

and is aesthetically unappealing. The 

Ministry of Environment has stated that the algal growth resembles a green sludge or a 

"murky pea soup". Not only does this reduce the lake's aesthetic appeal and recreational 

opportunities for boaters, swimmers, and property owners, but excessive blue-green algae 

growth can also deplete oxygen levels in the lake and cause massive fish kills. Such fish 

kills occur in Quamichan Lake on a near annual basis.  

The main nutrient of concern in Quamichan Lake is phosphorus. Phosphorus is 

most commonly found in fertilizers, pesticides, human and animal waste. Rainfall in the 

Quamichan watershed flushes excess phosphorus and other minerals from the 

surrounding lands into a system of small streams and ditches that flow into Quamichan 

Lake. It has been determined by the Ministry of Environment that surface run-off 

accounts for 55% of the phosphorus in Quamichan Lake. Phosphorus run-off comes from 

different land-uses. Fertilized agricultural lands normally have a higher concentration of 

phosphorus than run-off from residential areas or uncultivated rural land.  

 
6) Before reading this survey, were you aware that 
phosphorus from surface run-off has a negative 
impact on the water quality of Quamichan Lake? 
 

☐  Yes ☐  No 

Figure #1 – Algae bloom 
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Part Three: Willingness-to-pay scenarios 

 In order to decrease blue-green algae growth and improve the water quality of 

Quamichan Lake, phosphorus levels must be reduced. There are two main approaches: 

(1) reduce the amount of phosphorus that currently exists within the lake (internal load); 

and (2) reduce the amount of phosphorus flowing into the lake from surface run-off 

(external load).  

The first option (internal load) requires mechanical measures such as dredging to 

remove sediments (“muck”) from the lake bottom. The Ministry of Environment has 

determined that 30% of the phosphorus in Quamichan Lake is generated internally. Based 

upon lake characteristics, hydraulic dredging can cost from $5.00 – $15.00 per cubic 

yard. For Quamichan Lake, this gives a low estimate of approximately $20 million and a 

high estimate of approximately $50 million. Because dredging reduces internal loading, 

and does not impact external phosphorus loading, this cost is recurring and the dredging 

process would have to be repeated. How often dredging would have to be repeated 

depends upon a number of factors, including lake characteristics and the amount of 

phosphorus entering the watershed from surface run-off.   

The second option (external load) requires influencing land-use practices in the 

Quamichan watershed in order to limit the amount of phosphorus flowing into the lake 

from surface run-off. Reducing surface run-off means that agricultural practices would be 

impacted and future development would be limited by conserving wetlands and other 

environmentally significant lands in the area. Assume that this option requires the 

purchase of conservation easements, which are legally binding agreements between a 

landowner and a covenant holder that limit certain types of land-use and/or prevent 

development from taking place on the land in perpetuity, while keeping the land in 

private hands. In the case of Quamichan Lake, conservation easements would be 

purchased in order to reduce the amount of phosphorus and other nutrients flowing into 

the watershed. Assume that the costs of purchasing and monitoring conservation 

easements in North Cowichan are equivalent to the costs of hydraulic dredging.  
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7) Based on the brief descriptions above, 
what option would you prefer the 
Municipality of North Cowichan pursue 
to limit phosphorus levels in Quamichan 
Lake?  

☐Reduction 
of internal 
load by 
dredging 

☐Reduction 
of external 
load using 
conservation 
easements 

☐Reduction 
of external 
and internal 
load using 
both options 

 

$20.00 ☐  Yes 
☐  No 

$40.00  ☐  Yes 
☐  No 

$60.00  ☐  Yes 
☐  No 

$80.00  ☐  Yes 
☐  No 

$100.00  ☐  Yes 
☐  No 

8) Suppose that the District of North Cowichan put a 
Quamichan Lake Restoration proposal on the ballot 
for the next municipal elections. The proposal would 
limit phosphorus levels in Quamichan Lake by 
dredging the lake. 
Now suppose that a portion of the costs for the 
Quamichan Lake Restoration proposal would be paid 
from your annual property taxes. 
Would you support the plan (and vote yes) if it 
increased your property taxes by $__x_   per year 
every year? 
In the column to the right are 6 levels of yearly 
increase in property taxes, please answer yes or no for 
each amount. 

> $100.00 ☐  Yes 
☐  No 

 

$20.00 ☐  Yes 
☐  No 

$40.00  ☐  Yes 
☐  No 

$60.00  ☐  Yes 
☐  No 

$80.00  ☐  Yes 
☐  No 

$100.00  ☐  Yes 
☐  No 

9) Suppose that the District of North Cowichan put a 
Quamichan Lake Restoration proposal on the ballot 
for the next municipal elections. This proposal would 
limit phosphorus levels in Quamichan Lake using 
conservation easements. 
Now suppose that a portion of the costs for the 
Quamichan Lake Restoration proposal would be paid 
through tax deductible donations to a land trust 
account where the money would only be used to 
purchase conservation easements. 
Would you be willing to donate $__x_   per year 
every year for the purchase of conservation 
easements? 
In the column to the right are 6 levels of yearly 
donations, please answer yes or no for each amount. 

> $100.00 ☐  Yes 
☐  No 
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Part Four: Enhanced recreation opportunities at Quamichan Lake 

 

Assume that the District of North Cowichan is considering a lake access 

strategy. This initiative aims to enhance recreation opportunities on and around the lake 

by developing new public access points and improving existing points. Art Mann Park, 

located on the southern edge of the lake, would be one area of focus. Assume that the 

District of North Cowichan would improve facilities at Art Mann Park, including: 

constructing an improved boat dock, building a walking trail to enhance wildlife viewing 

opportunities, and improving the quality of the playground and picnic area.  

 
10) Do you support the lake access strategy and (some 
or all of) the proposed improvements at Art Mann 
Park? 

☐  Yes ☐  No 

 

$1.00  ☐  Yes 
☐  No 

$2.00  ☐  Yes 
☐  No 

$3.00  ☐  Yes 
☐  No 

$4.00  ☐  Yes 
☐  No 

11) In order to pay for the lake access strategy and 
the proposed improvements at Art Mann Park 
assume that the District of North Cowichan imposed a 
parking fee at all public access points.  
 
Would you support the plan if it cost you $__x___in 
parking fees per visit?  
 
In the column to the right are 5 levels of parking fees, 
please answer yes or no for each amount. $5.00  

☐  Yes 
☐  No 

 

 
$10.00  

☐  Yes 
☐  No 

 
$20.00  

☐  Yes 
☐  No 

 
$30.00  

☐  Yes 
☐  No 

 
$40.00  

☐  Yes 
☐  No 

12) Suppose that the District of North Cowichan also 
offered an annual access pass in lieu of parking fees to 
pay for the lake access strategy and the proposed 
improvements at Art Mann Park.  
 
Would you support the plan if it cost you $__x___in 
lake access fees per year?  
 
In the column to the right are 5 levels for the annual 
access pass, please answer yes or no for each amount. $50.00  

☐  Yes 
☐  No 
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13) Assume that the District of North Cowichan identified an area of your property 
adjacent to Quamichan Lake as a possible public access point. Would you be willing 
to donate a portion of that land to the District so that the site could be developed for 
lake access, bird watching, and nature walking? The land donated would be exempt 
from taxation.  

 

☐  Yes 
 

☐  No 
 

☐  My property does not border Quamichan Lake  
 

Part Five: Demographics 

Please answer the following questions. Remember that all information is used strictly 

for academic purposes. 

14) What is your age? 

☐  Under 17 ☐  36 – 45 ☐  66 – 75 
☐  18 – 25 ☐  46 – 55 ☐  76 and over 
☐  26 – 35 ☐  56 – 65  
 

15) What is your gender? ☐  Female ☐  Male 

 

16) What is your level of education? 

☐  Did not graduate high school 
☐  High school graduate 
☐  College diploma 

☐  Bachelor’s degree 
☐  Post-graduate degree 
 

 

17) What is your occupation? 

Specify here: _________________________________________________________ 
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18) Please indicate your total gross annual household income: 

☐  Under $9,999 
☐ $10,000 - $29,999 
☐ $30,000 - $49,999 
☐ $50,000 - $69,999 

☐  $70,000 - $89,999 
☐ $90,000 - $109,999 
☐ $110,000 - $129,999 
☐ Greater than $130,000 

 

19) Do you have any additional comments?  

 

 

Thank you for your time. 

Sincerely, 
Jon Robinson 
School Of Public Policy 
Simon Fraser University 
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