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Abstract 

This paper examines the effect that habitat conservation in the prairie pothole region of Manitoba 

has on neighbouring farmland values by using a revealed preference method—namely the hedonic 

model. Specifically, the paper explores how government conserved land and land conserved in fee 

simple interest and conservation easements by conservation agencies—MHHC, NCC, and DUC—

affects the values of proximate farmland. The results indicate that the presence of conservation 

easements and fee simple interests reduce values of proximate farmland and that government 

protected land increases surrounding farmland values. This effect declines with increase in 

distance from the conserved parcel. 
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Chapter 1: Introduction 

This chapter presents an introduction to the research study. It explores the role of prairie pothole 

habitat, awareness of its loss, the trends and efforts in the conservation of the habitat, and finally 

presents the research problem, motivation, and research objectives. 

1.1 Background 

The Prairie Pothole Region (PPR) includes parts of the Canadian Prairie Provinces and parts of 

the states of the American Northern Plains (Gleason et al., 2009). This region is made up of small 

depressional wetlands and native prairie and has some of the most fertile soils in the world 

consequently making it one of the most productive agricultural regions in the world.1 The prairie 

pothole plays several significant roles in this region. It provides habitat to plants and wildlife and 

serves as a lucrative nesting and breeding area for migratory birds. Additionally, the pothole 

performs hydrological, biochemical, and social functions ranging from floodwater control, water 

quality purification, carbon cycling, to providing aesthetic and recreational values (Euliss et al., 

2006; Watmough and Dahl, 2007; and Gleason et al., 2009). 

There is a consensus in the literature that points to the fact that there have been large habitat losses 

in most of the prairie pothole region through conversion to other terrestrial uses such as farming, 

commercial use and or residential settlement, and degradation of the grassland and wetland habitat 

(Dahl, 1990; Dahl and Johnson, 1991; Dahl, 2006; and Watmough and Schmoll, 2007). Available 

evidence suggests that conversion of the prairie pothole is likely to continue due to several factors. 

First, recent developments in technology such as availability of affordable drainage and clearing 

                                                           
1 For an up-to-date description of prairie pothole wetlands see van der Kamp et al., (2016). Since most of 

the wetlands in the Canadian prairie are potholes surrounded by uplands Yang et al., (2016), prairie pothole 

habitat in this paper will refer to prairie potholes (depressional wetlands) and their surrounding glass-lands. 
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equipment, ease of access to drainage information, adoption of geographic information system 

(GIS) technology, and an extended rural drainage network have conceivably reduced the cost of 

converting pothole habitat over time leading to increased chances of conversion of the prairie 

pothole (Lawley, 2014). Second, increases in returns from annual cropping stemming from a 

combination of advancements in production techniques and the adoption of specialized farm 

machinery and agronomic practices have enabled cultivation of marginal lands in the prairie region 

making the need to clear land and make more production space available to the farm landowners 

eminent thus increasing habitat conversion (GAO, 2007; Gelso et al., 2008). 

Pressure to conversion of prairie habitat is more pronounced in the Canadian western grain belt 

where over 90% of the land is arable (Trottier, 2002). Evidence from previous studies shows that 

wetland drainage for agricultural development in the Canadian prairie region has been a significant 

issue resulting in a loss of more than 71% of the prairie wetland and these losses show no sign of 

declining at least for the past half century (Environment Canada, 1986, 1997; Watmough and 

Schmoll, 2007). Between 1985 and 2001, Watmough and Schmoll (2007) report a loss of over 

500,000 acres of wetlands in the Canadian prairie pothole region alone, 62% of which were 

converted to crop land.  

Recognition of the important functions that are played by prairie pothole habitat and its accelerated 

conversion generated considerable support from the private sector and the government to mitigate 

further losses of habitat. This support was demonstrated through the development of 

comprehensive, coordinated initiatives using various regulatory legislations, and wetland 

conservation programs and policy that promote habitat conservation actions (Rubec and Lynch-

Stewart, 1998). However, these regulatory statutes do not entirely focus on conserving habitat but 

have embedded in them certain provisions for habitat conservation while advancing other statutory 
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goals. Rubec and Lynch-Stewart (1998) report that about thirty-three percent of Canadian habitat 

are under some form of environmental legislative regulation that has the capacity to regulate 

human activity and to some degree offer habitat conservation. However, as noted by Lawley and 

Towe (2014), attempts to halt wetland and upland habitat loss through use of these regulatory 

statutes demand a significant level of commitment—economic and political—from the 

government and private landowners in the design, implementation, and enforcement of these 

regulations.  

The realization of the inadequacy of the regulatory approach in mitigating habitat losses and the 

need for more open and inclusive efforts in habitat conservation led to the development and 

increased adoption of voluntary, non-regulatory legislation mechanisms. The non-regulatory 

approach encompasses involvement of private individuals and conservation agencies in the 

conservation of habitat (Wilcove et al., 1996; Turner and Rylander, 1998; Rubec and Lynch-

Stewart, 1998; Spence, 1999; and Merenlender et al., 2004). 

Two programs that were established and utilize this approach are Ecological Gifts and The North 

American Waterfowl Management Plan (NAWMP). The Ecological Gifts program which was 

created in 1995 is run under the Income Tax Act of Canada and the Loi des impôts sur le revenu 

du Québec. In this program, landowners donate either full or partial rights of ownership of their 

property, called ecogifts, to conservation agencies and if their property contains ecological values, 

they become eligible to apply for income tax benefits that are under the Ecological Gifts program. 

Recent estimates show that about 432,434 acres of sensitive habitat valued at over $770 million 

have been secured through this program (Environment Canada, 2016). 

The NAWMP was initiated in 1986 and is jointly collaborated among Canada, the United States, 

and Mexico which was included in the plan in 1994 (Williams et al., 1999). This plan is 
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implemented through trilateral agreements and a funding legislation in the United States (The 

North American Wetlands Conservation Act). The overall objective of the plan is to ensure that 

waterfowl habitat remains protected from activities that degrade or destroy it and in so doing 

restore and conserve waterfowl populations and sensitive habitat (NAWMP Report, 2015). 

Regional programs, called joint ventures are implemented under The North American Waterfowl 

Management Plan. These joint ventures facilitate conversations between the public and private 

partners when implementing habitat conservation programs. There are three joint ventures in 

Canada which are the Eastern Habitat Joint Venture (EHJV), the Pacific Coast Joint Venture 

(PCJV) and the Prairie Habitat Joint Venture (PHJV) (Williams et al., 1999).  The PHJV is by far 

the largest program under the NAWMP in Canada. It stretches an area as wide as 158.4 million 

acres and is in the prairie provinces of Alberta, Saskatchewan, Manitoba, and the Western Boreal 

forest. Together, these joint public-private partnership ventures have secured over 19.9 million 

acres of wetland and upland habitat in Canada. The joint venture activities are funded by resources 

from both Canada and the United States including federal, provincial and state governments, non-

governmental organisations and individuals. So far, over $2 billion (CAD) has been contributed 

towards these activities with over half of the contributions being received under the 1986 North 

American Wetland Conservation Act (NAWMP Report, 2010, 2015).  

The PHJV partners secure habitat through land title transfers or legally binding agreements with 

landowners. Several tools are used to secure habitat but the most common are acquisition of fee 

simple interest in the land and of conservation easements. Once habitat is secured using these tools, 

agencies can advance their conservation mandates on the secured land. Decisions pertaining which 

conservation tool to employ depend on the evaluated potency of the tool to efficiently and 

effectively protect the conservation values present on the parcel and its capacity to not interfere 
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with landowner goals.2 In Manitoba, three main agencies—Ducks Unlimited Canada (DUC), 

Manitoba Habitat Heritage Cooperation (MHHC), and Nature Conservancy Canada (NCC) — 

identify and conserve habitat using these tools (Coughlin and Plaut, 1978; CLTA, 2005; and 

Lawley and Yang, 2015). 

The conservation easement approach is a more recent phenomenon. It is based on the concept that 

ownership of land consists of the ownership of a bundle of rights. This allows for the individual 

rights to be treated separately and that is what conservation easements capitalise on (Coughlin and 

Plaut, 1978; Merenlender et al., 2004). In the conservation easement approach, landowners enter 

into agreements with conservation agencies by selling only those rights relating to the use of the 

land that can interfere with conservation values present on their land and thereby foster habitat 

conservation goals. For instance, land owners may only sell their right to drain, fill, burn or convert 

existing wetland and upland habitat on their land and maintain the rights of possession, use and 

disposal of the said land. This agreement that the landowner makes is perpetual and runs with the 

land title such that future owners of the land must adhere to the conditions listed in the conservation 

agreement (Chamblee et al., 2011; Coughlin and Plaut, 1978).  

The fee simple interest method involves the landowner transferring to the conservation agency the 

title deed of the land. By this, the landowner transfers all the rights—right to possess, occupy, use 

and dispose of the land or any interest in it—and responsibilities to the conservation agency for a 

lump sum payment. The transfer of all land ownership rights to conservation agencies offers the 

highest securement level attainable. In many cases the value of potential land to be secured is 

assessed by an accredited third-party appraiser. Generally, conservation agencies are willing to 

                                                           
2 Chamblee et al., (2011) and Coughlin and Plaut (1978) discuss the differences between these tools. Also, 

for an equally enlightening exposition on the costs and benefits associated with the use of either a 

conservation easement or fee simple see Parker (2004). 
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pay over and above the true assessed market value of the land. However, since fee simple purchases 

cost large sums of money and most conservation agencies depend on monetary donations from 

communities, individuals, and governments, other landowners accept payments from conservation 

agencies that are relatively lower than the assessed values of their properties (Chamblee et al., 

2011; Land Securement Manual, 2003). This is the case possibly because the landowners realize 

that the agencies face constrained budgets and work as charities to achieve a public good. 

Prairie pothole habitat is acquired by conservation agencies through several approaches. First, 

willing landowners may approach the agencies and present to the agency their interest to put land 

into conservation. The other approach involves conservation staff approaching individual 

landowners and inquiring from them if they may be interested in putting their land under 

conservation. The agencies use two standard criteria when deciding on potential habitat viz; the 

ecological value and the vulnerability level of the habitat—the vulnerability level of habitat is 

assessed on several factors including the percentage of surrounding wetland acreage within one-

mile that has been drained and the agricultural soils capability class. Other factors such as the 

acreage of the habitat in a quarter section, wetland acreage within a mile, the percentage of 

permanent cover, and the capability of the habitat acreage to support waterfowl are also considered 

in prioritising which habitats they conserve. In this study area, conservation agencies place greater 

value on habitat that are located within the same one-mile radius of previously protected habitat 

(Lawley and Yang, 2015). Most times conservation agencies simply observe the land markets and 

wait for parcels to be offered up for sale by landowners. If the parcels are located in areas that the 

agency is interested in because of the conservation value present in that locale, the agencies bid 

for those parcels. 
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1.2 Research Problem and Motivations 

Literature shows that the presence of prairie pothole habitat on farmland reduces land values, 

obstructs land use in annual crop production, and increases production costs through increased 

nuisance cost (Shultz and Taff, 2004; Lawley and Towe, 2014). These limitations motivate 

landowners to convert prairie pothole habitat into landscape that is favourable to crop production. 

On the other hand, conservation agencies seek to maintain habitat on farmland by curbing 

conversion through acquisition of conversion rights from landowners using easements or through 

outright possession of the land using fee simple interest thereby ensuring the land remains in 

natural habitat. Of late, there has been some tension between local landowners and conservation 

agencies in the prairie pothole region of Manitoba. Local landowners claim that conservation 

agencies own too much land and that their entry into the local land market drives up the values of 

surrounding land such that they limit the agricultural expansion options available to the locals and 

threaten the economic sustainability of their communities (Discover Westman, 2014).  

Previous research explores how conservation activity, particularly conservation easements, affects 

land values. The evidence they present is inconsistent. One body of research provides evidence 

that conservation easements do not significantly affect the value of the encumbered parcels 

(Nickerson and Lynch, 2001; Zang, 2004). Another body of research finds significant effects from 

conservation activity on both the encumbered and surrounding parcel values (Irwin and Bockstael, 

2001; Geoghegan, 2002; Farja and Rausser, 2007; Shultz and Taff, 2004; Lawley and Towe, 2014; 

and Chamblee et al., 2011) yet other studies fail to find any conclusive evidence on the impact that 

conservation activity has on land values (Anderson and Weinhold, 2007; Lynch et al., 2007). 

One thing that all these studies have in common is that they were all conducted in an urban 

setting—except for Shultz and Taff (2004) and Lawley and Towe (2014) who explored effects of 
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conservation easements in areas with little residential development pressure—where there was 

considerable pressure from residential development.  

While there is extensive literature exploring the effects that conservation activity has on 

encumbered land values, little research has been done that has focused on the effect that 

conservation activity has on surrounding land values in a rural setting. To the best of my 

knowledge, there are no studies that have explored specifically how conservation activities by 

conservation agencies and the government affect surrounding land values in a rural setting where 

there is little residential development pressure, or how land prices are structured both before and 

after conservation occurs on a nearby parcel.3 

Perhaps the research that most closely relates to this is one by Chamblee et al., (2011).  The authors 

explore whether acquisition of parcels in fee simple interest or conservation easements affects the 

value of the encumbered and or surrounding land using land sale transaction data between 1996 

and 2008 from Buncombe County in North Carolina. To capture spillover effects from fee simple 

or conservation easements, the authors utilize several techniques. First, they include the distance 

between the observed land sale to the nearest conserved parcel, regardless of the conservation type 

or when the conservation occurred. They then construct an easement dummy variable that equals 

one when the nearest conserved parcel to the sale has an easement and equals zero if it is conserved 

in fee simple. They also construct an interaction variable made from the distance and the easement 

dummy variables to account for price distance effects from parcels conserved with easements 

relative to those conserved in fee simple. The authors then interact these variables—the distance 

variable and the easement variable—with a post conservation variable which they define as a 

                                                           
3 For a review of related literature please see Irwin and Bockstael (2001); Nickerson and Lynch (2001); 

Geoghegan (2002); Zhang (2004); Shultz and Taff (2004); Farja and Rausser (2007); Chamblee et al., 

(2011), and Lawley and Towe (2014). 
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dummy equaling one if the sale occurs after the conservation of the nearest conserved parcel and 

zero otherwise thus allowing observed spillover effects to be differentiated either as pre-

conservation or post-conservation effects. Using a spatially lagged hedonic model, they find 

evidence that suggests that post conservation, the presence of an easement or fee simple interest 

significantly increases the value of land surrounding the encumbered parcel.  

My study differs from this research in two respects. First, unlike Chamblee et al., (2011) who 

explored the relationship between conservation activity and land values in an area with plausible 

residential development pressure, I explore the relationship between land values and conservation 

activity in a predominantly farming non-urban area with very little residential development 

pressure. As suggested by Farja and Rausser (2004), possible observed increases in surrounding 

land values after a parcel is put under conservation may be explained partly by the non-market 

values or amenities that conserved land offers to urban individuals who own proximate property—

namely, the absence of disamenities associated with developed land such as pollution, traffic, or 

changes in view related to construction of buildings (Chamblee et al.., 2011). Considering land 

sale transactions in a generally farmland non-urban area with no significant residential 

development pressure controls for possible increases in surrounding land values stemming from 

these non-market amenities that conserved land offers thereby enabling exploration of the intrinsic 

effects of the parcel characteristics on any observed discounts or premiums to surrounding land 

values. 

Second, I take advantage of the advances in GIS technology and availability of explicit spatial and 

temporal conservation activity and land transaction data to develop a comprehensive before and 

after land sale and conservation activity dataset that allows me to isolate the effects of conservation 

activity on surrounding land by conservation type. This comprehensive data also allows me to 
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employ a recursive empirical model that examines the effect of conservation activity on farm land 

prices by using actual cumulative conservation activity and land sale transaction observations that 

have spatial and temporal variations. This new approach brings out the effect of conservation 

activity on land values more clearly than the model employed by Chamblee et al., (2011) who 

utilized interactions among structural dummy variables to capture the spatial and temporal effects 

of conservation activity on land values. 

1.3 Research Objectives 

The main objective of this research is to examine land market feedbacks and spillovers from 

conservation activity. In other words, the study examines the premium or discount, if any, which 

conservation agencies or locals pay for obtaining farmland near parcels that are conserved either 

by the government or by conservation agencies. First, based on previous literature, I provide the 

factors that influence the value of farmland parcels. Then, using an empirical model, I examine 

whether there are any spatial and temporal relationships between parcel values and neighbouring 

conservation activity. Lastly, I discuss the implications of the results found and provide 

information that can be used by conservation agencies to efficiently carry out their program 

mandates. 

This study is important as it provides new knowledge on the effect that conservation activity has 

on neighbouring farmland values in a rural setting. Specifically, the study provides information on 

how the different conservation methods adopted by the government and conservation agencies 

influence the structure of proximate farmland values after parcels are protected. This information 

provides insights to the government and conservation agencies that can be used when designing 

their land acquisition policies to ensure that they plan and execute conservation activity without 
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putting undue burden on the local participants in the land markets and thereby make their efforts 

contribute positively to the economic viability and sustainability of rural communities. 

The following chapters of my thesis are organized as follows. Chapter 2 reviews prior work that 

examined the factors that influence land values. Chapter 3 introduces the econometric model 

employed and its rationale. Chapter 4 presents the results of the analysis followed by conclusions 

and recommendations in Chapter 5. 
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Chapter 2: Literature Review 

This chapter reviews previous studies that explored the impact of conservation activity on 

encumbered and surrounding land values. The review will be used to guide decisions on the types 

of variables to use when conducting this research, the methods to employ, and the data 

requirements to be met to prepare a comprehensive analysis. I present a summary of the previous 

studies findings in Table 1.  

2.1 Fundamental variables 

Previous research that explored the impact of conservation activity on land values identified and 

used several variables to achieve their research objectives. The core explanatory variables that are 

identified in the literature to quantify the effect, if any, of conservation activity on the parcels value 

comprise factors that are deemed to affect the value of a parcel viz: land or parcel characteristics 

(e.g. land cover, soil quality), location of parcel in relation to an important feature (for example, 

nearest urban centres or grain elevators), presence of conservation activity (or open space) on or 

surrounding the parcel, and the year of sale. The primary measure for the value of the sold parcel 

is the observed market sale price for that parcel.4  

Since this research is about the effect of conservation activity on neighbouring farmland values, I 

first explore how previous research defined the conservation variable and measured its effect on 

land values. As already pointed out in the first chapter, previous studies mostly explored the effects 

of conservation activity, particularly conservation easements on the encumbered parcels’ value, as 

such, this section specifically focusses on how that easement variable was defined and measured.  

                                                           
4 Variants of this variable are used in the literature. For instance, Nickerson and Lynch (2001) and Zhang 

(2004) use (ln(price per acre)) where as Anderson and Weinhold (2008) use ln(price). 
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Most of the previous studies only included one variable to control for the effect of conservation 

activity on land values. However, this variable is defined quite distinctively across studies. Some 

studies define the conservation variable as a structural shift dummy variable, which equals one if 

the parcel was sold having an easement on it and equals zero otherwise. This dummy variable is 

included in the regression as an independent regressor and the effect of conservation activity on 

land value is established using the sign and magnitude that the dummy coefficient takes. Several 

related studies such as Zhang (2004) and Nickerson and Lynch (2001), just to mention a couple, 

follow this definition. Other studies defined the conservation variable by measuring the size in 

acres of the total eased area in a sold parcel (Shultz and Taff, 2004). Other less common definitions 

include defining the easement variable as a structural shift dummy that equals one if the nearest 

conserved parcel to the observed sale has an easement and equals zero otherwise (Chamblee et al., 

2011). Better still, other articles do not explicitly define the easement variable but rather utilize a 

combination of non-linear models and propensity score matching techniques to reveal the 

discounts or premiums that conservation easements have on the encumbered parcel value. They 

do this by comparing land sale transactions between parcels that are comparable on observable 

characteristics, but not necessarily on unobservable characteristics, and they only differ by the 

easement restriction on them (Lawley and Towe, 2014; Lynch, Gray and Geoghegan, 2007). This 

last technique avoids the empirical problems associated with the approaches outlined above.5 

Previous studies also account for the likelihood of conversion of an un-conserved parcel and how 

that affects the parcels’ sale price. Two main variables are employed to account for this. These are 

                                                           
5 Adopting the dummy variable or acreage approach necessitates reliance on a linear functional form. This 

removes some flexibility in specification of the functional form to the empirical model. Also, it may result 

in sale price comparisons of unrelated parcels in cases where the characteristics between the treated and 

control parcels are significantly disparate thereby giving misleading results (Lawley and Towe, 2014).  
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the parcels agricultural productivity and the distance to the nearest conserved parcel. While 

previous studies define the distance to nearest conserved parcel similarly, there exists a disparity, 

in terms of how the agricultural productivity of the parcel is defined. Nickerson and Lynch (2001) 

used the percent of land on sold parcel comprised of prime soil as a measure of agricultural 

productivity of the parcel. A similar measure is employed by Lawley and Towe (2014) who used 

agricultural capability class as defined by the Canadian Land Inventory to classify the agricultural 

productivity of soils on the sold land. On the other hand, Shultz and Taff (2004) estimated the 

agricultural productivity of the sold parcel as the gross revenue per acre from crops or livestock. 

They used cropping patterns, soil-crop specific yield estimates and local output prices to estimate 

the gross revenue per acre. Specific crop and rangeland acreage were multiplied by section-level 

crop yield estimates and average county and or state-wide livestock prices in the year immediately 

preceding the sale and the resulting gross-revenue represented the productivity of the sold parcel.  

Common factors that were employed and defined in a similar way by previous research include; 

size of the parcel, (Nickerson and Lynch, 2001; Zhang, 2004; Shultz and Taff, 2004; and Farja and 

Rausser, 2007), slope of the parcel (Chamblee et al., 2011; Lawley and Towe, 2014), elevation of 

the parcel (Chamblee et al., 2011; Lawley and Towe, 2014), land cover (Chamblee et al., 2011; 

Lawley and Towe, 2014; and Shultz and Taff, 2004), land use (Nickerson and Lynch, 2001; Lynch, 

Gray and Geoghegan, 2007), and the year the parcel was sold (Zhang, 2004; Anderson and 

Weinhold, 2008; Chamblee et al., 2011; and Lawley and Towe, 2014). Previous studies also 

included the location of the parcel in relation to specific features to control for location specific 

benefits (property tax rates, zoning regulation). This variable was mostly included in the regression 

as a binary variable equaling one if the parcel was in a particular locale and zero otherwise 

(Nickerson and Lynch, 2001; Zhang, 2004; Shultz and Taff, 2004; Lynch, Gray and Geoghegan, 
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2007; and Lawley and Towe, 2014). Other less commonly employed variables included the 

presence of properties on the parcel, including farmsteads, irrigation equipment, and other 

improvements (Farja and Rausser, 2007). 

2.2 Empirical Approach 

Models ranging from a simple hedonic model as used in Zhang (2004) and Shultz and Taff (2004), 

to a combination of the hedonic model and a propensity score matching method as in Nickerson 

and Lynch (2001) are employed in the literature. Other authors utilise a combination of either a 

probit or logit specification with the hedonic, and the propensity score matching method to avert 

estimation problems associated with estimating the hedonic model directly (Lynch, Gray and 

Geoghegan, 2007; Lawley and Towe, 2014).6 

The hedonic model is built on the premise that the price that a differentiable marketed good is sold 

for, in this case land, is a function of the individual characteristics that make up that good and the 

characteristics found in its surrounding (Rosen, 1974). Following this line of thought, 

characteristics such as the size of the parcel, its location, and the presence or absence of 

conservation activity on the parcel and or in its surrounding are thought to have implicit values 

that altogether make up the full value of the parcel that later translates into the price that a parcel 

is sold for. Thus, when one regresses the observed sale price against observable parcel 

characteristics, the implicit values of those characteristics are revealed. 

                                                           
6 These innovative specifications are driven by the realisation that presence of an easement on a 

parcel and price of that parcel may be jointly determined thus bringing in endogeneity issues. For 

a detailed discussion of related issues see Anderson and Weinhold (2008), Lynch, Gray and 

Geoghegan (2007), and Lawley and Towe (2014). 
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2.3 Findings 

2.3.1 Factors that affect land values  

This section discusses in detail how the various factors, highlighted in the literature, affect land 

values. 

Most of the previous studies that explore relationships between conservation activity and land 

values find evidence suggesting that parcel characteristics affect land values. Factors such as size 

of the parcel, slope, and elevation are found to significantly affect values of land. For instance, 

previous studies find that there exists a significant concave relationship between the value of the 

parcel and its size; Zhang (2004) and Nickerson and Lynch (2001) are two examples. However, 

the effect that other characteristics have on parcel values vary across studies. For instance, 

Chamblee et al., (2011) reports discounts from presence of slopes and higher elevation on parcel 

values. They find that a one percent increase in slope on a parcel reduces parcel values by as much 

as 1.5 percent. However, Lawley and Towe (2014) do not find any significant effects on sales price 

from the presence of slope or elevation on a parcel. This result may be driven by the lack of 

variability in these variables in the region where the study was done.  

Other parcel characteristics such as land use i.e. whether the land is used as crop land or for 

residential purposes are found to significantly affect land values (Zhang, 2004). Lawley and Towe 

(2014) find that the proportion of the land on a parcel that has habitat on it significantly affects 

land values. The agricultural productivity of the parcel, even though previous studies measured it 

differently, is generally reported to significantly influence land values i.e. productive parcels on 

average sell for a premium as compared to similar parcels that are not as productive (Shultz and 

Taff, 2004; Lawley and Towe, 2014). However, other studies do not report finding any significant 

effect for the same type of variable (Nickerson and Lynch, 2001). 
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The presence of large residential areas within the vicinity of a parcel or an important feature central 

to the characteristic of that area is also reported to influence parcel values. For instance, Chamblee 

et al., (2011) find that the values of parcels decline moving away from major urban centres. Similar 

results are reported by Zhang (2004) and Nickerson and Lynch (2001), who find that the price of 

parcels decline the further away from an urban centre a parcel is located. Lawley and Towe (2014) 

in addition to controlling for residential pressure included distance to grain elevators as a control 

for pressure purportedly stemming from agricultural production. They find that location does not 

significantly influence land values.  

Other studies look at whether the year in which the parcel is sold affects the value of the land. The 

results are varied, with some studies finding that the year of sale does not significantly affect land 

values as reported by Anderson and Weinhold (2008) and others finding positive significant effects 

(Chamblee et al., 2011). 

2.3.2 Conservation activity and land values 

This section chronologically discusses the various effects, according to literature, that conservation 

activity has on encumbered and surrounding land values. As I already pointed out in chapter 1, 

previous research focuses mainly on the effects of conservation activity on the value of the 

encumbered parcel and the findings are quite varied.  

In a study of the effect of development restrictions on farmland prices, Nickerson and Lynch 

(2001) examine private arms-length farmland transaction data from three Maryland counties for 

the years 1994 through 1997. The authors first examine how different factors influence farmer 

participation in the conservation program. They do this by estimating a probit model. Several 

explanatory variables are used including parcel attributes, location attributes, and conservation 

status. In this study, the authors defined the conservation status as a structural dummy equaling 
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one if the parcel is conserved and zero otherwise. Later, the authors estimate a simple hedonic 

model to reveal the implicit values of the included control variables on the observed sale price of 

the parcel. Similar control variables as those used in the first specification are included in this 

second specification and they also control for selection bias. The authors find a negative but 

statistically insignificant coefficient on the conservation variable, which suggests that the 

conservation status does not significantly influence the sale price of the encumbered parcel. 

Zhang (2004) examines the effect of conservation easements on land values in the northwestern 

part of Howard county in Maryland. Using agricultural and residential arms length land sale 

transaction data for the years 1998 through 2000, the author estimates a hedonic model using sales 

price per acre as the dependent variable and includes as explanatory variables the parcels’ size in 

acres, land use on the parcel, the parcels’ location, and the year of sale of the parcel. The author 

controls for the conservation variable by defining a structural shift dummy variable that equals one 

if the parcel sells with an easement on it and equals zero otherwise. The author finds a positive but 

insignificant coefficient on the variable used to capture the effect of conservation easements on 

land values suggesting that conservation easements might increase the value of land. The author 

attributes the insignificant results to several factors including the small sample size used in the 

analysis and the short time frame considered. 

Shultz and Taff (2004) use agricultural land sales data between 1995 and 2002 from three counties 

in North Dakota to examine the effect of presence of wetlands and wetlands with easements, in a 

Fish and Wildlife Program, on agricultural land values. They use a hedonic model and include in 

the regression explanatory variables that control for the physical and wetland characteristics of the 

sold parcel. The authors define separate variables to control for acreage of eased and uneased 

wetlands and they also differentiate between permanent and temporary wetlands. They find a 
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significant negative relationship between presence of a permanently eased wetland and the sales 

value of a parcel.  Specifically, they find that the presence of an easement on a permanent wetland 

on a parcel reduces the (price) value of that parcel on average by as much as 79% of the actual 

price if the parcel had been sold without the easement on the wetland. 

In order to examine the implications of prevailing conservation policies on the resulting pricing of 

open space and its distribution and availability, Farja and Rausser (2007) use annual residential 

land sales transaction data from the San Francisco Bay area, for the years 1983 through 2007. They 

include variables in their specification that control for the property’s characteristics, its location, 

and the demographic and socio-economic factors. One of the facets that the study considered was 

the spillover effects from easements. To do this, they constructed and included in the hedonic 

regression two variables that captured the share of land in conservation easements in the 

surroundings of each sold parcel and the area of that parcel. They find significant evidence that 

conservation easements have positive effects on neighbouring parcels sales value with a 1% 

increase in share of land in easement in the surrounding land leading to about $3,300 increase in 

land value per acre.  

Using arms-length agricultural land sale data from 22 counties in Maryland for the years 1997 

through 2003, Lynch, Gray and Geoghegan (2007) employ a non-standard methodology to reveal 

the discounts or premiums from conservation activity on land values. They utilize a combination 

of probit, hedonic, and propensity score matching techniques which in addition to enabling them 

address possible selection bias issues, also helps eliminate functional form restrictions associated 

with earlier research methods. As explanatory variables, they include parcel characteristics, and 

the location attributes of the parcel. They control for conservation by defining a structural shift 

dummy variable that equals one if the parcel sells with an easement on it and equals zero otherwise. 
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Similar to Nickerson and Lynch (2001) they estimate a probit model to evaluate how different 

factors influence farmer participation in the conservation program and use that information to 

determine which parcels have the same probability of having a restriction on them among the 

sample. They also estimate the hedonic model and use the results from the probit model to estimate 

the propensity score matching technique. Their results are varied. In the hedonic model 

specification, they find that easements have a negative significant effect on encumbered land 

values. However, when they estimate the second non-parametric specification, the propensity 

score matching technique, they find no significant difference between the average sale price of 

restricted and unrestricted parcels and thus they fail to conclude the impact that conservation 

activity has on encumbered parcel values. They cite selection bias by land owners as a cause for 

these results. 

Anderson and Weinhold (2008) estimate the effect of conservation activity on farmland prices in 

three adjacent counties in southwestern Wisconsin using land sales data from the years 1999 

through 2000. When they consider the full sample, they reproduce the results of Nickerson and 

Lynch (2001). However, considering land sale transactions that are similar—only those that 

involve vacant agricultural land—reveals that conservation activity significantly reduces land 

values by as much as 50%. They conclude that diversity in the land sale transactions being 

analyzed influences the observed effect of conservation activity on the value of the land. 

Chamblee et al., (2011) explore whether acquisition of parcels in fee simple or easements affects 

the value of the encumbered and or surrounding land using land sale transaction data between 1996 

and 2008 from Buncombe County in North Carolina. They include as explanatory variables parcel 

attributes, location attributes, and watershed attributes of the observed sold parcels. To capture 

spillover effects from fee simple or conservation easements, the authors utilize several techniques. 



 
 

21 
 

First, they include the distance between observed land sale to the nearest conserved parcel, 

regardless of the conservation type or when the conservation occurred. They then construct an 

easement dummy variable that equals one when the nearest conserved parcel to the observed sale 

has an easement and equals zero if its nearest conserved parcel is conserved in fee simple. They 

later construct an interaction variable between the distance, and the easement variable to account 

for price distance effects from conservation easements relative to fee simple. The authors then 

interact these variables—the distance variable and the easement variable—with a post 

conservation variable which is defined as a structural shift dummy which equals one when a sale 

occurs after the conservation of the nearest conserved parcel and zero otherwise. This allows for 

the observed spillover effects to be differentiated as either pre-conservation or post conservation 

effects. Using a spatially lagged hedonic model, they find evidence that suggests that post 

conservation, the presence of an easement or fee simple on a parcel significantly increases the 

value of land surrounding the encumbered parcel. They report premiums from conservation 

activity in the range of 46% of actual price when the distance between the conserved and sold 

parcel is zero. However, this premium declines with distance away from the conserved parcel. 

Lawley and Towe (2014) examine whether conservation easements are capitalized into the values 

of conserved parcel. Using land sale records from southwestern Manitoba from 1997 through 2010, 

the authors estimate a logit, and propensity score matching technique to analyze their research 

objective. The underlying concept behind the estimated logit model is that the factors that influence 

landowners’ decision to participate in the conservation program also influence the observed sale 

price of the parcel. Therefore, the logit model exhibits qualities of a regular linear hedonic 

estimation. The authors include in the regression, explanatory variables that describe the parcels 

attributes such as its size, productivity, and the location of the parcel in relation to important 
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features such as urban centres, grain elevators, and insurance risk zones. Using a similar estimation 

technique as Lynch, Gray and Geoghegan (2007) they find negative significant effects from 

presence of easements on land values from both specifications. Specifically, they report a land 

value discount of approximately $86 per acre for every acre of eased habitat.  

2.4 Conclusion 

This section provided a candid discussion of previous studies that explored the impact of 

conservation activity on land values. It touched on the variables that were employed by previous 

studies, the data and analytical methods used, and outlined the results that they found.  Contrasts 

and similarities in choice of variables, empirical methods, and explanations for found results were 

also highlighted in this section.
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Table 1. Summary of previous literatures’ findings 

Author Core Variables 1. Focus 

2. Location 

3. Conversion pressure 

4. Model(s) employed 

Findings 

Anderson and 

Weinhold 

(2007) 

Parcel Characteristics: 

• Size of parcel 

• Value of 

improvements 

• Land use 

Location Characteristics: 

• Distance to Madison 

• County dummies 

• Parcel zone 

1. Impact of easements on 

encumbered land values 

2. South Central Wisconsin, 

USA 

3. Residential development 

4. Hedonic and Probit 

• Easements significantly reduce the value of land parcels. 

• Land value is not significantly influenced by zoning. 

Chamblee et 

al., (2011) 

Parcel characteristics: 

• Size of parcel 

• Elevation from 

parcel centroid 

• Slope of parcel 

Location characteristics: 

• City dummies 

• Adjacency to a creek 

and or blue ridge 

parkway 

• Distance to Ashville 

• Distance to nearest 

conserved parcel 

Watershed Characteristics: 

• Percentage of 

watershed land in 

either agricultural 

use, residential use, 

1. Impact of easements and 

fee simple on encumbered 

and surrounding land 

value 

2. Buncombe county in North 

Carolina, USA 

3. Residential and or 

commercial development 

4. Hedonic with a spatial lag 

• Easements and fee simple interests both positively 

significantly influence the value of surrounding parcels 

with easements having greater effects than fee simple 

interests across distance. 

• Parcel characteristics significantly influence the value of 

a parcel.  

• Parcels located adjacent to a creek and the Blue Ridge 

parkway sell for a discount and those located close to 

important cities sale for a premium. 

• Percentage of area under agriculture in a watershed 

negatively influences parcel price. 

• Conservation in fee as opposed to easements occurs in 

higher priced areas but the cheaper parcels within these 

areas are selected for conservation. 

• Newly viewable conserved land positively influences 

prices of surrounding land by as much as 3%. 
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U.S Forest Service 

use, private 

conservation use 

Farja and 

Rausser 

(2007) 

Property Characteristics: 

• Area of parcel 

• Number of buildings 

on parcel 

• Presence of pool 

Socio-economic 

characteristics: 

• Population Density 

• Share of urban 

• Share of farms 

Location Characteristics: 

• County dummies 

1. Spillover effects     from 

land conservation pricing 

policy on surrounding land 

values 

2. San Francisco Bay Area, 

USA 

3. Residential pressure 

4. Hedonic 

• Presence of an easement increases values of surrounding 

land. 

• The supply of easements is price inelastic but sensitive to 

the opportunity cost of land. 

• $1000 increase in value of neighbouring surrounding 

non-eased land reduces easement acreage by 1 acre.  

 

Lawley and 

Towe (2014) 

Parcel characteristics: 

• Size of parcel 

• Total acreage of 

habitat on parcel 

• Slope and elevation 

• Land use in 

neighbouring parcels 

Location: 

• Distance to large 

grain elevator 

• Distance to the cities 

• Crop insurance risk 

zones 

1. Impact of easements on 

encumbered land value 

2. PPR of Southwestern 

Manitoba, Canada 

3. Agricultural development 

4. Hedonic, Logit, and 

propensity score matching 

• Easements significantly reduce encumbered land values.  

• Easement programs adequately compensate land owners 

(estimated a premium of about 16%). 

• The proportion of surrounding land in upland habitat 

positively influences sales price of parcels. 

 

Lynch, Gray 

and 

Geoghegan 

(2007) 

Parcel Characteristics: 

• Size of parcel 

• Land use 

Location Characteristics: 

1. Impact of farm use 

restrictions on encumbered 

and surrounding land value 

and retention 

2. Maryland, USA 

• Varied results (one model presents evidence that 

conservation activity significantly affects encumbered 

and surrounding land values and another suggests 

otherwise).  
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• Distance to nearest 

eased parcel 

• Distance to urban 

centre 

• County level 

dummies 

3. Residential 

4. Hedonic, Probit, and 

Propensity score matching 

• Parcels close to already conserved parcels are more likely 

to be enrolled in farm land preservation program. 

• Parcels located farther from cities, with forest cover are 

more likely to have an easement. 

Nickerson 

and Lynch 

(2001) 

Parcel characteristics: 

• Size of parcel 

• Percentage prime 

soils 

• Percent highly 

erosive soils 

Location Characteristics: 

• Distance to 

Baltimore or 

Washington DC 

• Distance to nearest 

conserved parcel 

• County dummies 

 

1. Impact of development 

restriction programs on 

encumbered land values 

2. Maryland, USA 

3. Residential or commercial 

development 

4. Probit and Hedonic model  

• Restrictions on land use do not significantly affect 

encumbered land values. 

• Landowners with large parcel sizes are more likely to 

enroll in farm land preservation program. 

• Long distances from Baltimore or Washington DC 

reduce landowner likelihood to enroll their parcels in the 

conservation program. 

• Proportion of prime soils does not significantly influence 

parcel enrollment decisions. 

 

Shultz and 

Taff (2004) 

Parcel Characteristic: 

• Size of parcel 

• Percentage cropland 

or pasture land 

• Year of sale 

• Revenue from crop 

or pasture production 

Wetland characteristic: 

• Permanent or 

temporary wetlands 

• Easement permanent 

or temporary wetland 

1. Impact of easements on 

encumbered land value 

2. North Dakota, USA 

3. Agricultural development 

4. Hedonic 

• Presence of an easement on a permanent wetland 

significantly reduces the value of parcels. Eased 

temporary wetlands have no significant effect on sales 

price. 

• Parcel size, parcel productivity and year of sale (time 

trend) significantly influence parcel values. 

• Non-eased permanent wetlands significantly reduce sales 

price of parcels by as much as 40% per acre. Non-eased 

temporary wetlands have no effect on sales price. 
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• Non-Eased 

permanent or 

temporary wetland 

Zhang (2004) Parcel Characteristics 

• Size of parcel 

• Land use 

Location Characteristics 

• Distance to cities 

• Year Dummies 

1. Impact of easements on 

encumbered land values 

2. Howard county, USA 

3. Residential 

4. Hedonic model 

• Presence of easements do not affect parcel values. 

• Land use significantly affects parcel value. 

• Year of sale does not significantly affect land values 
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Chapter 3: Methodology 

This chapter provides information on the empirical design employed in this study. Particularly, the 

chapter discusses the study area, the data and its sources, and the choice of the empirical model 

and its associated functional form. 

3.1 Study area and the data sources 

 

Figure 3.1. Study area 



 
 

28 
 

This study was conducted in the southern part of the prairie province of Manitoba as outlined in 

Figure 3.1. Choice of the study area was informed by three reasons. First, the prairie province of 

Manitoba is predominantly an agricultural region with a generally stable population (Hislop, 2013; 

Lawley, 2018). This makes it an ideal locale to check how conservation activity affects 

neighbouring land values without the general bias present in other areas that are affected by 

residential development pressure (Lawley and Towe, 2014). Second, the rich conservation value 

that the prairie pothole has, and the early and large presence of conservation agencies makes 

available the much-needed data to effectively examine spillover effects from conservation activity 

on surrounding land values. Lastly, there has been anecdotal evidence that suggests that the 

activities of conservation agencies in this region drive up neighbouring land prices. This research 

sought to identify and provide empirical evidence of the land price spillover effects resulting from 

conservation activity. 

This research used data covering a 21-year period from 1990 to 2011. The data for this study was 

obtained from several sources. First, bare farm land transactions data were obtained from the 

provincial assessors’ office with Manitoba Local Government, which is a provincial department 

that assesses rural property and maintains land transaction records. A comparable separate batch 

of data was also obtained—after acquiring a data use agreement—from conservation agencies that 

actively purchase land in this region in order to identify parcels which are under conservation.7 

This data includes information on the date of the sale, the sale price, and the location of the sale.8 

                                                           
7 Ducks Unlimited Canada, Nature Conservancy Canada, and Manitoba Habitat Heritage Corporation 

provided these data and together they hold all privately conserved land in Manitoba (Lawley and Yang, 

2015).  
8 Most of the land in western Canada is delineated into square mile sections by the Dominion Land Survey 

system. The sections are further divided into four quarter sections, which are 160-acre square plots (Lawley 

and Yang, 2015). 
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I also obtained data from several provincial and federal websites that provided detailed information 

on the characteristics of the parcels such as information on the soil and land cover type in each 

sale that is analysed in this study.9 

3.2 The empirical model 

This study employs a revealed preference method—namely, the hedonic model—to examine the 

effect that habitat conservation has on neighbouring land values. The choice of this empirical 

model is motivated by both the preponderance of the technique in literature (notable examples 

include Lynch, Gray, and Geoghegan, (2007), Chamblee et al., (2011), and Lawley and Towe 

(2014) just to mention a few) and its suitability in answering the research question. 

Hedonic price models have long been employed to reveal how much market participants value the 

characteristics of marketed goods and their surroundings, and how those characteristics contribute 

to the value of the product being marketed. Palmquist (2005) notes some of the early uses of the 

technique in works by Waugh (1928), Court (1939), and Griliches (1971). The traditional hedonic 

price technique relates the characteristics that make up a marketed good to the observed sale price 

of that good such that the implicit prices of the differentiable characteristics that make up that good 

are revealed (Rosen, 1974; Palmquist, 2005). Estimation of such a model requires data on sales 

prices, the characteristics that make up that marketed good and some quantifiable measures of the 

environment in which the good is located. 

Palmquist (2005) recommends that the functional form to be employed when utilizing the hedonic 

model be determined from the data available for the research. His suggestion is evident in the 

literature as there is no consistent functional form employed across studies. Previous authors 

                                                           
9 I provide a detailed description of these data sources, and variable construction in part 3.4.4.  
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employed functional forms ranging from a linear form in Farja and Rausser (2007) to a semi-

logged functional form in Lynch, Gray and Geoghegan (2007) to a double-logged functional form 

in Zhang (2004).  

I estimate the following model: 

𝐼𝑛(𝑃𝑟𝑖𝑐𝑒𝑖𝑡) = 𝛼 + 𝛽 𝑋𝑖 +  𝛾𝑍𝑖𝑡−1  + 𝜏𝑅𝑖 + 𝜙𝑌𝐸𝐴𝑅𝑡 + 𝜀𝑖𝑡                                                               (1) 

where the α, β, γ, τ and 𝜙 are the parameters to be estimated and the ε is the error term. The i 

indexes the individual sales parcel and t indexes the year in which the sale occurred. The dependent 

variable is the observed sale price expressed as the per acre sale price for a parcel in a particular 

year. The explanatory variables are categorized as follows. The Xi is a vector of the parcels’ 

physical characteristics including but not limited to characteristics such as the total size of the 

parcel(s) in the sale, the agricultural capability of the soil on that parcel, and land cover. The 

treatment variable  𝑍𝑖𝑡−1 measures prior neighbouring conservation activity before the observed 

sale occurred. The variable  𝑍𝑖𝑡−1 was estimated as a numerical value equaling the average number 

of conserved parcels surrounding the observed sale. Ri denotes a vector of fixed effects that account 

for the disparate rural municipal characteristics. The model also includes year fixed effects to 

control for year specific factors that influence land prices in the study region, including interest 

rates, exchange rates, and inflation. 

Decisions concerning which variables to use in their level form and or which of them to log follow 

the discussion in Wooldridge (2015) who suggests several rules of thumb to be followed in the use 

of logs in a regression. I log all large integer values and positive dollar amounts and leave 

proportions or percentages in their level form.  
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3.3 Identifying conservation activity spill overs on surrounding farmland values 

This section will provide a candid discussion of the concerns regarding identification of the 

treatment variable in the model. In addition, the section will briefly outline the techniques that 

previous authors used to avoid similar identification problems. Finally, it will shed light on the 

procedures that will be employed in this study to circumvent potential estimation problems 

stemming from this concern. 

The main objective of this paper is to identify the effect, if any, that the presence of a conserved 

parcel(s) has on the observed sale price of a neighbouring parcel. The primary concern here is the 

issue of endogeneity in the treatment variable. Endogeneity occurs when an important tenet of 

Ordinary Least Squares (OLS), the zero-conditional mean, is violated (for a review please see 

Wooldridge (2015). According to Wooldridge (2015), several conditions engender endogeneity in 

OLS regression models including: variable measurement errors, omitted variables, and 

simultaneous causality. Endogeneity is a serious estimation problem as it alters the ‘true’ 

relationship between the independent variable and the dependent variable and may introduce bias 

in the estimates.  

As pointed out by Irwin and Bockstael (2001), two main identification problems are apparent when 

estimating land use spill overs.10 In the context of this study, the estimation problems come in 

when testing whether the value of parcel Pi is affected by prior conservation of neighbouring parcel 

Zi. First is the issue of simultaneous causality. I draw upon the findings of Lawley and Yang (2015) 

to explain this condition. The authors empirically show that the likelihood that an unprotected 

parcel is preserved is a function of its value in conservation use, which among other factors is a 

                                                           
10 Irwin and Bockstael (2001) provide a lucid discussion of the occurrence of endogeneity and the 

identification issues associated with the variable capturing effects of land use spill overs. 
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function of whether the neighbouring parcel is conserved.11 This finding points to the issue of 

simultaneous causality. 

To elucidate on this issue, I use the notion put forward by Irwin and Bockstael (2001) and provide 

a qualitative explanation. Assume that parcel Pi has only one neighbour, Zi, and that Zi’s only 

neighbour is Pi. It follows, from Lawley and Yang (2015) that the likelihood that parcel Pi is 

conserved is a function of the value in conservation of parcel Pi, the value in conservation of parcel 

Zi, and the conservation status of parcel Zi. Here, it is important to note that, the likelihood that 

parcel Zi is conserved is itself also a function of the value in conservation of parcel Zi, the value 

in conservation of parcel Pi and the conservation status of parcel Pi. There potentially exists a 

reverse causality or simultaneous causation problem here which might lead to possible 

endogeneity problems.12 One important implicit assumption that is made here is that the observed 

sales and parcel conservation all occur in the same time period, t. In this study, however, I observe 

prior conservation status,  𝑍𝑖𝑡−1, of neighbouring parcels. In as much as the past conservation status 

influences the likelihood of present conservation, present conservation status should not influence 

past conservation. This breaks the simultaneous causality loop and helps control for this one 

possible cause of endogeneity in the estimation. 

The second concern deals with omitted explanatory variables. It is possible that there exists some 

land owner characteristics that the study does not observe or some conservation agency 

heterogeneity that is correlated with the conservation variable and the observed sale price. Lawley 

and Yang (2015) discuss the possibility that some of the factors that influence a parcels value and 

                                                           
11 A parcels’ value in conservation use refers to the parcels’ characteristics that conservation agencies regard 

as having high ecological value and or needing protection from conversion to protect habitat of endangered 

or rare species. 
12 Irwin and Bockstael (2001) provide a formal proof. Also, Farja and Rausser (2007) acknowledge presence 

of this problem. 
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its value in conservation may be spatially correlated. Therefore, if any of these spatially correlated 

variables are omitted from the estimation due to non-observability by the researcher, the variable 

that captures neighbouring conservation activity will be correlated with the error term (Irwin and 

Bockstael, 2002). This introduces endogeneity in the variable measuring the effect of parcel 

conservation status on the observed sales prices of neighbouring parcels. 

Largely, the literature I explore on the effect of conservation activity—namely conservation 

easements and or fee simple interest—on encumbered and surrounding land values does not plainly 

acknowledge the presence of these two estimation problems. However, some authors mention and 

account for possible presence of selection bias in the variable accounting for conservation 

easements (e.g. Nickerson and Lynch, 2001; Lawley and Towe, 2014). Yet still, others do not 

mention or account for this (Shultz and Taff, 2004). Selection bias eliminates the random selection 

assumption from the sample making estimation of OLS biased and inconsistent (Wooldridge, 

2015). The authors that acknowledge the potential influence of selection bias on their estimates 

employ two-step treatment estimation techniques to account for the selection bias (Nickerson and 

Lynch, 2001; Anderson and Weinhold, 2008). These techniques involve estimating a model to get 

an inverse mills ratio or hazard term that is then used to control for the endogenous variable(s). 

The studies that explicitly mention the possibility of correlation between the conservation variable 

and observed land prices utilise either instrumental variable specifications as in Farja and Rausser 

(2007) or fixed effects in Chamblee et al., (2011) to control for parcel specific unobservables.  

I take several steps to circumvent the identification problems highlighted above. First, I take 

advantage of the availability of a rich set of explicit spatial and temporal data that has information 

on the physical characteristics of the quarter sections in which the parcels are located, and the 

characteristics of neighboring quarter sections that ostensibly influence the value of the parcel and 
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the likelihood that a parcel is conserved. I also gather information on conservation targeting criteria 

from conservation agencies. Using this information, I am able to control for the probability that 

the neighbouring parcels will be enrolled in conservation. I am also able to control for the 

conservation value of each quarter section where the parcels are located. Including this rich set of 

characteristics helps to reduce some of the unobservables that are in the random error term that 

could be correlated with the treatment variable. This also controls for the effect of the simultaneous 

causality problem. 

Second, I employ a fixed effect estimator. Fixed effects assist in controlling for unobserved 

heterogeneity within groups when the heterogeneity is constant over time (Wooldridge, 2015). I 

include municipality and year fixed effects. The municipality fixed effects control for time 

invariant spatially correlated unobservables that are under each municipality. These include the 

disparate investment commitments in local infrastructures such as roads and bridges or 

municipality specific taxation rates. Year fixed effects control for year-specific unobservable 

factors that influence land prices in the study region.  

3.4 Variable Choice and Data Description 

The choice of which parcel characteristics to include as the dependent, treatment, and control 

variables is guided by literature and availability in the data. I take advantage of the rich data set 

available and I am able to control for a large number of explanatory variables such as physical 

parcel characteristics, location of the parcel in relation to proposed land value influencing features 

(e.g. nearest urban centre), presence of conservation activity on neighbouring parcel, and the year 

of sale. 

3.4.1 Dependent Variable 
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I use the per acre sale price as the dependent variable. This variable was constructed by dividing 

the reported total sales price by the total number of acres in the sale. 

3.4.2 Control Variables 

In addition to the presence or absence of conservation activity on a parcel, there exists a rich set 

of other factors that have been found to influence the value of a piece of land. These other factors 

pose as confounding factors in the examination of the effect that conservation activity has on 

neighbouring land values. To isolate their effects from that which is stemming from conservation 

activity, I include them in the regression to control for their influence on the observed sales price.  

Literature shows that physical parcel characteristics such as the size of the parcel (Nickerson and 

Lynch, 2001; Zhang, 2004; Shultz and Taff, 2004; and Farja and Rausser, 2007), slope of the 

parcel (Chamblee et al., 2011; Lawley and Towe, 2014), elevation of the parcel (Chamblee et al., 

2011; Lawley and Towe, 2014), land cover (Chamblee et al., 2011; Lawley and Towe, 2014; and 

Shultz and Taff, 2004), land use (Nickerson and Lynch, 2001; Lynch, Gray and Geoghegan, 2007), 

the year the parcel was sold (Zhang, 2004; Anderson and Weinhold, 2008; Chamblee et al., 2011; 

and Lawley and Towe, 2014), and the distance to specific features influence the value of the land. 

I therefore include these variables in my regression. Further, I include crop returns to farming as 

it has also been found to influence land values in this study region (Lawley, 2018).  

3.4.3 The Treatment Variable 

The treatment variable in the regression reveals spillover effects from conservation activity. The 

variable  𝑍𝑖𝑡−1 captures the type of conservation on a neighbouring parcel prior to the observed 

sale. This variable reveals the premiums or discounts associated with acquiring land that 

neighbours’ parcels that are conserved in either fee simple interest, using conservation easements, 

or by the government. Previous studies include the distance between the conserved parcels and the 
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observed neighbouring parcel that sells to capture the price distance discounts or premiums 

associated with conservation (Chamblee et al., 2011). I include buffers instead. I utilise different 

buffer sizes to establish the influence of proximity to a conserved parcel on the observed sale price 

of a neighbouring parcel. For each buffer size, I compute the average number of protected parcels 

surrounding the observed sale and include this value in the regression as the conservation variable. 

Its estimated coefficient will reveal the effect that each additional conservation type in that buffer 

has on the value of neighbouring parcels. 

3.4.4 Data Description 

In this section I discuss the variables that are used in this analysis. I provide information on the 

source of the data on the variable(s) and how they were constructed if necessary. 

I construct all the variables at the quarter section level. As pointed out earlier, the Dominion Land 

Survey delineated most of the land in western Canada into square mile sections. The sections are 

further divided into four quarter sections, which are mainly 160-acre square plots (Lawley and 

Yang, 2015). Each quarter section has a legal description ID that identifies its geographical 

location in Manitoba. Data on the quarter sections in Manitoba can be found online at the Manitoba 

Land Initiative website.  

3.4.4.1 Land sale price 

The data on land prices were obtained from the provincial assessors’ office with Manitoba Local 

Government, which is a provincial department that assesses rural property and maintains land 

transaction records.13 These data were avowed arms-length transactions of bare farm land. I 

dropped all land transactions observations that were reported to have sold for less than $60 per 

                                                           
13 Land sales records for the province of Manitoba are available at 

http://www.gov.mb.ca/imr/mr/assessment/index.html 
 

http://www.gov.mb.ca/imr/mr/assessment/index.html
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acre. Such kind of observations were thought unlikely to have occurred between two unrelated 

individuals that acted independently and were thus dropped from the sample. I also dropped parcels 

that sold for at-least $10,000 per acre as that suggested that the land would be used for something 

other than farming. I adjust these land sale prices for inflation by deflating them to the 2015 

Canadian Dollar using Consumer Price Index (CPI) values obtained from Statistics Canada.14 I use 

the inflation adjusted farmland values in my analysis. 

3.4.4.2 Size of sold parcels 

The data on bare farmland sales does not provide information on the size of the parcel that is sold. 

However, it does provide the geographic location of the sold parcel within Manitoba. 

Coincidentally, the data on quarter sections in Manitoba does provide the sizes of each quarter 

section. Since the unit of sale is the quarter section, I use the parcel location id, which is present 

in both data sets, to identify the actual sizes of the sold parcels. The size of the sold parcel variable 

is included in the regression as a control for the potential future use of the parcel. Chamblee et al., 

(2011) and Nickerson and Lynch, (2001) found a significant concave relationship between size of 

the parcel and its sale price. A possible explanation for this finding, as noted by Zhang (2004) is 

that large parcels tend to be located further away from developed areas making their unit cost 

relatively low.  

3.4.4.3 Land Cover  

Since the use of the land determines its cover, I use the terms land cover and land use 

interchangeably in this study. Data describing the land cover for the study region was obtained 

                                                           
14 Consumer Price Indices data are available at http://www.statcan.gc.ca/tables-tableaux/sum-

som/l01/cst01/econ46a-eng.htm  

http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/econ46a-eng.htm
http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/econ46a-eng.htm
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from the government of Canada website.15 These data were available in TIF format as a raster 

shape file. I converted this data into a polygon shape file in ArcGIS using the change feature tool. 

Since, for this study, it was imperative that I know the exact land cover type and its acreage on 

each quarter section, I intersected the layer that accounted for the land cover in Manitoba with the 

layer that provided information on the quarter sections in the study region. I did this using the 

intersect tool in ArcGIS.   

To account for changing land cover across Manitoba over the years, I downloaded land cover files 

covering three-time periods—1990, 2000, and 2010. This data documented the different land cover 

types and its acreage across Manitoba. It had information such as the acreage under arable land, 

acreage in shrubs, acreage in natural grass used for pasture, waterways, trees, and other uses such 

as settlements, roads, and ditches. I collapsed these different land uses into five categories: annual 

crops, grassland, forest, wetlands, and other. As in Lawley and Towe (2014), I used this 

information to calculate the weighted share of land cover in annual crops, grassland, forest, 

wetlands, and other cover on each sale and I include this in the regression. Specifically, I included 

the value of the weighted share of each land cover type in the observed sale. 

3.4.4.4 Soil Cover 

I gathered soil cover data from the Manitoba Land initiative website.16 This data was available as 

polygon shape files for each municipality in Manitoba. There were a total of 118 separate 

municipality level soil cover shape files. I merged these separate shape files in ArcGIS using the 

merge tool to form one single polygon shape layer that covered the entire study region. This data 

                                                           
15 Land cover data is available at http://open.canada.ca/data/en/dataset/18e3ef1a-497c-40c6-8326-

aac1a34a0dec 
16 Soil cover data is available at http://mli2.gov.mb.ca/soils/index.html 
 

http://open.canada.ca/data/en/dataset/18e3ef1a-497c-40c6-8326-aac1a34a0dec
http://open.canada.ca/data/en/dataset/18e3ef1a-497c-40c6-8326-aac1a34a0dec
http://mli2.gov.mb.ca/soils/index.html
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included information such as the slope of the land, the elevation of the land, and the salinity of the 

soil, its drainage, and the soils’ agricultural capability class. Agricultural capability class sorts soils 

into seven agricultural capability classes (ACCs) as categorized by the Canadian Land Inventory 

(CLI). The CLI categorizes the soil into several classes to account for the disparate soils in the 

region. The classes identify soils that pose no significant limitations to farming, categorized as 

classes ACC 1 and 2; soils that have moderate limitations for agricultural production, categorized 

as classes ACC 3 and 4, and finally classes ACC 5, 6, and 7 as those that are not suitable for crop 

production. Several soil characteristics are used as bench marks for defining the classes such as 

soil salinity, slope, natural drainage, and soil type.  

As in Lawley and Towe (2014), I collapse these seven classes into three categories: high 

agricultural productivity soils as those that include classes ACC 1 and 2, medium agricultural 

productivity soils as those that include classes ACC 3 and 4, and low agricultural productivity soils 

as those that include classes ACC 5, 6, and 7. Just as in the case of land cover, I needed to know 

the share of each agricultural capability class at the quarter section level. As such I intersected the 

soil layer with the quarter section layer to create a new layer that provided information on the soil 

cover type present on each quarter section. I use this data to compute the percentage sale acreage 

that belongs to one of these three agricultural capability classes. Finally, I calculated the weighted 

share of each soil cover type in the observed sale for use in the regression models. 

3.4.4.5 Distance to towns and cities 

Data that was used to construct the distance to towns and cities variable was downloaded from the 

Manitoba Land Initiative website.17 As already mentioned, the available data allowed for each 

                                                           
17 The distance variable was constructed using location of city and towns data which is available at 

http://mli2.gov.mb.ca/cadastral/index.html 

http://mli2.gov.mb.ca/cadastral/index.html
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observed parcel transaction to be geo-referenced. This feature enabled computation of the 

distances between observed sold parcel(s) and purported parcel value influencer features. For 

instance, using this feature I calculated the distance between sold parcel(s) and towns and cities in 

Manitoba.  

The distance variable was constructed using the near tool in ArcGIS. First, a shape file layer that 

indicated the towns and cities in Manitoba was uploaded in ArcGIS. This layer indicated the 

location of all the towns and cities in Manitoba. The features of this layer were then changed from 

polygons to point features. Then, after the change, a layer that accounted for all quarter sections in 

Manitoba was uploaded in the same ArcGIS. Then, the near tool was used to generate the distances 

from each quarter section to the nearest city or town. The distance is reported in kilometers 

calculated from the centre of the quarter section to the nearest city or town. Previous studies found 

that sale prices of sold parcels tend to decrease with increase in distance from urban centres 

(Nickerson and Lynch, 2001; Zhang, 2004; and Chamblee et. al., 2011).  

3.4.4.6 Returns to farming 

I gathered data that reported each crops production measured in metric tonnes at the census 

agricultural region level.18 I also gathered the total arable area data (reported in acres) for these 

crops from the same site. Further, I gathered price data for the same crops. These were reported in 

dollars per metric tonne.19 To arrive at the crop return per acre, I took a product of the crop 

                                                           
18 Crop production and total arable area data are available at 

http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=0010071&tabMode=dataTable&src

hLan=-1&p1=-1&p2=9 
19 Crop prices data are available at 

http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=0020043&&pattern=&stByVal=1&

p1=1&p2=31&tabMode=dataTable&csid= 
 

http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=0010071&tabMode=dataTable&srchLan=-1&p1=-1&p2=9
http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=0010071&tabMode=dataTable&srchLan=-1&p1=-1&p2=9
http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=0020043&&pattern=&stByVal=1&p1=1&p2=31&tabMode=dataTable&csid
http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=0020043&&pattern=&stByVal=1&p1=1&p2=31&tabMode=dataTable&csid
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production and price and then divided this by the total arable area. This provided me with the 

revenue per acre for each crop in each census agricultural region.  

However, just as in land cover and soil cover, the goal is to report the total crop return per quarter 

section. To get this, several steps were taken. First, since the production data was reported at the 

census agricultural region level, I needed to know which quarter sections were in these census 

agricultural regions. There were 12 census agricultural regions reported in the production data as 

outlined in Figure 3.1. I gathered data from Manitoba land initiative that provided me with 

information on the names of the municipalities and the census divisions within each census 

agricultural region. However, this data did not have information on the quarter sections present in 

the municipalities. To add the quarter section variable to this new data set, I spatially joined the 

Manitoba quarter section layer with this new layer that provided information on the municipalities 

and census divisions in each census agricultural region. This provided me with a new file that had 

information on the quarter sections present in each census division. Since I now knew the quarter 

sections in each division, I created a new variable called census agricultural region in this new data 

set that specified the census agricultural regions that the divisions belonged to. I used this new 

variable to base the merge between the revenue per acre data set with this new data that gave me 

information on exactly which quarter section were in what census agricultural region.  

3.4.4.7 Protection status 

Data on which parcels were under conservation status were obtained—after acquiring a data use 

agreement—from conservation agencies that actively purchase land in this region. Figure 3.2 

outlines the physical location and distribution of these conserved quarter sections in Manitoba. 

This data geo-referenced each of the conserved parcel and documented information on the date 

that the parcel was acquired and essentially put under conservation. I also gathered data on all the 
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government protected areas in Manitoba including areas such as National parks of Canada, 

Wildlife management areas, and provincial forests. This data also geo-referenced these protected 

quarter sections and provided the date when they were protected. Unlike the soil or land cover data 

which presented proportion or share contribution of each variable type, the variable on protection 

was defined as a numerical count that identified the number of quarter sections protected by each 

conservation entity in each buffer. For each sale year, I calculated the average number of 

surrounding parcels that were conserved prior to the observed sale year.  
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Figure 3.2. Location of Conserved Parcels by Type in Manitoba 

3.4.4.8 Buffers 

This study utilized buffers to capture the effects of proximity of characteristics such as soil cover, 

land cover, and prior protection status of parcels on the observed sale prices of neighbouring 

parcels. Three different buffer sizes were developed: 1 mile, 3 miles, and 5 miles. Several steps 

were involved in the development of these buffers:  
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1) Using ArcGIS, a separate layer that accounted for all the quarter sections present in the study 

region was generated. This layer was converted from the usual polygon feature shape to point 

features, such that all quarter sections present as square blocks became points.  

2) Using the ArcGIS proximity tool, particularly the spatial intersect tool, I joined the Manitoba 

polygon layer with the Manitoba points layer with specific instructions that the join should include 

only those quarter section points that are within a specific radius, say 1 mile of each polygon shape 

quarter section. This gave me a new layer that provided me with information of all the quarter 

sections that are within 1 mile of each quarter section in the polygon shape layer. To illustrate this, 

the new generated file gave me information on the IDs of the quarter sections present in the 

polygon shape layer, and also all the IDs of the quarter sections in the point layer that are 

surrounding the quarter section ID in the polygon shape file for a specified radius. 

 3) I repeated step 2 to obtain buffer layers for distances of 3 miles and 5 miles by changing the 

specification on the radius that the buffer should be when making the spatial join. 

3.4.4.8.1 Accounting for the protected parcels, soil and land cover in each buffer 

To establish the protected parcels, soil, and land cover characteristics present in each buffer several 

steps were taken. First, the file containing the buffer with the distance of interest was loaded into 

Stata. Using the merge function in Stata, the buffer size of interest was merged with either the 

protected parcels file or the soil and or land cover file using the parcels’ geo-referenced ID.  

This final step gave me a rich set of data that accounted for the physical characteristics of the own 

parcels as well as the average physical characteristics of parcels that were in either of the buffer 

sizes surrounding the own parcel. The buffers contained average physical characteristic values as 
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multiple quarter sections present in each buffer were collapsed at the mean value to obtain a single 

observation on each variable type per own quarter section. 

Since the unit of observation in this research was the observed sale, I merged the data that 

accounted for the physical characteristics of the parcels with the data that reported avowed arms 

length bare farmland transactions data based on the geo-referenced ID. Now, some sales in this 

data involved multiple quarter sections and others sold more than once. To ensure proper tracking, 

I generated a new variable that grouped these data by a unique number which I called sale ID. I 

then collapsed the characteristics present in each own quarter section and those of its buffer at the 

mean level by the generated sale ID. 
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Chapter 4: Results and Discussions 

This chapter presents the results from the analysis and provides a comprehensive discussion of 

those results. The chapter also discusses the various models and robustness checks that were 

carried out to assess the sensitivity of the results. 

4.1. Descriptive statistics 

Summary statistics of the characteristics of the farmlands that sold are presented in Table 2. On 

average, across the entire sample, a farmland parcel sold for just over $500 per acre. However, 

farmland prices per acre varied significantly across the different census agricultural regions in the 

study with census agricultural region 12, located in the northern part of Manitoba, reporting the 

lowest average per acre price of $235 and the highest average per acre price of $886 being reported 

in census agricultural region 8 which is in the south-central part of Manitoba bordering the state 

of North Dakota in the United States. 

The average sales parcel was approximately 242 acres. Lawley and Towe (2014) find similar 

results for the average size of a farmland in Manitoba with eased parcels averaging 248 acres and 

non-eased parcels averaging approximately 233 acres. Across the census agricultural regions, the 

average size of a sold parcel remained above 200 acres, with the highest mean sold parcel being 

reported in region 1, located in the south-western part of Manitoba bordering Saskatchewan, at 

275 acres and the lowest in region 10, located on the south-eastern part of Manitoba bordering 

Ontario, at 206 acres.  

On average, an acre of farmland returned a crop farming revenue of $167. Lawley (2018) finds 

similar results on crop revenue from farming activities in a prior study conducted in the same 

region as this study. Across the 12 agricultural census regions, each of the estimated mean values 



 
 

47 
 

on the observed sale price, sale acreage, and crop revenue per acre were statistically significantly 

different.20 This points out the disparate characteristic features of each census agricultural region. 

The results in Table 1 show that approximately two thirds of the sold parcels landscape in the 

sample was annual crop land emphasizing the fact that the parcels being observed in this study are 

agricultural parcels. This is followed by landscape made up of forest (13.96%), wetland (6.21%), 

grassland (2.25%), and lastly other types of landscape which accounted for approximately 1% of 

the landscape cover type. 

The results also show that the average distance from the centre of a sales parcel to a city is 

approximately 59 kilometers and the average distance from a sales parcel to a town is 45 

kilometers. On average, a sales parcel constituted of 39 percent high productivity soils and 45 

percent medium productivity soils. These results on shares of soil productivity on sold parcels are 

similar to the findings of Lawley and Towe (2014). Within the buffers, the share of landscape 

cover and soils productivity doesn’t change much from that of the own parcel.  

Turning to the conservation variables, on average, approximately 0.049 and 0.044 parcels within 

1 mile of each sale were protected in conservation easements and fee simple, respectively. The 

average number of protected parcels surrounding a sold parcel increases as the buffer size increases 

from 1 mile to 5 miles, with an average of 0.514 and 0.447 easements and fee simple parcels 

surrounding an observed sale within 5 miles of the sold parcel, respectively. The same trend is 

apparent with government protected land. 

 

 

                                                           
20 I run an ANOVA to compare the means on sale price, sale acreage, and crop revenue per acre across 

the 12 census agricultural regions. In each test, I observed a p-value less than 0.01. 
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Table 2. Descriptive Statistics 

Variables Mean Std. Deviation Min Max 

Dependent      

Per acre sale price 522.60 502.50 60.06 9786.38 

Log per acre sale price 5.34 0.46 4.30 8.19 

Independent     

Total sale acres 241.93 187.87 74.28 3624.6 

Revenue per acre ($) 167.04 87.38 16.37 684.87 

Cropland (%) 76.41 31.20 0 100 

Grassland (%) 2.25 11.26 0 100 

Forests (%) 13.96 23.89 0 100 

Wetlands (%) 6.21 13.15 0 100 

Other (%) 1.15 2.06 0 70.76 

High productivity soils (%) 39.30 40.70 0 100 

Medium productivity soils 

(%) 

45.12 39.01 0 100 

Low productivity soils (%) 15.29 25.33 0 100 

Distance to city (KMs) 58.79 32.67 2.12 161.15 

Distance to town (KMs) 44.93 30.52 .92 142.29 

1-mile buffer     

Cropland (%) 74.75 26.28 0 99.87 

Grassland (%) 2.28 8.21 0 95.42 

Forests (%) 14.82 18.84 0 98.40 

Wetlands (%) 6.81 10.82 0 88.02 

Other (%) 1.32 1.29 0 36.39 

High productivity soils (%) 39.27 33.18 0 100 

Medium productivity soils 

(%) 

45.12 29.32 0 100 

Low productivity soils (%) 15.58 18.46 0 100 

DUC easements  0.008 0.140 0 6 

DUC fee simple 0.032 0.346 0 14.66 

Government protected land 0.052 0.496 0 13 

MHHC easements 0.039 0.337 0 9 

MHHC fee simple 0.009 0.135 0 6 

NCC easements 0.001 0.046 0 3 

NCC fee simple 0.002 0.114 0 9 

Total easements 0.049 0.378 0 9 

Total fee simple 0.044 0.390 0 14.66 

1-mile to 3-mile buffer     

Cropland (%) 72.89 24.59 0 99.23 

Grassland (%) 2.36 6.83 0 74.10 

Forests (%) 15.62 16.96 0 94.80 

Wetlands (%) 7.79 10.66 0 83.75 

Other (%) 1.33 0.77 0 17.14 

High productivity soils (%) 39.06 27.30 0 100 
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Medium productivity soils 

(%) 

44.67 22.45 0 99.98 

Low productivity soils (%) 16.25 15.20 0 94.98 

DUC easements  0.61 0.57 0 18 

DUC fee simple 0.18 1.14 0 29 

Government protected land 0.58 3.65 0 73 

MHHC easements 0.23 1.33 0 29 

MHHC fee simple 0.06 0.38 0 6 

NCC easements 0.004 0.141 0 11 

NCC fee simple 0.011 0.386 0 34 

Total easements 0.299 1.578 0 30 

Total fee simple 0.255 1.296 0 34 

3-mile to 5-mile buffer     

Cropland (%) 71.08 23.80 0 99.13 

Grassland (%) 2.44 6.02 0 59.84 

Forests (%) 16.57 16.16 0 92.61 

Wetlands (%) 8.58 10.63 0 69.61 

Other (%) 1.31 0.60 0 12.84 

High productivity soils (%) 38.68 23.87 0 99.37 

Medium productivity soils 

(%) 

44.37 18.71 0 97.59 

Low productivity soils (%) 16.92 13.99 0 29.5 

DUC easements  0.109 0.829 0 29.5 

DUC fee simple 0.308 1.530 0 57 

Government protected land 1.638 9.342 0 352 

MHHC easements 0.397 1.895 0 55 

MHHC fee simple 0.109 0.517 0 11 

NCC fee simple 0.008 0.217 0 11 

NCC easements 0.029 0.977 0 86 

Total easements 0.514 2.328 0 67.5 

Total fee simple 0.447 1.953 0 87 

Observations 29,287 29,287 29,287 29,287 

Notes: Per acre sale prices are reported in 2015 CAD. Easement, fee simple, and government 

protected area values are reported as the average number of protected quarter sections surrounding 

the observed sale in that particular buffer.  

 

 4.2. Results from the Econometric Models 

I begin by running a series of regression models, following equation (1) as presented in Chapter 3. 

In the first model, I include own parcel physical characteristics in the regression and I present those 

results in column 1 of Table 3. In the next model I include physical characteristics of the parcels 
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in the buffers surrounding the observed sale. I present these results in column 2 of Table 3. Finally, 

in addition to the physical characteristics of the parcels in the buffers of the observed sale, I include 

the protection status of neighboring parcels. I first present results from the model that incorporates 

the one mile and the one to three-mile buffer, followed by results from a model that incorporates 

the one-mile, one-mile to three-mile, and three-mile to five-mile buffer in columns 3 and 4 of Table 

3, respectively.  A check on the models’ satisfaction of linear regression assumptions using 

misspecification tests revealed presence of heteroskedasticity in the residuals. Following 

Wooldridge (2015), I cluster the standard errors at the municipality level. This technique allows 

me to estimate standard errors and test statistics that are valid in the presence of heteroskedasticity. 

Cameron and Miller (2015) also suggest clustering standard errors when the data has been sampled 

from a population and the inferences from it may be used at the broader level.   

4.2.1 Own Parcel Characteristics and Farmland Values 

This section discusses the estimated effects of own parcel characteristics on the observed sale price 

of a parcel. The results are presented in Column 1 of Table 3.  

The signs on most of the coefficients in this model are sensible and align with my prior 

expectations as well as the findings of prior studies. I find positive and significant effects at the 

1% level from farming revenue on land values. Specifically, I find that a one-dollar increase in 

crop revenue per acre leads to a 0.04% increase in land values. Lawley (2018), reports similar 

effects from farming revenues on farmland values.  

Zhang (2004) and Lawley and Towe (2014) find that a parcels’ landscape features significantly 

influence its sales value. In line with this finding, I find significant effects from the variables 

capturing the effects of land cover on the observed sale price. Specifically, I find that for each one 
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percent increase in the share of grassland, forests, and wetlands, there is a discount of 

approximately 0.5%, 1%, and 0.9%, respectively on the observed sale price relative to a parcel 

with annual crop land. All these are statistically significant at the 1% level. I find no significant 

effects on land value from the land cover type represented by ‘other’—which among other things 

captures the presence of features such as beaches, roads, and buildings—on the own parcel.  

Lawley and Towe (2014) and Lawley (2018) report premiums from the sale of parcels that have a 

high and or medium share of agricultural productive soils relative to parcels with a low share of 

agricultural productive soils. I find similar significant positive effects from the variables measuring 

the agricultural productivity of soils on parcels’ value suggesting premiums from sale of the same. 

Specifically, I find that a one percent increase in a parcel’s share in either high or medium 

agricultural productive soils results in an increase of the parcel’s value in the ranges of 0.4% and 

0.2% relative to a parcel with low agricultural productive soils, respectively. 

I employed the variables distance to a city and distance to a town to capture the effect of location 

on the price of the sold parcel. Past literature shows that the location of a parcel relative to an urban 

center influences the price that that parcels sells for (Chamblee et al., 2011; Nickerson and Lynch, 

2001; and Zhang, 2004). Previous studies report discounts on the observed sale price with each 

additional unit increase in distance from the parcel to an urban area such as a city or a town. While 

both of my location variables are significant and negative, signifying discounts on sale price with 

each additional kilometer moving away from an urban centre, only the distance to a city is 

significant at the 1% level. I do not find any significant effect on land value from the size of a 

parcel. This is possibly because there is little variation in this variable across the sample. 

4.2.2 Surrounding Parcel Characteristics and Farmland Values 
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This section discusses the effects of neighbouring parcels’ physical characteristics on the observed 

sale price of proximate parcels. I present and discuss results from models 2 through 4. I also discuss 

how the own parcel characteristics across these three models compare with the results in model 1. 

The results in this section reveal two important things. First, they provide novel information on 

how the physical characteristics of the parcels neighbouring the sold parcel affect its sale price. 

Second, the results show how sensitive the results in model 1 are to the addition of more 

explanatory variables, which is a check of the sensitivity of the first models’ results.  

The results from model 2 presented in column 2 show that the land cover types of grassland and 

forests in the one-mile buffer negatively significantly influence the sale price of a parcel at the 5% 

and 1% level, respectively. This model also reveals important information regarding the effect of 

the land cover type represented by ‘other’ on the observed sale price. It reveals premiums of 0.9% 

for every one percent increase in ‘other’ type of cover in the one-mile buffer and as much as 1.7% 

increase in price for every one percent increase in ‘other’ land cover type found in the one-mile to 

three-mile buffer at the 5% and 1% levels of significance, respectively.  

The pick up in significance on the ‘other’ land cover type might signify the value that potential 

farmland owners place on obtaining farmland that is close to transportation routes. ‘Other’ land 

cover type may also be looked at as an indicator of the amount of residential and commercial 

development in the surrounding area. Parcels that have a high share of the ‘other’ category should 

be closer or have a high number of neighbouring parcels that are developed already and are 

themselves perhaps more likely to be developed.  

For models 3 and 4, in the one-mile buffer, all the variables describing the physical characteristics 

of the parcel that were significant in model 2, remain significant and maintain the same signs.  
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In the one-mile to three-mile buffer, the results from model 3 reveal significant premiums from 

obtaining land neighbouring parcels that have high agricultural productive soils. It also shows 

premiums for obtaining land with ‘other’ land cover type. This is expected, as already pointed out, 

it might be alluding to the significance potential farmland buyers place on acquiring land that is 

accessible or one that neighbours parcels with residential or commercial development. The results 

show that a one percent increase in either high agricultural productive soils and ‘other’ land cover 

type results in 1.9% and 0.3% increases in the observed sale price. These results are significant at 

the 1% level. In the three-mile to five-mile buffer, I find no significant effect on observed sale 

price from the physical landscape characteristics of these surrounding parcels.  

The estimated coefficients of the own parcel characteristics presented in column 2 through 4 

remain qualitatively the same as those in model 1. This suggests that the results presented in model 

1 are robust to adding more explanatory variables. 

4.2.3 Conservation Activity and Farmland Values 

Lastly, and of important concern to this study, I examine how prior conservation status of parcels 

neighbouring observed sales affect the price of the sold parcels. I do this by including in the 

regression a variable that accounts for the number of parcels surrounding the observed sale that 

are put into conservation before the sale occurs. I assign a pre-sale prefix to this variable. First, I 

examine the effects of prior conservation status in the one-mile and the one-mile to three-mile 

buffer on the observed sale price of proximate parcels. The results from this model are presented 

in column 3 of Table 3. I then examine the effect of prior conservation of neighbouring parcels on 

farmland values in the one-mile, one-mile to three-mile, and three-mile to five-mile buffer. The 

results from this model are presented in column 4 of Table 3. 
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In the one-mile buffer, I find discounts to the sale price from the presence of fee simple protected 

parcels as shown from the estimated coefficients presented in columns 3 and 4. Discounts to the 

tune of 3.4% and 3.6% on neighbouring land values for every additional parcel that is conserved 

in fee simple interest are revealed in model 3 and 4, respectively. These significant discounts 

observed from fee simple conservation in the one-mile buffer suggests that any positive amenities 

associated with obtaining farmland that is close to conserved land are outweighed by other 

negative offsetting effects. For example, obtaining farmland that neighbours conserved land might 

increase risk of crop failure from wildlife, pests, and excess moisture leading to a loss in crop 

production or lead to increased crop insurance prices.  

In the one-mile to three-mile buffer, for model 3, government protected land and land conserved 

in easements is found to significantly influence land values albeit in different directions. An 

additional parcel conserved in government protected land increases land values by as much as 1% 

and an additional parcel in land protected by easements reduces land values by as much as 1.2%. 

In the three-mile to five-mile buffer, conservation easements and government protected land are 

found to have the same effect on land values as in the one-mile to three-mile buffer. However, the 

magnitude of the effect of neighbouring government protected land on parcel values declines and 

so does the effect from conservation easements. The signs and significance levels remain the same.  

The positive significant effect observed from government protected land likely reflects premiums 

buyers place on obtaining land neighbouring government protected parcels of national ecological 

significance such as the Riding Mountain. This positive effect may also be indicative of the supply 

side effect or perhaps the potential of those parcels to accommodate a much less intensive but high 

return use other than farming such as development of recreational areas such as cottages. 
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Table 3. Baseline models 

Model     

 1 2 3 4 

Independent Variables Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err 

(log) total sale acres 0.009 0.008 0.014* 0.008 0.015* 0.008 0.016* 0.008 

Revenue per acre ($) 0.0004*** 0.0001 0.0004*** 0.0001 0.0004*** 0.0001 0.0004*** 0.0001 

Grassland (%) -0.005*** 0.001 -0.003*** 0.001 -0.003*** 0.0005 -0.003*** 0.0005 

Forests (%) -0.01*** 0.004 -0.008*** 0.0003 -0.008*** 0.0003 -0.008*** 0.0003 

Wetlands (%) -0.009*** 0.001 -0.007*** 0.0005 -0.007*** 0.0005 -0.007*** 0.0005 

Other (%) -0.004 0.003 -0.006* 0.003 -0.006* 0.003 -0.006* 0.003 

High productivity soils (%) 0.004*** 0.0004 0.003*** 0.0003 0.003*** 0.0003 0.003*** 0.0003 

Medium productivity soils (%) 0.002*** 0.0003 0.002*** 0.0003 0.002*** 0.0003 0.002*** 0.0003 

Distance to city (KMs) -0.005*** 0.001 -0.003*** 0.001 -0.004*** 0.001 -0.003*** 0.001 

Distance to town (KMs) -0.002* 0.001 -0.002* 0.001 -0.002** 0.001 -0.002* 0.001 

1-mile buffer         

Grassland (%)   -0.002** 0.001 -0.002** 0.001 -0.002** 0.001 

Forests (%)   -0.004*** 0.001 -0.003*** 0.001 -0.004*** 0.001 

Wetlands (%)   -0.0003 0.001 0.0002 0.001 -0.00004 0.001 

Other (%)   0.009** 0.004 0.009** 0.004 0.009** 0.004 

High productivity soils (%)   -0.0002 0.001 -0.001 0.001 -0.0002 0.001 

Medium productivity soils (%)   -0.001 0.001 -0.001 0.001 -0.001 0.001 

Pre-sale government protected land     -0.001 0.01 0.002 0.01 

Pre-sale total easements     -0.012 0.008 -0.013* 0.007 

Pre-sale total fee simple     -0.034** 0.014 -0.036*** 0.016 

1-mile to 3-mile buffer         

Grassland (%)   -0.001 0.002 -0.002 0.002 -0.001 0.002 

Forests (%)   -0.0003 0.001 -0.002* 0.001 -0.0003 0.001 

Wetlands (%)   -0.001 0.001 -0.002 0.001 -0.0002 0.001 

Other (%)   0.017*** 0.006 0.019*** 0.007 0.017** 0.006 

High productivity soils (%)   0.001 0.001 0.003*** 0.001 0.001 0.001 

Medium productivity soils (%)   0.001 0.001 0.001 0.001 0.001 0.001 

Pre-sale government protected land     0.01*** 0.002 -0.0003 0.003 

Pre-sale total easements     -0.012*** 0.002 -0.006** 0.003 
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Pre-sale total fee simple     -0.004 0.006 -0.002 0.005 

3-mile to 5-mile buffer         

Grassland (%)   -0.0004 0.003   -0.001 0.003 

Forests (%)   -0.001 0.001   -0.001 0.001 

Wetlands (%)   -0.001 0.001   -0.002 0.001 

Other (%)   0.008 0.012   0.009 0.012 

High productivity soils (%)   0.002* 0.001   0.002 0.001 

Medium productivity soils (%)   0.0003 0.001   -0.0001 0.001 

Pre-sale government protected land       0.003*** 0.001 

Pre-sale total easements       -0.006*** 0.002 

Pre-sale total fee simple       -0.004 0.003 

Constant 5.741*** 0.119 5.493*** 0.180 5.597*** 0.147 5.558*** 0.178 

Municipality Fixed Effect Yes  Yes Yes Yes 

Year Fixed Effect Yes Yes Yes Yes 

𝑅2 0.587 0.597 0.598 0.599 

Observations 29,287 29,287 29,287 29,287 

Notes: Asterisks (***, **, *) denote statistical significance at 1%, 5%, and 10% respectively. Standard errors are adjusted for the 111 municipality 

clusters in the study region. 
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4.3 Sensitivity Analysis 

Available literature does not offer any guidance on the effect that conservation activity should 

have on sale prices of neighbouring farmland in a generally rural setting. Even though this is the 

case, it would be too soon to ascertain the results found thus far as being conclusive. The main 

concern as already pointed out in Chapter 3, is the issue of unobservables that make it hard to 

identify the effect of conservation activity on land values and may be driving the observed negative 

effect from conservation easements and fee simple interest protection on surrounding parcels.  

This concern is reinforced when we consider supply side effects from economic theory. Putting 

land under conservation removes that land from the market and in the few cases where it may still 

be available for sale—the case of easements and very rarely fee simple interests—its adaptability 

in terms of farm management is considerably restricted so much so that its value as a farming 

resource is reduced (Lawley and Towe, 2014). Given that the sales being observed are those for 

farmland, it is reasonable to expect that removal of surrounding land from the market, by means 

of protection, could drive up the prices of the remaining available parcels.  

I correct for the possibility of unobservables driving these results by including fixed effects at the 

municipality level and the year the sale occurred in models 1 through 4 presented in Table 3. This 

technique allows me to remove the influence of the time-invariant unobservables by teasing out 

the unobserved effect prior to estimation (Wooldridge, 2015).  In this section I take a further step 

to account for possible endogeneity issues in these results. I interact the municipality and year of 

sale variables so that instead of separately applying fixed effects for municipality level and fixed 

effects for year of sale, I allow unobservables to vary in each municipality–year combination. This 

allows me to control for unobserved shocks occurring at the municipality level like differing levels 

of investments in infrastructure such as agricultural drainage channels, transportation routes, and 
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bridges as well as controlling for unobservable shocks that occur in the year of sale such as interest 

rates, exchange rates, and inflation (Lawley and Yang, 2015). 

I expect this new specification to cause some of my prior observed significant variables to become 

insignificant or change in sign if there exist unaccounted-for factors that better explain changes in 

farmland values, that are correlated with the interacted municipality level and the year of sale 

variables. This change in sign or significance would be due to correlation between the predictors. 

I present these results in Table 4. In columns 1 and 2, I interact municipality and year of sale in 

such a way that I control for the effect of time-invariant unobservables within the year of sale over 

the different municipalities. In columns 3 and 4, I present results from the interaction of 

municipality and year of sale with the year of sale as a trend.  

4.3.1 Physical Parcel Characteristics and Farmland Values 

In this section I present the robustness test results for both own parcel and surrounding parcel 

physical characteristics on the observed sale price. 

In column 1 through 4, I find that the variables capturing the effect of landscape features, location 

of the parcel, and soil productivity on own parcel values remain qualitatively similar to those 

reported in the base model presented in Table 3. This is because these variables are time-invariant 

and so they should not be influenced by the inclusion of the municipality-time interactions. Across 

the different fixed effect interaction specifications, returns to farming loses its significance. This 

is expected as I have included municipality-time interactions that are correlated with farming 

returns (time varying at aggregate geographic level). These results suggest that there exist some 

unobservables that better account for the changes observed in farmland sale prices which are highly 
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correlated with the included municipality-time interaction variables and those accounting for 

revenue from crops hence the loss in significance.  

Turning to the variables describing surrounding parcel characteristics and farmland values, I find 

that the variables capturing the effect of surrounding parcels’ landscape features, and soil 

productivity on neighbouring farmland values remain qualitatively similar to those reported in the 

base model in Table 3. This is expected as already pointed out since these variables capture time 

invariant characteristics and so should not be influenced by the municipality-time interactions. 

Generally, these results suggest that these coefficients are robust and that they indeed have the 

observed effect on farmland values. 

4.3.3 Conservation Activity and Farmland Values 

In Table 4, the estimated effects of neighbouring conservation activity on proximate farmland 

values are generally similar to the results presented in the base model in Table 3. I do, however, 

observe movements in the magnitudes of the estimated coefficients as well as changes in 

coefficient significance.  

For instance, in the one-mile buffer presented in column 1, the results reveal a gain in statistical 

significance from conservation easements, from not being significant to being significant at the 

5% level. The results also reveal a gain in coefficient magnitude from 0.012 to 0.018, from 

conservation easements. The coefficient on fee simple reduces in magnitude but its significance 

remains the same. In column 2, just as in column 1, the coefficient on easements gains statistical 

significance and increases in magnitude compared to the results in the base model while the 

coefficient on fee simple reduces in magnitude but the significance level remains the same. In the 

one-mile to three-mile buffer, presented in column 1, government protected land and conservation 
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easements lose their significance from the 1% to the 5% and 10% level, respectively and the 

magnitude of the easement coefficient drops by more than half but the estimated signs remain the 

same as those in the base model. In the model presented in column 2, in the one-mile to three-mile 

buffer, the estimated coefficient on conservation easements reduces in both statistical significance 

and magnitude compared to the results in the base model. In the three-mile to five-mile buffer, 

presented in column 2, conservation easements coefficient loses its significance. There is no 

change in magnitude and significance in the estimated coefficient from government protected land. 

For the models in columns 3 and 4, in the one-mile buffer, the magnitude of the estimated fee 

simple coefficient moves downwards by 0.002 compared to that in the base model. There is no 

change in significance. In the one-mile to three-mile buffer, in column 3, both coefficients of 

government protected area and easements drop in significance from the 1% to the 5% level and 

the magnitude of the easement coefficient drops by half. There’s no change on the magnitude of 

the government protected area coefficient. In column 4, conservation easements coefficient loses 

its significance to the 10% level but its magnitude stays relatively the same. 

In the three-mile to five-mile buffer, both the magnitude and significance of the easement 

coefficient drop. There’s no change in magnitude or significance of the government protected land 

coefficient. The estimated signs on the conservation variable coefficients remain similar to those 

in the base model. 

Generally, these results suggest that the estimated effects reported in the base model are robust as 

most of the estimated effects of neighbouring conservation activity on farmland values remain 

qualitatively similar to the results presented in the base model in Table 3. 
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Table 4. Baseline models with fixed effects interactions  

Model     

 1 2 3 4 

Dependent Variables Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err 

(log) total sale acres 0.014 0.009 0.015* 0.009 0.016** 0.008 0.017** 0.008 

Revenue per acre ($) 0.001 0.001 0.001 0.001 0.0001 0.0001 0.0001 0.0001 

Grassland (%) -0.003*** 0.001 -0.003*** 0.0001 -0.003*** 0.001 -0.003*** 0.001 

Forests (%) -0.008*** 0.0003 -0.008*** 0.0003 -0.008*** 0.0003 -0.008*** 0.0003 

Wetlands (%) -0.007*** 0.001 -0.007*** 0.0005 -0.007*** 0.0005 -0.007*** 0.0004 

Other (%) -0.006* 0.004 -0.006* 0.003 -0.006* 0.003 -0.006* 0.003 

High productivity soils (%) 0.003*** 0.001 0.003*** 0.0003 0.003*** 0.0003 0.003*** 0.0003 

Medium productivity soils (%) 0.002*** 0.0003 0.002*** 0.0003 0.002*** 0.0003 0.002*** 0.0003 

Distance to city (KMs) -0.004*** 0.001 -0.004*** 0.001 -0.004*** 0.001 -0.004*** 0.001 

Distance to town (KMs) -0.002** 0.001 -0.002** 0.001 -0.002** 0.001 -0.002* 0.001 

1-mile buffer         

Grassland (%) -0.002** 0.001 -0.002** 0.001 -0.002** 0.001 -0.002** 0.001 

Forests (%) -0.003*** 0.001 -0.004*** 0.001 -0.004*** 0.001 -0.004*** 0.001 

Wetlands (%) 0.0003 0.001 0.0001 0.001 0.002 0.001 -0.00003 0.001 

Other (%) 0.008* 0.004 0.008* 0.004 0.009** 0.004 0.009** 0.004 

High productivity soils (%) -0.0004 0.001 -0.0001 0.001 -0.001 0.001 -0.0002 0.001 

Medium productivity soils (%) -0.001 0.001 -0.001 0.001 -0.001 0.001 -0.0007 0.001 

Pre-sale government protected 

land 

-0.01 0.01 -0.007 0.01 -0.005 0.01 -0.002 0.01 

Pre-sale Total easements -0.018** 0.009 -0.018** 0.009 -0.011 0.008 -0.012 0.008 

Pre-sale Total fee simple -0.032** 0.015 -0.033** 0.014 -0.032** 0.014 -0.034** 0.013 

1-mile to 3-mile buffer         

Grassland (%) -0.002 0.002 -0.002 0.002 -0.002 0.002 -0.001 0.002 

Forests (%) -0.002* 0.001 -0.003 0.001 -0.002* 0.001 -0.0001 0.001 

Wetlands (%) -0.001 0.001 0.0004 0.001 -0.002 0.001 0.0001 0.001 

Other (%) 0.018** 0.008 0.014** 0.01 0.017** 0.007 0.015** 0.006 

High productivity soils (%) 0.003*** 0.001 0.001 0.001 0.003*** 0.0001 0.002* 0.001 

Medium productivity soils (%) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
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Pre-sale government protected 

land 

0.006** 0.003 -0.0002 0.002 0.005** 0.002 -0.001 0.003 

Pre-sale Total easements -0.005* 0.002 -0.004* 0.003 -0.006** 0.003 -0.005* 0.003 

Pre-sale Total fee simple -0.007 0.007 -0.005 0.007 -0.005 0.006 -0.003 0.006 

3-mile to 5-mile buffer         

Grassland (%)   0.0004 0.003   -0.001 0.003 

Forests (%)   -0.001 0.001   -0.001 0.001 

Wetlands (%)   -0.002 0.001   -0.002 0.001 

Other (%)   0.014 0.013   0.009 0.012 

High productivity soils (%)   0.002 0.001   0.002** 0.001 

Medium productivity soils (%)   0.0001 0.001   -0.00001 0.001 

Pre-sale government protected 

land 

  0.003*** 0.0009   0.003*** 0.001 

Pre-sale Total easements   -0.002 0.003   -0.004* 0.002 

Pre-sale Total fee simple   -0.006 0.003   -0.005 0.003 

Constant 5.668*** 0.211 5.599*** 0.229 5.817*** 0.142 5.757*** 0.174 

Municipality Fixed Effect Yes  Yes Yes Yes 

Year Fixed Effect Yes Yes Yes Yes 

Municipality x Year Trend No No Yes Yes 

Municipality x Year Fixed Effect Yes Yes No No 

𝑅2 0.597 0.606 0.607 0.607 

Observations 29,287 29,287 29,287 29,287 

Notes: Asterisks (***, **, *) denote statistical significance at 1%, 5%, and 10% respectively. Standard errors are adjusted for the 111 municipality 

clusters in the study region. 
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4.4 Supplementary Analyses  

In this section I conduct falsification tests to further assess the credibility of the effects identified 

in my primary analysis. I develop falsification tests based on the notion that future conservation 

actions should not influence farmland prices. One implicit assumption made in this test is that land 

market participants do not anticipate future neighbouring conservation and so don’t consider its 

effect when making land purchase decisions. This is a reasonable assumption as the effect of 

surrounding neighbouring conservation on farmland prices is ambiguous. Some buyers might 

expect a positive effect due to supply side effects as portrayed by the anecdote.  Other buyers might 

think pulling land away from agricultural production may reduce land values. This may be due to 

a decrease in the number of agricultural properties in the area which might lead to reduction of 

investment in infrastructure that supports agriculture.  

Using the rich set of data available, I calculate the number of parcels surrounding an observed sale 

that are put into conservation after the sale occurs. I include this in the estimation as a post-sale 

conservation variable. I expect this variable to have no effect on the sale price. Parcels that were 

conserved prior to the observed sale are assigned a pre-sale prefix. I assign a post-sale prefix to 

parcels that get protected after an observed sale. I present the results from these estimations in 

Table 5. I only present results for the post-sale estimate in this table for brevity. 

4.4.1 Post-Sale Conservation Activity and Farmland Values 

Table 5 presents the results of the falsification test in which I estimate the effect of conservation 

activity that occurs after the sale on surrounding land prices. In column 1, I present results from a 

model that incorporates the one-mile and the one-mile to three-mile buffer.  I find that post sale, 

conservation activities have no effect on neighbouring land values in the one-mile buffer. I observe 
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a borderline effect—p-value of 0.051—from conservation in fee simple interest on land values in 

the one-mile to three-mile buffer  

In column 2, I present results from a model that incorporates the one-mile, the one-mile to three-

mile, and the three-mile to five-mile buffer. In this specification, I find that post sale, conservation 

activities have no effect on land values in the one-mile and the one-mile to three-mile buffer. I do, 

however, find negative borderline effects on surrounding farmland values from government 

protected land and land protected in fee simple interest, significant at the 10% level in the three-

mile to five-mile buffer.  

Two things might explain these counterintuitive supplementary analysis results—correlation 

between post-sale and pre-sale conservation, or a potential identification problem. I conduct two 

tests in the next section in an attempt to address these issues.   

4.4.2 Sensitivity Analysis 

In this section, I check for the robustness of the results of the falsification test. I do this by including 

in the regression both pre-sale and post-sale conservation variables. Post sale conservation is 

correlated with pre-sale conservation. When included alone in the regression, I may be picking up 

the fact that those post-sale conserved parcels are more likely to have neighbouring conserved 

parcels in pre-sale conservation. This would explain the observed significant result on the post-

sale conservation coefficient. When I include both, and observe a decline in the significance of the 

post-sale conservation variable, then it will suggest that the prior observed significance on post-

sale conservation was a result of the influence of this correlation. Simultaneously, I include in 

these estimations combinations of interactions of the Municipality and the year of sale fixed effect. 

I present these results in Table 6.  In columns 1 and 2, I interact municipality and year of sale in 
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such a way that I control for the effect of time-invariant unobservables within the year of sale over 

the different municipalities. In columns 3 and 4, I present results from the interaction of 

municipality and year of sale with the year of sale as a trend. 

Results from my sensitivity analysis remain qualitatively similar to those in Table 5 in either of 

the municipality-time interactions types for the one-mile buffer. In the one-mile to three-mile 

buffer, I find that post-sale fee simple conservation picks up significance from the 10% to the 5% 

level. The magnitude of the coefficient remains the same. In the three-mile to five-mile buffer, 

government protected land loses its magnitude and statistical significance.  However, I continue 

to pick up a negative and statistically significant effect at the 10% level from conservation in fee 

simple interest on the surrounding land values after the sale occurs. 

One potential explanation for this counterintuitive effect is that it represents an identification 

problem arising from a weakness of the fixed effect approach in controlling for spatially correlated 

unobservables that influence land values. A couple of previous studies allude to this short-fall in 

the fixed effect estimation technique (Lawley and Yang, 2015 and Chamblee et al., 2011). The 

concern on the efficacy of the fixed effects estimator stems from the way the fixed effect is set 

up.21 Fixed effects estimators only control for the unobservable characteristics that occur within 

the specific categories where the effect is imposed. For instance, a municipality fixed effect will 

only control for time invariant unobservables present within that municipality. The problem comes 

in when testing whether conservation of a parcel, whose nearest neighbor is located in a different 

municipality out of range of the imposed fixed effects, affects the neighbors observed sale price. 

Such a case is possible in this study as varied buffer sizes around sold parcels were used to establish 

                                                           
21  Chamblee et al., (2011) also make a similar observation and provides a variant scenario where fixed 

effects fail to accurately accommodate unobserved heterogeneity. 
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spillover effects from conservation activity. In cases where the buffer crosses two municipalities, 

very likely when bigger buffers are considered, the fixed effects estimator will fail to control for 

the unobservable characteristics in the buffer that influence own price and the likelihood that the 

parcels within the buffer are protected. This is because, as pointed out above, fixed effects only 

control for unobserved heterogeneity within specific categories, in this case the municipality. This 

in turn results in a spurious identification.
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Table 5. Baseline model with post-sale conservation 

 

 

 

 

 

 

 

 

Model   

 1 2 

Dependent Variables Coefficient Std. Err Coefficient Std. Err 

1-mile buffer     

Post-sale government protected land 0.008 0.007 0.004 0.007 

Post-sale total easements 0.001 0.004 0.0005 0.004 

Post-sale total fee simple -0.006 0.013 -0.006 0.013 

1-mile to 3-mile buffer     

Post-sale government protected land -0.003 0.002 0.0001 0.002 

Post-sale total easements 0.002 0.002 -0.0002 0.002 

Post-sale total fee simple -0.008* 0.004 -0.004 0.004 

3-mile to 5-mile buffer     

Post-sale government protected land   -0.003* 0.002 

Post-sale total easements   0.002 0.002 

Post-sale total fee simple   -0.004* 0.002 

Constant 5.559*** 0.151 5.475*** 0.178 

Municipality Fixed Effect Yes Yes 

Year-sold Fixed Effect Yes Yes 

𝑅2 0.596 0.598 

Observations 29,287 29,287 

Notes: Asterisks (***, **, *) denote statistical significance at 1%, 5%, and 10% respectively. 

Standard errors are adjusted for the 111 Municipality clusters in the study region. Each of these 

models includes all the covariates included in the base model as specified in equation 1. 
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Table 6. Evaluation of post sale conservation estimates with fixed effects interactions 

Model     

 1 2 3 4 

Dependent Variables Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err 

1-mile buffer         

Pre-sale government 

protected land 

-0.01 0.01 -0.007 0.01 -0.004 0.01 -0.002 0.009 

Pre-sale total easements -0.018** 0.009 -0.018** 0.009 -0.011 0.008 -0.012 0.008 

Pre-sale total fee simple -0.03** 0.014 -0.031** 0.013 -0.031** 0.013 -0.033*** 0.012 

Post-sale government 

protected land 

0.0003 0.009 0.0009 0.008 0.004 0.007 0.004 0.007 

Post-sale total easements -0.003 0.004 -0.003 0.004 -0.001 0.003 -0.002 0.003 

Post-sale total fee simple -0.006 0.013 -0.006 0.013 -0.006 0.012 -0.006 0.013 

1-mile to 3-mile buffer         

Pre-sale government 

protected land 

0.006** 0.003 -0.0002 0.003 0.005** 0.002 -0.001 0.003 

Pre-sale total easements -0.005* 0.002 -0.004* 0.003 -0.006** 0.003 -0.005* 0.003 

Pre-sale total fee simple -0.007 0.007 -0.005 0.006 -0.004 0.006 -0.003 0.006 

Post-sale government 

protected land 

0.002 0.002 0.001 0.002 0.001 0.002 0.0004 0.002 

Post-sale total easements -0.001 0.002 -0.001 0.002 -0.001 0.002 -0.001 0.002 

Post-sale total fee simple -0.008** 0.004 -0.004 0.003 -0.008** 0.003 -0.004 0.003 

3-mile to 5-mile buffer         

Pre-sale government 

protected land 

  0.003*** 0.0009   0.003*** 0.001 

Pre-sale total easements   -0.002 0.003   -0.004 0.002 

Pre-sale total fee simple   -0.005 0.003   -0.004 0.003 

Post-sale government 

protected land 

  0.0003 0.001   0.0003 0.001 

Post-sale total easements   -0.0002 0.002   0.0002 0.001 

Post-sale total fee simple   -0.004* 0.002   -0.004* 0.002 

Constant 5.702*** 0.211 5.637 0.228 5.833*** 0.145 5.772*** 0.176 

Municipality Fixed Effect Yes Yes Yes Yes 
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Year-sold Fixed Effect Yes Yes Yes Yes 

Municipality x Year Trend No No Yes Yes 

Municipality x Year Fixed Effect Yes Yes No No 

𝑅2 0.643 0.644 0.606 0.608 

Observations 29,287 29,287 29,287 29,287 

Notes: Asterisks (***, **, *) denote statistical significance at 1%, 5%, and 10% respectively. Standard errors are adjusted for the 111 

Municipality clusters in the study region. Each of these models includes all the covariates included in the base model as specified in equation 

1. 
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4.5 Further Analyses 

In this section I address concerns of possible correlation between the variables identifying the 

effects of conservation activity on surrounding farmland values in the buffers. Presence of this 

correlation makes it hard to identify the effect that conserved parcels have on surrounding land 

close to the observed sale when the conservation variables in the buffers are jointly estimated. To 

account for this possibility, I construct new conservation variables that include all conserved 

parcels neighbouring an observed sale from the boundary of the sold parcel for each buffer size.  

To illustrate this, for example, the one-mile to three-mile buffer only includes conserved parcels 

located between one-mile away from the sold parcel to the three-mile edge. The new three-mile 

conservation variables account for all conserved parcels from the edge of the sold parcel to the 

edge of the three-mile buffer. Using these new variables, when estimating, say, the effect of 

conserved parcels that are in the one-mile to three-mile buffer, instead of estimating two 

conservation coefficients—that in the one-mile buffer and that in the one-mile to three-mile 

buffer—I only estimate one three-mile conservation coefficient. 

I start by presenting results from the estimation of the pre-sale conservation effects of protected 

parcels in the one-mile buffer alone in column 1 of Table 7. These are followed by results of the 

effects from protected parcels in the three-mile buffer in column 2, and lastly those in the five-

mile buffer in column 3. For brevity, I only present estimated coefficients of the conservation 

variables. 

4.5.1 Conservation Activity and Farmland Values 

The results in column 1 of table 6 suggest that an additional parcel protected in conservation 

easements and fee simple interest reduces land values by 3.7% and 3.8%, respectively. I find 

borderline positive effects to surrounding farmland values from land protected by the government 
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in the one-mile buffer. When the conservation variables in the one-mile buffer are estimated 

together with those located between the one-mile to three-mile buffer, parcels conserved in 

easements in the one-mile buffer lose their effect on surrounding land values. This is due to the 

correlation between the easement protected parcels in the one-mile buffer and those in the one-

mile to three-miles buffer. 

In column 2, I find that an additional parcel protected by the government increases surrounding 

land values by 1% and an additional parcel protected by easements reduces surrounding land 

values by 1.2%. These results are similar to the observed effects presented in the base model. 

Similarly, the results from the effect of the protection variables in the five-mile buffer, presented 

in column 3, are qualitatively similar to those in the three-mile to five-mile buffer of the base 

model reported in Table 3. 

4.5.2 Sensitivity Analysis 

Similar to Section 4.4, I run a falsification test to assess the credibility of the identified 

conservation effect of neighbouring land values by estimating the effect of post-sale conservation 

on surrounding land values using the reconstructed conservation variables. I present those results 

in Table 8.  

In column 1 of Table 8, I find borderline significant negative effects from post-sale conservation 

easements on surrounding land values in the one-mile buffer. In the three-mile buffer, presented 

in column 2, I observe strong significant effects from land protected by fee simple on proximate 

farmland. When post-sale conservation and pre-sale conservation in the one-mile to three-mile 

buffer are estimated together with those in the one-mile buffer, as shown in the Table 5, post-sale 

fee simple protection only has borderline significant effects on surrounding land values. This may 
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be due to correlation with the fee simple protection variables in the one-mile buffer. In the five-

mile buffer, I find that post-sale, land protected in fee simple interest negatively significantly 

influences surrounding land values at the 5% level. I find borderline negative effects from land 

protected by the government. The former effect is similar to that reported in Table 5, however, I 

observe a gain in statistical significance in the latter.  
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Table 7. Baseline model with reconstructed pre-sale conservation variables 

Model    

 1 2 3 

Dependent Variables Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err. 

1-mile buffer       

Pre-sale 

government 

protected land 

0.021* 0.013     

Pre-sale total 

easements 
-0.037*** 0.008     

Pre-sale total fee 

simple 
-0.038** 0.017     

3-mile buffer       

Pre-sale 

government 

protected land 

  0.01** 0.002   

Pre-sale total 

easements 
  -0.012*** 0.002   

Pre-sale total fee 

simple 
  -0.009 0.006   

5-mile buffer       

Pre-sale 

government 

protected land 

    0.002*** 0.0005 

Pre-sale total 

easements 
    -0.007*** 0.001 

Pre-sale total fee 

simple 
    -0.005* 0.003 

Constant 5.722*** 0.118 5.601*** 0.148 5.565*** 0.179 

Municipality Fixed 

Effect 
Yes Yes Yes 

Year-sold Fixed Effect Yes Yes Yes 

𝑅2 0.595 0.597 0.599 

Observations 29,287 29,287 29,287 

Notes: Asterisks (***, **, *) denote statistical significance at 1%, 5%, and 10% respectively. Standard 

errors are adjusted for the 111 Municipality clusters in the study region. Each of these models includes 

all the covariates included in the base model as specified in equation 1. 
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Table 8. Baseline model with reconstructed post-sale conservation 

Model    

 1 2 3 

Dependent Variables Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err. 

1-mile buffer       

Post-sale 

government 

protected land 

0.003 0.004     

Post-sale total 

easements 
-0.021* 0.012     

Post-sale total fee 

simple 
-0.001 0.007     

3-mile buffer       

Post-sale 

government 

protected land 

  -0.002 0.002   

Post-sale total 

easements 
  0.001 0.002   

Post-sale total fee 

simple 
  -0.008*** 0.003   

5-mile buffer       

Post-sale 

government 

protected land 

    -0.002* 0.001 

Post-sale total 

easements 
    0.001 0.001 

Post-sale total fee 

simple 
    -0.004** 0.001 

Constant 5.704*** 0.119 5.558*** 0.151 5.478*** 0.178 

Municipality Fixed 

Effect 
Yes Yes Yes 

Year-sold Fixed Effect Yes Yes Yes 

𝑅2 0.594 0.596 0.597 

Observations 29,287 29,287 29,287 

Notes: Asterisks (***, **, *) denote statistical significance at 1%, 5%, and 10% respectively. Standard 

errors are adjusted for the 111 Municipality clusters in the study region. Each of these models includes 

all the covariates included in the base model as specified in equation 1. 

 

4.5.2 Robustness Check 

Finally, in this section, I check for the robustness of the results of this falsification test. I do this 

by including in the regression combinations of interactions of the Municipality and the year of sale 
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fixed effect. Concurrently, I include in these estimations both pre-sale and post-sale reconstructed 

conservation variables for the same reasons as outlined under section 4.4.2. 

In the one-mile buffer, presented under column 1, I observe a decline in magnitude in the 

coefficient capturing the effect of pre-sale conservation easements on surrounding land values 

from 0.037 to 0.025. There is no change in its significance. However, I observe a fall in 

significance of the coefficient from fee simple conservation from the 5% level to the 10% level 

and a minor drop in coefficient magnitude. Both the magnitude and significance of the post-sale 

conservation easements remains the same. 

In the three-mile buffer, presented in column 2, there is a decline in both the magnitude and 

significance of the coefficient pointing at the effect of pre-sale government protected land on 

surrounding land values. Similarly, the magnitude of the coefficient capturing the effect of pre-

sale easements declines but the significance stays the same. There is no change to the magnitude 

and significance of the post-sale fee simple coefficient. 

In the five-mile buffer, the estimated coefficients from pre-sale government protected parcels 

remain unchanged as those presented in Table 7. The coefficient on land protected through 

conservation easements declines in both magnitude and statistical significance. Pre-sale parcels 

protected by fee simple interest lose their marginal significance. There is no change in the 

magnitude and significance of post-sale fee simple conservation. 

Generally, these results suggest that the estimated effects reported in Table 9 are robust as most of 

the estimated signs and magnitudes on the effect of neighbouring conservation activity on farmland 

values remain qualitatively similar to those presented in the model reported in Table 7. 
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Table 9. Evaluation of reconstructed conservation estimates with fixed effects interactions 

Model    

 1 2 3 

Dependent Variables Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err 

1-mile buffer       

Pre-sale government protected land 0.01 0.015     

Pre-sale total easements -0.025*** 0.008     

Pre-sale total fee simple -0.037* 0.02     

Post-sale government protected land -0.004 0.004     

Post-sale total easements -0.02* 0.012     

Post-sale total fee simple 0.004 0.008     

3-mile buffer       

Pre-sale government protected land   0.004* 0.003   

Pre-sale total easements   -0.007*** 0.002   

Pre-sale total fee simple   -0.01 0.008   

Post-sale government protected land   0.002 0.001   

Post-sale total easements   -0.001 0.002   

Post-sale total fee simple   -0.008*** 0.003   

5-mile buffer       

Pre-sale government protected land     0.002*** 0.001 

Pre-sale total easements     -0.004** 0.002 

Pre-sale total fee simple     -0.007 0.004 

Post-sale government protected land     0.001 0.001 

Post-sale total easements     -0.001 0.001 

Post-sale total fee simple     -0.004*** 0.001 

Constant 5.785*** 0.189 5.706*** 0.210 5.645*** 0.229 

Municipality Fixed Effect Yes Yes Yes 

Year-sold Fixed Effect Yes Yes Yes 

Municipality x Year Fixed Effect Yes Yes Yes 

𝑅2 0.641 0.643 0.644 

Observations 29,287 29,287 29,287 
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Notes: Asterisks (***, **, *) denote statistical significance at 1%, 5%, and 10% respectively. Standard errors are adjusted 

for the 111 Municipality clusters in the study region. Each of these models includes all the covariates included in the base 

model as specified in equation 1. 
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Chapter 5: Conclusions and Recommendations 

 

The main objective of this research was to identify the impact that conservation activity in the 

prairie pothole region of Manitoba has on neighbouring farmland values. To do this, the study 

employed a revealed preference method—namely the hedonic model. Specifically, the study 

explored how government conserved land and land conserved in fee simple interest and 

conservation easements by conservation agencies—MHHC, NCC, and DUC—affected the value 

of farmland that was in close proximity to it. I took advantage of the availability of geo-referenced 

farmland transactions, conservation activity, and the availability of physical parcel characteristics 

data to develop a comprehensive data set. Using these resources, I constructed variables that 

accounted for the physical characteristics of the parcels and their distance to urban centres as these 

were some of the factors that literature suggests influence land values.  

I estimate the effect of neighboring conservation on proximate farmland values by constructing 

buffers of various sizes surrounding an observed sale. In addition to the own parcel physical 

characteristics, I include the physical characteristics of neighbouring parcels as controls in my 

estimation. Consequently, I am able to estimate the effect of the physical characteristics of 

neighbouring parcels on proximate farmland values. This study presents novel information in the 

farmland values literature as no previous studies explored how the physical characteristics of 

neighbouring parcels influence proximate farmland values nor how conservation activity affects 

surrounding farmland values in a generally rural area. Previous studies explored the relationship 

between conservation activity and land values in generally urban areas with significant residential 

development pressure. Broadly, these studies report significant positive effects from conservation 

activities that are attributed to the amenities associated with obtaining parcels neighbouring 
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conserved land. It is therefore interesting to explore how the spillover effects from conservation 

activity are structured in a generally rural area with little or no residential development pressure.  

First, I explored how different physical characteristics of the farmland itself affect farmland values. 

My results are largely consistent with my expectations as well as with prior literature. I find that 

farmland values decrease the further away a parcel is located from an urban centre, which is in line 

with prior studies (Chamblee et al., 2011; Zhang, 2004; and Nickerson and Lynch, 2001). I also 

observe that parcels with a big share of high agricultural productive soils sell for a premium in 

relation to parcels that have a big share of low agricultural productive soils. This result is also 

supported by prior literature (Shultz and Taff, 2004; Lawley and Towe, 2014). I also find that 

different types of landscape cover on a farmland influence the price that a farmland sells for. 

Particularly I find discounts in farmland prices from parcels with a higher share in grassland, 

forests, and wetlands relative to those that are covered in annual cropland. These results are also 

consistent with prior literature (Zhang, 2004; Lawley and Towe, 2014). 

This study also explored a novel element by examining how the land cover and agricultural soils 

productivity of parcels neighbouring farmland influences proximate parcel sale prices. The robust 

results from this estimation show that grassland and forest cover in the one-mile buffer negatively 

influences proximate farmland prices. However, parcels that have roads or buildings located in the 

one-mile buffer increase the value of neighbouring farmland. I estimate that a one percent increase 

in the cover of roads or buildings in the one-mile buffer results in a 0.8% increase in neighbouring 

farmland values. 

Regarding the conservation activity variables, I find negative and significant effects from the 

presence of conservation easements and fee simple interests on farmland values in the one-mile 

buffer. Specifically, I find that for each additional parcel conserved in conservation easements or 
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fee simple interests, neighbouring farmland prices decline by as much as 1.8% and 3.2%, 

respectively. In the one-mile to three-mile buffer, I observe a positive and significant effect of 

government protected land on proximate farmland values. An additional parcel conserved in 

government protected land increases neighbouring land values by 0.6%. In the three-mile to five-

mile buffer, I find strong evidence that government protected land positively influences 

surrounding farmland prices. An additional parcel conserved in government protected land 

increases neighbouring land values by 0.3%. 

As pointed out in Chapter 3, there exists other spatially correlated variables, landowner 

characteristics, and conservation agency attributes which despite having a rich data set and 

controlling for the influence of unobservables using fixed effects still influence farmland prices 

and so hinder proper econometric identification of the conservation effect on surrounding farmland 

values.  Nevertheless, the sensitivity and robustness checks carried out are all consistent with the 

baseline results and suggest that the econometric models employed truly identify the observed 

effect from conservation activity on surrounding land values. Still, it would be prudent to interpret 

my findings with caution. 

Future empirical research can reassess the impact of conservation activity on surrounding farmland 

values after more time has passed to evaluate how increased numbers of protected parcels in a 

buffer influence surrounding land values. Secondly, future research may explore the effect of 

conservation activity on surrounding land values by defining the conservation-distance variable as 

a continuous variable specific to each observed sale that explicitly and continuously measures the 

distance between an observed sale and the nearest conserved parcel type instead of using 

generalized buffer sizes. This will enable a close and explicit analysis of how the interactions 

between distance and conservation type affect surrounding land values which this study was not 
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able to explore. Thirdly, I was not able to include factors such as heat units, population change, 

and employment status in my model. Studies by Lawley (2018) and Asuncion (2016) show that 

these factors can influence the value of farmland. Future studies may develop models that account 

for these variables and thus limit the amount of unobservables in the specification.  

Current anecdotal evidence in Manitoba suggests that conservation activities raise the prices of 

neighbouring land (Discover Westman, 2014). This anecdote also purports that the entry of 

conservation agencies into the farmland market reduces expansion options of agricultural farmland 

owners and pulls potential developable land from being considered for development there by 

limiting the economic expansion opportunities available to the communities. These concerns made 

local officials in some municipalities attempt to halt conservation activities as a means of 

sustaining economic development of their regions.  

The results of this analysis present novel information on the effect of conservation activity on 

surrounding farmland values which comparatively contradict the alleged effects in the anecdote. 

Even though this is the case, the implications might be the same. On one front, an increase in 

parcels that no longer actively contribute to agricultural production on the landscape might reduce 

local municipal incentives to invest in infrastructure that supports agricultural production. This 

will be due to the reduction in the municipal tax collection base. In this case, conservation activities 

may pose a threat to the local economy. On the other front, presence of conservation agencies in 

the local communities reduce proximate farmland values and in so doing should increase the 

agricultural expansion capability of the local farmers, albeit not contiguously.  

These novel findings can be used by the government and conservation agencies to make informed 

decisions when formulating policies associated with conservation or when resolving any farmland 

value issues arising from activities of the agencies involved in conservation of the prairie pothole 
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habitat. This analysis contributes to the literature that explores how conservation activities 

influence prices of neighbouring farmland values by presenting novel empirical information on 

this effect in a rural area.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

84 
 

References 

Anderson, K., & Weinhold, D. (2008). Valuing future development rights: The costs of 

conservation easements. Ecological Economics, 68(1), 437-446.  

Asuncion, C. (2016). Assessing the Impact of Urban Centres on Farmland Values and Farmland 

Rental Rates in Southwestern Ontario: a Hedonic Approach (Masters dissertation). 

Canadian Land Trust Alliance. (2005). Canadian land trust standards and practices. Canadian 

Land Trust Alliance, Smiths Falls. 

Cameron, A. C., & Miller, D. L. (2015). A practitioner’s guide to cluster-robust inference. Journal 

of Human Resources, 50(2), 317-372. 

Chamblee, J. F., Colwell, P. F., Dehring, C. A., & Depken, C. A. (2011). The effect of 

conservation activity on surrounding land prices. Land Economics, 87(3), 453-472.  

Coughlin, R. E., & Plaut, T. (1978). Less-than-fee acquisition for the preservation of open space: 

Does it work? Journal of the American Institute of Planners, 44(4), 452-462.  

Dahl, T. (1990). Techniques for conducting variable intensity wetland inventories. Convention 

on Wetlands of International Importance especially as Waterfowl Habitat, Fourth Meeting 

of the Conference of the Contracting Parties, Montreux, Switzerland, Proceedings of 

Technical Workshop E, 27 June-4July 1990. 

Dahl, T. E. (2005). Status and trends of wetlands in the conterminous united states 1998 to 2004.  



 
 

85 
 

Dahl, T. E., Johnson, C. E., & Frayer, W. (1991). Wetlands, status and trends in the 

conterminous united states, mid-1970's to mid-1980's: First update of the national wetlands 

status report US Dept. of the Interior, Fish and Wildlife Service.  

Dahl, T. E., & Watmough, M. D. (2007). Current approaches to wetland status and trends 

monitoring in prairie Canada and the continental united states of America. Canadian 

Journal of Remote Sensing, 33(sup1), S17-S27.  

Directorate, L. (1986). Wetlands in Canada: A valuable resource. Fact Sheet 86e4.Environment 

Canada, Ottawa,  

Euliss, N. H., Gleason, R., Olness, A., McDougal, R., Murkin, H., Robarts, R., et al. (2006). 

North American prairie wetlands are important nonforested land-based carbon storage sites. 

Science of the Total Environment, 361(1), 179-188.  

Environment Canada. (2016). History, The Ecological Gifts Program. World Wide Web: 

https://www.canada.ca/en/environment-climate-change/services/environmental-

funding/ecological-gifts-program/overview.html (Accessed 11th  October 2016). 

Farja, Y., & Rausser, G. C. (2007). Land trusts policy: Is it socially optimal? Selected Paper 

Prepared for Presentation at the American Agricultural Economics Association Annual 

Meeting, Portland, OR,  

Freeman III, A. M., Herriges, J. A., & Kling, C. L. (2014). The measurement of environmental 

and resource values: Theory and methods Routledge.  

https://www.canada.ca/en/environment-climate-change/services/environmental-funding/ecological-gifts-program/overview.html
https://www.canada.ca/en/environment-climate-change/services/environmental-funding/ecological-gifts-program/overview.html


 
 

86 
 

Gelso, B. R., Fox, J. A., & Peterson, J. M. (2008). Farmers' perceived costs of wetlands: Effects 

of wetland size, hydration, and dispersion. American Journal of Agricultural Economics, 

90(1), 172-185.  

Geoghegan, J. (2002). The value of open spaces in residential land use. Land use Policy, 19(1), 

91-98.  

Gleason, R. A., Tangen, B. A., Browne, B. A., & Euliss, N. H. (2009). Greenhouse gas flux from 

cropland and restored wetlands in the prairie pothole region. Soil Biology and Biochemistry, 

41(12), 2501-2507.  

Government Accounting Office. (2007). Prairie Pothole Region: At the Current Pace of 

Acquisitions the U.S. Fish and Wildlife Service Is Unlikely to Achieve Its Habitat 

Protection Goals for Migratory Birds. Report No. GAO-07-1093. 

Irwin, E. G., & Bockstael, N. E. (2001). The problem of identifying land use spillovers: 

Measuring the effects of open space on residential property values. American Journal of 

Agricultural Economics, 83(3), 698-704.  

Irwin, E. G., & Bockstael, N. E. (2001). The problem of identifying land use spillovers: 

measuring the effects of open space on residential property values. American journal of 

agricultural economics, 83(3), 698-704 

Irwin, E. G., & Bockstael, N. E. (2002). Interacting agents, spatial externalities and the evolution 

of residential land use patterns. Journal of Economic Geography, 2(1), 31-54.  



 
 

87 
 

Kiesecker, J. M., Comendant, T., Grandmason, T., Gray, E., Hall, C., Hilsenbeck, R., et al. 

(2007). Conservation easements in context: A quantitative analysis of their use by the nature 

conservancy. Frontiers in Ecology and the Environment, 5(3), 125-130. 

Land Trust Alliance. (2003). Land Trust Alliance census tables. Washington, DC: Land trust 

Alliance. World Wide Web: http://www. lta. org/census_tables. htm. (Accessed 3rd 

November 2016). 

Lawley, C. (2018). Ownership restrictions and farmland values: Evidence from the 2003 

Saskatchewan farm security act amendment. American Journal of Agricultural Economics, 

100(1), 311-337.  

Lawley, C., & Towe, C. (2014). Capitalized costs of habitat conservation easements. American 

Journal of Agricultural Economics, 96(3), 657-672.  

Lawley, C., & Yang, W. (2015). Spatial interactions in habitat conservation: Evidence from 

prairie pothole easements. Journal of Environmental Economics and Management, 71, 71-

89.  

Lynch, L., Gray, W., & Geoghegan, J. (2007). Are farmland preservation program easement 

restrictions capitalized into farmland prices? what can a propensity score matching analysis 

tell us? Applied Economic Perspectives and Policy, 29(3), 502-509.  

Merenlender, A. M., Huntsinger, L., Guthey, G., & Fairfax, S. (2004). Land trusts and 

conservation easements: Who is conserving what for whom? Conservation Biology, 18(1), 

65-76.  



 
 

88 
 

Nickerson, C. J., & Lynch, L. (2001). The effect of farmland preservation programs on farmland 

prices. American Journal of Agricultural Economics, 83(2), 341-351.  

North American Waterfowl Management Plan (NAWMP). (2010). Canadian Habitat Matters 

2010 Annual Report. World Wide Web: 

http://nawmp.wetlandnetwork.ca/Media/Content/files/Canadian%20HMs%202010%20FIN

AL%20English.pdf (Accessed on 26th October 2016). 

North American Waterfowl Management Plan (NAWMP). (2015). Canadian Habitat Matters 

2015 Annual Report. World Wide Web: 

http://nawmp.wetlandnetwork.ca/Media/Content/files/Habitat%20Matters%202015_english.

pdf (Accessed on 26th October 2016). 

Parker, D. P. (2004). Land trusts and the choice to conserve land with full ownership or 

conservation easements. Nat.Resources J., 44, 483.  

Rosen, S. (1974). Hedonic prices and implicit markets: Product differentiation in pure 

competition. Journal of Political Economy, 82(1), 34-55.  

Rubec, C., & Lynch-Stewart, P. (1998). Regulatory and non-regulatory approaches for wetland 

conservation in Canada. Technical Consultation on Designing Methodologies to Review 

Laws and Institutions Relevant to Wetlands. Gland, Switzerland,  

Semadeni, M., Withers, M. C., & Trevis Certo, S. (2014). The perils of endogeneity and 

instrumental variables in strategy research: Understanding through simulations. Strategic 

Management Journal, 35(7), 1070-1079.  

http://nawmp.wetlandnetwork.ca/Media/Content/files/Canadian%20HMs%202010%20FINAL%20English.pdf
http://nawmp.wetlandnetwork.ca/Media/Content/files/Canadian%20HMs%202010%20FINAL%20English.pdf
http://nawmp.wetlandnetwork.ca/Media/Content/files/Habitat%20Matters%202015_english.pdf
http://nawmp.wetlandnetwork.ca/Media/Content/files/Habitat%20Matters%202015_english.pdf


 
 

89 
 

Shultz, S. D., & Taff, S. J. (2004). Implicit prices of wetland easements in areas of production 

agriculture. Land Economics, 80(4), 501-512.  

Spence, M. D. (1999). Dispossessing the wilderness: Indian removal and the making of the 

national parks Oxford University Press.  

Trottier, G. (1992). Conservation of Canadian prairie grasslands: A landowner's guide. Canadian 

Wildlife Service. Environment Canada,  

Turner, J., & Rylander, J. (1998). Principles to measure the endangered species act 

reauthorization debate. Private Property and the Endangered Species Act. University of 

Texas Press, Austin, 92-137.  

Unknown author. (2014). Municipality wants to stop conservation group. Retrieved September 

27, 2016, from http://www.discoverwestman.com/local/28161-municipality-wants-to-stop-

conservation-group.  

van der Kamp, G., Hayashi, M., Bedard-Haughn, A., & Pennock, D. (2016). Prairie pothole 

Wetlands–Suggestions for practical and objective definitions and terminology. Wetlands, 

36(2), 229-235.  

Watmough, M. D., & Schmoll, M. J. (2007). Environment Canada’s prairie & northern region 

habitat monitoring program, phase II: Recent habitat trends in the prairie habitat joint 

venture Canadian Wildlife Service.  

http://www.discoverwestman.com/local/28161-municipality-wants-to-stop-conservation-group.
http://www.discoverwestman.com/local/28161-municipality-wants-to-stop-conservation-group.


 
 

90 
 

Wilcove, D. S., Bean, M. J., Bonnie, R., & McMillan, M. (1996). Rebuilding the ark: Toward a 

more effective endangered species act for private land. Environmental Defense Fund, 

Washington, DC,  

Williams, B. K., Koneff, M. D., & Smith, D. A. (1999). Evaluation of waterfowl conservation 

under the north American waterfowl management plan. The Journal of Wildlife 

Management, , 417-440.  

Wooldridge, J. M. (2015). Introductory econometrics: A modern approach. Nelson Education.  

Yang, W., Liu, Y., Cutlac, M., Boxall, P., Weber, M., Bonny castle, A., et al. (2016). Integrated 

economic-hydrologic modeling for examining cost-effectiveness of wetland restoration 

scenarios in a Canadian prairie watershed. Wetlands, 36(3), 577-589.  

Zhang, X. (2004). The Effects of Conservation Easements on Land Values (Masters dissertation, 

Virginia Tech)  

 

 


