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Since the end of the Second Worid War there has been a dramatic increase in
food production in Western Industrial countries, due primarily to a substitution
of capital, and to a lesser degree, land for labour. An unfortunate side effect has
been that intensive agriculture has been shown to have a deleterious effect on the
agriculturalland resource with respect to topsoil depths, soil structure, organic
matter content, nutrient levels and the soil's ability to resist erosion. Examples
of this are encoded in the history of the dust bowl era and also in the topsoil
depletion of our western prairies (Senate of Canada 1984). More recently.
comprehensive inventory of the soil degradation problems in Quebec was carrit._
out by Tabi et al (1990). Although the causes of the degradation are different by
region -- predorninantly wind in the Prairie Provinces and soil compaction in
Quebec -- the root cause is the same -- the agricultural practices used by farmers
to increase production.
In parts of Canada, these problems of the land resource have reached the
point where there is doubt that the land can sustain production over the long
term. This situation exacerbates the problems that farmers have with respect to
the fmancial sustainability of their farms that in turn leads to increasing requests
for government relief programmes. Although farmers have been provided with
a myriad of alternative (and sustainable) farming p"ractices, whether they are
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practiced or not depends on the economic outcome for the farmer. Two reeent
studies have looked at the economics of alternative cropping systems and their
impact on the economic sustainability of farms in Quebec. Messele et al (2000)
determined that lupins (Lupinus spp) could be economically substituted for
soybeans in the diet of dairy cows. As the cultivation of lupins results in a de
creased level of soil degradation compared to soybeans, it is argued that this will
lead to increased soil conservation for those farmers switching to this crop.
Dissart et al (2000) investigated the impact on soil erosion resulting from the use
of conservation tillage practices with the analysis being carried out at the farm
level and also at the level of the watershed being studied. The results provide
policy guidelines to aid government decision-making.
There has been much debate in the literature over soil erosion rates, its effect
on agricultu'ral productivity and its economic cost (Trimble and Crosson 2000;
Crosson 1995; Pimentai et al 1995a, 1995b). Pimentai et al (1995a, 1995b)
estimated the on-site cost of water and soil erosion to be $146 per ha for conven
tional corn land in the US. Other scientists argue that the soil erosion rates and
loss of productivity rates used by Pimentai et al (1995a, 1995b) were too large
(Trimble and Crosson 2000; Crosson 1991, 1995). Pierre Crosson (1991) argues
that the productivity loss in agriculture due to soil and water erosion is much
lower. Comparing the results from three different models, he concluded that after
50 years of erosion in the cornbelt, yield of corn would decrease by 2 - 5 pereent
(Crosson 1991). These estimated yield decreases may not be significant enough
for agricultural producers to adopt conservation practices that would increase soil
producti vitY.
In order to safeguard the quality of life for future generations, sustainable
development and its counterpart in the agricultural sector, sustainable agriculture,
must incorporate the resource base into private produeer's decisions (Worid
Commission on Environment and Development 1987). In theory, the market
should reward investments in conservation practices because the investor should
reap the benefits of such investments over future time periods. If it is found that
the land market cleariy values these conservation investments, then it can be
argued that govemments should encourage this to take placè. On the other hand
if no such clear results were forthcoming the govemment could regulate the use
of these conservation practices.
In order to provide appropriate protection for agricultural lands, policy
makers require knowledge about the market value given to private soil conserva
tion investments. A precursor to this is the need for information on the physical
state of the land resource including information as to the negative effects of
modem farming systems. With respect ta soil's sustainability, there are measur
able characteristics that are indicative of the land resouree's ability to provide a
sustainable yield (Troeh et al 1991). ln trus research, a Hedonic Pricing Model
is used to estimate the market value of soil conservation investments when sold
as part of an agricultural land transaction. The results generated will provide
useful input for the setting of public policy
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Background
Several studies have found that land value is a function of distanee to market and
its productivity (Bariowe 1978; van Kooten 1993). Measuring distance to market
is relatively easy but the same cannot be said for assessing the potential produc
tivity of land. Thus, disaggregating,land value into location versus productivity
elements is neeessary if one wishes to investigate effects of farming practices on
the value of the land. In seeking measures of productivity, land can be described
in terms of its characteristics wruch can be plaeed in one of the following four
distinct classes of investment: Physical, Quality, Capital Improvement, or Soil
Conservation Investment. Although land itself has a value in the market, its
characteristics do not. However, a Hedonic Pricing Model may be used to
estimate an implicit value for each characteristic of a good. Rosen (1974) first
developed the technique to evaluate characteristics of goods traded in the market.
The literature has identified one of the strong points of using hedonic pricing to
evaluate implicit characteristics of goods is that it is based on the actual behav
iour of consumers. Alternative methods that could have been used to evaluate
these implicit characteristics, such as contingency valuation, are based on hypo
thetical situations. The advantage of using actual consumer behaviour, i.e. the
transaction priee, is that it should give a more accurate estimate of the implicit
priee of the good (Palmquist 1991). The hedonic pricing model is similar to
generic land appraisal methods where characteristic prices are derived and
multiplied by the quantity of each given characteristic and then summed for the
total value of the purchase.
The priee of a characteristic is a function of the quantity of the characteristic
embodied in the good (Rosen 1974), as illustrated by:

P =feZ)

(1)

Where P is the price of the good and the Z,5 are the varying levels of each char
acteristic. Rosen (1974) stipulates the need for a perfectly competitive market and
a heterogeneous class of goods. Each purchase has varying amounts of each
characteristic and different combinations of ail characteristics. The following
vector can represent the amount of each characteristic in a given purchase
Z = (ZI' Z2' ... Zn)

(2)

When several observations are put together they form a matrix of market charac
teristics from which market priees can be derived. The implicit price for each
characteristic that is important to the agricultural land market can be regressed
from the matrix of ail transactions within a given market. Therefore, the market
priee of a given piece of agriculturalland is the vector of implicit market prices
times the vector of market characteristics.
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P

=

P(Z)

(3)

Market characteristics can be implicitly prieed even though they are not individu
ally traded in the market. The implicit market price is estimated for a mean-sized
purchase and quantity of a characteristic. The implicit priee is the point of tan
gency between the buyer's utility function and the seller's offer function for a
given characteristic keeping the quantities of ail other characteristics fixed.
Miranowski and Harnmes (1984) discuss the connection between the land
appraisal method and the hedonic pricing method. The difference between real
estate appraisal and the hedonic pricing method is that the former uses the ap
praiser's subjective valuation for a characteristic based on market observations
and the latter uses the model's valuation of a characteristic based on market
transactions. Of particular interest is the ability of the hedonic pricing model to
derive objeetively an implicit value for a characteristic that is not freely traded
in the market place but does impart value to the agricultural land resource.
Hedonic models have been used in many studies to disaggregate the priee of a
good into its individual characteristic prices. Examples of this research have
estimated the implicit priee of air quality, erosion control and drainage on agri
cultural lands, cotton fiber quality, amenity value of forestry, cost/benefit analy
sis of water scheme availability and the value of environmental attributes of
apparel (Graves et al 1988; Palmquist and Danielson 1989; Bowman and Ethridge
1992; Garrod and Willis 1992; Coelli et al 1991; Nimon and Beghin 1999).
The question ta be addressed by this study is whether the agricultural land
market provides a positive retum for soil conservation and capital improvement
investments in the purchase priee of agriculturalland. To answer this question,
several classifications of variables were established; sorne standard assumptions
and limitations were used, and subsequent hypotheses were tested. Variables
were classified as physical, quality, capital improvement, or soil conservation
investments. In cases where the variable could be classified in more than one
category, the most obvious category was used. Standard assumptions of rational
ity and competitive markets were assumed. The criteria for data selection were
that the observations were "at arms length" and a minimum transaction size of
40 hectares was required. ' The former condition was used to prevent the occur
rence of favorable pricing or financing due to familial ties. The latter criterion
was used to remove the inflationary effects of the "gentlemen fa rme r. "
The primary hypothesis used to answer the aforementioned question was:
The purchase price of land is a function of its' physical, quality, capital improve
ment and soil conservation investments. This hypothesis includes the classic
"Ricardian" variables in the first two characteristic categories and departs from
classically mentioned variables with respect to capital improvement and soil
conservation investment categories. These characteristic categories are in keeping
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with Ricardo's general philosophy of increased rents for increased land quality.
Drainage can be considered both a soil conservation investment and a physi
cal characteristic. Primarily, drainage helps ensure that agricultural produeers
can aceess their fields and it also protects the land resource from sheet erosion.
Drainage was considered a physical characteristic in this study rather than a
conservation investment as the majority of agricultural producers use drainage
to ensure their success at agricultural production rather than its soil erosion
protection properties. The associated hypothesis for measuring the market value
of drainage was; Drained hectares of arable agriculturalland receive a premium
over non-drained lands.
Due to the difficulty of acquiring precise information on the seller's soil
conservation practices, it was thought that nu trient measures available in standard
soil analysis along with pereentage of organic matter (OM) and water stable
aggregates (WSA) could proxy soil conserving agricultural practiees and soil
conservation investments. 2 These representative proxies are readily available to
both parties in land transactions. The soil nutrients measured in this research are
found in a standard soil fertility test and can give the user an idea of the intensity
of past soil usage. OM content and WSA were measured to proxy both the
intensity of past agricultural activities and soil conservation efforts.
The following hypothesis was tested: Conventional measures of soil quality
such as pH, potassium, phosphorous, calcium, magnesium, OM and WSA can
serve as proxies for past production records and conservation efforts. OM and
WSA measures, although not easily understood by most agricultural produeers,
have a strong correlation with the level of soil conservation investments. OM
improves soil structure and makes the soil more resistant to erosion. Mineral
soils of the St. Lawrence basin possess a high clay content and benefit from
increased OM content. "Muck soils," which are mostly OM, were excluded from
the study as these soils are thought to have a market of their own. 3 WSA is a
proxy for the soil's ability to resist erosion. The WSA measurement was stand
ardised for sand content within this study in order to put ail major soil types on
a comparable basis. The better conserved the agricultural land base the greater
the amount of observable water stable aggregates.

2.

3.

1.
i'

The choice of 40 hectares was somewhal arbilrary. This size of land parcel was deemed large
enough 10 differenliale purchases of land for agricullural use from lhose for dwellings onJy.
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Assuming lhal buyers are willing tO paya premium for past conservation practices; unJess lhey
are fam.iliar wilh lhe praclices used on the specific land parcel under consideration, tests such
as lhese are the onJy objeclive means at ùleir disposai for testing lhe qualily of lhe land.
Muck soils are suitable for vegetable crop produclion whereas olher soil lypes in the srudy
region are less weil suited. Vegetable produclion generally results in much higher nel farm
income values per hectare lhan is lhe norm for field crops (such as corn). Therefore, il is
argu~d that the value placed on ùlese muck soils is considerably higher lhan for olher soil
types.
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FIGURE 1 Agricultural Regions of Quebec
Source: Le ministère de 'Agriculrure, des Pêcheries et de l'Alimentation du Québec (MAPAQ)
website htrp: //www.agr.gouv.qc.ca/dgpar/carter/lregion.htm

Data and Procedures
Le Ministère de l'Agriculture, des Pêcheries et de l'Alimentation du Québec
divides Quebec into 17 agricultural regions (Figure 1). The study was designed
to investigate the agriculturalland market in Quebec's southwestern agricultural
regions: region 5, Estrie; region 16, Montérégie (South and East of Montreal,
south of the St-Lawrence); regions 6 and 13, Montréal-Laval. 4 The soils of these
regions are mostly sediments associated with the St. Lawrence River with the
exception of region 5, which has glacial till soils. Thus, this area may be viewed
as one agriculturalland market. In addition to limiting the geographical area, the
sample had to satisfy a number of other criteria. Ali sample land transactions
occurred between January Ist 1990 and July Ist of 1992. 5
The total number of agriculturalland transactions that fit the desired criteria
was one hundred. Once contacted, sixty-five buyers agreed to participate in the
study. Of these, two observations were dropped due to missing infonnation. In
the case where observations were a mix of land and buildings and other assets,
the market values of the non-land resource items were subtracted from the sale

4.
5.

The agricultural regions in Quebec have been re-numbered since the research was originally
carried out. The region numbers in Figure 1 are the numbers in effect in 2001.
It might be questioned whether the proximity of the srudy region to Montreal would have an
inflationary impact on property values and thus affect the analysis. Due to the land protection
act (Bill 90) it is likely that inflationary impacts would only be due to transportation distance
and not to development pressure and th us would be small. Also, as ail of the far ms are
assumed to be affected in a similar fasllion no adjustments were made for location.
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price of the property. The dependent variable was the real value of the land
transfer with the non-land assets removed from the sale price. The price of the
land resource was standardised in constant 1992 Canadian dollars with observa
tions occurring before 1992 being indexed with Statistics Canada 's price index
for agriculturalland and buildings. This procedure was used instead of the more
typical dummy variable approach in order to conserve the number of degrees of
freedom in the estimation process. Finally, the regression software used was
Shazam version 7.0.
Data were obtained from three sources. The OCAQ (l'Office de Credit
Agricole du Québec, renamed la Société de fmancement agricole du Québec
which will, together with the Régie des assurances agricoles du Québec, be
known as La Financière agricole du Québec as per Bill 144) provided the agricul
tural sales data. The information contained in the data provided detailed infonna
tion on the various characteristics associated with the property, similar to that of
urban real estate data. The second source of data was a personal interview
survey. The purpose of the survey was to gather infonnation on such items as the
market participants, the condition of the land at the time of sale and neighbour
hood characteristics. 6 Finally, data were collected from soil sampies for ail the
observations. These soil samples originated from ail the arable fields in an
observation. The soil measurements included soil acidity, levels of potassium,
phosphorous, calcium and magnesium, as weil as the rates of OM and WSA.
The following tables explain the variables, their origin, and a description of
what they represent. Table 1 describes the physical variables considered in the
analysis. Table 2 contains the quality variables included in the analysis. As
mentioned in the introduction, it is often difftcult for a buyer to get infonnation
on the quality of the soils prior to purchase. Therefore, it is assumed that conven
tional soil quality measurements may be a proxy for actual productivity infonna
tion. Variable names with the "W" prefix are weighted averages for the farm
purchased, where the weightings were performed on the basis of field size to give
a more accurate representation of the fann's overall value.
Capital irnprovement investments were represented by a binary variable with
variable values of "0" if not present and" 1" if present. The list of capital invest
ments is as follows: windbreaks, field leveling, above and below ground irriga
tion systems, and other installed capital improvements, Soil conservation invest
ments were limited to the existence of observable investments (Table 3). Invest
ments such as specific crop rotations are not usually observable by the purchaser
of agricultural land, except in the case of one neighbour buying out their neigh
bour. However, these investments would be expected to result in improved soil
nutrients, OM and WSA that should be reflected in the land value. The sample
population included fanns of various qualities and sizes as can be seen from the
minimum and maximum agriculturalland prices (Table 4).

6.

Multiple soil samples for each parcel were taken to assess the average levels of pH, slope,
drainage, OM, and WSA for each field included in the sale.
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TABLE 1 Physical Characteristics
Name
Source of data
Cultha

Land sales record

Drainha

Land sales record

Pastha

Land sales record

Woodha

Land sales record

Orchha

Land sales record

Description of tne variable
Total number of arable hectares sold with the prop
erty.
Total number of drained arable hectares sold with
the property.
Total number of pasture hectares nO[ inciuding any
wooded land.
Total number of wooded hectares not inciuding apple
or sugar orchards.
Total number of hectares in apple orchards trans
ferred in the sale.
Total number of hectares in ma pIe tree orchards
transferred in the sale.
A binary variable indicating if the seller or buyer is
involved in animal production on the property.

Sugrha

Land sales record

Live

Survey

Township

La nd sa les record

Whether or not the land purchase was located in the
Estrie region of Quebec (Region 5).

Richelie

Land sales record

SW Mont

Land sales record

Whether or not the land purchase was Iocated in the
Richelieu/Saint Hyacilllhe valley area of Quebec
(Region 6).
Whether or not the land purchase was located
Southwest of Montreal (Region 7).

N Mont

La nd sa les record

TABLE 2 Quality Characteristics
Name
Source of data

Whether or not the land purchase was located North
of Montreal (Region 10).

Description of the variable

WyH

Sail sampling

Weighted average pH test.

WP

Soil sampling

Weighted average level of phosphorus.

WK

Soil sampling

Weighted average level of potassium.

W Ca

Soil sampling

Weiglued average level of calcium.

W_Mg

Soil sampling

Weighted average level of magnesium.

W OM

Soil sampling

Weighted average percentage of Organic Matter
present in the fields.

Adjust
(WSA)

Sail sampling

Average amount of Water Stable Aggregates present
on the farm with adiustment~ made for sand content.

TABLE 3 Soi! Conservation Investments
Description-of the variable
NameSource ofOata
Surfdm

Survey

Seller performed installation of surface drainage.

Grrswtyr

Survey

Catchbsn

Survey

Seller performed installation of a grassed waterway
drainage system.
Seller installed catch basin water drainage system.

Wndtree

Survey

Seller installed arboreal windbreak.

Wndothr

Survev

Seller installed man-made windhreak.
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MEAN
NAME
YALANFA
DRAIN HA
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STD. DEY.

MINIMUM

MAXIMUM

$134,290

$71,870

$23,775

$378,210

35.300

27.458

0.0ססoo

112.30

NODRAIN

19.499

28.721

0.0ססoo

136.80

PASTHA

1.8413

6.0915

0.00000

34.200

WOOD HA

7.8548

19.901

0.00000

116.00

AYGSIZE

8.7261

11.425

1.9875

87.000

W PH

5.8051

0.41002

4.8932

7.0102

W OM

7.6275

14.518

1.8865

92.774

ADJUST (WSA)

36.216

11.832

14.600

76.300

The mean sized agriculturalland transfer consisted of 35 hectares of drained
land and almost 20 hectares of non-drained land selling for $134,290 dollars
(1992 constant $). The average pH was 5.8, which is low. Crops grow best in a
soil with a specifie pH, but in general a pH of 6.3 provides the greatest range of
available nutrients. Average field size is becoming more important as agriculture
moves towards larger scales of operation and larger machinery and it was fre
quently observed that fields were being consolidated after purchase. Data were
available to calculate the average field size at the time of purchase. The calcula
tion is comprised of the total arable hectares divided by the number of existing
fields at the time of purchase. Average field size was used to test the hypothesis
that larger average field sizes were more valuable than smaller field sizes by
participants in the agriculturalland market.
Of the chosen variables those with the greatest standard deviation relative to
their means were pasture and wooded hectares. It is expected that these two
variables should have a negative sign because any increase in the amount of
pasture or wooded hectares at the expense of arable hectares would lead to a
redueed value for the total land paree!. The large variations in the means of these
variables contributed to the large standard deviation in the sales priee of the
average agricultural land sale priee.
Economie theory provides little assistanee in the- choiee of functional form
for hedonic priee models (Anderson and Bishop 1986; Palmquist 1991). Most
studies (Cropper et al 1988; Palmquist and Danielson 1989; Halstead et al 1997)
report a variety of linear, nonlinear and flexible functional form specifications
and use goodness of fit criteria to identify the most appropriate form. Cropper
et al (1988) concluded that the linear and linear Box-Cox functional forms per
formed best when sorne attributes are not observed or replaced by prox.ies, while
Palmquist and Danielson (1989) found that the semilogarithmic functional form
performed best in a srudy on erosion control and drainage on farmland values.
Halstead et al (1997), in a recent study, concluded that choiee of functional form
varied by problem and study area.
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TABLE 5 Regression Variables
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TABLE 6 Hedonic Regression ResuIts

Valanfa

Dependent variable adjusteu to reflect constant 1992 Canadian dollars.

Variable

Constant

Normal intercept term of a regression.

Mean purchase

Drainha

Hectares o(drained arable land.

Constant

Nodrain

Hectares of non-drained arable hectares.

Pastha

Hectares of pasture land.

Woodha

Hectares of wooded non-orcharu land.

w_pH

Weighted acidity of the arable fields.

W_OM

Weighted percentage of Organic Matter in the arable fields.

Adjust (WSA)

Adjusted Water Stable Aggregates.

Avgsize

Average field size in Hectares.

Four functional forms of the model were estimated: linear, log linear, linear
log and double log. Choice of functional form was based on "goodness of fit"
criteria which included correct sign for the coefficient, adjusted R2 , significant
t and F statistics, and considerations for heteroskedasticity. Two functional forms
are reported in this paper, the linear and semilogarithmic forms. The analysis of
the four functional forms is provided in Lussier (1996).

Results
Not ail variables were found to be significant within the regression equation. The
variables that were chosen for final inclusion in the model are listed in Table 5.
The first testable hypothesis was that the purchase priee of land is a function of
its physical, quality, capital improvement, and soil conservation investments. An
F-test was employed to test for equation significance. Variable estimates are
presented in Table 6. The critical F-value for this regression with 8 degrees of
freedom in the numerator and 54 degrees of freedom in the denominator, and 1
% probability in the right tail was 2.708. Both equations satisfied this condition.
As estimators can not be efficient if the errors are heteroskedastic, a Breusch
Pagan/Godfrey test was used to test for heteroskedasticity. Again, both equation
forms did not allow for rejection of homoskedastic error terms. Therefore, the
error terms are homoskedastic.
Using goodness of fit criteria, the linear functional form provides the best
estima te for the market. Given this, the following discussion emphasizes the
results from the linear functional form. The linear equation had significant
estimated coefficients for average field size, drained and non-drained hectares
with a less than 1 % p-value. Weighted pH had a less than 5 % probability of
being in error, and woodland and the constant term had a less than 8 and 8.4 %
p-value respectively. In this case, theory would indicate that the constant term
would either be zero or a negative fixed cost representing the costs for being

Unit description

$/purchase

Linear

Semilogarithmic

$134,290.00

$134,290.00

$(158,610.00)
-1.761'0
8.40%

$20,349.00
12.06"'0
0.00%

Drained Ha

$/additional hectare

$2,273.50
7.579'"
0.00%

$2,480.47
6.739'"
0.00%

Non-drained Ha

$/additional hectare

$1,894.10
6.286'"
0.00%

$1,766.99
4.779'"
0.00%

Pasture Ha

$/additional hectare

$(298.90)
-0.2993
76.60%

$(-1,412.19)
-1.152
25.40%

Woodland Ha

$/auditional heclare

$(539.16)
-1.783'
8.00%

$(416.35)
-1.122
26.70%

Average Field Size Ha

$/additional hectare

$1,584.20
2.968'"
0.40%

$1,359.42
2.0776"
4.30%

Weighted pH

$/additional 0.1 unirs

$3,219.80
2.246"0
2.90%

$2,096.27
1.1660
24.90%

$257.61
0.6098
54.50%

$233.77
0.451
65.40%

$(728.58)
-1.452
15.20%

$(514.41)
-0.8355
40.70%

14.219
0.6781
0.6304
8.907

9.907
0.5948
0.5347
6.086

Weighled OM Ha

$/addjljonal 1% of OM

Water Stable Aggregates

$/addilional 1% of WSA

Statistical Tests:
F-Statistic

R'
Adjusted R'
Breusc h- Pagan/Godfrey
Notes:

1. 0 = ConstalU highly correlaled to Weighted pH.
2. *** = 99% level of significance, ** = 95 % level of significance, and
level of significance.

* = 90%

involved in the land market. There was a high correlation between the constant
and the variable for weighted pH which would make both estimates suspect.
Given the mean sized purchase, however, raising the total farm pH value by 0.1
% could conceivably cost the estimated $3,220.00 for the 55 hectares of arable
land in the average sized land purchase.
The last variable of significance is woodland with a p-value of 8 %. The
theoretically mean-sized land transaction represented by the regression included
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a mixture of arable, pasture, and woodlands. Changing this mixture to include
an additional hectare of pasture did not clearly affect the sales price of the land
transaction because its estimated value was not significantly different from zero.
Changing this mixture to include an additional hectare of woodland to the mean
sized land transaction decreased the sales price by $539.00 dollars. This occurs
because the woodland would replace either pasture or arable land and thus reduce
the overall productivity of the parcel of land.
The second testable hypothesis was that drained hectares of arable agricul
tu rai land receive a premium as compared to non-drained land. In this case the
evidence is quite clear that a premium exists. The third testable hypothesis was
that conventional measures of soil quality such as pH, potassium, phosphorus,
calcium, magnesium; OM ànd WSA can serve as proxies of past production and
conservation efforts. Attempts to include these variables inco this functional form
did not produce acceptable results. Sorne of the variables were either counter
intuitive with respect to sign, insignificant, or affected the remaining variables
so as to cause econometric problems. Weighted pH was the only variable that
performed well econometrically. The variable organic matter had the appropriate
sign but was not significant. Inclusion of other quantitative variables such as
potassium, phosphorus, calcium, and magnesium caused econometric problems
that were not isolated to them such as changing the signs of other variables.
Water stable aggregates as a proxy for good soil condition had the wrong sign.
Therefore, with the exception of weighted pH, soil quality measures that are
common in a soil analysis do not receive a price premium. The interpretation of
these results raises more questions than answers. Are the results due to a problem
of choice of functional form? Altematively, are they an expression of reality
where farmers can easily value capital improvements such as drainage but place
little or no value on soil tests for land purchase decisions? It is easy to argue that
drainage should be valued due to the high capital outlay that is undertaken once
and amortised over time. On the other hand, it might be difficult to see and
realise benefits attributed to superior soil quality measures, such as WSA. If so,
then it seems illogical to pay more for them through a higher land price.
The final variable to be added to the model was average field size. This
variable was both significant and positive. The average field size for the sampie
population was 8.7 hectares. The price signal for an increase of one hectare in
this average field size raised the overall sales price by $1,584.20 dollars. This
premium infers that larger field sizes increase efficiencies and result in increased
land rents (sales price). Efficiencies in agricultural production are achieved by
using large machinery. Further support for this conclusion is given by the Tabi
et al (1990) study for this trend toward larger field sizes.
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Conclusion
The question asked in this research was: Does the agricultural land market
provide a positive retum for soil conservation and capital improvement invest
ments in the purchase price of agricultural land? To answer this question a
sample of 63 agriculturalland sales was taken within Quebec agricultural regions
5, 6, 13 and 16. This study estimated that the implicit price premium for a
hectare of drained land was $379.00 dollars over non-drained land. This amount
is greater than the amortised cost of most forms of drainage. Therefore, the
market provides a positive price incentive to install drainage. As a result, no
market failure occurs and there is no need to provide an incentive to install
drainage. Sorne of the practical reasons for non-investment include: that the soirs
physical properties and characteristics do not warrant drainage, or that on-farm
cash flow restrictions prohibit the implementation of drainage projects where they
are necessary and beneficial.
Average field size is an important physical characteristic for the land pur
chase decision. While interviewing the participants of this study, it was discov
ered that producers were filling in the open drainage ditches and consolidating
fields. It was thought that this activity might be a reflection of the agricultural
land market's value for larger field sizes and the results of the analysis carried
out support this. Information on the original number of fields at the time of
purchase was available and was used to establish the average field size at the time
of purchase.
Quality characteristics of agricultural land while undeniably beneficial to
agricultural productivity, produced ambiguous results with regard to positive
price signais. A natural expectation would have been positive price signais for
pH, organic matter, and water stable aggregates (an indicator of good steward
ship). Other soil quality indicators such as phosphorous, calcium, magnesium,
and potassium did not produce any significant implicit prices in the preliminary
regressions. The only quality variable with an influence on sale price was pH. A
premium of $60.00 dollars per hectare per tenth of a unit increase in pH level
was estimated with a confidence level of 95 %. This estimate was compared to
the actual cost of liming a hectare of land and the subsequent increase in pH and
it appeared to be reasonable. In this situation, the signiflcance of the pH coeffi
cient may be a proxy for soil type and thus farmers bid more for soil type that
may have a higher pH rating.
The hypothesis that conventional soil tests would proxy actual production
information was not supported by this study. Soil tests aid the agricultural pro
ducer in rationalising agricultural inputs, but they do not appear to have been
adopted as a decision-making aid for agriculturalland purchases for those farm
ers and years included in the survey for this research project. Interestingly, it
might now be expected that the sign for phosphate (phosphorous) should be
negative due to the limits being placed on these compounds as a way to control
livestock manure applications on farmland. This would imply that fa ml!and high
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in phosphates might carry a negative premium if the phosphate level was signifi
cantly above the maximum allowable limit, thus contributing to pollution prob
lems in watercourses.
Measurements of organic matter content and water stable aggregates also
failed to indicate that agricultural land purchasers valued these characteristics.
Soil conservation practices result in decreased soil erosion and increased yields
in the long run (Troeh et al 1991). The variable for organic matter was of the
correct sign but did not produce a significant price premium, nor was it statisti
cally significant. The same results occurred for water stable aggregates where
elevated water stable aggregates is an indicator of good soil structure. The
estimate of water stable aggregates carried a p-value of 15.2 % and, therefore,
was not extremely reliable. Moreover, its coefficient carried the wrong sign. It
can be concluded that this variable does not produce a positive price signal and
is statistically insignificant in this agricultural land market.
The studied agriculturalland market would appear to value cultivable land
and discount woodland. Il also provides an incentive for large open tracts of
drained land. This market provides an incentive for maintenance of field pH,
however soil conservation is not an agricultural land market consideration. In
spite of the tangible benefits, no premiums were being paid for increased levels
of organic matter or water stable aggregates. Improvements in yield and produc
tivity of the land base due to increased aM and WSA will only occur over time
and thus given producers' private discount rates, there seems to be no fmancial
reward for adopting soil conservation practiees. Assuming sustainable agriculture
is a common social goal, this research indicates that private markets are not
providing the proper price incentives to induce agricultural producers to follow
soil conservation practices. As a result, the incentive for producers to adopt soil
conservation practices must come from the public sector.
Future studies in this research might yield interesting insights on the adoption
rate of soil conservation investments. Investment in soil conservation by the
private decision-maker is not likely to occur without a market based recognition
of its benefits. To date only a few studies have indicated that agricultural produc
ers view soil conservation investments as a benefit. Economic theory would
suggest that if agricultural producers réalised soil erosion as a production cost
they wouId incorporate soilloss along with other inputs into the cost of produc
tion. Once done an optimallevel of soil conservation should occur within agricul
tural production. New and related areas of study might include 1) analysis of the
cost of drainage installation, and 2) an analysis of the costs of various sustainable
agricultural practices. Finally, it would be interesting to know if the average field
size variable, introduced in this study, reoccurs in other agricultural land mar
kets.
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