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Abstract Population growth, improved socioeconomic
conditions, increased demand for various types of water
use, and a reduction in water supply has created more
competition for scarce water supplies leveling many
countries. Efficient allocation of water supplies between
different economic sectors is therefore very important.
Water valuation is a useful tool to determine water price.
Water pricing can play a major part in improving water
allocation by encouraging users to conserve scarce water
resources, and promoting improvements in productivity.
We used a hedonic pricing method to reveal the implicit
value of irrigation water by analyzing agricultural land
values in farms under the Doroodzan dam in South-western
Iran. The method was applied to farms in which irrigation
water came from wells and canals. The availability of
irrigation water was one of the most important factors
influencing land prices. The value of irrigation water in the
farms investigated was estimated to be $0.046 per cubic
meter. The estimated price for water was clearly higher
than the price farmers currently pay for water in the area of
study. Efficient water pricing could help the sustainability
of the water resources. Farmers must therefore be informed
of the real value of irrigation water used on their land.
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Introduction

Water resources are necessary inputs to production in
economic sectors such as agriculture (e.g., arable and non-
arable land, aquaculture, commercial fishing, and forestry),
industry (e.g., power generation) and tourism, as well as to
household consumption (United Nations Environment
Program (UNEP) 2005).

National policies aimed at allocating water resources
among different sectors vary significantly between coun-
tries. Governments control water supplies in many coun-
tries. These countries typically do not allocate water on the
basis of the economic efficiency but instead use other cri-
teria such as fairness or equity. Due to many reasons (but
especially to promote crops), governments tend to favor the
agricultural sector. In Iran, the proportion of agricultural
water in the total consumption of water is high. About 95%
of usable water resources in Iran are allocated to the agri-
cultural sector. Planning the optimal use of water for a
country such as Iran that contains arid and semi-arid regions
is therefore important. The low price of agricultural water
and the subsidies provided by the government for using this
resource results in a little incentive to conserve it or to
refrain from growing water-intensive crops. The price of
agricultural water is far below its economic value. Farmers
often pay very little for agricultural water. A crucial factor
that contributes to inefficient water allocation is the
apparent lack of appropriate pricing of agricultural water.

Statistical analyses and studies revealed that one factor
associated with water shortages and reduced water quality
is high and inappropriate consumption of water. High
consumption of water may be due to its low price or lack of
knowledge about its true economic value. Many studies
carried out by scholars using different methods to evaluate
water economic value (Torell et al. 1990; Young 1996;
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Tarimo et al. 1998; Faux and Perry 1999; Doppler et al. 2002;
Abu-Madi 2009). Among pricing methods, this is the appro-
priate valuation of water which, as a classic non-marketed
resource, can seldom be assigned a justified market price
(even for commodity use). Therefore, in most cases, an indi-
rect, a non-marketed method is employed to calculate an
accurate figure for the value of water (Young 1996).

The hedonic pricing method (HPM) is a specific valu-
ation technique used to disaggregate the sale price of the
bundled good (i.e., land property) to reveal its water
component (Latinopoulos et al. 2004). The hedonic price
model used in this study is an inductive approach. Induc-
tive methods involve a process of reasoning from the
particular to the general, or from real-world data to general
relationships. Inductive methods involve observation of
prices from water rights or land and water right transac-
tions or responses to survey questionnaires (Young 2005).
The implicit price of irrigation water can be revealed by
hedonic analyses of sales of irrigated farm properties. The
sale price of the bundled good—irrigated farm property—
can be disaggregated using hedonic analyses to reveal the
implicit price paid for the water component of the trans-
action. Using hedonic analyses to estimate the value of
water has the advantage of being based on market trans-
actions rather than an analyst’s estimates of crop yields,
crop prices, fixed costs, and variable costs of production
(Faux and Perry 1999).

The earliest example of a HPM applied to the valuation
of irrigation water was by Milliman (1959) and Hartman
and Anderson (1962). Torell et al. (1990) compared sales
of irrigated and non-irrigated land to estimate the value of
groundwater in the Southern High Plains in the USA.
Results indicated that the water value component or sale
transactions of irrigated farms ranged from 30 to 60% of
farm sale prices dependent upon the particular state in the
USA. Coelli et al. (1991) used a HPM to determinate the
benefit of a water supply scheme in Western Australia.
Mean per hectare values of the water supply scheme using
this model was $18.4. Xu et al. (1994) estimated a hedonic
price function using agricultural land sales in six geo-
graphic regions covering Eastern Washington in the USA.
They examined the value of variables which had effects on
land sale prices. Faux and Perry (1999) applied a HPM to
agricultural land sales in Malheur County (OR, USA) to
reveal the implicit market price of water used for irrigation.
The value of irrigation water in this location was estimated
to be $0.009 for one cubic meter on the least productive
land irrigated, and up to $0.044 per cubic meter on the most
productive land. In a study by Latinopoulos et al. (2004),
hedonic pricing was applied to a sample of irrigated and
non-irrigated properties in Chalkidiki (a typical rural area
in Greece). The value of irrigation water was estimated by
disaggregating the total price of each parcel of land,
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obtained through a local survey. Results showed that the
agricultural characteristics of the land (including avail-
ability of irrigation water) had a significant influence on
land prices. The marginal value of water for irrigation in
Chalkidiki was estimated to be $0.054 for one cubic meter.

Poora et al. (2007) used a hedonic property value model
to investigate the marginal implicit values of total sus-
pended solids and dissolved inorganic nitrogen of water in
the state of Maryland in the USA. Econometric results
indicated that the marginal implicit prices associated with a
change of 1 mg/L in total suspended solids and dissolved
inorganic nitrogen were $1,086 and $17,642, respectively.

We attempted to apply a hedonic model to reveal the
implicit value of irrigation water by analyses of agricultural
land property values.

Method

One of the valuation environment resource methods is
revealed preference methods, also known as indirect val-
uation methods, look for related or surrogate markets in
which the environmental good is implicitly traded (Lan-
caster 1966). Information derived from observed behavior
in the surrogate markets is used to estimate willingness to
pay (WTP). WTP represents an individual’s valuation of,
or the benefits derived from, the environmental resource.
Two such methods prevalent in the literature pertaining to
environmental economics are the HPM and the travel cost
method. These methods are suitable for valuing water
resources that are marketed indirectly and therefore can
only estimate their use (direct and indirect) values.

The HPM is based on Lancaster’s characteristics theory
of value (Lancaster 1966). This states that any good can be
described as a bundle of characteristics and the levels these
take, and that the price of the good is dependent upon these
characteristics and their respective levels. It is commonly
applied to variations in housing prices that reflect the value
of local environmental resources. The price of a house will
reflect its characteristics (i.e., number of bedrooms, number
of bathrooms, size, schools in the neighborhood, crime
level) in addition to local environmental resources (e.g.,
quality of ambient air, noise levels, aesthetic views,
quantity or quantity of water) (Birol et al. 2006).

It follows that an implicit price exists for each of the
characteristics and that an implicit marginal WTP (which
represents an individual’s valuation of the incremental unit
of the environmental resource) can be identified statisti-
cally. An important assumption of the hedonic method is
that regions are treated as a single land market (Freeman
and Veeman 1993). It is also assumed that individuals have
perfect information on all the alternative types of land
available, and that they are free to choose any land plot
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within the market for production. Therefore, this method
describes how prices of various highly differentiated land
plots would be determined under conditions of perfect
competition with the market in equilibrium. It may be
unrealistic to assume that consumers are fully informed and
have zero transaction costs, but this does not affect the
validity of the HPM. Any errors due to imperfect infor-
mation can affect all land prices uniformly so HPM is not
biased. Markets that are not in equilibrium may introduce
only random errors into the estimates of marginal WTP.
However, if market forces are continually moving in one
direction, then biased estimates of the marginal implicit
prices may result (Veeman et al. 1994).

There are two stages to the hedonic property valuation
model. The first stage involves estimating the hedonic price
function whereby the price of a residential property is
regressed on its characteristics to determine the value
consumers place on the characteristics that comprise the
differentiated good (Feenberg and Mills 1980). In different
studies of the hedonic model, three forms are applied:
linear, semi-log function, and log-log. A function-depen-
dent variable (p) is regressed on a set of characteristics (x),
including structural characteristics, neighborhood charac-
teristics and environmental-water quality characteristics.

These models of regression are:
k

p=Py+ Z Py (linear form) (1)
=1
k
Inp =Inf, + Z Pixk (semi - log function form) (2)
k=1

k
Inp=1Inp, + Z B Inx; (log — log form) (3)
k=1

In these models, p is the price of one hectare of land, fio—
Pr are the coefficients to be estimated, and x; are
independent variables. Thus, for an environmental
hedonic model, the first stage of the model estimates the
marginal implicit prices of the specific environmental
characteristics. This can then be used as the price variable
in the second stage to estimate the demand equation for the
characteristic (Poora et al. 2007). This research includes a
stage-one analysis whereby measures of irrigation water
quantity along with other structural and neighborhood
farmland characteristics are used to estimate marginal
implicit prices of irrigation water in farmland under the
Doroodzan dam.

The implicit price of any of the good’s attributes can be
determined by looking at how people are willing to pay for
the good changes if this particular attribute changes. The
schedule of prices of the good determined by market forces
in any particular market can be summarized by a hedonic
price function which is unique to that market, thereby

reflecting the specific conditions of supply-and-demand at
a specific locality (Latinopoulos et al. 2004). In this anal-
ysis, the implicit price of irrigation water was implied
equally as WTP for one cubic meter of water for the
farmer. Consequently, given the hedonic price function for
land properties in an area, the implicit price of water can be
determined by calculating the increase in the land value
with an extra unit of this attribute.

In regression models, linear form, semi-log function
form and log—log form, and the implicit price of a variable
x is defined as:

Op/ox; = fy (4)
ap/axk = ﬁkp (5)
op /o = Lep (©)

That indicates the change of p with an extra unit of
attribute or variable x.

The two most important issues in the application of a
HPM are the identification of the variables that represent
the attributes of the agricultural property and the selection
of the form of the hedonic price function (Garrod and
Willis 1999).

In the present study, the hedonic model included
important variables used in other related hedonic studies
(Coelli et al. 1991; Elad et al. 1994; Veeman et al. 1994;
Faux and Perry 1999; Leggett and Bockstael 2000; Lati-
nopoulos et al. 2004; Pyykkonen 2005) and which were
suitable for the conditions and situation of the study. The
definition of dependent and independent variables in the
applied model in the present study and the expected signs
of the independent variables are presented in Table 1. The
dependent variable in the applied model in the present
study was the sale price of farmland ($/hectare). The
independent variables were water quantity, water quality,
water security, canal, size, available documents; build
value, distance from the nearest road, crop yield, soil
structure, and the slope of the land.

Economic theory is of no help in specifying a functional
form for land use because it imposes no restrictions on the
form of the hedonic price function (Palmquist 1984). It
follows that the choice of such a form must be determined
empirically and should be appropriately interpreted as an
approximation of the true (but unknown) hedonic price
function (Garrod and Willis 1999).

The case study presented herein refers to a rural region
located under the Doroodzan dam in South-western Iran. It
is a typical intensively irrigated region of the country that
has recently had limited amounts if irrigation water.

The Doroodzan dam controls >7,600 million cubic
meters of water per year, and provides irrigation water for
420,000 hectares of farmland. About 37% of farmland in
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Table 1 Definition of variables of hedonic model and expected signs with depended variable

Variables Definition Expected signs ~ Unit
Price Price per hectare of cultivated land (US$)
Water quantity =~ Water quantity available for a hectare of farm land + (m*/ha)
Water security ~ Farm land has directly access to irrigation water (canal and well) (1 = yes, O = otherwise)  +

Water quality Quality of water (1 = drinkable water, 0 = otherwise) +

Canal Distance to canal — (km)
Size Area of cultivated land + (ha)
Document Has document for land (1 = yes, 0 = otherwise) +

Build value Assessed value of buildings divided by total hectares + (US$/ha)
Road Distance to the nearest paved road — (km)
Crop yield Wheat yield in farm land + (US$/ha)
Soil structure Soil quality (1 = class II, 0 = otherwise) +

Slope Indicates that topography of land is gently sloping (1 = yes, 0 = otherwise) +

this region uses canal water (water from the Doroodzan dam)
whereas the remaining farmland uses groundwater for irri-
gation. The most important crops cultivated in the region are
wheat, barely, maize, rice, sugar beet and tomato.

The survey was designed following the standard
guidelines for a successful application of the HPM, and
was put into practice using a questionnaire addressed to a
sample of farmers having land in the area. Respondents
(owners of farmland) were asked questions grouped
according to four categories of elicited data: (a) demo-
graphic and social-economic (e.g., income, crop yield);
(b) land structure, environs and location; (c) availability
and methods of water supply and irrigation practice, as
well as information about them; (d) information on land
values, recent transactions and prices.

The survey was implemented with random sampling
using personal interviews in the summer of 2008. This
resulted in a sample of 243 complete questionnaires
(observations). In addition, the validity and reliability of
questionnaires were tested. However, the source of infor-
mation for land value was one of our major concerns. The
preferred way of estimating land values is including the
sale price in actual market transactions, and these prices
usually come from a real estate agency. Young (1996),
North and Griffin (1993) stated that this would almost
certainly lead to severe bias. In addition, there was not a
real estate agency in the region of study, so we opted for
self-reporting of land values by the owners and the sub-
sequent confirmation by professional estate agency
appraisers.

Results

After data collection, the hedonic model was built to
determine the value of irrigation water. We used linear,
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semi-log and log—log functional forms. The selection of the
model was based on the Ramsey reset test (Gujarati 1995).

Ordinary least square (OLS) estimates of the three
functional forms were applied. The linear functional form
was the only one for which the F value of the Ramsey reset
test was not significant. The Ramsey reset test, being a
general test of misspecification, thus supports the choice of
the linear form.

After the estimate, all critical assumptions underlying
the method of least squares were tested for the model
(Gujarati 1995). Given the cross-sectional nature of our
dataset, we tested for heteroskedasticity and rejected the
null hypothesis of homoskedasticity. As such, we reported
White’s consistent standard errors in our regression results.
In the present study, we used the condition index to iden-
tify multicollinearity by means of SPSS software. Condi-
tion index (CI) defined as (Gujarati 1995, page 338).

I Maximum eigenvalue
Minimum eigenvalue

Maximum and minimum eigenvalue for the model is
7.982 and 0.022, respectively. So the condition index is
19.05 which is less than critical value (30).

Collinearity did not exist between the variables in the
model. As shown in Table 2, in which OLS estimates are
shown, all coefficients have the expected sign. The vari-
ables of size, water quality, build value, and soil structure
had no effect on the sale price of land, but other variables
had a significant effect on dependent variables.

The dummy variable (water security) indicated that farm
land with access to irrigation water (canals and wells)
increased the land price by nearly $11,310 per hectare. If a
farm had direct access to irrigation water (canals and
wells), irrigation could occur throughout the season, and
moisture was not a limiting factor to crop yields. Irrigation
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Table 2 The estimation result of hedonic mode

Variable Coefficient t Statistic P value
c 12,852° 4.583918 0.000
Canal —2,404* —2.465840 0.010
Document 3,262% 3.072751 0.005
Road —194° —2.174624 0.086
Slope 3,349° 2481141 0.014
Water quantity 0.046* 2.532505 0.000
Water security 11,310% 11.43426 0.000
Crop yield 1,697* 4.658685 0.000
Size —-15.9 —0.186332 0.822
Soil structure 393 0.405113 0.696
Build value 0.0047¢ 1.549238 0.054
Water quality 332 0.184268 0.848
n 243

F-statistics 29.39 0.000
R? 0.58

I 0.56

 Statistical significance at the 1% level
® Statistical significance at the 5% level
¢ Statistical significance at the 10% level

was particularly important for the profitability of the spe-
cialty crops grown in the irrigation districts which were the
focus of the present study. Because of cultivation of two
crops in one hectare per year in the area under study, the
mean annual water consumption was estimated to be
37,000 m*ha. So by dividing 11,310 by average annual
water consumption, the value of direct access to canal and
well or the value of security of available water calculated is
$0.306 per cubic meter.

The economic meaning of the negative coefficient of the
road (distance to the nearest paved road) was that a 1-km
increase in distance to the nearest paved road reduced the
price per hectare by about $194. Because access to some
facilities (e.g., easy transportation), land situated near a
paved road was more expensive than other land which had
identical conditions except being near a paved road. Canals
had a coefficient of —2,404, i.e., at the margin, an addi-
tional kilometer of canal reduced the value of the land per
hectare by $2,404. Farms with smaller canals or at a shorter
distance from the major source of irrigation water com-
manded a higher price per hectare. The coefficient of
documents indicates that the value of a hectare of land
which had land documents was $3,262 more than the value
of a hectare of land which did not have land documents.
The coefficient of slope showed the importance of leveling
the land. This result implied that the value of each hectare
of land which was well leveled or had a gentle slope was
worth $3,349 more than land that was not leveled. The
variable that tried to capture the effect of differences in

land quality (in addition to water) was the mean yield of
the land. Production conditions vary considerably between
farms and not all crops are suitable for the production, so
the wheat yield was chosen to represent the yield potential.
Wheat can be grown almost everywhere, and was the
commonest crop in the region under investigation. Wheat
yield was used as a proxy for land quality. An additional
one ton wheat yield per hectare increased the value per
hectare of land by $1,697 (Table 2).

The most interesting variable was water quantity. This
indicated the quantity of water from farms that had access
to irrigation. The water quantity variable was also positive
and highly significant. The coefficient of this variable could
be interpreted as the implicit value of water in farms under
the Doroodzan dam. The coefficient of water quantity
variable estimated is 0.046 (Table 2). It means, one cubic
meter extra water will increase the value of one hectare
land $0.046. Thus, the implicit price of irrigation water in
the land investigated in the present study was $0.046 per
cubic meter. Given the hedonic price function for land
properties in this area, the implicit price of water could be
determined by calculating the increase in land value with
an extra unit of this attribute. In the linear hedonic model,
this price was the coefficient of the water variable.

Discussion

The price of one resource or good identifies its scarcity but
the current price of irrigation water in our area of study did
not reflect water scarcity. Determining the price of water
which showed the true market value of it seemed appro-
priate. Based on the most important objective of the present
study, it seemed necessary to price water according to its
economic value. By accepting the real value of water, the
incentive to conserve water and to use it optimally would
be increased.

We found that water availability was the most important
factor affecting on the price of farmland in the region of
study. In addition of water quantity, land-structure char-
acteristics (e.g., land slope, wheat crop) and neighborhood
characteristics (e.g., distance from a paved road) had a
significant effect on farmland prices. Based on the result
from the hedonic model, the value of irrigation water in the
region was estimated to be $0.046 per cubic meter. This
estimation compared well with reported values in appli-
cations of similar valuation methods (Tiwari 1998; Faux
and Perry 1999; Latinopoulos et al. 2004). Some of the
differences of water value in the mentioned studies may be
due to the year of the estimation.

The estimated price for irrigation water was clearly
higher than the price currently paid by farmers in the area
of study. In the region of study, a large amount of water
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was used in agriculture for irrigation. The price charged to
agricultural users typically does not reflect the marginal
cost of supplying the water to them. Agricultural water
supply is almost completely subsidized by a government
program to assist agriculture production. That is, water
price is very low or free; farmers therefore consume it
readily. Among the basic principles of allocation of water
resources are efficiency, equity and sustainability. It seems
that in allocation of agricultural water in Iran, equity is the
major criterion. Depletion and distortion result from inef-
ficient pricing.

To use and save this vital agricultural input, farmers
must be told of the real economic value of water in their
area. Because of other goals in Iranian society (e.g.,
equality), obtaining the true price of water is very difficult.
A “balanced price” that reflects water scarcity and pro-
vides an incentive for farmers to conserve water and use it
more efficiently could be the best choice. Water pricing is
one of the most important procedures for water resources
sustainable development.

Informing farmers of the consequences of heavy con-
sumption of water should be done gradually so that they
can adapt their practices. Planning for application of this
policy must be done with the contribution and cooperation
of farmers.

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution and reproduction in any medium, provided the original
author(s) and source are credited.
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