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Chapter One:
Motivation & Objectives
1.1 Introduction
The scarcity of water in many parts of the world is increasingly being recognized as an issue of growing
concern. In most of the Western United States, water scarcity has been an issue since European settlers
entered the area. When the United States expanded west, a property rights regime was created in
response to the unique water needs facing settlers in an environment typically much more arid than the
East Coast. In the West natural watercourses have an exhaustible supply and as such, one person’s new
diversion from the water course can often impact another’s prior diversion. In order to protect current
water users from upstream diversion by new water users, the legal and physical protection of a supply of
water delivered to a point of diversion quickly became necessary.
This system became known as Prior Appropriation and is most simply defined by its basic tenant of ‘first
in time, first in right’ (Young and Loomis 2014). Although the waters of a state are considered to be a
public resource, Prior Appropriation conferred upon the bearer the right to use water for what at the time
were considered beneficial uses. The right to use water became known across the West as a ‘water right.’
The date that the water was first put to beneficial use, or ‘proved up’, became the priority date of the
water right guaranteeing that the bearer will receive his or her allotment of water before any users with
a more junior priority date. A water right is perpetual and can be transferred to heirs, transferred along
with land and in some jurisdictions was traded as a separate property right altogether.
Water use throughout the Western US has traditionally been mostly for agriculture with smaller amounts
going to municipal and industrial uses. In the very late nineteenth century and into the twentieth century
water users along with state and federal governments built large storage and diversion works throughout
the West, increasing irrigated acreage and expanding the amount of water diverted from natural
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watercourses. With the beginning of large-scale growth of Western municipalities and the environmental
movement in the mid-twentieth century combined with periodic droughts of increasing severity, water
increasingly became a conflict point between farmers, environmentalists, municipalities and regulators.
Markets for water rights have helped to alleviate some of the conflicts surrounding water by helping water
to flow to its highest value use in willing buyer, willing seller transactions.
The legal framework put in place over a hundred years ago has solidified the property right to water usage
in the hands of historical users, most often in agriculture. Water markets typically began as localized
exchanges between agricultural producers, however in more recent decades they have been increasingly
leveraged by municipal and environmental interests. Just like real estate, water is traded as a property
right, often with water specific deeds recorded with local jurisdictions. However, unlike the market for
real estate, the water market is not public facing. Prices for water related transactions are rarely revealed
publicly. With no prevailing information on the price of water in most areas, water users are left to
speculate as to the price that would be accepted for their water rights and the price they would have to
pay for the water rights of others. Unlike other commodities such as gasoline where the national price
informs the local price to a significant degree, the often highly localized nature of water including basin
specific characteristics and hydrologic conditions means that water right pricing in one area may be
irrelevant in nearby areas. The high cost of the information asymmetry resulting from the lack of clear
market signals serves as a large impediment to water rights transactions. On the margin, water users who
may have engaged in a water rights transaction may choose not too without clear pricing signals. This
information asymmetry driven inaction leads to market inefficiencies. Research that can help to reveal
the implicit value of water can help to lower this information burden and facilitate market activity.
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1.2 Thesis Objectives
The primary objective of this thesis is to develop empirical evidence of implicit water prices in the Western
United States, with a specific application to Deschutes County, Oregon. The Upper Deschutes River Basin
is facing an increasing number of pressures on its water resources, leading to ongoing and planned
changes in water distribution. Population growth in the Bend Metropolitan Area, encompassing all of
Deschutes County, was the 8th fastest in the nation between 2010 and 2018 (U.S. Census Bureau 2019)
leading to increased municipal demands for water. As well, an ongoing mitigation program requires the
converting of surface water rights to instream flow to allow for new groundwater uses. Finally, concerns
for endangered species such as the Oregon Spotted Frog have led to changes in reservoir management
with more changes on the horizon (Arnold Irrigation Arnold Irrigation District et al. 2019). Amongst
several current and potential policies designed to generate environmental benefit by shifting water away
from flow and storage regimes previously optimized for irrigation use, the upcoming Habitat Conservation
Plan (HCP) for the Oregon Spotted Frog stands out. The current interim HCP requires winter releases from
upper basin reservoirs – which are used for irrigation storage – of 100 cfs. Proposals for the management
of the upper basin reservoirs state eventual winter time flow rates of 400-600 cfs, significantly more than
the current 100cfs, a flow rate regime that in bad water years will likely see little water available for late
summer irrigation to districts dependent on storage. 1 (Arnold Irrigation Arnold Irrigation District et al.
2019)
Due to agriculture’s historical predominance in Deschutes County, any changes in water distribution will
impact the amount of water available for irrigation. For new municipal and groundwater uses along with

Along the Deschutes, this includes the North Unit Irrigation District (NUID) – which diverts in Bend, but delivers to
users in Jefferson County north of Deschutes County, Central Oregon Irrigation District (COID) and Arnold Irrigation
districts and to a lesser degree the Tumalo Irrigation District. The Swalley Irrigation District has sufficient senior
water rights such that the district does not require storage and the Three Sisters Irrigation District does not have
any storage capacity of consequence.

1
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other market actors, knowing the marginal value of water informs market decisions and lowers
transactions costs. For policy makers seeking to shift water distribution outside of a market system – such
as the case with the impending Oregon Spotted Frog HCP – knowing the marginal value of water aids in
understanding the opportunity costs of altering flow regimes for environmental gain at the expense of
irrigation water availability.
A number of secondary objectives were also achieved. Prior research into the hedonic value of water has
focused on analyzing only properties that were sold in the analysis period. This thesis presents the first
time a hedonic analysis of water right value has been undertaken utilizing all properties and all irrigation
water rights that fit a filtering criterion in a geographic area by leveraging real market values. Real market
values (RMV) are assessor calculated values based on actual sales that are meant to be a measure of the
value of the parcel if sold in the valuation year. 2 While utilizing real market values and not actual
transaction data does present the potential for systemic biases that may be inherent in the appraised
data, it does abrogate any would-be biases from only analyzing properties that were sold. 3 It also creates
the possibility of preforming hedonic analysis in areas where sales are limited.
An analysis where all irrigation water rights are utilized also presents unique challenges. Irrigation water
rights in Oregon have not been fully mapped via GIS. As such, combining place of use with other spatial
data, such as parcel-level data, is not straightforward. This is an especially important problem in Oregon
as most of the non-mapped water rights are for the large irrigation districts. This thesis identified and
utilized a defensible methodology for determining water rights appurtenant to parcel data in Oregon. This

RMV is an Oregon County government term, other states and private entities use different terms for functionally
the same types of estimate, such as Zillow’s Z-Estimate.
3
It is unlikely that any dataset of sold properties would be a perfectly representative sample of the existent
properties of the area. As an example, in the case of irrigated land in Deschutes County, the urban expansion
around the municipalities drives transactions of small parcel, ‘hobby farm’ properties whereas irrigated land
outside of the urban fringe is likely to sell less frequently. As such, a dataset of irrigated land transactions in
Deschutes County will likely be overly weighted with hobby farm properties. It is, however, possible to control for
this and other potential biases in sales data.
2
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methodology would be applicable for other areas of the Western US where real market value data for
parcels is maintained.
This thesis also presents a comparison of the results of the econometric hedonic pricing method presented
below to the results of several other methodologies including comparable sales and irrigated land pricing
differentials. These comparisons serve to help place the results of the hedonic pricing method into
context.

1.3 Oregon Water Law
In Oregon, water law is codified in Title 45 of the Oregon Revised Statutes commonly referred to as the
Water Code. The code is implemented by several agencies of the State of Oregon including the
Department of Environmental Quality (DEQ) for water quality regulation and the Oregon Water Resources
Department (OWRD) for water quantity regulation. All water in Oregon is considered publicly owned and
the right to use that water is conferred by the state to individuals and entities that meet the legal
requirements to appropriate water based on the regulations of the varying state agencies.
1.3.1 Water Right Characteristics
For water quantity, the OWRD will issue an escalating series of approvals with increasing levels of
certitude and confirmation from an application or claim to a certificate that conferred upon the bearer
the right to use water given a set of constraints. Upon receiving and approving an application to
appropriate water, the OWRD will issue a Permit. The date the application is received becomes the
priority date of the water right. The applicant then has a specified period of time in which to ‘prove up’
the water right, by preforming actions such as infrastructure installation and water application that
demonstrates the capability and intent to use water under the stipulations of the permit. If the water
right is proved up the OWRD will issue a certificate perfecting the right. The certificate is the penultimate
water right and confers upon the bearer the right to use water as specified in perpetuity so long as the
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water is used at least once every five years. While certificates tend to differ on the parameters used based
upon when they were issued, the following are typical components of an Oregon water right: 4
Rate – Typically expressed in cubic feet per second (cfs), it is the maximum flow the water right
may draw from a natural source of water, such as at a canal headgate or well head.
Duty – The total volume of water in acre feet (AF) that may be diverted from a natural water
source in a specified season.
Beneficial Purpose – The stated use of the water. One or more uses may be specified and include
Irrigation, Stock Watering, Domestic, Municipal, Industrial amongst other uses. While multiple
uses may be specified, stipulations are often made per use, such as the duty, season and place of
each use.
Supplemental – Irrigation usage may be primary or supplemental. Primary rights represent the
principal right of a water user and may not spatially overlap. Supplemental rights are secondary
sources of water – typically groundwater – that may be used to meet the duty specified on the
primary right if the primary right is not fully available. Supplemental rights may spatially overlap.
Priority Date – The date of which water was first put to beneficial use, or in modern times, the
date which the OWRD received the application to divert water.
Season of Use – The first and last dates that water may be used within a calendar year.
Place(s) of Use (POU) – The location where the beneficial use is to take place. Often specified in
terms of the number of acres per specific sixteenth of a section, maps are often used to further
detail the place of use in supporting documents. In modern times GIS data is also used. Places of
use will be further segmented based upon Beneficial Purpose and other variations between
locations as stated by the OWRD.

4
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Point(s) of Diversion (POD) – Specific characteristics of the point(s) in which water is diverted from
the natural water course including its location and the Rate and Duty of the water right that is
specific to that POD. Of note is that a water certificate may have multiple points of diversion.
1.3.2 Water Right Transfers
With the exception of some of the wetter areas of Western Oregon, the water courses of Oregon are
considered fully or over appropriated with junior water rights often being curtailed. Groundwater rights
have historically been more reliable, however there are areas of Oregon where new groundwater
diversions are restricted or disallowed.
As new diversions are not allowed, transactions for water have become somewhat commonplace in some
areas of the state, with both permanent and temporary transactions occurring to fit the needs of water
users and local regulatory regimes. As the specific place of use is decreed on each water right, transferring
the water right requires a change in the water right and thus the approval of the OWRD 5. The transfer
process is similar to that for a new water right, with an application followed by the OWRD issuing a
conditional permit which will be perfected into a Certificate upon proving that the provisions of the
transfer have been fulfilled.
To be approved, potential transfers must not cause injury 6 to other water users. The OWRD will conduct
an analysis to determine if any rights may be injured by the proposed transaction. If an injury may occur
the OWRD will either deny the transfer or limit the amount of water that will be transferred to the other

Unlike other states that may allow, for example, 5 acres of use with an 20 acre approved parcel, Oregon is very
strict in where water can be used. If a water user has an approved water right for the irrigation of only their back
yard, they will need to initiate a transfer process to be able to instead apply the water to their front yard.
6
Injury to other water users typically occurs in the form of reduction in a third-party water user’s ability to exercise
their water rights.
5
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party. The new water right for the seller will then reflect the amount transferred away, but the new water
right for the buyer will reflect a reduced amount as decided by OWRD. 7
Water is often transferred within irrigation districts where the transfer review process is simpler due to
not changing the point or amount of diversion from any natural watercourse. Oregon has made instream
flows a beneficial use, and transfers between irrigators and instream users have become common in
recent years driven by conservation groups such as Trout Unlimited, The Nature Conservancy and local
conservation actors such as the Deschutes River Conservancy.

1.4 Study Area: Deschutes County, OR
Deschutes county is situated in Central Oregon, just east of the Cascade Range. An overview map can be
seen in Figure 1. The county seat is Bend, situated along the Deschutes River in the center of the county.
Other cities include Redmond, Sisters and La Pine. The 2017 US Census estimate placed the population
of the county at 186,875 with around half of that in Bend as seen in Table 1.
Table 1 – Deschutes County Population
Municipality
Bend
Redmond
Sisters
La Pine

2017 Population
Estimate
94,520
30,011
2,701
1,864

Percent of
County
50.6%
16.1%
1.4%
1.0%

Rural Deschutes County

57,779

30.9%

Deschutes County TOTAL

186,875

Source: U.S. Census Bureau (2017)

The county is geographically diverse and extends from the wet, high mountains of the Cascades in the
west of the county to the dry high desert of the east of the county. Nearly all of the county is drained by

For example, a water user in southern Deschutes County may irrigate ten acres and want to sell the water to a
user further north in Deschutes County. OWRD may debit the seller the full ten acres, but only credit the new user
eight acres to account for any issues found in the approval process and to ensure no other water users are injured.

7
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the Deschutes which, along with its tributaries supplies the water needs of the county’s water users. The
climate of the county is characterized by high rainfalls in the mountains in the west of the county with a
dry, arid climate in the east and north. The county seat of Deschutes County, Bend, is the largest city in
Oregon to the east of the Cascades.
Deschutes County is bordered to the north by Jefferson County which contains the largest dam on the
Deschutes River, the Pelton Round Butte dam which impounds Lake Billy Chinook and contains the largest
irrigation district in the basin, the North Unit Irrigation District. To the northeast of the county is Crook
County which also contains several irrigation districts. Klamath County and the Klamath Basin are to the
south of Deschutes County. To the west of the county beyond the Cascades lie the counties of the
Willamette Valley.

10
Figure 1 – Deschutes County Overview Map

Data: Deschutes County (2018)
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1.4.1 Hydrology
The namesake river of Deschutes County, the Deschutes River, rises in the southeast of the county and
flows south through a number of large storage reservoirs before turning north and flowing towards Bend
(See Figure 1). The river meets with the Little Deschutes River halfway between Bend and La Pine before
flowing into Bend and meeting the large diversion works for the Arnold, Central Oregon, Swalley and
North Unit Irrigation Districts. The river then continues north, passes the unincorporated community of
Tumalo and gradually begins cutting deeper into the surrounding landscape before crossing into Jefferson
County and entering Lake Billy Chinook. Most of the water used for agriculture in the county, and thus
most of the volume of water rights decreed are diverted out of the main stem of the Deschutes River.
The large storage reservoirs and diversions in Bend have greatly altered the river’s hydrology (See Figure
2). In the winter, water held back in the reservoirs greatly decreases flows just downstream of the
reservoirs. In the summer irrigation season, the large diversion works in Bend can cause critically low
flows in reaches between Bend and Lake Billy Chinook. Environmental groups have responded to these
low flow conditions and associated Environmental Species Act considerations by working with irrigation
districts on efficiency projects and water rights leasing and acquisition projects in order to restore flows.
There are two other watercourses in Deschutes County from which a significant amount of water is
diverted, Whychus Creek 8 and Tumalo Creek. Tumalo Creek rises on the flanks of Broken Top mountain
near Mount Bachelor and flows east until joining the Deschutes River just north of Bend. About halfway
along its length are the large diversion works for the Tumalo Irrigation District. Whychus Creek rises in
the far West of the county near the crest of the Columbia range and flow northeasterly through Sisters
before emptying into the Deschutes river just inside of Jefferson County. Just south of the town of Sisters
are the diverting works for the Three Sisters Irrigation District. Whychus Creek in particular has

8

Whychus Creek was formally named Squaw Creek.

12
Figure 2 – Deschutes River Summer & Winter Flow

Source: Central Oregon Irrigation District. Reprinted with Authorization.
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been the subject of significant work by environmental groups that have focused on restoring fish habitat
including year-round flow to the entire length of the creek which had historically run dry in late summer
in some years through the town of Sisters.
1.4.2 Water Rights
The OWRD manages water rights in Deschutes County. There are currently 608 irrigation water rights in
the county which are summarized in Table 2. There are 94 primary water rights which have the right to
supply irrigation water to nearly 75,000 acres in Deschutes County. There are significantly more
supplemental rights at 551 with the right to supply supplemental irrigation water to nearly around 40,000
acres in Deschutes County. Although there are many more groundwater than surface water rights (428
vs 217), surface water supplies 86% of primary rights and 77% of supplemental rights.
Table 2 – Water Rights in Deschutes County
WR Type
WR Source
No. of Rights
Groundwater
62
Primary
Surface Water
32
TOTAL
94
Groundwater
366
Supplemental
Surface Water
185
TOTAL
551

Source: Oregon Water Resources Department (2018)

Acres
10,330
64,622
74,952
3,747
36,095
40,576

1.4.3 Irrigated Agriculture
Agriculture has been one of a mix of land uses in the county since its formation. The wide variations in
climate across the county has resulted in wide variations of agricultural uses from rangeland in the east
of the county, alfalfa and grass hay production in the south and central parts of the county to more high
value crops in the northern reaches of the county. Due to Deschutes County’s predominantly dry climate
and relatively high elevation, irrigation is a controlling factor for cultivation in the county (Deschutes
County 2010). With the exception of some pastureland, all crops in Deschutes County require irrigation.
Irrigated agriculture in the County is typified by large amounts of grass hay and alfalfa production with
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smaller amounts of spring and winter wheat, beans, carrots, triticale, peas, barley, etc being grown in the
lower elevation parts of the county to the north and east. Table 3 shows the five-year average acreage
per crop from 2013 to 2017 using remote sensing data from the National Agricultural Statistical Service’s
Cropland Data Layer. With the exception of Grass/Pasture, all other categories require irrigation and are
thus actively cultivated. Alfalfa and Other Hay make up over 90% of the County’s crop mix.
Table 3 – Deschutes County Crop Mix
Average Annual Percent of NonCrop 9
Acreage
Pasture Crops
Grass/Pasture
23,097
NA 10
Alfalfa
11,292
47.32%
Other Hay/Non Alfalfa
10,431
43.71%
Winter Wheat
716
3.00%
Fallow/Idle Cropland
378
1.58%
Spring Wheat
256
1.07%
Dry Beans
235
0.98%
Carrots
110
0.46%
Triticale
97
0.41%
Peas
89
0.37%
Barley
52
0.22%
Oats
48
0.20%
Sod/Grass Seed
39
0.16%
Herbs
37
0.15%
Rye
29
0.12%
Corn
24
0.10%
Garlic
17
0.07%
Potatoes
15
0.06%

Source: USDA National Agricultural Statistical Service Cropland Data Layer (2013-2017)

Crop mix is from the Cropland Data Layer from NASS and is the five year average between 2013 and 2017. Of
particular note is that CDL data can often be inaccurate when dealing with crops similar to natural grasses such as
Grass/Pasture, Alfalfa and Other Hay/Non Alfalfa.
10
Grass/Pasture is excluded from the percentage of total crops as pasture land may not always be actively
cultivated.
9
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1.4.4 Irrigation Districts
Seven irrigation districts have diversions in Deschutes county, with all major diversions off the Deschutes
happening in or near Bend. Two of the districts, the North Unit Irrigation District and the Lone Pine
Irrigation District are wholly outside of Deschutes County, but divert in the County for topographic
reasons. The five irrigation districts in the county and their appurtenant water rights are listed in Table 4.
The Central Oregon Irrigation District (COID) is by far the largest with primary water rights in the county
covering just shy of 28,000 acres. The Three Sisters 11 and Tumalo Irrigation Districts are approximately
the same size at between 7,000 to 8,000 acres of primary irrigation. The Swalley Irrigation District has
around 5,000 acres of primary irrigation while the Arnold Irrigation District is the smallest at 4,000 acres.
Table 4 – Deschutes County Irrigation District Water Rights
Irrigation
WR Type
Acres
District
Arnold
Primary
3,976
COID
Primary
27,852
Swalley
Primary
4,833
Three Sisters
Primary
7,879
Tumalo
Primary
7,367
Source: Oregon Water Resources Department (2018)

1.5 Thesis Organization
This study is organized into eight different chapters. The first chapter has given an introduction into how
water is used in the American West, and more specifically in Deschutes County. This, in turn, motivates
the need for appropriate pricing information, the basis of this study. Chapter Two introduces the current
literature on hedonic pricing for water. Recent papers on hedonic pricing for water are presented along
with papers detailing hedonic pricing for water specifically in Oregon over a longer temporal period. As

11

Formally Squaw Creek Irrigation District
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well, papers using alternative methodologies to value Oregon water are mentioned along with several
papers focusing specifically on Deschutes County.
Chapter Three introduces and discusses the theoretical basis behind hedonic pricing. It begins by outlining
the basic assumptions of a hedonic model and then discusses the theory of hedonic pricing. The hedonic
price function is first described followed by the buyer’s bid function, the seller’s offer function and how
they come together in equilibrium. Chapter Four describes the data used in the project and how it was
developed. Data sources are detailed along with how the data was processed and filtered to develop the
dataset used in the analysis. Assumptions used in the process of data development are detailed.
Chapter Five outlines the specific hedonic pricing model used in this analysis to analyze the relationship
between water rights, property values and other characteristics of property value. Chapter Six presents
the econometric utilization of the specified hedonic pricing model.
Chapter Seven utilizes three different types of valuation to support the results of the hedonic pricing
model. Data on cash rental rates for irrigated and non-irrigated land in Deschutes County is used to
determine a capitalized price premium for irrigated land. As well, data on water rights transaction prices
from WestWater Research LLC’s proprietary Waterlitix database is used to develop a comparable sales
analysis. Finally, Chapter 8 summarizes this research by further discussing the results of the hedonic
pricing model. The results are compared to the results seen in the cash rent differential, and comparative
sales valuation methods. Limitations of the research are discussed followed by overall conclusions and
finally recommendations for further research.
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Chapter Two:
Literature Review
2.1 Introduction
This paper presents a wholly unique hedonic price analysis of water rights, however there is already a
body of work considering several key aspects of water pricing in the Western US, Oregon and Deschutes
County more specifically. This section will first give an overview of work related to water rights and the
value thereof in Deschutes County, Oregon. A more general treatment of the literature surrounding
different valuation methods for water rights as well as some examples is then given. As this paper uses a
hedonic pricing method to value water rights in Deschutes County, a detailed treatment of the literature
that utilizes hedonic pricing to value irrigation water is then given by discussing several important papers
in detail followed by a more general overview of other relevant papers. Finally, papers that utilize hedonic
pricing of water to value other aspects of water not directed related to irrigation water are discussed.

2.2 Valuation of Water in Deschutes County
While studies have focused on valuing water rights around the state of Oregon such as in Malheur County
(Faux and Perry 1999), Douglas County (Butsic and Netusil 2007), Klamath County (Boehlert and Jaeger
2010; Heffner 1999; Slaughter and Wiener 2007) and the Willamette Valley (Kalinin 2013), only a few
examples of valuation work on Deschutes County water values can be found in the literature. Turner and
Perry (1997) use a mathematical programming model to test different in-stream flow leasing strategies.
Landry (1995) surveyed water transaction participants across the state of Oregon and utilized a hedonic
pricing model to value the characteristics of value from those transactions. The majority of respondents
were from Deschutes County. Finally, Kiest (1996) seeks the valuation of a narrow segment of Deschutes
County water rights holders by using a hedonic pricing model to value water rights as an implicit
characteristic of rural housing values.
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2.3 Valuation of Water in Environmental Decision Making
As discussed previously, the Deschutes Basin is facing a number of environmental pressures on its
historically irrigation-driven water distribution system. Concerns about endangered species such as the
Oregon Spotted Frog have been driving policy makers to shift water to more instream uses at the expense
of water for irrigation. However, concerns about in-stream flows in Deschutes County are not new.
Turner and Perry (1997) studied the trade-offs between instream flows and agriculture in the North Unit
Irrigation District and the Central Oregon Irrigation District. Utilizing a mathematical programing model,
they determined a supply curve under which different amounts of water would be leased instream at
different prices given different water conservation and leasing restriction scenarios.
Houk & Frasier (2007) utilize a stochastic programming model to determine the cost effectiveness of water
transfers from different regions of the Platte River in order to deliver water to a critical reach of habitat
downstream near Grand Island, Nebraska. They found it would be most cost effective to conserve water
far upstream in Wyoming even though the numerical volume of water needed to be conserved is
substantially larger than that that would need to be if conserved further downstream near Grand Island.
This illustrates the point that the most proximate source of water for environmental benefit may not be
the most efficient and underscores the importance of utilizing the marginal price of water in
environmental management.
A further study that uses a programming model is Ward & Booker (2007) who utilize a model of the Rio
Grande basin to estimate the economic impacts of an Endangered Species Act driven policy to require
that at least 50 cfs of water remain in the Rio Grande downstream of a large agricultural area in central
New Mexico. The authors found that while that region did suffer economic losses in low flow years, the
benefits to downstream irrigation offset the negatives and actually led to a net economic benefit.
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2.4 Valuing Water Rights
The concept of valuing water in economics is a multifaceted one at best. A wide variety of methodologies
are available with independent applicability dependent upon the characteristics of the use case of the
water in question. Following is brief list and description of other non-hedonic methods that have been
used to value water along with examples. The hedonic pricing method is presented in the next section.
Several of these methods are utilized in Chapter 8.
2.4.1 Residual Method – Farm Crop Budget
When utilizing the residual method, researchers focus on modeling and controlling for all significant
variables other than the one they are interested in. When all other variables are accounted for, the value
of the good being researched, in this case water, is the remainder – or residual – of any remaining income
(Young and Loomis 2014). Arguably the most simplistic of these residual methodologies are those that
utilize farm crop budgets. Farm crop budgets are often developed by land grant university extension
services in order to aid farmers and ranchers in planning out their current and future operations. The
extension service typically will have identified all the relevant costs and values associated with an
operation, typically a field of a certain size growing a crop or rotation of crops. These budgets can be
updated to reflect more recent input/output prices. When considering the value of water in locations
where irrigation is a necessity for crop production, the net annual returns to the producer can be said to
be the residual value attributable to the value of water as without irrigation, the net return the operator
is receiving would not be achievable.
2.4.2 Residual Method – Linear Programing
Linear Programming method takes advantage of modern computing power to model complex systems
much the same way that a farm crop budget models an agricultural operation. Although these models
may be less granular than a farm crop budget, they can include water related production and consumption
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functions for a wide area, allowing the researcher to model different scenarios by changing variables in
the model (Young and Loomis 2014).
2.4.3 Comparable Sales
The comparable sales method utilizes observed transactions of water rights and other water related
property right-generating contracts to value a similar water right (Young and Loomis 2014). It is the
predominant method to value many common assets, such as real estate and vehicles, but is not commonly
used to value water in the academic literature due to the difficulty in obtaining pricing information. When
available, however, a set of comparable sales can be the most effective method of valuing water in an
area due to fact that the transactions themselves are statements of value by real actors in the market.
While transactions in some areas can be sparse and as such assumptions may be needed to draw
conclusions, in areas where transactions are numerous, no assumptions are necessary to observe the
price of water. A brief comparable sales analysis for Deschutes County is presented in Chapter 8.
2.4.4 Travel Cost
The travel cost method is commonly utilized to value recreational water resources. The method estimates
a value of water by utilizing the cost of travel to the resource as a proxy for the value of the resource.
(Young and Loomis 2014) The travel costs utilized in this method include both direct costs, such as the
entrance cost for the recreation site or cost to rent a boat and indirect costs, such as the costs of fuel and
vehicle depreciation to reach the site.
2.4.5 Contingent Valuation
Contingent valuation is a survey based methodology that elicits responses from actors in order to
determine the actor’s true valuation of the subject being studied (Young and Loomis 2014). When
considering water, this is often used in the context of recreation or the existence value of endangered
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species as it relates to instream flows. Multiple contingent valuation methodologies exist, with designs
that vary based on the question being addressed.
2.4.6 Land Price Differential
The land price differential method estimates the value of water by calculating the difference between the
prevailing average value of irrigated crop land and the prevailing average value of non-irrigated crop land.
Assuming that the land in question is otherwise homogenous, this differential will represent the value of
water applied for irrigation in the area. Land price differential analyses may utilize either permanent sale
values or annual rental values, commonly known as cash rents. In order to convert the annual value
derived from a cash rent differential into a permanent sale value, a capitalization rate must be utilized. A
capitalization rate is defined as the net operating income of a property divided by the permanent sale
value of a property. The cash rent differential is equivalent to the net operating income that can be
attributed to the presence of water rights. In order to establish the permanent sale value of the water
rights in a cash rent differential analysis, the cash rent differential can be divided by an estimated
capitalization rate. In areas where there is little irrigated crop land or in areas where dryland farming is
not possible, pricing for either irrigated or dry cropland may not be available. Even if it such pricing is
available, the distribution of parcels in an area may violate the assumption of underlying homogeneity
between the mean irrigated and non-irrigated parcels. A brief cash rent differential analysis for Deschutes
County is presented in Chapter 8.
Jaeger (2004) utilizes a land price differential analysis that subtracts the average real market value of an
acre of land with an irrigated LCC of class VI from the average real market values of an acre of land with
classes I – IV in order to determine the long run marginal value of water by irrigated LCC class in the
Klamath Basin. The resultant capitalized water values for each soil classification are also converted into
annual values using a discount rate. Boehlert and Jaeger (2010) also utilize real market value data to
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estimate the value of water rights by soil type by dividing the full amount of the average per acre value of
different combinations of region and irrigated soil type with classification I-V by the estimated
evapotranspiration.
2.4.7 Benefit Transfer
Benefit transfer is unlike the other methodologies presented here in that it is simply the re-use of results
from other studies done using one of the preceding methodologies in a new study. The researcher
determines factors relevant to study location and uses these sets of factors to determine other research
that has been done for other locations that can be defensibly re-used for the study location in question.
The benefit transfer method can at times go beyond simple 1:1 variable transfers and modify the benefit
level when defensible ratios between the study area and the area from which the benefit is being
transferred can be established (Young and Loomis 2014).

2.5 Hedonic Pricing Method
The hedonic hypothesis stipulates a model of viewing assets as comprised of a set of implicit
characteristics that individually contribute value to the overall value of the asset. It follows that the
marginal value of each characteristic can be ascertained using a set of similar products containing different
levels of said characteristic. Hedonic modeling has evolved over time. In the early 20th century, hedonics
rested purely in economic theory until Rosen (1974) posited what is now known as the hedonic pricing
model which uses statistical techniques to achieve the goal of placing a value upon the implicit
characteristics of a product. Rosen’s model was used heavily to value non-rivalrous characteristics related
to priced items, however implementation related to rivalrous goods which in theory could have market
prices was at first more limited.
Over time, further research developed methodologies that allowed for the application of Rosen’s model
to rivalrous goods, including applications to agriculture. Palmquist (1989) developed a hedonic model
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tailored for farm land transactions that is commonly drawn upon today in using hedonics to value the
implicit components of farm transactions including water rights. Cropper, Deck, and McConnell (1988)
note that in the face of missing information, simpler functional forms of hedonic models produce more
accurate estimators.

2.6 Hedonic Pricing Method for Irrigation Water
While the use of the hedonic pricing method for valuing water for irrigation has been one of the more
common methods of water right valuation, its use is still somewhat limited. This section attempts to give
an overview of the most important papers that use hedonic pricing to value water specifically for
agricultural uses as well as a more general overview of many others. The literature in this section focuses
first on those papers which provided novel contributions to the use of hedonic pricing for irrigation water
and second on those papers specific to the Western United States and Oregon in particular.
2.6.1 Crouter (1987)
Crouter (1987) was the first to analyze water rights using a hedonic pricing model. The author used a BoxCox model to determine the appropriate functional form for a hedonic analysis of land transactions in
1970 in Weld County, Colorado. A special case of the Box-Cox model allows the user to discern if the
parameters are in fact separate and linear. Further tests upon the determined functional form indicated
that the markets for land and water in Weld County in 1970 could not be found to be additively separable.
Importantly, Crouter concludes that a linear functional form of the hedonic price equation is only justified
if water can be demonstrably considered to be not appurtenant to land. If water is in effect appurtenant
to land, then Crouter recommends using the Box-Cox method to identify the appropriate functional form
of the hedonic price equation.

24
2.6.2 Faux and Perry (1999)
Faux and Perry (1999) is the most widely cited example of a hedonic price model for irrigation rights. The
authors analyzed a set of agricultural parcels in Malheur County in far Eastern Oregon. Building upon the
work of Crouter (1987), the authors utilized a Box-Cox model to inform their choice of functional form,
sticking to a simpler form to better deal with omitted variables as suggested by Crouter (1987). Although
Malheur County lies approximately 2-3 hours east of Deschutes County, the areas share similar attributes
related to irrigation, notably the fact that irrigation is a requirement of crop production. The authors take
advantage of this fact by assuming that acreage with a land capability class 12 (LCC) of less than five is not
irrigated. The coefficient for the LCC of six is thus used as the baseline value for non-irrigated lands, thus
allowing the authors to develop not only a value for the marginal use of an acre foot of water, but also
values for irrigation water when applied to the five progressively more irrigable LCCs.
A seminal result is that combining LCCs into a composite index at the parcel level causes significant losses
of information and can lead to biased estimators. This result has been tested and confirmed by other
authors including Butsic and Netusil (2007) and Petrie and Taylor (2007). The authors further note the
importance of accounting for heteroskedasticity when testing for functional form and utilize a specific
form of a Box-Cox model presented by Lahiri and Egy (1981) that enables testing for a functional form
while accounting for heteroskedasticity. Finally, the authors also found no significance in the source of
the water per parcel, however they posited a site-specific explanation for this finding.
2.6.3 Butsic and Netusil (2007)
Butsic and Netusil (2007) analyzed farm-land transactions in Douglas County, Oregon in 2000 and 2001
using a hedonic pricing model. The authors also utilized a Box-Cox model to determine functional form

Land capability class (LCC) is a metric determined by the Natural Resources Conservation Service that gives an
indication of a soil’s ability to support agriculture when irrigated. The metric is categorical with values from 1-8
with 8 being a complete lack of ability to support irrigated agriculture and 1 being the best soils possible for
irrigated agriculture.
12
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and draw upon the work of Cropper, Deck, and McConnell (1988) in choosing a simpler functional form in
the face of missing information. Due to the fact that Douglas County did not at the time provide access
to parcel level improvement data, the assessed value of improvements was used, an approach also utilized
in this study. By combining a coefficient that estimates the price premium irrigation water adds to the
value of an acre along with an interaction term that estimates how the value of water changes based upon
the size of the acreage it is applied too, the authors assert that they are able to estimate a local willingnessto-accept of a water rights owner in potential sales or leases. In order to flush out their findings as they
relate to leases, the authors estimate leases of differing lengths with different discount rates and find
their results roughly align with a revealed lease price for a transaction that occurred around the time of
study. Although the study area in Butsic and Netusil (2007) is geographically close to Deschutes County,
the stark differences in climate and agricultural systems between areas to the west and east of the
Cascades suggest that the determinants of value for water rights in agricultural systems including water
availability, conveyance potential and the added yield to different crops from irrigation are substantially
different between Douglas and Deschutes Counties . As such, the marginal value of water rights from one
county are not applicable to the other.
2.6.4 Petrie and Taylor (2007)
Petrie and Taylor (2007) presents one of the few domestic valuations of water for irrigation outside of the
Western US. While most of the Eastern US utilizes a riparian system for irrigation rights that allows any
landowner with access to a stream or it’s alluvium to utilize the waters of that stream, the Flint River Basin
has had a moratorium on new permits for irrigation since 1999. The mortarium in effect created property
rights for the usage of water for irrigation where previously the usage of water had been a common pool
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resource. 13 Unlike water rights in the West, Flint River water rights are fully appurtenant to the land; they
cannot be sold separately and are inherently passed along to a new landowner if the property is sold.
The authors utilize sales records in Dooly County, Georgia between 1993 and 2003. Dooly County is split
between three basins including the Flint River Basin. The unique setup of a policy prescription of a
moratorium of new water usage that took effect with little warning 14 and only in a portion of the study
area allowed for the authors to utilize a difference-in-difference implementation of the hedonic pricing
model. For the model, the authors were able to study the appearance of positive implicit valuations for
water rights within the moratorium area where previously there had been none and continued to be none
outside of the moratorium area. In other words, the authors were able to find that a policy that limits the
use of water in this situation, essentially turning a relatively non-rivalrous resource into a rivalrous one,
created value for water where previously there had been none. A further significant result is that the
authors used two specifications that allowed them to test whether differentiation in land classification
and soil type was significant. They found that differentiating by both provided statistically significant
results, a conclusion found previously by Faux and Perry (1999).
2.6.5 Buck, Auffhammer, and Sunding (2014)
Buck, Auffhammer, and Sunding (2014) present a hedonic valuation of water in California’s San Joaquin
Valley. While the model presented in this study, and most of the papers referenced in this study, use
cross-sectional data, Buck, Auffhammer, and Sunding (2014) present a model based on panel data of
repeat farmland sales. This allowed them to introduce parcel-level fixed effects. They show that as one

Landowners are still able to utilize up to 100,000 gallons per day without a permit, slightly less than five times
the 15 gallons per minute (21,600 gallons per day) exemption common for domestic & stock water usage in the
West.
14
The official announcement of the moratorium came only one month before it went into effect, however senior
officials made statements earlier in the year that may have signaled the moratorium. The authors tested if the
earlier date was the true date in which water permits began being capitalized into land and found no significant
evidence to point towards that indicating that the moratorium was a true sudden policy shift.
13
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introduces finer and finer fixed effects, the implicit value of water grows. When only controlling for fixed
effects, the value of water is indistinguishable from zero. Controlling for fixed effects at the level of the
hydrologic unit increases the revealed capitalized value of water to be $826/AF. As the level of fixed
effects becomes finer, to city level and then school district level, the implicit capitalized value of water
grows to $1,857/AF and then to $2,416/AF. Finally, the model utilizes pooled data of repeat sales and the
revealed capitalized value of water increases to $3,723/AF. The authors thus conclude that not including
parcel-level fixed effects allows for unintended omitted variable bias and that the body of research into
water right values that utilizes cross sectional data may thus be underestimating the implicit value of
water.
2.6.6 Brent (2017)
Brent (2017) presents a hedonic valuation of water rights under unique constraints in the Yakima Valley
in Washington. The Yakima Valley is characterized by a large amount of irrigation districts and some
smaller direct diverters. All direct diverters and some irrigation districts have senior water rights that have
never been curtailed. The balance of the districts have the same junior priority date and are thus known
as pro-ratable rights that stem from the 1905 Federal Yakima Project. Based upon available water supply,
these junior users often only receive a proportion of their water allotment every year. It is thus known
how much water is used by every user annually.
The author is able to use this distribution in water supply to test the value of priority. Interestingly, it is
found that on the aggregate, seniority has no discernable impact upon implicit water right value.
However, Brent shows that this is in part related to supplemental groundwater rights, which adds ten
times the amount of value to a junior right than to a senior right. As well, the Yakima Basin is currently in
the midst of developing and implementing a supply plan that promises to increase the reliability of the
rights of junior users potentially causing market actors to view junior rights more favorably than they may
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otherwise. Finally, upon the inclusion of interaction terms between seniority and groundwater rights as
well as whether the property contained an orchard, Brent is able to show a statistically significant price
premium for seniority outside of properties with groundwater rights (which can be used to mitigate
volatile water supplies) or orchards (where owners have likely installed infrastructure or have agreements
in place to protect their perennial crops).
2.6.7 Bjornlund and Shanahan (2009)
Unlike the rest of the papers presented in this study, Bjornlund and Shanahan (2009) focuses on one of
the few other areas of the world outside of the Western US that utilize a prior appropriation type system,
in this case the Murray-Darling Basin in south eastern Australia. The study focuses on the mid to late
1990’s, a period wherein water markets had recently been introduced in all states in the basin but before
a 2004 law went into effect that removed the strict legal appurtenance of water to land. 15 By the early
1990’s all states in the basin had introduced a water market system where long term water entitlements
could be bought and sold and the yearly allocations from those entitlements also bought and sold. In the
beginning of the system, there were a number of unused entitlements that were still being sold off. As
the markets matured, more and more water being traded was water that had been previously owned and
used by landowners. Before the introduction of the 2004 law, water could be purchased in one of two
markets, the overt market for water entitlements or as part of a piece of irrigated land. The authors
utilized a hedonic price model to analyze the implied price of water over this period as the market for
entitlement water matured. If both markets had maturated and were operating efficiently, theory holds

On the surface, this is not altogether different from the Western US where water is often deeded separately
from land. Australia’s 2004 law, however, created a parallel system for water independent of the property system.
It would be as if automobiles in the US were historically attached to property, and while they could be sold
separately from property, they are always considered a constituent part of a piece of property. A law is then
passed that separates automobiles from property and thus creates the separate land and automotive registration,
taxation and valuation systems that exist in the US today. In Australia, a separate register for water (similar to a
land register) was created, banks were required to mortgage land and water assets separately and assessors no
longer considered water to be a constituent piece of the property for valuation purposes.
15
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that the prices for water in both markets would be equal. The authors found that across the states,
implicit prices for water traded as appurtenant to irrigated land tended towards the prevailing price in the
market for water entitlements with the convergence dependent upon how long the entitlement market
had been in operation and the prevailing water use in the state. A final, interesting result of the research
is that when appurtenant to parcels with capital intensive production and permanent crops, the implicit
price for water tended to be linked more to investments in irrigation infrastructure.
2.6.8 Kalinin (2013)
Kalinin (2013) utilizes a hedonic model to estimate the value of water rights in the Willamette Valley,
Oregon as well as the sensitivity of water values to variations in farm characteristics such as temperature,
precipitation, soil quality and elevation. The author finds that declines in elevation and increases in
average temperature, precipitation and soil quality are all associated with higher water values.
Importantly, the author finds that the marginal value of water in precipitation is similar to the marginal
value of water from irrigation water rights, indicating that irrigators are indifferent to whether their water
comes from rain or water right.
The Willamette Valley is unlike many other areas of the Western US in that water is much less scarce and
water for irrigation is not always necessary. The author utilizes this somewhat unique characteristic of
the Valley to attempt to understand the factors that play into a water user’s decision to exercise their
water rights. Factors that led to a decreased probability in deciding to irrigate included above average
precipitation, increased elevation, smaller field size, poor drainage and soil water holding capacity. Fields
that were located in exclusive farm use zones and/or irrigated by groundwater experienced a greater
probability of being irrigated, indicating that irrigation was more likely on fields where were deemed to
have a long term commitment to agriculture, either through regulation such as fields zoned for exclusive
farm use or through construction of expensive groundwater infrastructure.
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2.6.9 Other Uses of Hedonic Pricing in Water Rights Valuation
While studies analyzing the price of water for irrigation, and more specifically utilizing the hedonic pricing
model are not strictly commonplace, several other papers beyond those discussed above have also
utilized this methodology. Heffner (1999) utilizes a hedonic pricing model to determine the value of
irrigation water in Klamath County, Oregon, an area which was undergoing significant upheaval at the
time, including a contentious adjudication as well as the 1986 reinstatement of the water rights of the
Klamath Tribe and their time immemorial 16 priority date.
Landry (1995) uses a hedonic pricing model on real water rights sale prices gathered via survey to find the
factors of a water right determinant in its price. He found that a water right’s duty, relative seniority,
appurtenant parcel size and geographic location are significant water right price determinants. Survey
response rates for Deschutes County were particularly high, causing it to be a significant part of Landry’s
analysis.
Schlenker, Hanemann, and Fisher (2007) examine the potential impact of climate change on irrigated
agriculture in California and find that climatic variables and degree days have a statistically significant
impact on land values. Torell, Libbin, and Miller (1990) use market price differences between irrigated
and non-irrigated farmland to Ogalala groundwater rights. In a paper that offers a model very similar to
this study, Shultz and Schmitz (2010) use a hedonic price model to value surface water rights in two
Nebraska watersheds. Xu, Lowe, and Adams (2014) examine the agricultural land use responses to varying
water supply and climatic conditions in Idaho and find that farmers respond to long term trends in surface
and groundwater supplies as well as more short-term seasonal supply variations. Finally, Yoo et al. (2013)
examines agricultural water right prices using a hedonic model in the face of the expanding Phoenix
metropolitan area and find that the marginal willingness to pay for agricultural water rights is greatest in

16

By definition, water rights with time immemorial priority dates are senior to absolutely all other water rights.
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areas that have already seen significant development as well as a price premium in areas where developed
land is of high value.

2.7 Other Water-Related Uses of the Hedonic Pricing Method
Many other papers have utilized a hedonic pricing model to value other use cases of water and water
rights, often where the benefit being valued is non-rivalrous. Netusil and Summers (2009) use a hedonic
pricing model to value instream flow transfers in Deschutes County and find a price premium on transfers
that had been approved by the state, as approved to contractual agreements without state involvement.
Kiest (1996) considers the implicit value of water in rural housing transactions in Deschutes County and
finds that contrary to popular wisdom, there is no statistically significant price premium on residential
properties attributable to water rights. Bigelow (2015) conducts a large-scale analysis of land use change
in Oregon’s Willamette Valley and the associated water use impacts finding that the degree of impacts
upon the quantity of water utilized depends upon the degree to which expansion is occurring onto
formally irrigated land, the rate at which the city is expanding and the spatial pattern of said expansion.
Of note is the finding that sprawling development patterns may in some circumstances decrease
aggregate consumptive use.
Although it is not considered in this study and is not considered to be of major concern in Deschutes
County, the quality of irrigation water can be a source of significant concern to irrigators. While the
authors were not able to identify direct impacts to agriculture land values due to data constraints,
Fitzgerald and Zimmerman (2013) chronicled the significant concern irrigators had with increasing salinity
attributed to Coal Bed Methane extraction along the Tongue River in Montana. Mukherjee and Schwabe
(2014) use hedonics to value groundwater in California’s Central Valley and find that not including salinity
attributes can bias estimates of the marginal value of water.
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Chapter Three:
The Theoretical Basis of Hedonic Pricing
3.1 Introduction
As introduced above, hedonic pricing is the statistical methodology that allows for the valuing of
characteristics implicit in a product with market pricing. The theory for the statistical methodology behind
the hedonic pricing model was first introduced by Rosen (1974). Most uses of the hedonic pricing method
today value environmental goods and ecosystem services (Young and Loomis 2014). However, a
significant portion of the literature utilizes a hedonic model developed by Palmquist (1989) for farmland
analysis. This chapter will first explain in brief detail the general idea of hedonic pricing. It will then lay
out the basic assumptions of hedonic pricing and then present in both graphical and mathematical detail
the theory behind the consumer and producer sides of the hedonic model and the hedonic equilibrium.

3.2 Hedonic Pricing
One of the most familiar models in economics is that of the classical equilibrium of supply and demand.
Large numbers of consumers demand particular goods and those demands are met by a large number of
producers. The individual characteristics, constraints and costs of every actor in the market come
together and a singular market clearing price is established. At this price, the amount demanded by
consumers reacting to said price is equal to the amount provisioned by producers also reacting to said
price.
This model is highly intuitive and forms part of the basis of any Econ 101 course. However, the model is
not sufficient for many goods. Many goods are not homogenous, and rather contain differing amounts of
characteristics that are valued in differing ways by differing consumers and have differing costs of
provision by differing producers. These types of products include such things as cell phones, cars, granola
and, importantly for this study, real estate. Truly, most consumer goods today contain at least some level
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of differentiation between brands, even if just in marketing and packaging. These goods are known as
differentiated goods.
In his seminal paper Rosen (1974) proposes a model that described the market for differentiated goods.
The model recognizes that while consumers pay and producers receive only one price for the good, the
production and consumption decisions are the result of a set of market clearing decisions for each valued
characteristic of the differentiated good, with the set of decisions occurring simultaneously. Every
characteristic of a differentiated good has an implicit market price, consumers respond to this market
price based on their own tastes and preferences and choose a level of said characteristic and all other
characteristics that maximizes their utility. Just the same, producers respond to this market price and the
market prices of all inherent characteristics in a differentiated good by altering their provision of different
characteristics, subject to the differing costs of the provisioning of each characteristic.
As this study focuses on the prevailing market price for one implicit characteristic in agricultural real estate
in Deschutes County, irrigation water, this chapter will focus on the aspects of hedonic pricing relevant to
determining the market price of a singular characteristic of a differentiated good, in this case land.

3.3 Basic Assumptions
In order for a hedonic pricing model to produce useable results, some basic assumptions must hold. The
most basic is that the buyer and seller whose transaction generates a datapoint in the dependent variable
of a hedonic regression are engaged in a mutually beneficial transaction. In other words, the benefit
received by the seller is reflected principally within the sale price. Transactions in which the buyer and
seller have a relationship outside of the transaction may have benefits not accruing to the sale price, such
as the positive feelings a parent may enjoy when transferring property to a child for a below market rate.
As such, efforts must be made to assure all observations represent arms-length transactions.
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Furthermore, it must be possible to assume that the area under analysis can be treated as a single market.
While the products (land) contained within the market can have spatially differing attributes, all buyers
must be assumed to have perfect information on all alternatives and are free to choose from a portfolio
of all available properties (Freeman III, Herriges, and Kling 2014). If certain buyers are prevented from
participating in certain markets, then the markets can be said to be segmented. For example, land use
restrictions in certain areas may prevent development on certain parcels. As developers are prevented
from transacting those properties, the market in question is thus segmented into properties that can and
cannot be transacted for development purposes.

While most papers simply assume no market

segmentation through model and data design, some papers seeking to value water rights hedonically have
tested if market segmentation is a factor, such as Faux and Perry (1999).
Although a discussion of the supply side of a market is presented, hedonic valuations assume market
equilibrium in order to avoid a supply side model of a market and instead focus on the characteristics
valuable to buyers. In order for market equilibrium to occur, the market must be well functioning with
buyers and sellers assumed to have full and complete information thus allowing them to make decisions
that maximize their utility. These utility maximizing decisions are undertaken by all buyers and sellers
until the market clears. This assumption allows the hedonic price model to assume that the variations in
prices of the dependent variable are solely a function of differing levels of characteristics in said variable.
Rosen (1974) further stipulates that there must be heterogeneity in the composition of the characteristics
observed in the dependent variable. Homogeneity in said characteristics would not allow for the hedonic
model to determine the implicit value of a specific characteristic as only the level of said characteristic
would have been observed, not the differences between instances of the characteristic.
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This study assumes a competitive, arms-length market for both land and water. It is also assumed that
the market for land in water in Deschutes County is non-segmented, an assumption that is discussed
further in the discussion section proceeding the hedonic results.

3.4 The Hedonic Price Function
The basic theory of hedonic pricing holds that the value of an asset is equal to the stream of benefits, or
rents, that are produced by the property, capitalized to the time of sale. Differences in the implicit
components of the property effect the stream of rents accruing to the property. The basic hedonic model
can be given as;
𝐿𝐿𝑛𝑛 = 𝐿𝐿(𝑪𝑪)

[1]

Where 𝐿𝐿𝑛𝑛 is the price paid for the nth property which is constituted by a vector of characteristics denoted
by C. The vector of characteristics C is comprised of 1 through n components c as shown;
𝐂𝐂 = (𝑐𝑐1 , 𝑐𝑐2 , … , 𝑐𝑐𝑛𝑛 )

[2]

Freeman (1993: 371) presents an analogy of a shopping cart full of goods that is useful in considering how
actors in the market for a differentiated good approach the overall good as a function of its constituent
characteristics:
“it is as if the urban area were one huge supermarket offering a wide selection of varieties.
Of course, the individuals cannot move their shopping carts through this supermarket.
Rather, their selections of residential locations fix for them the whole bundle of housing
services. It is much as if shoppers were forced to make their choices from an array of
already filled shopping carts. Individuals can increase the quantity of any characteristic by
finding an alternative location alike in all other aspects but offering more of the desired
characteristic.”
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The constituent components of the contents of a shopping cart, however, share one big difference versus
the constituent components of a piece of land. In a shopping cart, one may add a frozen pizza, or a six
pack of beer and the overall price of the shopping cart and its contents will increase by exactly the cost of
the frozen pizza or beer. Just the same, a shopping cart full of a basket of goods X plus two frozen pizzas
will have the same price as a bundle of two shopping carts each with a basket of goods of .5X plus one
frozen pizza. The components of the shopping cart are fully separable and imply a price quantity
relationship as seen in Figure 3. As the number of pizzas in the shopping cart increases, the price of the
shopping cart also increases in a linear relationship; the tenth pizza adds the same to the cost of the cart
as the first pizza.
Figure 3 – Price Linearity of Pizza
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Unlike with shopping carts and pizza, however, buyers of property are not able to separate any of the
characteristics of the property and enjoy the benefits of that characteristic separate from the whole. Two
houses, one with a beautiful view and lots of traffic noise and one with no view but with peace and quiet
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are not equal to one house with a beautiful view and no traffic noise. In terms of land, a farmer who
leases 300 acres of land during the winter and 100 during the summer does not have the same access to
land as a farmer who leases 200 acres year-round.
This lack of separability leads to two important observations about the market for land. One is that
because characteristics are not easily separable, they may in fact be dependent on each other. If a
property has a lake with lots of trees surrounding it, the landowner cannot fill in the lake and reasonably
expect the trees to survive. If the existence of the characteristics are dependent on one another, then it
follows that the implicit prices for these inter-related characteristics likely are as well. Considering a
property with a grove of trees directly next to a pond, it’s likely the grove of trees and the pond likely both
have higher implicit values because they are adjacent than they would if the grove of trees were on the
other side of the parcel and the pond had no shade.
Another important point that follows from the observation of a lack of separability in hedonic markets is
that the marginal price of a characteristic may not be constant. For someone considering the purchase of
a large agricultural parcel, the number of improved roads on the parcel is important. However, the implicit
value of improved roads likely decreases with the more improved roads that are on the parcel. It is
especially important that roads that will see heavy traffic are improved and will hold up to the traffic. It
is much less important that every fence row or access point that may only occasionally see traffic are
improved. As such, the value of the distance of improved roadways on an agricultural parcel is not linear
per mile of improved roadway. A declining marginal price such as this can be seen in Figure 4. As the
quantity of characteristic c1 increases, the value it adds to the overall price of the land diminishes with the
quantity of all other characteristics, c-1, held constant.
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Figure 4 – The Hedonic Price Function for Characteristic c1
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Figure 4 shows simply a potential relationship between a single characteristic and land prices under
hedonic pricing. The shape of this function will differ and, in some cases, may actually be linear. An
example of a linear function would be fully homogeneous acreage within a parcel of agricultural land. It
is entirely possible that 101 acres of homogenous irrigable agricultural land sells for exactly 1% more than
100 acres.
The exact nature of the relationship between a characteristic of land and the overall land value is only
revealed indirectly through the total value paid for the land. The relationship between overall land value
and the price of one of its characteristics can be thought of as the implicit price of the characteristic with
the mathematical relationship known as the Implicit Price Function. This function can be derived as the
partial derivative of the hedonic price function (Equation [1]) for one of its constituent characteristics;
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𝑝𝑝𝑐𝑐𝑛𝑛 (𝑐𝑐𝑛𝑛 ; 𝑐𝑐−𝑛𝑛 ) =

𝜕𝜕𝜕𝜕(𝑪𝑪)
𝜕𝜕𝑐𝑐𝑛𝑛

[3]

Where 𝑝𝑝𝑐𝑐𝑛𝑛 (𝑐𝑐𝑛𝑛 , 𝒄𝒄−𝒏𝒏 ) is the marginal price of characteristic 𝑐𝑐𝑛𝑛 given a constant set of all other property
characteristics 𝒄𝒄−𝒏𝒏 as the hedonic price function for characteristic c1 is upward sloping, the derivative

implicit price function is downward sloping as seen in Figure 5. As the quantity of cn increases, the

marginal price paid falls commensurate with its decline in contribution to the overall price of the property.
Figure 5 – The Implicit Price Function for Characteristic c1
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3.5 Maximizing Buyer Utility & The Bid Function
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The hedonic price function defines the set of market clearing prices for varying levels of a characteristic
𝑐𝑐𝑛𝑛 of a piece of property given a set of all other property characteristics 𝒄𝒄−𝒏𝒏 . As with all markets, the

determination of the set of market clearing prices in hedonic pricing is a function of the individual
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circumstances of all parties involved in the market. On the buyer side, economic theory holds that
consumers will choose the bundle of goods that maximizes their utility given their budget constraint.
Rosen (1974), in his treatment of the theoretical basis of hedonic pricing presents a variation on the
classical solution wherein instead of maximizing utility given prices and a budget constraint, the potential
amount spent on a good with a set of characteristics is maximized given the level of utility the good offers
and the amount of money the buyer is able to pay given consumption of all other goods. This is known as
the bid function and is derived similarly to the classical solution. A bid is simply the maximum amount a
buyer can pay for a property given their income and the amount that is spent on all other goods;
𝜃𝜃 = 𝐼𝐼 − 𝑋𝑋

[4]

Where 𝐼𝐼 is the total amount of income available to the buyer and 𝑋𝑋 is the total amount of money spent
on all other goods. An individual participating in a market in which a piece of land is on offer will have the

utility function;
𝑈𝑈 = 𝑢𝑢(𝑋𝑋, 𝑪𝑪)

[5]

where 𝑪𝑪 is the basket of characteristics available in a land purchase and 𝑋𝑋 is the total monetary cost of all
other goods. Equation [5] can be rearranged to show the amount of money that will be spent on all other
goods 𝑋𝑋 given a chosen property with a vector of characteristics 𝑪𝑪 and a level of utility 𝑢𝑢;
𝑋𝑋 = 𝑥𝑥 (𝑪𝑪, 𝑢𝑢)

[6]

Equation [6] can be inserted into equation [4] to generate;
𝜃𝜃 = 𝐼𝐼 − 𝑥𝑥 (𝑪𝑪, 𝑢𝑢)

[7]
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This equation is Rosen’s bid function and gives the maximum bid (𝜃𝜃) that a buyer would be willing to pay
for a property with a vector of characteristics 𝑪𝑪 and a given level of utility 𝑢𝑢. When considering the

hedonic price of only one characteristic 𝑐𝑐𝑛𝑛 , Equation [7] can be written as;
𝜃𝜃 = 𝐼𝐼 − 𝑥𝑥 (𝑐𝑐𝑛𝑛 , 𝒄𝒄−𝒏𝒏 , 𝑢𝑢)

[8]

Where 𝒄𝒄−𝒏𝒏 is a constant term for all other characteristics. This equation is the bid curve and can be seen
in Figure 6.

Figure 6 – The Bid Curve
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Bid curves represent a set of combinations of a property characteristic 𝑐𝑐𝑛𝑛 and payments for those

attributes 𝜃𝜃 along which a buyer achieves the same level of utility and is thus indifferent. As one moves

down and to the right, the buyer achieves lower prices for 𝑐𝑐𝑛𝑛 and/or increased amounts of 𝑐𝑐𝑛𝑛 and thus
moves to a higher level of utility.

It is noted here a bid function and its individualized component bid curves are similar in structure and
content to a utility function and a set of indifference curves. Comparisons of the two can further

42
illuminate the producer side of the hedonic price function. As Rosen (1974) notes, the slope of a bid curve
can be represented by the ratio of marginal utilities;
𝑈𝑈𝑐𝑐𝑛𝑛
𝑈𝑈𝑥𝑥

[9]

This is nearly identical to the slope of an indifference curve which is represented by negative ratio of
marginal utilities. Just as the ratio of marginal utilities that represents the downward slope of an
indifference curve, the ratio of marginal utilities in equation [9] that represents an upward sloping bid
curve is positive. A set of indifference curves for the choice between all other goods and varying levels of
characteristic 𝑐𝑐𝑛𝑛 and the Hicksian Bundle of all other goods 𝑋𝑋 is shown in Figure 7.

Figure 7 – Indifference Curves for Choice under Hedonic Pricing

Quantity of
Hicksian
Bundle ($)

Indifference Curves
Between X and cn

u2
u1

0

u0
Quantity of
Characteristic cn

Just as with the set of bid curves, the set of indifference curves represents different levels of utility 𝑢𝑢,

however as one moves along the curves the tradeoff is between quantities of either characteristic 𝑐𝑐𝑛𝑛 and

the Hicksian Bundle 𝑋𝑋. Note that income is not considered in the indifference curve framework. The bid
curve, however, incorporates the indifference curve into a budget constraint and in doing so creates a
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choice between a willingness to pay for characteristic 𝑐𝑐𝑛𝑛 and quantities of characteristic 𝑐𝑐𝑛𝑛 . This is the

fundamental distinction between the bid curve and the classical indifference curve.

However, along a singular bid curve, utility is still constant and as such the bid curve still defines
indifference relationships. A depiction of the standard consumer choice problem is illustrative in
understanding the hedonic solution.
One can derive the classical consumer choice problem for the choice of property 𝐿𝐿(𝑪𝑪) and all other goods
𝑋𝑋 as constrained by income 𝐼𝐼. As stated, Equation [5] represents the utility of the buyer. The buyer will
maximize utility subject to the following budget constraint;
𝐼𝐼 − 𝐿𝐿(𝑪𝑪) − 𝑋𝑋 = 0

[10]

Where 𝐼𝐼 is total income, 𝐿𝐿(𝑪𝑪) is a property with set of characteristics 𝑪𝑪 and 𝑋𝑋 is the total amount spent

on all other goods. A Lagrangian Function is set up using equations [5] and [10];
ℒ = 𝑈𝑈(𝑋𝑋, 𝑪𝑪) + 𝜆𝜆(𝐼𝐼 − 𝐿𝐿(𝑪𝑪) − 𝑋𝑋)

[11]

Maximizing the Lagrangian with respect to the nth characteristic 𝑪𝑪, the total amount of money spent on

all other goods 𝑋𝑋, and the budget constraint yields:

𝜕𝜕ℒ
= 𝑈𝑈𝑐𝑐𝑛𝑛 − 𝜆𝜆𝐿𝐿𝑐𝑐𝑛𝑛 (𝑐𝑐𝑛𝑛 ; 𝒄𝒄−𝒏𝒏 ) = 0
𝜕𝜕𝑐𝑐𝑛𝑛

[12]

𝜕𝜕ℒ
= 𝐼𝐼 − 𝑋𝑋 − 𝐿𝐿(𝑪𝑪) = 0
𝜕𝜕𝜕𝜕

[14]

𝜕𝜕ℒ
= 𝑈𝑈𝑋𝑋 − 𝜆𝜆 = 0
𝜕𝜕𝜕𝜕

[13]

In equation [12] 𝑈𝑈𝑐𝑐𝑛𝑛 is the partial derivative of the utility function with respect to the property
characteristic 𝑐𝑐𝑛𝑛 where 𝑛𝑛 is every property characteristic of property 𝐿𝐿 in the vector of property
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characteristics 𝑪𝑪 from 1 through 𝑛𝑛. Ceteris paribus, this represents the added utility from one extra unit

of characteristic 𝑐𝑐𝑛𝑛 . 𝑈𝑈𝑋𝑋 in equation [13] is the partial derivative of the utility function with respect to the
Hicksian bundle 𝑋𝑋. As the bundle is denoted in monetary terms, 𝑈𝑈𝑋𝑋 represents the added utility that

comes from an extra unit of money, all else being equal. Finally, 𝐿𝐿𝑐𝑐𝑛𝑛 is the partial derivative of the hedonic

price function with respect to the nth characteristic of the land 𝑐𝑐𝑛𝑛 and is the implicit price function of said

characteristic as was presented in equation [5].

Taken together, equations [12], [13] and [14] are the mathematical representation of the buyer’s optimal
choice of property. They can be solved to reveal the consumer’s optimal bundle of 𝑐𝑐𝑛𝑛 and 𝑋𝑋 as can be
seen in the left-hand side of Figure 8 below.

Figure 8 – Consumer Classical & Hedonic Solutions
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Of note in the left hand panel of Figure 8 is that, in contrast to the typical consumer choice problem, the
budget constraint is not linear. Most goods are separable and have prices that are fully additive; the tenth
pizza costs the same as the first, yielding a linear budget constraint. As discussed, many of the
characteristics in the vector 𝑪𝑪 are not linear and as such the budget constraint when considering one of
the vector’s components 𝑐𝑐𝑛𝑛 is also not linear.
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Returning to the first order conditions of equations [12], [13] and [14], equations [12] and [13] can be
combined to eliminate the Lagrangian multiplier, yielding the function;
𝑈𝑈𝑐𝑐𝑛𝑛
= 𝐿𝐿𝑐𝑐𝑛𝑛 (𝑐𝑐𝑛𝑛 ; 𝒄𝒄−𝒏𝒏 )
𝑈𝑈𝑋𝑋

[15]

This is the hedonic solution as seen in the right-hand panel of Figure 8 above. The buyer will choose the
property where their willingness to pay for a quantity of property characteristic 𝑐𝑐𝑛𝑛 is equal to the market
hedonic price for characteristic 𝑐𝑐𝑛𝑛 .

3.6 Maximizing Seller Profit & The Offer Function
The producer side of the hedonic price function is similar in structure to the consumer side. We assume
that sellers are price takers and cannot individually affect the pricing in the market. One key difference,
however, is that sellers are able to alter the provision of some of the attributes constituent to their

property.
The characteristics of a property 𝐿𝐿(𝑪𝑪) contained in vector 𝑪𝑪 can be thought of as either endogenous or

exogenous to the seller. Exogenous characteristics are things that the seller has no functional control

over, such as the quality of soil on the farm, or whether or not the farm is within an irrigation district that
provides pressurized water. 17

These are location based environmental characteristics shared by

neighboring properties. Endogenous characteristics are those that the seller does have control over.
However, many endogenous characteristics of a property do not need to be changed by a seller in order
to provision them to the market. These include the as-built conditions of the property. For example, if
the farm parcel already contains a fully functional and maintained barn, the seller does not need to do
anything, at least in the short term, to ensure that that characteristic is available for buyers. These

Pressurized irrigation water can often be preferable as it allows for the operation of sprinkler systems with none
of the electric costs typically required for pressurization.

17
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characteristics, both the exogenous and the endogenous that represent the as-built condition of the
property are those characteristics that are already part of the property and as such are provided
‘costlessly’ to the seller when they are readying the property for sale. These characteristics are contained
in the vector 𝑐𝑐̅.

There are also a number of characteristics that the seller may decide to alter. These are characteristics
such as the provisioning of the number of appropriate outbuildings, the efficiency and age of the irrigation
system and the state of the parcel’s roadways. A seller is able to alter any of these characteristics prior
to a sale to change the property’s characteristics in order to maximize profit. The characteristics the seller
may choose to alter are contained in the vector 𝑐𝑐.

The seller is interested in maximizing their profit upon sale of the property. This condition can be termed;
𝜋𝜋(𝑐𝑐; 𝑐𝑐̅) = 𝐿𝐿(𝑪𝑪) − 𝑘𝑘(𝑐𝑐)

[16]

Where 𝜋𝜋() is the seller’s profit and 𝑘𝑘(𝑐𝑐) is the cost of provisioning the characteristics that the seller has
control over. For the consumer side of the hedonic market, the bid function provides a measure of all
combinations of characteristic 𝑐𝑐𝑛𝑛 and willingness to pay 𝜃𝜃 that returns to the buyer the same level of

utility. In the classical model, the producer seeks to maximize profit 𝜋𝜋. By rearranging equation [16] it is

possible to present a function where all possible combinations of characteristics 𝑐𝑐 and 𝑐𝑐̅ and purchase
price 𝐿𝐿(𝑪𝑪) that yield the same level of profit for the buyer.

𝜙𝜙(𝑐𝑐𝑛𝑛 , 𝑐𝑐̅, 𝜋𝜋) = 𝜋𝜋 + 𝑘𝑘(𝑐𝑐, 𝑐𝑐̅)

[17]

Equation [17] is Rosen’s offer function and is the producer equivalent of the consumer bid function. The
offer curve is plotted in Figure 9.
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Figure 9 – The Offer Curve
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As can be seen, it the offer curve is the graphical inverse of the bid curve; as one moves up and to the left,
higher levels of profit are achieved. As one moves along the offer curve, the seller receives the same level
of profit for differing combinations of characteristics and purchase price. In essence, the offer curve
presents an indifference relationship between different characteristics, and thus the cost it takes to
provision them, and the purchase price received by the seller.
Just as the consumer will choose the level of characteristic 𝑐𝑐𝑛𝑛 by maximizing their utility subject to the

constraint imposed by the market price of characteristic 𝑐𝑐𝑛𝑛 , the hedonic price function, the seller will

choose the level of 𝑐𝑐𝑛𝑛 that maximizes profit from a sale. The relationship is shown in the left-most panel

of Figure 10. Graphically, this occurs at the point of tangency of the lowest offer curve to the prevailing
hedonic price function.
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Figure 10 – Buyer Optimal Hedonic Choice
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Of course, not all sellers are the same. Sellers likely differ not only in the characteristics of their properties
on offer, but also in their personal abilities and characteristics. Two sellers with homogenous properties
and homogenous electrical problems will have different offer curves if one of the sellers is a master
electrician and is able to repair the electrical problems at a much cheaper cost than the other seller. As
such, the shape of the set of offer curves will differ between sellers and thus the points of tangency
between the offer curves of different sellers and the hedonic price function will also differ. This is shown
in the right-hand panel of Figure 10.

3.7 The Bid & Offer Curves – Hedonic Equilibrium
Equilibrium in any market, including hedonic markets, occurs through the interaction of suppliers and
demanders. In hedonic markets, buyers make choices that are represented through their bid curve in
response to the overall market conditions as represented by the hedonic price function. In turn, sellers
make choices that are represented through their offer curve, again in response to the hedonic price
function. Both bid and offer curves as well the hedonic price function can be depicted in the same graph
as seen in Figure 11.
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Everything to the right and below the hedonic price function is filled by all the bid curves of the buyers
active in the market. As they maximize their utility, they will reach points of tangency along the hedonic
price function as Buyers A and B have done in Figure 11. Just the same, all space up and to the left of the
hedonic price function is filled by all the offer curves of the sellers active in the market. As they maximize
their profit, they will also reach points of tangency along the hedonic price function as sellers A and B have
done. Where buyers and sellers share similar points of tangency, the buyer can do no better than the
offer presented by the tangent seller and the seller can do no better than the bid presented by the tangent
buyer.
Figure 11 – The Hedonic Equilibrium
𝜃𝜃,𝜙𝜙
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The overall market for land can be represented by set of graphs such as Figure 11 where the number of
graphs is equal to n, the number of characteristics in vector 𝑪𝑪. Buyers and sellers engage in n number of

interactions simultaneously. A transaction will occur when a pair of buyers and sellers have achieved their
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maximum profit and utility, correspondingly, with respect to every characteristic 𝑐𝑐𝑛𝑛 in the vector of

characteristics 𝑪𝑪.

3.8 Summary

The hedonic pricing model is best succinctly described as a variant on the classical market model that
accounts for the unique qualities of a differentiated good. This section has described the underlying
theoretical basis of hedonic pricing by presenting first the basic idea behind hedonic pricing, followed by
the necessary assumptions and a mathematical and graphical treatment of the consumer, producer and
equilibrium segments of the hedonic model.
The hedonic model is often used to value such things as a piece of real estate by comparing it to other
pieces of real estate that has been sold while accounting for variations in the constituent characteristics
of the properties.

The hedonic pricing model, however, may also be used to price the implicit

characteristics of a property. This study utilizes this second research possibility of the hedonic price model
to generate an estimate of the value of irrigation water in Deschutes County, Oregon.
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Chapter Four:
Data Sources & Methodology
4.1 Introduction
This study uses data from Deschutes County, the OWRD as well as various other federal agencies and
academic institutions. Where data were not available at the parcel level, GIS technology and tabular data
interpretation was leveraged to generate parcel level data from various other datasets. This section will
first introduce the datasets utilized in the study and their source institutions. The GIS and tabular
methodologies used for creating parcel level data will then be laid out. Finally, the parameters used to
narrow the data to a set of agricultural parcels adequate for analysis will then be discussed.

4.2 Datasets & Sources
This section will detail all of the source data used for the project including the name of the input data,
type of data, the originating agency and a brief description of the data. All data for the project is publicly
available either online or by request to the appropriate agency. Unless otherwise stated, all data here
was unchanged before being processed as described in proceeding sections. Links to data portals for the
relevant agencies can be found after the table.
Data was sourced from Deschutes County where possible. This included all information natively at the
parcel level, mostly from the Deschutes County Assessor. Water rights information was sourced from the
OWRD with GIS data where possible and parcel linked tabular data where parcel level information was
not available. Soil quality/crop productivity information is from the National Resource Conservation
Service’s (NRCS) Soil Survey Geographic Database (SSURGO). Information on crops is from the National
Agricultural Statistical Service’s (NASS) remote sensing-based Cropland Data Layer (CDL). Data on
elevations in Deschutes County is from the National Elevation Dataset from the US Geological Survey
(USGS). Finally, information on precipitation is from Oregon State University’s PRISM Climate Group.
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Appendix 1 contains a number of tables which were gathered and created through the research process
and used to transform and understand the data.

Data Name

Data Type

Sections.shp

Shapefile

PLSS_lines.sh
p
Irrigation_Dis
trict.shp
PRISM_ppt_3
0yr_normal_
800mM2_an
nual_asc.asc

Shapefile
Shapefile

Raster

County_Boun
Shapefile
dary.shp
Taxlots.shp

Shapefile

Table 5 – Source Data
Date
Agency
Description
Accessed
Deschutes
Polylines outlining every section in Deschutes
7/5/2019
County
County.
Deschutes
Polylines outlining every sixteenth in Deschutes
7/5/2019
County
County.
Deschutes
Polygons showing the location of every Irrigation
4/28/2017
County
District in Deschutes
Oregon
State
University
Deschutes
County
Deschutes
County

4/8/2018

Raster file with 800m2 showing the calculated 30
year average annual precipitation for the US.

4/28/2017 Polygon showing the location of Deschutes County
4/19/2018

Polygons showing every taxlot in Deschutes
County

Oregon
Polygons showing every mapped water right in the
wr_des_pou.
Water
Shapefile
4/28/2018
Deschutes Basin including 506 of the 602 water
shp
Resources
rights in Deschutes County.
Department
Table contains one row for every instance of a
water right inside of a 16th. Base data was
Oregon
wr_irg_pou_s
downloaded from the OWRD(Tabular) data portal
Water
ummary_des
Table
11/1/2018 listed below using the POU Summary Report. The
Resources
chutes
Water Rights Information Query system was then
Department
used to find parcel information for the 96 water
rights that were not mapped.
Raster files with 30m2 resolution showing the
National
US
elevation in meters at that location. Available as
Elevation
Rasters
Geological 4/9/2018
individual files of varying size for the continental
Dataset
Survey
US.
Roads_Owne
Deschutes
Polylines showing the location and associated
Shapefile
4/28/2017
rship.shp
County
metadata for all roads in Deschutes County
Raster files with 30m2 resolution showing the
National
Cropland
predominant land cover with special detail given
Agricultural
Data Later
Rasters
7/27/2017 to crop vegetation. Available for individual years
Statistical
Rasters
with most the continental US covered after 2007
Service
with coverage in varying areas going back to 1994.
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Data can be downloaded for specific areas
including counties.
Polygons showing public lands in Deschutes
County.
Polygons showing all plats in Deschutes County
with associated metadata. In many areas there
are overlapping plats.
Polygons showing the city limits of the four
municipalities in Deschutes County.

Public_Lands.
Shapefile
shp

Deschutes
County

4/28/2017

Subdivisions.
shp

Deschutes
County

2/19/2018

City_Limits.s
Shapefile
hp
Urban_Growt
h_Boundary. Shapefile
shp

Deschutes
County

4/28/2017

Deschutes
County

3/26/2018

Polygons showing the Urban Growth Boundary of
the four municipalities in Deschutes County.

Urban_Reser
ve_Area.shp

Shapefile

Deschutes
County

1/4/2018

Polygons showing the Urban Reserve Area for
Redmond and Bend in Deschutes County.

Canals.shp

Shapefile

Zoning.shp

Shapefile

Shapefile

Deschutes
County
Deschutes
County

Property_Cla
ssStat_Class_
Table.csv

Table

Deschutes
County

Improvement
s_Table.csv

Table

Deschutes
County

GIS_ROLLVAL
UES.xlsx

Table

Deschutes
County

Sales_Table.c
sv

Table

Deschutes
County

Dead_Numb
ers_Table.csv

Table

Deschutes
County

Table

Deschutes
County

LandProgram
Data.csv

8/17/2016
4/10/2018

Polylines showing irrigation canals in Deschutes
County
Polygons representing the applicable zone for
every portion of Deschutes County.

This table contains information on every parcel
that contains any improvements including all stat
4/18/2018
class codes, some descriptive information as well
as property class codes.
Table contains information on improvements on
Deschutes County parcels including the descriptive
4/18/2018 data on the two most valuable improvements, the
rmv of all improvements and number of bedrooms
and bathrooms on the property.
Table contains the Real Market Value (Land,
Improvements and Total) for every parcel in
6/5/2017
Deschutes County for the years 2007-2017. This
data was specially requested from and delivered
by the Deschutes County GIS Department.
Table contains information on the last two
4/18/2018
transactions for every parcel that has had
transactions in Deschutes County.
4/18/2018

This table contains canceled taxlot numbers in
Deschutes County.

9/22/2017

This table contains the land descriptions used by
the Deschutes County Assessor. This data was
specially requested from and delivered by the
Deschutes County GIS Department.
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Selected
SSURGO
Layers OR620

A number of shapefiles containing homogenous
polygons with different attribute data per
shapefile. Data was downloaded for the OR-620
SSURGO survey area (Note: OR-620 does not cover
National
all of Deschutes County, forested areas have not
Resources
yet been surveyed). The data was then opened in
Shapefiles
4/11/2018
Conservatio
ArcGIS using the Soil Data Viewer ArcGIS plugin.
n Service
The plugin allows the user to create shapefiles
with the polygons representing different soil
morphologies and different attribute data. The
data was parsed for useful variables with
shapefiles being created for every field.

Data Portals:
OWRD (GIS) – http://www.oregon.gov/owrd/pages/maps/index.aspx
OWRD (Tabular) – http://www.oregon.gov/owrd/pages/wr/wris.aspx
Deschutes County – http://data.deschutes.org/
Oregon State University (PRISM) – http://prism.oregonstate.edu/normals/
USGS – https://viewer.nationalmap.gov/basic/
NRCS – https://datagateway.nrcs.usda.gov/GDGOrder.aspx
NASS – https://nassgeodata.gmu.edu/CropScape/

4.3 Data Processing Methodology
4.3.1 Tabular Data
Many datasets obtained from Deschutes County were tabular data where each observation represented
a parcel. Some datasets were provided as multiple observations per parcel and thus had to be
appropriately aggregated to the parcel level. Many of the available datasets were of differing age and as
such often contained parcel-related discrepancies that had to be accounted for. The basic GIS parcel layer
from the County obtained in 2017 was utilized in this study as the basis for the parcels analyzed in the
dataset (see map in Appendix A1.2).
4.3.2 GIS Data
Many datasets used in this study are not native to the parcel level. In order to generate parcel level data
for use in this study, GIS was utilized to process the data. The area of every parcel was calculated through
GIS and used in lieu of the assessor’s acreage information as it was found to contain minor errors. Average
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precipitation and elevation were determined for every parcel by querying the values of the precipitation
and elevation rasters at the centroid of every parcel. Distance to Bend (see map in Appendix A1.8) and
the acreage of each crop productivity for irrigated alfalfa level within each parcel (See maps in Appendix
A1.12, A1.13 & A1.14) were also determined using GIS.
4.3.3 Water Rights (Mapped)
The existence of a mapped irrigation water right on a parcel was determined by overlying OWRD’s mapped
water right place of use (POU) shapefile layer (see map in Appendix A1.3) with the parcel layer from
Deschutes County. OWRD water rights were filtered to only irrigation water rights. Due to differences in
how boundaries were drawn, significant post processing had to be completed to ensure that water rights
were attributed to the proper parcels. This post processing namely entailed dropping water rights from
a parcel if most of the water right was appurtenant to a neighboring parcel(s), indicating a mismatch in
boundaries. As well, under Oregon law primary water rights should not overlap, however errors in the
GIS data caused overlapping primary water rights. It was desired to maintain the integrity of the OWRD
data and as such the spatial data was not edited directly. As described below, if the ratio of water right
acres to the actual acreage of the parcel was well over 100%, these parcels and the supposedly
appurtenant water rights were investigated and either edited or removed from the dataset. In less than
.1% of parcels, the number of water righted acres only slightly exceeded (greater than 100% but less than
110%) the total number of actual acres for the parcel and the number of water righted acres was set to
the number of actual acres.
4.3.4 Water Rights (Non-Mapped)
Most of the water rights data were processed and determined to be appurtenant to individual parcels as
described in the proceeding section. However, the OWRD has not created GIS place of use data for most
of the irrigation district water rights and several other water rights. In these instances, it was necessary
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to manually match up tabular water right records with parcels. All water rights in Oregon contain place
of use information. For irrigation water rights, this data are given down to the quarter-quarter level 18
with records that indicate how many acres are present in each quarter-quarter. Irrigation district water
right certificates in Deschutes County also commonly further divide acreage in each quarter-quarter into
POU acreage per parcel within the quarter-quarter. For every non-mapped water right, this study
matched the quarter-quarter/parcel records with a Deschutes County parcel also located in that specific
quarter-quarter. In this way, a dataset was created that attributed non-mapped water right acreages to
the appropriate appurtenant parcels. 19
Importantly, the parcel data contained on a water right certificate represents the place of use of the water
right at the time of signature of the certificate. As such, it was necessary to update the dataset of
appurtenant parcels for each non-mapped water right to account for both changes in parcels and water
right transfers 20.
In order to account for water right transfers that have occurred since the signature date of a non-mapped
water right’s certificate, all transfer paperwork through 2017 for each non-mapped water right was
analyzed and recorded. Every transfer contains an equal number of “from” acres and “to” acres. 21 The
result of every transfer was then applied to the dataset. In this way, a dataset was created that states the
acreage of each non-mapped water right appurtenant to each parcel in 2017.

A quarter-quarter or “sixteenth” is one quarter of one quarter of a section within the Public Land Survey System
(PLSS). It is approximately 40 acres in size and represents the smallest common unit in the PLSS system. A visual
overview of the PLSS system from township to quarter-quarter is given in Appendix A2.2.
19
This methodology is not without potential error. Importantly, the parcel information contained within irrigation
district water rights represents the appurtenant
20
In theory, a new certificate should be created every time a transfer occurs involving a water right. In practice,
however, irrigation districts make transfers as needed, with some districts filing upwards of ten transfers a year.
As such, OWRD only issues new certificates periodically.
21
Occasionally the OWRD determines some acres or portions thereof have been abandoned and thus the “To”
acreage is less than the “From” acreage and the overall POU of the water right decreases.
18
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It was also necessary to account for changes to parcels from the signature date of the non-mapped water
right through 2017. Parcels that have been split may lead to situations wherein the ‘parent’ parcel is
recorded in the dataset as having too many water right acres and the ‘child’ parcel(s) are recorded as
having none. Old parcel data was not available from Deschutes County and as such it was not possible to
track changes in parcels programmatically. Instead, all parcels that were noted as having been platted
since the signature date of the water right certificate 22 were investigated using satellite imagery and
Deschutes County records 23. Parcel numbers that were noted as having been canceled 24 were also
investigated to determine the new parcel number. As well, any parcels where the appurtenant water
acres were noted to be larger than the actual size of the parcel were also investigated with edits made as
necessary. In this way errors in the dataset due to changes in the size and shape of parcels were mostly
abrogated.
By utilizing parcel information contained in non-mapped water right certificates and updating to allow for
water right transfers and parcel changes, a dataset was created that gives the acreage of each nonmapped water right appurtenant to each parcel in Deschutes County. In this way, the accuracy of the
parcel level water right dataset was greatly improved beyond the publicly available raw data. That being
said, it is certain that errors still exist in the data, however it is not expected that the errors are at all
biased in any particular manner.
4.3.5 Final Water Rights Processing
The water right data processing methodologies above generated a dataset that stated the acreage of each
water right appurtenant to each parcel. In order to allow for analysis, these water rights were then
aggregated into the total acreage of primary water rights appurtenant to each parcel (See map in

Utilizing the “Subdivisions.shp” data from Deschutes County.
The Deschutes County assessor’s property record portal contains information for individual parcels that includes
information on parcel splits.
24
As denoted in the Dead Numbers Table from Deschutes County.
22
23
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Appendix A1.6). A binary variable was also created that indicated whether the parcel was at least 20%
water righted (See map in Appendix A1.5). Finally, a set of variables was created that indicated the
acreage within each parcel that received water from each irrigation district (See map in Appendix A1.15).

4.4 Filtering Methodology
In 2017, there were 99,712 parcels in Deschutes County. The vast majority of these parcels are not
germane to this analysis as they are not parcels which contain, or could contain water rights and/or
irrigated agriculture. In order to select a subset of farm parcels that are useable in this analysis, all parcels
were first filtered to only those parcels in Deschutes County that are zoned for Exclusive Farm Use. 25 This
reduced the data to 8,083 parcels. From that subset of parcels, all those where 2017 valuations were
missing were removed. Also removed were all parcels that are owned by a government entity. This
reduced the dataset to 6,591 parcels. Removing those few parcels that are within an urban growth
boundary or urban reserve area reduces the dataset to 6,532 parcels.
Table 6 – Numerical Data Filters
Filter
Minimum Parcel Size
Maximum Parcel Size
Maximum % Water Right Acres in Parcel
Maximum Value of Improvements Per Acre

Value
10
400
110%
$50,000

The criteria used up until this point were all categorical, where it was clear what constituted an acceptable
parcel and what did not. The remaining criteria filter on continuous variables and as such the choice of
cutoff, while based on graphical and summary statistic-based analysis, can be somewhat arbitrary. These
filters are called out and displayed in Table 6. The final significant cut was to remove all parcels of less

This is a classification used across Oregon to denote parcels that are, in differing ways, limited in theory to farmonly usage. In practice, EFU parcels can vary form intensive, high value irrigated land to low value pastureland to
vacant parcels not actually used for ag. As well, EFU parcels may contain differing levels of improvements.

25
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than ten acres. This was done in an attempt to remove all parcels that, while nominally classified as
agricultural, are more likely to be owned by landowners whose motivations for irrigation on the property
are much more likely aesthetic than income based. 26 This greatly reduced the dataset to 2,582. The
remaining filters are an attempt to remove extreme outliers. All parcels larger than 400 acres were
removed. Also, all parcels where the ratio of water right acres to parcel size exceeded 110% were
removed. 27 Finally, all parcels where the per acre value of improvements exceeded $50,000 were
removed in an effort to remove extreme outlier parcels which, while nominally agricultural, are likely
engaged in operations beyond a typical Deschutes County farm or ranch. This last effort to remove
extreme outliers reduces the data set to its final size of 2,274 parcels.

This does not remove all parcels with amenity driven water right values, nor is it designed too. It simply removes
parcels that, while nominally classified as agricultural, are small enough that they are much more unlikely to be
utilized for ag purposes. Parcels wherein amenity values drive water usage over ten acres remain in the dataset,
however it can be argued that these parcels are much more suited for purely agricultural usage, even if they are
not presently being used primarily for agricultural purposes.
27
Occasionally the size of the water right appurtenant to the parcel as determined by OWRD exceeded the size of
the parcel as determined by GIS. These issues are most likely the result of rounding errors or overestimations on
the part of landowners in OWRD filings. 110% allows for minor errors to not remove the parcel from the data,
while ensuring gross errors do not impact the results. A secondary step in the analysis restates the total water
right acres to be equal to the GIS determined parcel area if the ratio exceeds 100%.
26
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Chapter Five:
Specification of the Model
5.1 Introduction
This chapter will identify potential components of value for agricultural land in Deschutes County, Oregon
that explain how the size of water rights appurtenant to a property contributes to the real market value
of the property. Previous literature and economic theory were used to identify the general areas from
which value was expected to be derived.

5.2 The Market for Agricultural Land in Deschutes County
Private land use in Deschutes County since the county was formed has been predominated by agriculture.
The five irrigation districts that formed beginning in the late 1800’s up through the post-WWII period have
spurred this history of land use. However, in recent decades, the urbanization of the county has overtaken
agriculture as the predominant narrative in Deschutes County land use. In some areas this means the
complete urbanization of what used to be farmland. However, Oregon’s land use code restricts where
and how dense development can occur to areas within a city limits, which themselves are restricted to an
urban growth boundary.
Outside of these urban growth boundaries, agriculture is still occurring in its traditional form. However,
in areas with high amenity values, particularly close in to Bend and in much of the area surrounding Sisters,
farmland is being subdivided and sold to owners who, while they often might maintain some aspects of
the agricultural past of the property, including even growing crops, are not driven by an agricultural profit
motive. Many of these smaller tracts maintain their irrigation water rights, which are used for a variety
of purposes from cultivation of crops typical for the area, more specialized hobby farming or often just
watering the property for the aesthetic value. This study removes parcels under ten acres in an effort to
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restrict the dataset to just those parcels that are more likely to be able to be used for traditional
agriculture.
In Oregon, water is appurtenant to a strictly defined piece of ground. Under Oregon water law, if a
landowner has a water right solely for the irrigation of a backyard, it would be illegal to use that water to
irrigate a front yard. The duty, or volume of water one may place on a piece of land is also strictly
controlled with duties being prescribed either generally in an adjudication decree, or more specifically per
water right. It is not legally permissible, for example, to take a water right approved for the irrigation of
1 acre with a duty of 5 acre feet and use it for the irrigation of 2 acres with deficit irrigation techniques.
Even inside of irrigation districts, the unit commonly used to measure the rights of a landowner is not
shares, acre-feet or some other proxy for volume as is common in many other Western states, but rather
simply acres. The unit of holding in an Oregon irrigation district thus represents not only the volume the
landowner is entitled too, but also specifically how much physical land said volume may be applied too.
The amount of irrigation water rights appurtenant to a parcel varies between parcels. These variations
range from parcels in agricultural areas that have no appurtenant water rights, to parcels that have
appurtenant water rights over some proportion of the property, to parcels that have appurtenant water
rights over the entirety of the property. Because water rights are appurtenant to the land, they are
considered a constituent piece of the land, much the same as the trees on the property, or the driveway
easement of a landowner. While it is possible to sever the linkages of a water right to the land and transfer
the water, this requires approval of at least the OWRD 28 and can be expensive in both time and money. 29
Combined with the fact that in Deschutes County crop cultivation requires irrigation, the presence, and
level thereof, of irrigation water rights is undoubtedly a strong component of value for traditional

Often also the relevant irrigation district.
Within larger irrigation districts that have experience transferring water within their boundaries and do so on a
regular basis, these burdens can be substantially lower so long as the water is transferred within the boundaries of
the district.

28
29
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agricultural parcels. It is this contribution of water rights to the value of an agricultural parcel in Deschutes
County, Oregon, that this research seeks to determine.

5.3 The Model
This section details the specification of the model. The dependent variable is first discussed, followed by
each of the independent variables.
5.3.1 The Dependent Variable – 2017 Real Market Value of Land
The dependent variable in the hedonic pricing model presented here will be the total per acre Real Market
Value of Land in 2017 (see map in Appendix A1.4). This information is generated on an annual basis by
the Deschutes County Assessor’s Office as required by Oregon law for use in taxation. It is meant to be
representative of the actual land value of the parcel without improvements and is based upon an analysis
of relevant arms lengths sales.
5.3.2 Parcel Area
The size of a parcel is an important value determinant. This dataset contains parcels ten acres and larger.
The literature on the characteristics of value for land have held that the size of the land is an important
and strong component of value. On a per acre basis, however, it has been found that the size of a parcel
typically has a non-linear relationship with the value of the parcel. For example, the increase in value
attributable to land size amongst two homogeneous parcels from 4 acres to 5 acres is likely to be
something at or near 25%. However, the increase of from 100 to 125 acres is likely to be something less
than 25%. In other words, larger parcels tend to have a per-acre ‘discount’. This is accounted for in the
model by the inclusion of a quadratic term for the size of a parcel. It is expected that the first, non-squared
term would be negative, indicating that the value per acre decreases as the parcel size increases. The sign
of the second, squared term is expected to be positive, indicating that the per acre value of land decreases
at an decreasing rate as the size of the parcel increases.
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5.3.3 Water Right Presence & Area
The presence of water rights 30 on a parcel, along with how much of the parcel is covered by water rights
is expected to contribute to the value of the parcel. The dataset contains appurtenant water rights in
amounts that range from zero up to the size of the parcel. It is expected that parcels with water rights
have a higher value that parcels without water rights, ceteris paribus. The model is specified using three
different water variables. First, a binary variable for the presence of water rights on over 20% 31 of the
parcel is utilized (see map in Appendix A1.5). In the second model, a continuous variable for the
percentage of the parcel covered by water rights is utilized (see map in Appendix A1.6). Similar to the
contribution of parcel area to value, it is finally expected that the contribution of water right area to value
is non-linear. A small amount of irrigated acreage on a parcel sets the parcel apart from those without
any irrigation and affords the landowner possibilities in the use and management of the land not available
to landowners with no appurtenant irrigation. As the amount of irrigated acreage on a homogenous
parcel increases, it is expected that the per acre contribution of said irrigation water rights to the value of
the parcel is decreased. As such, in the final mode, a quadratic term was included for the total acreage
covered by water rights. The acreage of water rights is expressed in the dataset as a percentage of a
parcel’s total acreage.
5.3.4 Average Annual Precipitation
Precipitation is an important determinant input into agricultural production. The more precipitation that
falls on a property, the less need for irrigation water. As noted by Kalinin (2013), water users value water

The model considers only primary water rights, the presence of supplemental water rights can also be of value,
however due to their complexity, varying reliability, seasons of use and overlapping nature, supplemental water
rights are not included. Instead, the acreage covered by water rights is a function of the primary rights present on
the parcel. This does not diminish the spatial coverage of water rights as all supplemental water rights require an
underlying primary right.
31
It is expected that parcels with water rights that cover only a small percentage of the acreage have a more
limited contribution to the value of the parcel. The choice of 20% was made in order to attempt to differentiate
between water rights that have a significant contribution to the value of the parcel, and those that do not.
30
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from rain or water rights similarly, and as such the availability of more or less precipitation on a parcel
may have an impact upon the value of available water rights. In Deschutes County the average annual
precipitation ranges from as high as 145 in/year in the far west of the county high in the Cascades to 8
inches a year in the driest parts of the county near Redmond (see map in Appendix A1.7). In areas where
agriculture predominates, precipitation ranges from as high as 18 inches a year in areas south and west
of Bend and Sisters, to the stated 8 inches down near Redmond. It is expected that there is a positive
relationship between average annual precipitation and land value.
5.3.5 Distance to Bend
The proximity of a parcel to urban centers has been shown to be an important determinant of value. For
traditional agricultural parcels, proximity to urban centers allows for easier access to supplies and points
of sale for ag products. As well, considering the growth trends in Deschutes County, proximity to urban
centers also increases the potential value of parcels as hobby farms. Due to limitations in computing
power and spatial data, it was not possible to calculate road-based distances. Instead, distance was
determined as a straight-line distance from the closest edge of the parcel to each municipality’s urban
center. Distance to the urban center was utilized in lieu of distance to the city limits as the city limits may
or may not denote the presence of amenities of value. 32 As well, due to the seeming vagaries municipal
boundaries, the centroid of said boundaries also may or may not be located at a point that actually
provides amenities of value. In order to provide distance to an area of known amenities, distance was
calculated to the downtown core, defined here as the oldest platted area within city limits.
Two variables were considered here, the distance to the nearest urban center, either La Pine, Sisters, Bend
or Redmond, and the distance to Bend (see map in Appendix A1.8), the largest city in the County and in
fact the largest city in Oregon east of the Cascades. As well, different specifications of the two variables
Crossing a municipality’s city limits may deliver one straight into the city’s urban center or may still leave a driver
miles from any amenities of value.
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were also considered. The strongest determinant of value was determined to be the reciprocal of the
distance to Bend.
The reciprocal of the distance to Bend’s core is used in the model and is expected to be positive, indicating
a positive relationship between the distance and the value of the property. 33 The nature of the reciprocal
specification also provides that the decrease in value attributed to distance with be more substantial for
properties closest to Bend. In other words, the difference in value attributable to distance to Bend for
two homogenous parcels will be greater for two parcels located three and four miles from Bend, than for
two parcels located thirteen and fourteen miles from Bend.
5.3.6 Property Class (Tract vs Farm)
As in many places, zoning in Deschutes County has a strong impact on the potential uses for a parcel. One
of the primary tools used for zoning in Oregon are property classes. A homogenous property classification
system is used across Oregon. The construction of property class code can be seen in Appendix 1, Section
A2.4. Each property class code is comprised of three digits 0-9, with each digit having a specific meaning.
The first digit is a general classification for the parcel. The following two digits show progressively more
detailed information that build off the preceding digits. Table 7 shows the meaning of the first digit.

Due to the nature of the reciprocal equation (1/x), a larger x results in a smaller reciprocal value. As such, the
reciprocal of the distance to Bend is largest for parcels closest to Bend. Notably, as the distance is measured to
Bend’s core and all parcels within Bend’s urban growth boundary have been removed, the minimum distance of
any parcel is 2.6 miles. This minimum does not allow for the exponentially large numbers that may result from a
reciprocal specification of a variable with values less than one.
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Table 7 – Oregon Property Class Codes – First Digit
First Digit
First Digit Description
0
1
2
3
4
5
6
7
8
9

Miscellaneous
Residential
Commercial
Industrial
Tract
Farm
Forest
Multi-family
Recreation
Exempt

After the filtering described in the previous chapter, only parcels with “Tract” or “Farm” property
classifications remained in the dataset.
Property classifications are assigned in Oregon based upon the assessor’s determination of the highest
and best use of the property and may or may not reflect the property’s current use. Highest and best use
is defined under OAR 150-308-0240(e) as “the reasonably probable use of vacant land or an improved
property that is legally permissible, physically possible, financially feasible, and maximally productive.”
The ‘Tract’ classification is described as “parcels of varying sizes of (unimproved/improved) acreage where
the highest and best use is for development to a suburban or rural homesite, but the land is not divided
into urban-type lots” whereas the ‘Farm’ classification is described as “land where the highest and best
use is for the production of agricultural crops, feeding or management of livestock, or any other
agricultural use…” (Oregon Department of Revenue 2014). Tract parcels are thus those designated by the
assessor as developable. The ability to develop a parcel through construction of one or more homes likely
leads to a higher value for a property, especially in high amenity areas. A binary variable was created to
signify whether the property was classified as “Tract” (see map in Appendix A1.9). Due to the increased
development potential for “Tract” parcels, it is predicted that this variable will be positive.
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5.3.7 Property Class (Vacant vs Improved)
The third digit of Property Class also provides information that is particularly germane to the value of the
parcel. The full range of options for the third digit can be seen in Appendix 1, Section A2.4. After the
filtering described in the preceding chapter, only property classes with a third digit of 0 (Vacant) or 1
(Improved) remained. A binary variable was created that indicated whether the property was classified
as “Vacant” (see map in Appendix A1.10). As discussed previously, the development potential of a parcel
likely has a significant impact upon the value of the parcel. There is no better indication of the potential
to develop a property for a least one home than the current presence of at least one home. As such, it is
expected that the binary variable indicating whether a property is vacant will be negative.
5.3.8 Eastern Deschutes County
Most of the parcels in the dataset are located near a municipality, either within or near the triangle
created by the municipalities of Bend, Redmond and Sisters, or down near La Pine. A small, but significant
subset is located in the far eastern reaches of Deschutes County, where there are no services, low amenity
values and little development. The parcels are a mix between irrigated and non-irrigated, with irrigated
properties being supplied by groundwater. It is expected that parcels in the far eastern edge of Deschutes
County likely have significantly lower values due to the distance to populated areas and lack of
development potential. A binary variable was created that indicates whether the parcel was zoned
“Exclusive Farm Use – Horse Ridge”, with the Horse Ridge zone comprising the far eastern portion of
Deschutes County (see map in Appendix A1.11)
5.3.9 Soil Productivity
Throughout the United States, the NRCS has for decades been undertaking soil surveys to determine a
wide range of soil characteristics. One commonly cited characteristic is a soil’s land capability class (LCC),
an amalgamated variable designed to signal the soil’s suitability for cultivation. LCC is generally divided

68
into irrigated LCC and non-irrigated LCC. Whereas soil surveys have been completed in much of the US
and are being updated in many areas, in the Western US there are still some gaps in the data. As well,
certain areas within completed soil surveys lack information on irrigated LCC (see map in Appendix A1.12).
As can be seen, a significant number of the parcels in the dataset do not have information on irrigated
capability class. An alternative indication of LCC is the non-irrigated LCC (see map in Appendix 1.13). Nonirrigated LCC in Deschutes County is highly heterogenous with over 80% of the county having a rating of
5. As such, neither irrigated LCC nor non-irrigated LCC were determined to be appropriate descriptors of
soil productivity in Deschutes County.
The soil survey for Deschutes County contains an alternate measure of soil capability known as a Crop
Productivity Index (CPI). The survey contains a generalized CPI as well as ones for irrigated alfalfa hay,
irrigated grass hay and non-irrigated grass hay. 34 The CPI is created by NRCS as a numeric range between
0 – 1 and is converted into quintiles and presented in the data as Low, Moderately Low, Moderate,
Moderately High and High. The most valuable crop widely grown in Deschutes County is alfalfa hay and
as such, the CPI for irrigated alfalfa hay is utilized. 35 The data are complete for all parcels in the dataset
(see map in Appendix A1.14).

Of note is that the methodology behind these measures of CPI for irrigated alfalfa were noted as having been
developed for the Klamath Basin, which is directly to the south of the Deschutes Basin. As the Klamath Basin is
relatively similar to Deschutes Basin and the data were included in the survey by NRCS, it is expected that the data
are relevant to Deschutes County
35
The metadata of the CPI for Alfalfa Hay for the Deschutes County Soil Survey (OR620) contains the following
description of the data:
This interpretation provides a crop productivity index (CPI) for irrigated alfalfa hay for the Klamath Valleys and
Basins (Major Land Resource Area 21). The CPI consists of a numerical value that range from 0.00 to 1.00. The
greater the CPI value, the higher is the predicted productivity for irrigated alfalfa hay. A narrative rating is also
assigned, based on the CPI value as follows:
34

Low - less than or equal to 0.20
Moderately low - 0.21 to 0.40
Moderate - 0.41 to 0.60
Moderately high - 0.61 to 0.80
High - greater than or equal to 0.81
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The acreage of each of the five classifications of CPI for irrigated alfalfa hay was determined for each
parcel. This acreage was then divided by the total acreage of the parcel to generate a percentage measure
of each level in each parcel. In the model, the “Moderate” level is omitted. It is expected that the
“Moderately High” and “High” coefficients will be positive with the “High” coefficient larger than the
“Moderately High” coefficient. The opposite is expected for the “Moderately Low” and “Low” coefficients,
indicating that parcels with better soils have a higher value.
5.3.10 Irrigation District
As discussed, the majority of water use in the county is within the irrigation districts, however many nonirrigation district water rights do exist. It is expected that whether water users receive water from an
irrigation district or their own water rights will a significant impact upon the value of the appurtenant
parcel. As well, Deschutes County’s five irrigation districts have different water supply portfolios,
potentially resulting in differences in water value between the districts. Binary variables were created for
each of the five irrigation districts, the Arnold Irrigation District (ARNOLD), the Central Oregon Irrigation
District (COID), the Swalley Irrigation District (SWALLEY), the Three Sisters Irrigation District
(THREESISTERS) and the Tumalo Irrigation District (TUMALO) (see map in Appendix A1.15). No variable

The criteria for the irrigated alfalfa hay CPI were developed by a team of soil scientists and agronomists familiar
with the soils, hay crops, and hay production practices in Major Land Resource Area 11. The team used the
framework of the National Commodity Crop Productivity Index (NCCPI) as a starting point, and modified it for local
soil and climatic conditions. More information on the NCCPI is available at:
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcs142p2_050734&ext=pdf
The criteria for the irrigated alfalfa hay CPI are grouped into four categories: soil physical properties, soil chemical
properties, climate, and landscape. Soil physical properties include rock fragment content, depth to rootrestricting layers, and depth to diatomaceous soil texture modifiers. Soil chemical properties include organic
matter content, cation exchange capacity, sodium adsorption ratio, electrical conductivity, pH, calcium carbonate
content, and cation exchange capacity. The Climate property used is number of frost-free days. Landscape criteria
include steepness of slope, stones and boulders on the soil surface, depth and duration of the water table during
the growing season, flooding frequency and duration during the growing season, and ponding frequency and
duration during the growing season.
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was created for parcels that do not receive water from an irrigation district, and as such can be considered
the ‘omitted.’
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Chapter Six:
Hedonic Analysis of Deschutes County Water Rights
6.1 Introduction
This section will introduce the results of the hedonic pricing analysis. The choice of functional form for
the dependent variable, the 2017 total real market land value per acre (RMV2017LAND) for the parcels
remaining in the dataset after the filtering described in Chapter Four is first presented. Three models
utilizing differing water variables are then described and the results for those models presented.
Estimates of the value of water in Deschutes County are then presented for all three models. Finally, a
discussion of the overall results is provided.

6.2 The Hedonic Price Model
Three models are presented first followed by three further models under an alternate functional form.
All three contain identical independent variables with the exception of the variables specifying water
rights. Model (1) is presented in Equation [18] and contains a binary variable WATERDUM for the
presence of primary water rights on over 20% of the property. Model (2) is presented in Equation [19]
and contains a continuous variable WATERACRES for water rights that is defined as the total water righted
acreage over the total acreage of the parcel, or the proportion of the parcel covered by primary water
rights. Model (3) is presented in Equation [20] and is similar to Model (2) but contains a quadratic
specification of WATERACRES. The choice of specification for the dependent variable RMV2017LAND is
discussed in the proceeding section.
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Model (1)
𝑅𝑅𝑅𝑅𝑅𝑅2017𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
= 𝛽𝛽0 + 𝛽𝛽1 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 + 𝛽𝛽2 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴2 + 𝛽𝛽3 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 + 𝛽𝛽4 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
+ 𝛽𝛽5 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝛽𝛽6 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝛽𝛽7 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑇𝑇
+ 𝛽𝛽8 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸_𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 + 𝛽𝛽9 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝐻𝐻 + 𝛽𝛽10 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝑀𝑀𝑀𝑀
+ 𝛽𝛽11 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝑀𝑀𝑀𝑀 + 𝛽𝛽12 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝐿𝐿 + 𝛽𝛽13 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝛽𝛽14 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 + 𝛽𝛽15 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
+ 𝛽𝛽16 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽17 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

[18]

Model (2)

𝑅𝑅𝑅𝑅𝑅𝑅2017𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
= 𝛽𝛽0 + 𝛽𝛽1 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 + 𝛽𝛽2 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴2 + 𝛽𝛽3 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 + 𝛽𝛽4 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
+ 𝛽𝛽5 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝛽𝛽6 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝛽𝛽7 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
+ 𝛽𝛽8 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸_𝐷𝐷𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽9 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝐻𝐻 + 𝛽𝛽10 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝑀𝑀𝑀𝑀
+ 𝛽𝛽11 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝑀𝑀𝑀𝑀 + 𝛽𝛽12 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝐿𝐿 + 𝛽𝛽13 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝛽𝛽14 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 + 𝛽𝛽15 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
+ 𝛽𝛽16 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽17 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

[19]

Model (3)

𝑅𝑅𝑅𝑅𝑅𝑅2017𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
= 𝛽𝛽0 + 𝛽𝛽1 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 + 𝛽𝛽2 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴2 + 𝛽𝛽3 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 + 𝛽𝛽4 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 2
+ 𝛽𝛽5 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 𝛽𝛽6 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝛽𝛽7 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝛽𝛽8 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
+ 𝛽𝛽9 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸_𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑆𝑆 + 𝛽𝛽10 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝐻𝐻 + 𝛽𝛽11 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝑀𝑀𝑀𝑀
+ 𝛽𝛽12 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝑀𝑀𝑀𝑀 + 𝛽𝛽13 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴_𝐿𝐿 + 𝛽𝛽14 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝛽𝛽15 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 + 𝛽𝛽16 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
+ 𝛽𝛽17 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽18 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

[20]

All of the independent variables as well as their expected signs are detailed in Table 8. Table 9 shows
summary statistics for the dependent variable as well as all independent variables. This study follows
Faux and Perry (1999) and others by implementing the suggestion of Parsons (1990) to weight appropriate
variables by lot size in order to avoid biased estimators. The total acreage of the parcel is expected to
yield a negative coefficient, with a positive quadratic term, indicating decreasing per acre values as the
size of a parcel grows, with the rate of decrease slowing with larger parcels. The binary variable indicating
the presence of primary water rights on at least 20% of the parcel’s acreage, WATERDUM, is expected to
be positive, signaling a positive value of water rights. The continuous variable indicating the water righted
proportion of the property WATERACRES is expected to be positive, with its quadratic term expected to
be negative, indicating that the value of increasing the proportion of a parcel’s water righted acreage
generates larger values for water rights, but at a decreasing rate.
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The average annual precipitation as calculated for every parcel is included and is expected to be positive,
not only because increased amounts of rainfall benefit crop production, but also because rainfall totals
tend to slope from high in the mountains in the south and west to low in the deserts in the north and east
of the county, roughly tracking amenity values, which are higher in the urban fringes close to the
mountains.
The reciprocal of the straight-line distance to Bend is included and as the region’s major metropolitan
area, the coefficient is expected to be positive, indicating a positive relationship between the distance to
Bend and value of the parcel.
Five soil variables are included that indicate the soil’s expected productivity for irrigated alfalfa hay. This
study incorporates the finding by Faux and Perry (1999) that individual land class variables are highly
preferable to any sort of aggregated soil quality index as the latter can produce highly erroneous results. 36
As such, the CPI measure of irrigated alfalfa hay discussed in section 5.3.9 is presented as five separate
variables that indicate the proportion of the parcel that is classified as stated (ALFCPI_H, ALFCPI_MH,
ALFCPI_M, ALFCPI_ML, ALFCPI_L). The ALFCPI_M variable is omitted.
Finally, a set of dummy variables for whether the parcel receives water from an irrigation district is
included. The set of properties that are not within an irrigation district but have water rights are those
that have their own water rights. It is expected that having personal ownership of a water right, rather
than being dependent on the supply reliability of an irrigation district and subject to its assessments is
preferable and as such all of the irrigation district binary variables are expected to be negative.

Faux and Perry (1999) found that a collapsing to a composite soil index caused the parameter of interest to
erroneously change 40%.

36
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Table 8 – Variables
VARIABLES
LNRMV2017IMPR
AREA
AREA2
WATERDUM
WATERACRES
WATERACRES2
PRECIP
RECPBENDDIST
TRACT
VACANT
EASTERN_DESCHUTES
ALFCPI_H
ALFCPI_MH
ALFCPI_M
ALFCPI_ML
ALFCPI_L
COID
ARNOLD
SWALLEY
THREESISTERS
TUMALO

Description
The natural log of the real market value of land only in 2017, divided
by total acreage
Total parcel acreage
The square of AREA
Binary variable = 1 if at least 20% of land is covered by a primary
water right
The total amount of primary water right acres divided by total
acreage
The square of WATERACRES
The average annual precipitation in inches
The reciprocal of the straight-line distance to Bend in miles
Binary Variable = 1 if the parcel is classified as “Tract”
Binary Variable = 1 if the parcel is classified as “Vacant”.
Binary Variable = 1 if the parcel is located in the Horse Ridge
Exclusive Farm Use zoning area in far eastern Deschutes County
The acres of land ranked as “High” in the Alfalfa Crop Productivity
Index divided by total acreage
The acres of land ranked as “Moderately High” in the Alfalfa Crop
Productivity Index divided by total acreage
The acres of land ranked as “Moderate” in the Alfalfa Crop
Productivity Index divided by total acreage
The acres of land ranked as “Moderately Low” in the Alfalfa Crop
Productivity Index divided by total acreage
The acres of land ranked as “Low” in the Alfalfa Crop Productivity
Index divided by total acreage
Binary Variable = 1 if the parcel receives water from the Central
Oregon Irrigation District’s water rights.
Binary Variable = 1 if the parcel receives water from the Arnold
Irrigation District’s water rights.
Binary Variable = 1 if the parcel receives water from the Swalley
Irrigation District’s water rights.
Binary Variable = 1 if the parcel receives water from the Three Sisters
Irrigation District’s water rights.
Binary Variable = 1 if the parcel receives water from the Tumalo
Irrigation District’s water rights.

Expected
Sign
N/A
Negative
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Negative
Negative
Positive
Positive
(Omitted)
Negative
Negative
Negative
Negative
Negative
Negative
Negative
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VARIABLES
LNRMV2017LAND
AREA
AREA2
WATERDUM
WATERACRES
WATERACERS2
PRECIP
RECPBENDDIST
TRACT
VACANT
EASTERN_DESCHUTES
ALFCPI_H
ALFCPI_MH
ALFCPI_M
ALFCPI_ML
ALFCPI_L
COID
ARNOLD
TUMALO
SWALLEY
THREESISTERS

Table 9 – Summary Statistics
Mean
Std. Dev.
8.772
0.978
43.273
51.897
4,564.702
15,079.300
0.492
0.500
33.881
36.827
2,503.554
3,246.897
11.045
1.811
0.100
0.065
0.305
0.461
0.343
0.475
0.136
0.343
31.192
39.260
29.798
38.305
19.084
33.447
15.504
30.713
4.324
15.991
0.249
0.433
0.048
0.215
0.106
0.308
0.036
0.188
0.033
0.180

Min
4.540
10.001
100.016
0
0
0
8.081
0.015
0
0
0
0
0
0
0
0
0
0
0
0
0

Max
11.268
392.601
154,135.100
1
100
10,000
20.029
0.385
1
1
1
100
100
100
100
100
1
1
1
1
1

6.3 Determining Functional Form
A linear specification may not necessarily be the most appropriate functional form for the dependent
variable. Freeman III, Herriges, and Kling (2014) state that there is no standardized functional form for a
hedonic pricing model. While Faux and Perry (1999) utilized a linear specification for the dependent
variable, Butsic and Netusil (2007) and numerous other authors have utilized a log-linear specification.
The data were analyzed to determine the appropriate functional form of the dependent variable
RMV2017LAND. After the filtering described in the previous chapter, there remained 2,274 observations
with which to run the analysis. Figure 12 shows a standardized normal probability plot for RMV2017LAND.
As can be seen, the variable is not normally distributed.
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Figure 12 – pnorm Plot for Linear Specification of RMV2017LAND
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Numerous authors utilizing the hedonic pricing model for water right valuation have utilized a Box Cox
model to test for the appropriate functional form of the dependent variable. The dependent variable is
tested utilizing the linear version of Model (3) presented below. The results of the Box Cox test on the
are shown in Table 10. The Box-Cox parameters -1, 0, 1 show likelihood ratio tests for the reciprocal, log
and linear functional forms, respectively. As can be seen, theta = 0 cannot be rejected at the 95% level,
indicating that the log functional form (LNRMV2017LAND) is the better choice for the dependent variable.
Table 10 – Box Cox Results

Test
H0:

Restricted
log likelihood

theta = -1
theta = 0
theta = 1

-24627.748
-21271.572
-22664.332

LR statistic
chi2
6712.37
0.02
2785.54

P-value
Prob > chi2
0.000
0.893
0.000
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This can further be seen in Figure 13. The apex of the parabola represents the maximum log-likelihood
and the horizontal line indicates the group of powers that are not significantly from the apex power. It is
clear that the maximum log-likelihood falls close to 0, or the log specification.

-26000

-25000

log-likelihood
-24000 -23000

-22000

-21000

Figure 13 – BoxCox Profile Log-Likelihood

-1

1

0

2

lambda

The natural log functional form was chosen as the alternate functional form and can be seen in Figure 14.
More complex functional forms were not investigated per Cropper, Deck, and McConnell (1988) as simple
functional forms tend to produce more reliable results when faced with the possibility of missing
information. A regression analysis utilizing the determined log-linear specification follows in the
proceeding section.

78

0.00

Normal F[(lnrmv2017_landperac-m)/s]
0.75
0.25
0.50

1.00

Figure 14 – pnorm Plot for Log Specification of RMV2017TOTAL
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6.4 Results
Table 11 gives the results of all three regression models for the log-linear functional form including the
coefficient, significance and robust standard errors for each variable utilizing a log specification for the
dependent variable LNRMV2017LAND. All models include 2,274 parcels and have R2 values of 0.803 or
0.804. As stated previously, the variables used in each model are homogenous, save for the variables
describing water. Of note is that all variables in all models are significant at either the 1% or 5% levels,
with the exception of the binary variables for the Arnold and Three Sisters Irrigation Districts, which are
not significant at any level in any model.
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Table 11 – Regression Results
Model
Model
(1)
(2)

VARIABLES
AREA
AREA2
WATERDUM
WATERACRES
WATERACERS2
PRECIP
RECPBENDDIST
TRACT
VACANT
EASTERN_DESCHUTES
ALFCPI_H
ALFCPI_MH
ALFCPI_M
ALFCPI_ML
ALFCPI_L
COID
ARNOLD
TUMALO
SWALLEY
THREESISTERS
Constant

Model
(3)

-0.0146 *** (0.0006)
3.33e-5 *** (2.02e-6)
0.0883 ** (0.0380)

-0.0146 *** (0.0006)
3.33e-5 *** (2.02e-6)

0.0142 ** (0.0070)
1.8440 *** (0.2000)
0.4320 *** (0.0264)
-0.2500 *** (0.0263)
-1.3850 *** (0.0408)
0.0016 *** (0.0003)
0.0013 *** (0.0003)
(Omitted)
-0.0010 ** (0.0004)
-0.0016 ** (0.0008)
-0.0961 ** (0.0410)
-0.0252
(0.0543)
0.2000 *** (0.0457)
-0.1670 *** (0.0569)
-0.0684
(0.0646)
8.9570 *** (0.0875)

0.0144 ** (0.0070)
1.8360 *** (0.1990)
0.4330 *** (0.0269)
-0.2520 *** (0.0263)
-1.3870 *** (0.0409)
0.0015 *** (0.0004)
0.0013 *** (0.0003)
(Omitted)
-0.0010 ** (0.0004)
-0.0016 ** (0.0008)
-0.0734 ** (0.0360)
0.0009
(0.0504)
0.2270 *** (0.0399)
-0.1480 *** (0.0548)
-0.0520
(0.0618)
8.9580 *** (0.0876)

Observations
R-squared

0.0009

**

(0.0004)

2,274
2,274
0.803
0.803
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

-0.0147 *** (0.0006)
3.33e-5 *** (2.02e-6)
0.0048 *** (0.0017)
-0.00004 *** (0.000015)
0.0143 ** (0.0070)
1.8460 *** (0.1990)
0.4380 *** (0.0269)
-0.2470 *** (0.0264)
-1.3760 *** (0.0411)
0.0016 *** (0.0004)
0.0013 *** (0.0003)
(Omitted)
-0.0010 ** (0.0004)
-0.0016 ** (0.0008)
-0.1310 *** (0.0454)
-0.0641
(0.0590)
0.1650 *** (0.0501)
-0.1980 *** (0.0597)
-0.0991
(0.0672)
8.9480 *** (0.0877)
2,274
0.804

6.4.1 Water Value Estimation
Table 12 – Water Value Estimates ($/AF)
Model (1)
Model (2)
Model (3)
$/Acre of Water Rights
Estimated $/Acre of Water Rights
$796.25
$636.58
$1,278.93
for Modal Parcel
AF/Acre Source
AF/Acre
$/AF
Avg. COID Diversion
6.79
$117.10
$93.62
$188.08
COID Duty

5.45

$146.10

$116.80

$234.67

Avg. COID Delivery

3.67

$215.20

$172.05

$345.66

Avg. COID Crop Use

2.15

$476.80

$381.19

$765.82

As the functional form of the three models is log-linear, coefficients can generally be interpreted as the
percentage change in LNRMV2017LAND due to a one-unit change in the variable in question. In order to
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interpret the following models, the modal property was determined. The most common combination of
the binary variables in the dataset is a non-vacant Farm (as opposed to “Tract”) parcel within the COID.
Parcels less than 50% water righted were removed, leaving 330 properties or approximately 15% of the
dataset. The average value for each of the continuous variables for these 330 properties was calculated
to create the modal property. 37 The per acre value for the modal property with and without water rights
is then calculated. The differential between these two values can be attributed to the presence of water
rights. This differential value must then be adjusted so that it is only attributed to the water righted acres
which on average cover 77.29% of the modal property. Finally, the adjusted differential is divided by a
measure of acre feet per acre (AF/Acre) to generate a value in acre feet (AF).
There are several potential measures of AF/Acre that could be utilized. The volume of diversion per acre
is estimated as 6.8 AF/Acre. The duty, or the maximum volume of water irrigators are allowed to apply in
the COID is 5.45 AF/Acre, however it is estimated that irrigators apply an average of 3.7 AF/Acre. Finally,
crop water use is estimated at 2.1 AF/Acre. The three non-duty AF/Acre measures are drawn from
Deschutes River Conservancy and Deschutes Water Alliance (2013). These four measures of AF/Acre
produce estimates of the value of water and can be seen in Table 12. Each of these volumes provides a
different measure of the same water asset. Any of the volumes may be applicable in different situations,
however the most appropriate measure is that which states the volume that is available for transfer.
Presently, any water user in the COID may elect to lease all or a portion of their water right to instream
flows; the full duty of the right is then protected instream from the historic point of diversion to Lake Billy
Chinook. As well, any water user who owns COID water right acres has the right to receive up to the full
duty of the water right, baring any curtailments. The calculations for each of the three models are laid

AREA = 34.92, WATERACRES = 77.29, PRECIP = 9.81, RECPBENDDIST = .098, ALFCPI_{H-L}
={43.516,28.927,15.392,11.655,0.488}, the mean value of each ALFCPI variable was inflated by ALFCPI_{H-L}/
((ALFCPI_H + … + ALFCPI_L)/AREA)}.

37
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out below and show the value of water calculated using a duty measure of AF/Acre. The duty measure of
AF/Acre is also utilized throughout the rest of this paper.
-

Model (1): In Model (1), the variable WATERDUM indicates the presence of a water right on at least
20% of the property. This variable is significant at the 5% level, indicating a price premium for the
presence of a water right. The value of this price premium is calculated utilizing the modal property
in the dataset, which as discussed, is a farm property within the COID. The average value of farm
properties within the COID that have water rights under Model (1) is $7,282.26/acre, without water
rights is $6,666.81/acre yielding a real market value premium for the presence of water rights
$615.45/acre. This value must be attributed to only the water righted acres which on average cover
77.29% of the average farm property within the COID, yielding a dollars per water righted acre value
of $796.25. Applying the duty for the COID of 5.45 AF/Acre yields a value of $146.10/AF.

-

Model (2): Model (2) replaces the dummy indicating the presence of a water right on the property
used in Model (1) with a continuous variable indicating the percentage of the property covered by a
water right, WATERACRES, which is significant at the 5% level. Continuing the use of the modal
property, the average value of farm properties within the COID that have water rights under Model
(2) is $7,314.18/acre, without water rights is $6,822.14/acre yielding a real market value premium for
the presence of water rights $492.04/acre. This value must be attributed to only the water righted
acres which on average cover 77.29% of the average farm property within the COID, yielding a dollars
per water righted acre value of $636.58. Applying the duty for the COID of 5.45 AF/Acre yields a value
of $116.80/AF.

-

Model (3): Model (3) introduces a quadratic term to the water rights specification seen in Model (2).
Both the WATERACRES term and its quadratic are significant at the 1% level and with WATERACRES
positive and WATERACRES2 negative as expected indicating a concave function for the value of water
as the proportion of the parcel that is water righted increases. As discussed in Section 6.4.2, increases
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in water right coverage increase the per acre value of a parcel for parcels with up to 50% water right
coverage. The value of water indicated by this model is calculated in much the same way as in Model
(2). The average value of farm properties within the COID that have water rights under Model (3) is
$7,351.57/acre, without water rights is $6,363.04/acre yielding a real market value premium for the
presence of water rights $988.53/acre. This value must be attributed to only the water righted acres
which on average cover 77.29% of the average farm property within the COID, yielding a dollars per
water righted acre value of $1,278.93. Applying the duty for the COID of 5.45 AF/Acre is applied yields
a value of $234.67/AF.
6.4.2 Marginal Effects of WATERACRES
Water is a valuable thing when applied to land and it is generally expected that the marginal impact of
additional water right coverage on parcel to be positive. However, parcels are not homogenous in terms
of crop productivity and land cover. Many parcels have a range of soil qualities. It is likely that on average,
irrigators would apply water to the highest quality soils on parcel first. As such, increases in water right
coverage on parcels that already have significant water right coverage may often mean water is being
applied to less productive soils, leading to lower average productivity for the parcel on a per acre basis.
This effect can be seen when considering the marginal effects of the WATERACRES term in Model (3).
Figure 15 shows the average marginal effects of WATERACRES in model (3) with 95% confidence levels at
intervals of 5%. The same data are also presented in Table 13. The marginal effect of increasing the
percentage of the parcel covered by water rights is not significantly different from zero after
WATERACRES=50% at the 5% significance level. At less than 50%, the marginal effect is positive with an
additional percentage water-righted increasing the per acre value of the property. At more than 50%, the
null hypothesis that additional water right coverage significantly alters the value of an acre of land cannot
be rejected.
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As such, Model (3) provides evidence that increases in water right coverage leads to non-linear increases
in per acre land values for parcels with less than 50% water right coverage. At the 5% level, there is not
sufficient evidence to state that increases in water right coverage alters the per acre value for parcels with
over 50% water right coverage. The lack of a discernable impact for parcels with more water right
coverage is likely due to irrigators irrigating more productive soils first, and as such increases in crop
production on parcels that already have significant water right coverage are likely offset by a lower
average per acre level of production.
Figure 15 – Marginal Effects of WATERACRES in Model (3)
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Table 13 – Marginal Effects of WATERACRES in Model (3)
WATERACRES

dy/dx

5%
10%
15%
20%
25%
30%
35%
40%
45%
50%
55%
60%
65%
70%
75%
80%
85%
90%
95%
100%

0.00441
0.00403
0.00366
0.00328
0.00290
0.00252
0.00215
0.00177
0.00139
0.00101
0.00063
0.00026
-0.00012
-0.00050
-0.00088
-0.00125
-0.00163
-0.00201
-0.00239
-0.00277

Delta-method Std.
Err.
0.00153
0.00139
0.00125
0.00112
0.00098
0.00085
0.00073
0.00062
0.00052
0.00045
0.00042
0.00045
0.00051
0.00061
0.00072
0.00084
0.00097
0.00110
0.00124
0.00138

t

P>|t|

2.88
2.9
2.92
2.94
2.95
2.96
2.94
2.87
2.68
2.25
1.5
0.58
-0.24
-0.83
-1.22
-1.49
-1.68
-1.82
-1.93
-2.01

0.004
0.004
0.004
0.003
0.003
0.003
0.003
0.004
0.007
0.025
0.134
0.565
0.812
0.409
0.221
0.135
0.092
0.068
0.054
0.045

[95% Conf. Interval]
0.00141
0.00131
0.00120
0.00109
0.00098
0.00085
0.00072
0.00056
0.00037
0.00013
-0.00020
-0.00062
-0.00112
-0.00169
-0.00228
-0.00290
-0.00353
-0.00417
-0.00482
-0.00547

0.00742
0.00676
0.00611
0.00547
0.00483
0.00419
0.00357
0.00297
0.00241
0.00189
0.00146
0.00113
0.00088
0.00069
0.00053
0.00039
0.00027
0.00015
0.00004
-0.00006

6.5 Discussion
The water variables are significant in all three models, at 5% in Models (1) and (2) and rising to the 1%
level in Model (3). Model (3) which includes the quadratic specification of WATERACRES was shown to
give more accurate estimates of the value of water versus the model that only used a linear specification
of WATERACRES. The model that utilized the binary term WATERDUM was also found to have less
statistical relevance than the model that utilized the continuous WATERACRES specification. As such, the
model that utilizes the quadratic form of the continuous variable WATERACRES is expected to provide the
most accurate estimations of the value of water for irrigation in Deschutes County.
The positive WATERACRES term combined with the negative WATERACRES2 term shows that as the
proportion of water righted acres on the property increases, the per acre value also increased, but only
to around 50% coverage. As discussed previously, this may be due to a number of factors including the
fact that amenity properties often have a relatively high value of water, but relatively low proportions of
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the property covered by water rights. For agricultural producers, water rights are likely first applied to
the best soils; increasing the coverage of water rights on a parcel likely means irrigating more marginal
soils.
The coefficient for the water variables underscores the quadratic nature of the relationship between the
preponderance of water righted acres on a property and the overall value of the property. Model (2)
assumes that the relationship is linear; that the value of increasing the percentage of water righted acres
from 0% to 1% is the same as increasing the percentage from 50% to 51%. In other words, an irrigator
who owns 100 acres with no water rights would value the first acre of water rights as much as the 51st
acre. Model (3) shows that in fact, the hypothetical irrigator values the first acre of water rights
significantly more than the 51st acre. On the surface, this result seems counterintuitive. An acre of water
rights is simply a factor input into an acre of agricultural production with all acres producing the same
volume of agricultural output. There are a handful of reasons why the quadratic interpretation is more
valid. The first is that not all acres on a parcel are the same. Some acres have characteristics (such as
high-quality soil) that make them more productive than other acres. Water rights are likely to be applied
to the most productive of acres first. Finally, it has been noted that many irrigated properties in Deschutes
County are not irrigated purely for agricultural profit. Instead, irrigation on many parcels is more of an
input into the aesthetic value of the property. A landowner with ten acres may highly value the irrigation
of two acres for the purposes of irrigating a lawn but may place little value on the irrigation of the
remainder of the property.
The other non-water coefficients also produced results as expected. The AREA and AREA2 coefficients
indicate that increasing parcel size is predicted to lead to a lower per acre value of the property, with this
rate of decrease softening as parcel sizes get larger and larger. At the mean per acre of land value in the
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dataset of $9,287, a one acre increase in the size of a parcel is predicted to lead to a decrease in property
values of 1.46% or $135.51/acre.
A one inch per year decrease in PRECIP results in a 1.44% reduction in the per acre value. At the mean
per acre value of land in the dataset of $9,286.57/acre, a decrease in average annual precipitation of one
inch results in a per acre decrease in value of $133.75/acre-inch. Converting to acre-feet yields a value
for precipitation of $1,605/AF. This value is, of course, significantly higher than the value of water for
irrigation. However, water from precipitation and irrigation are not directly comparable. The timing of
water from precipitation cannot be controlled, however it is also free. Water from precipitation also
supports non-crop foliage such as trees and other vegetation, which means that precipitation is likely to
be correlated with amenity value. Properties to the south and west in the County receive larger amounts
of rain, with significantly less rain in the east and north of the county. This same pattern is seen in amenity
values, with property values higher in the south and west due to the decreased distance to Bend, and the
increase natural beauty of the area, driven in part by the higher levels of precipitation. While the
precipitation result is interesting, it cannot be disentangled from amenity values and as such likely cannot
be used to interpret changes in value due to location-static changes in precipitation.
The coefficient of the reciprocal of the distance to Bend is also positive as expected, indicating that for
properties generally closer in to Bend, the closer a parcel is to Bend, the higher the value. For properties
that are significantly far away from Bend, the distance to Bend has a lesser impact on value.
As discussed previously, property classifications are made by the assessor that reflect the highest and best
use of the property. Tract properties have a highest and best use in the development of one or more
homes. Home development has a significantly higher value than properties classified as Farm wherein
the highest and best use of the property is agricultural. This is borne out in the results with parcels

87
classified as “Tract” experiencing higher values at 55% or $5,104/acre more than properties classified as
“Farm”.
An expected result is also found for parcels classified as “Vacant”, which are predicted to be worth 25%
or $2,032/acre less than those classified as not Vacant. Again, this result likely has to do with the
development potential of a parcel. While farm parcels do not nominally allow for development, a remodel
or replacement of a home would be allowed so long as the property already has a home. This result could
also be correlated with some level of amenity value, as properties that are developed are likely to have
been developed due to certain amenities, such as access to roads, utilities, or views.
One of the largest and most significant results in the dataset was that properties located in eastern
Deschutes County were predicted to have values in the dataset that were 75% or $6,941/acre lower than
the prevailing per acre average of $9,287/acre. This result is indicative of the remote, low amenity value
of the area.
The variables used in the model in lieu of incomplete LCC data also proved to be significant and effective.
The coefficients for the five levels of crop productivity for irrigated alfalfa have coefficients that match the
indicated level of crop productivity. The largest positive coefficient was for ALFCPI_H (High), with a
smaller positive coefficient for ALFCPI_MH (Moderately High). ALFCPI_M was omitted. ALFCPI_L (Low)
gave the lowest coefficient, with ALFCPI_ML (Moderately Low) giving a slightly higher yet still negative
coefficient. Of note is that while all the soil productivity variables are significant, the two higher variables
were significant at the 1% level, whereas the two lower variables were significant only at the 5% level.
This decrease in significance for the lower variables likely owes to the fact that less irrigated land contains
lower productivity soils. Across the entire dataset, the average parcel has on average 72% of either High
or Moderately High soils and has only around 12% of Low or Moderately Low soils. This of course is to be
expected for agricultural parcels. The success using a measure of crop productivity for irrigated alfalfa in
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lieu of incomplete LCC data is an important result, and indicates that other, non LCC variables may be
sufficient proxies for soil quality when LCC data is incomplete or not available.
Finally, the five irrigation district binary variables were all predicted to have negative signs. This prediction
was predicated upon the observation that irrigation district water rights typically require annual
assessments and other associated costs that are not required of non-irrigation district water rights. The
prediction of negative coefficients proved true for only COID and SWALLEY. The coefficients ARNOLD and
THREESISTERS were not significant in any model, whereas the coefficient for TUMALO was significant and
positive. The significant and positive result for TUMALO is likely the result of the high amenity values seen
in the area, with the Tumalo Irrigation District in particular catering to hobby farmers whose value
perspective on water may be greater than just agricultural value. The lack of significance for ARNOLD and
THREESISTERS indicates that water rights from these districts do not have a value fundamentally different
from each other or from non-irrigation district water rights, potentially indicating that the cost of water
rights in these districts is not fundamentally different than the cost of utilizing water from non-irrigation
district rights.

89

Chapter Seven:
Alternative Valuations
7.1 Introduction
This section will provide a brief treatment of two alternative valuation methodologies to provide context
for the results from the preceding hedonic analysis.

7.2 Land Price Differential
One alternative method to valuing water is to take the price differential between irrigated and nonirrigated lands. If the lands are homogenous apart from the availability of irrigation water, the difference
in price is attributable to the irrigation water. County level data for farm lease rates – known as cash rents
– is collected by NASS through survey methods. However, results are only reported for specific counties
when response rates are sufficiently high. In places such as Central Oregon where farmland can be scarce
relative to other areas of the country, some metrics are often not reported in all years.
To correct for this, NASS cash rents for multi county areas can also be used. Table 14 shows the available
data for the NASS SE Oregon region 38 and Deschutes County. Non-Irrigated data is especially sparse as
there is very little dryland farming in the SE Oregon region. There is no available dryland cash rent data
in Deschutes County. The average for the available datapoints is displayed at the bottom of the table.

38

Crook, Deschutes, Grant, Harney, Jefferson, Klamath, Lake, Malheur, Wheeler counties.
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Table 14 – NASS Cash Rent Data for SE Oregon & Deschutes County ($/Acre)
SE Oregon
SE Oregon SE Oregon Deschutes Deschutes
Year
- Irrigated Non-Irrigated - Pasture - Irrigated - Pasture
2017
$106
$37.5
$17
2016
$86.5
$30
$14
$89
2014
$47
$26.5
$94
$35
2013
$70
$24.5
2012
$52
$24.5
$28.5
$90.5
2011
$20
$60
2010
$73
$20
$65
2009
$41.5
$27.5
AVERAGE
$68
$30.67
$22.25
$79.7
$35
Table 15 contains calculations for the estimated price per acre foot of water calculated by comparing
irrigated and non-irrigated farmland in NASS’s SE Oregon region and comparing irrigated farmland and
pastureland in both SE Oregon and Deschutes County. The annual price difference per acre between
irrigated land and non-irrigated/pastureland is first calculated. The differential is then divided by 5.45
AF/Acre as in the results section. 39 The $/AF figure is then divided by a discount rate of 4.15% 40 to
generate an estimate of the present value of irrigation water.
Table 15 – Irrigated vs Non-Irrigated Implied $/Acre Foot Calculations
Irrigated
NonDifferential Differential
Calculation
Land
Irrigated/Pasture
($/Acre)
($/AF)
($/Acre)
($/Acre)
SE Oregon – Irrigated
$68
$30.67
$37.33
$6.85
vs Non-Irrigated
SE Oregon – Irrigated
$68
$22.25
$45.75
$8.39
vs Pasture
Deschutes – Irrigated
$79.7
$35 41
$44.7
$8.20
vs Pasture

Perpetual
Value
($/AF)
$165.06
$202.17
$197.59

This the duty of the COID. See section 6.4.1 for a discussion of different measures of AF/Acre.
The 2017 farmland capitalization rate for Oregon, calculated using data from NASS by dividing the $/acre cash
rent value for the state by the $/acre permanent value for the state. See section 2.4.6 for a discussion on
capitalization rates.
41
This is from only one year.
39
40
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As expected, the price differential when comparing pastureland is higher than the comparison to that of
non-irrigated farmland. This is because pastureland is likely less profitable and thus commands a lower
rental price. As such, the estimated $/AF value is higher. In Deschutes County, dryland farming is rare.
Most land that is not irrigated is not suitable for dryland farming and is by default empty or is used as
pasture. It is more likely in Deschutes County that if irrigation water is applied to new ground, it is being
applied to ground that was at best previously pastureland. As such, the more accurate estimate from this
method is from the comparison of irrigated land and pastureland cash rent rates. In both the entirety of
the SE Oregon region and in Deschutes County, that is around $200/AF. However, it is worth noting that
the estimate for the value of pastureland in Deschutes county is from only one year.
Estimated Value per Acre Foot: Around $200/AF
This estimate has many limitations. It is based on thin survey results as evidenced by the many missing
years in the data. Due to the low response rate, lack of specificity in the data and necessarily broad
geographic scope, computing price per acre foot from irrigated and non-irrigated land differentials does
not provide a high degree of validity. As well, it is worth noting that as Deschutes County grows, more
and more agricultural leases in the County are likely to be for hobby farms wherein the profit motive is
secondary to other concerns, such as aesthetic value or neighbor relations. More and more, hobby farm
leases will likely be written so as to cover the owner’s expenses, including irrigation assessments and
maintenance, but often do not have a per acre cash price. 42

7.3 Comparable Sales
The method of water valuation commonly recognized as being the most accurate is that of using the value
at which water rights were traded in previous sales. This method is common to real estate transactions
and is known as a comparative market analysis wherein a house or other property is valued using sales of

42

Conversation 1/2/2019 with Deschutes County Assessor Staff
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similar housing stock in the same area. The same methodology can be applied to water right transactions
and is an effective way to determine the value of water rights.
Using a database of water transfers in Deschutes County from 2008 to 2018, this section will analyze
recorded sales of water rights, discuss the limitations of the data, and present a value range implied by
the transactions. The database has been compiled over the past ten years through searches of recorded
documents and conversations with significant water-related parties in the area such as the five irrigation
districts and environmental groups like the Deschutes River Conservancy. 43 Due to the opaque nature of
water rights transactions and pricing, the database is not a complete representation of the universe of all
water right transactions in Deschutes County. Due to county recording practices, the data are more robust
for some transaction types than others. 44 However, the data are thought to be well representative of the
general market conditions in Deschutes County over the represented time period. A summary of the
transactions can be seen in Table 16.
Table 16 – Summary Statistics for Deschutes County Water Transactions 2008-2018
Price ($/AF) Volume (AF)
Average
$515
32
Median
$291
5
Min
$46
0.23
Max
$3,934
564
Standard Deviation
$752
82
Count
114
114

Since 2008, there have been 114 recorded transactions in the database. The multitude of demands and
high relative scarcity have made Deschutes County the most active place in Oregon for water transactions.
The database is known as Waterlitix and is proprietary to WestWater Research LLC. It is used here with
permission.
44
The Central Oregon Irrigation District and the Arnold Irrigation District have reporting practices for water
transactions that make transactions of water acres in those districts easier to identify. The other districts are
included in the dataset, but with less variation. Environmental transactions are well detailed in the dataset. Nondistrict transactions outside of environmental transfers are rare, however several such transactions are
represented in the data.
43
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This volume of transactions, while low by the standards of other places in the Western US such as
California and Colorado’s Front Range, still represents the majority of all recorded transactions in the state
of Oregon over the same period.
Prices vary fairly widely, from a low of $46 per AF to a high of $3,934/AF. Traded volumes vary widely as
well ranging from 0.23 AF to 564 AF. The average transaction is 32 AF at $515/AF. The significantly lower
median transaction, 5AF at $291/AF, reveals the large amount of low volume, low price transactions
common to some Deschutes County irrigation districts.
Figure 16 shows the price and volume trends of water transactions in Deschutes County over time.
Average prices peaked at just over $1600 in 2015 and have dropped as low as just under $200 in 2013 and
2017. Despite the peaks, the overall indication is that prices in Deschutes County have declined somewhat
with non-peak prices floating around $400 earlier in the decade vs near $200 later in the decade. The
peaks themselves are the result of a fundamentally different, higher priced yet smaller market for water
periodically predominating over the lower volume, lower price transfers more common to Deschutes
County.
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Figure 16 – Price and Volume Trends for Water Transactions in Deschutes County

Figure 17 shows the distribution of water transactions between those that involve irrigation districts as
one of the parties and those that do not. Between 2008 and 2018 irrigation districts were party to 78%
of transactions. This is primarily due to two forces. The first is that as irrigation districts respond to current
and potential ESA constraints, they are more apt to engage in transactions with environmental groups.
As the irrigation districts are by far the largest users in the basin, environmental groups looking to acquire
water will need to transact with the districts. As well, projects modernizing irrigation water distribution
systems have allowed irrigation districts flexibility to transact with environmental groups without having
to compromise deliveries to their customers.
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Figure 17 – Types of Transfers by Volume

TOTAL
3,696 AF

A further, and much larger force is that two of the largest irrigation districts in the basin have water
transfer protocols that incentivize parties to transact water through the district. For the Central Oregon
Irrigation District, grantors will often quitclaim water to the district and the district will assign the water
to the grantee in a non-deeded transaction. For the Arnold Irrigation District, water being transferred to
the district is transferred in a non-deeded transaction and then sold from the district to a new user.
Finally, for both districts, as Bend expands into their service areas, lands are being converted from
farmland into other, residential or urban uses. As this happens, many landowners decide to release their
water allotment to the district for the consideration of not having to pay further assessments.
Most of the transactions in the dataset are transfers within the boundaries of an irrigation district. This
majority of the transactions are priced significantly lower than the other group of transactions that are
for water rights that are not part of irrigation districts and for sales of water out of irrigation districts,
typically from a district to an environmental buyer. The difference in pricing can likely be attributed to
the complexity and finality of the transfer itself. In Oregon, all water rights must be used at their specified
places of use. A change in a place of use requires a transfer application to the OWRD. While in small
irrigation districts this may remain the responsibility of the parties involved in transfer, larger irrigation
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districts will typically handle the transfer application themselves, often combining multiple changes into
one transfer application.
Intra-irrigation district transfers are also inherently simpler as they are always within the confines of the
irrigation district and will be served by infrastructure typically already in place and do not change how or
where water is diverted out of a natural water course. Many irrigation district transfers are the result of
fee avoidance. As discussed previously, development has encroached on historic farmland. These new,
smaller parcels often remain part of the irrigation district and are subject to its fees and assessments. An
added benefit to the seller of a water right in these circumstances that is not reflected in the sale price is
that the sale of a water right most often releases the seller from all future fees and assessments. While
the magnitude of these costs varies between district, they can be over $100/acre annually. For many
homeowners on previously irrigated land, selling their water rights either back to the district or to a third
party is more for the release of the annual fees rather than the benefits of the sale. In some districts, such
as the Swalley Irrigation District, the district often accepts water rights from landowners with the only
consideration being forgiveness of future assessments. These non-market considerations in water right
transactions may lead to artificially low values for water seen in the intra-district water markets.
Transfers not involving an irrigation district or from an irrigation district to outside its boundaries have
none of these simplifying factors. Under Oregon law, OWRD must conduct a sufficient and typically
complex analysis to ensure a transfer is not injurious to other users. It is not uncommon for a transfer to
be denied or to have its approved volume significantly decreased upon approval. This added complexity
and uncertainty means that sellers will likely require a higher price point to make the transaction worth
the cost.
Finally, the high volume of transfers within an irrigation district signals to potential sellers that if they wish
to acquire water rights in the future, it’s likely going to be possible whereas the sale of non-irrigation
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district rights has a higher degree of finality as it is much more unlikely a potential seller will be able to
replace the sold water in the future.
Table 17 – Intra-Irrigation District Transfer Summary Statistics
Price ($/AF) Volume (AF)
Average
$280
14
Median
$216
4
Min
$46
0.23
Max
$962
230
Standard Deviation
$201
29
Count
96
96

Table 17 shows summary statistics for intra-irrigation district transfers. There have been 96 such transfers
in the database between 2008 and 2018. The transfers have a price range from $46/AF to $962/AF and
volumes ranging from .23 AF to 230 AF. The average sale is at $280/AF with a volume of 14 AF whereas
the median transaction is smaller 4 AF priced at $216/AF.
Table 18 – Outside of Irrigation District Transfer Summary Statistics
Price ($/AF) Volume (AF)
Average
$1,769
131
Median
$1,446
63
Min
$183
8.51
Max
$3,934
564
Standard Deviation
$1,247
167
Count
18
18

Table 18 shows summary statistics for transfers that either did not involve an irrigation district or were
from an irrigation district to an environmental buyer. There have been 18 such transfers in the database
between 2008 and 2018. The transfers have a price range from $183/AF to $3,934/AF and volumes
ranging from 8.51 AF to 564 AF. The average sale is at $1,769/AF with a volume of 131 AF whereas the
median transaction is a bit smaller at 63 AF priced at $1,446/AF. Many of these transfers, specifically the
higher value ones, are the result of conservation projects wherein an environmental group will pay to pipe
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a portion of a district’s canal or laterals and will in exchange receive a water right equivalent to the avoided
seepage that can be placed instream. These transfers are not strictly relevant to the price of water rights
for irrigation in the County.
As can be seen, there are significant differences between intra-irrigation district water transactions and
transactions outside of a district. Essentially, these are fundamentally different markets driven by
different factors. As many of the extra-irrigation district transfers involve piping projects that are not
strictly relevant to the value of Deschutes County irrigation rights in the marketplace, it is likely that only
the intra-irrigation district market is strictly of significance.
As well, the relative lack of transfers from an irrigation district to outside of an irrigation district indicates
that transactions such as these are rarely an option of ag users in a district. Truly, for most water users in
the County, it would require the acquiescence of the relevant district to transfer water out of the system,
something that would only be forthcoming for large, well planned transfers. Until and unless a mechanism
and significant financial pressure are introduced to much more easily allow for transfers of district water
outside of the district, it is likely that irrigation district water users – the vast majority of water users in
the county – will see the intra-district transfer price as the relevant value of water in agriculture in
Deschutes County. An estimated range of values accounts for the large volume of low value transfers and
can be given as follows, from around the median value of $216/AF to approximately half of the maximum
observed value.
Estimated Value per Acre Foot: $200 - $480/AF

7.4 Summary
This section utilized two alternative methods to calculate the value of water in agriculture in Deschutes
County. Neither of these methods were researched or implemented as carefully as the hedonic method
at the center of this study. As expected, the results were not completely identical and the different
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methodologies each had limitations this paper did not seek to overcome. However, each method allowed
for a different view of the value of water in agriculture in Deschutes County. The market comparable
analysis in particular showed evidence for two separate water markets in the County. The range of values
given was not all together large and indicate a range of the value of water in agriculture in Deschutes
county between $200/AF and $480/AF. This range is slightly higher than the range of values given by the
hedonic model results of $116.80/AF to $234.67/AF, however the low side of the market comparable and
high side of the hedonic ranges overlap at around $200/AF. $200/AF is also the value generated by the
land price differential analysis, further lending credence to the value as a accurate measure of water
values in Deschutes County.
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Chapter Eight:
Summary & Conclusions
8.1 Summary of Findings
This study presented a hedonic price model for agricultural parcels in Deschutes County, Oregon in an
effort to investigate and estimate the value of water used in agriculture in the County. An overview of
Oregon water law as well as water and agriculture in Deschutes County was first presented followed by a
review of the relevant literature and then an overview of the theory behind hedonic pricing models. The
data sources and data processing methodology were then laid out followed by a chapter detailing the
variables used in the models. Three models and their regression results were then presented, and the
value of water calculated. A set of alternative valuation methodologies was then presented that help to
support and further shed light on the values presented in by the hedonic analysis.
A box-cox analysis was used to determine the appropriate functional form of the dependent variable. A
log-linear specification of the real market value of land was utilized for each of the three models. The
three models varied only by the water variables utilized. Model (1) utilized a binary indicator for the
presence of water rights on the property. Model (2) utilized a continuous term representing the
percentage of the property covered by a primary water right. Finally, Model (3) utilized a quadratic
version of the term in Model (2). The range in water values generated by the three models is $116.80/AF
to $234.67/AF. The upper bound of this range is the result from Model (3), which was shown to produce
the strongest results. An analysis of the marginal effects of the water variable in Model (3), WATERACRES,
shows that on average, increasing a parcels water right coverage increases the per acre value of the parcel
up to 50% coverage, showing an increasing marginal value for water on parcels with lower percentages of
water right coverage.
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An interesting result of this study is perhaps the difference in results seen between the model that utilizes
a binary variable indicating the presence of water rights (Model (1)) and the model that was found to give
the most robust results (Model (3)) that utilized a quadratic, continuous water variable. The resultant
water right valuation for Model (3) is nearly double the estimate from Model (1) which may provide
evidence that not being able to account for the amount of water rights on a property may lead to biased
estimates of water value.
A further unique result of the study is the success in utilizing a non-LCC measure of soil quality. Irrigated
LCC data in Deschutes County was found to be lacking in many areas across the county and non-irrigated
LCC was found to lack the heterogeneity necessary for a hedonic analysis. In lieu of LCC data, a measure
of the crop productivity of irrigated alfalfa was utilized which provided complete data across the parcels
in the dataset. The results from this data were as predicted, with parcels with higher proportions of soils
with high crop productivity predicted to have higher land values and parcels with higher proportions of
soils with low crop productivity predicted to have lower land values. This success may provide evidence
that other measures of soil quality present in the SSURGO data may be successfully utilized when LCC data
is incomplete or not available.
Two alternative valuation methodologies were also utilized to provide context to the results of the
hedonic model. A land price differential resulted in values around $200/AF and a comparable sales
approach yielded a range of values between $200-$480/AF. These values are highly similar to the results
from the most reliable model presented in the hedonic analysis which yielded a per acre foot value of
water at $235/AF. 45 As such, this study provides strong evidence that the capitalized value of water
presently used in agriculture in Deschutes County is around $200/AF.

45

A non-vacant parcel classified as “Tract” in the COID with over 50% water rights.
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8.2 Study Limitations
This study has a number of limitations. The first and foremost is that real market value data that were
calculated by the Deschutes County Assessor are used in place of real sales. This data is thus not a direct
representation of real estate transactions and is rather a dataset of estimates compiled by an entity – The
Deschutes County Assessor – that, while demonstrably familiar with the subject area, may have unknown
biases in their procedures that would transfer through into the dataset used in the hedonic analysis.
However, it is worth noting that an oft noted limitation in hedonic studies dealing with water is that
sample sizes tend to be small. The real market value dataset used herein has no such limitations and in
fact is representative of all parcels designated as farm parcels within the county.
This study also assumes that all water rights are equal at a per acre level. Importantly, this study does not
consider specific differences between irrigation district water rights 46 which may be important as some
districts are more senior and/or have storage and thus have more reliable water rights. As well, the costs
of different water rights including irrigation district assessments and pumping costs are also not
considered. As well, this research does not directly consider potential differences in the duty of water
rights as some water rights may allow for a higher application of water per acre. Adaptations to this in
the form of irrigation systems and techniques likely mitigate to some degree any bias from this omitted
variable in the study.
This study likely does not adequately account for potential location-based fixed effects. While the
distance to Bend and the irrigation district binary variables help in that regard, a finer variable, such as
school district may increase the accuracy of results. Buck, Auffhammer, and Sunding (2014) make the
important empirical observation that studies that use cross-sectional data, such as this study, may result
in artificially low values for irrigation water. It may be possible to use multiple years of real market

46

Irrigation district water rights differ between irrigation districts and for some districts, within a district.
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valuations in order in order to complete the type of panel analysis detailed in Buck, Auffhammer, and
Sunding (2014), however this would still be subject to any systemic biases from the real market value data.
Finally, this study does not consider some other aspects of Oregon water rights that are often discussed
as sources of value. This includes the priority date of the water right. While theoretically possible to
research, priority date is only relevant within highly localized hydrologic systems and as such inclusion of
it into a model would likely require limited hydrologic modeling that would allow for the establishment of
relative priority based on hydraulic flow. As well, this study does not consider the existence of
supplemental water rights, which can be valuable in areas where primary water rights are not fully
reliable.

8.3 Future Research
There are a number of avenues through which this research could be improved and built upon. A primary
first step that would help to better elucidate the validity of this study would be to perform a similar
hedonic analysis utilizing real land sales transactions. If it is found that the results are similar, it may help
to confirm that real market value approach is a defensible method through which to perform a hedonic
valuation study in areas where real market value data is more readily available than actual sales data. Not
only could this allow for hedonic valuations that utilize a much greater sample of data, but it may also
allow for water valuations in areas with low water right transaction volumes where comparable water
right sales analysis may not be available.
Further research may also seek to incorporate smaller parcels and see if there is a demonstrable separate
market for water driven by smaller hobby farmers and amenity landowners. Research into potential
market segmentation in Deschutes County would also help to elucidate whether the results from this
study are truly applicable to all of Deschutes County or just an average of the prevailing price of water
across different markets. Future research should also seek to include measures as to the cost to utilize
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different water rights, including per acre foot and assessment charges from irrigation districts and
groundwater pumping costs. Finally, any future research efforts should utilize public records laws to
obtain fully accurate place of use information from each irrigation district.
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Appendix 1:
Maps
A1.1 Description
This appendix provides information used in the processing of the raw data into a useable dataset. Some
of the information is referenced in the proceeding document. All data presented in this section is
necessary to understand the raw data and how it was processed into the dataset used in the analysis.

110

A1.2 Parcels In Dataset
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A1.3 Mapped Water Rights in Deschutes County

Note: As can be seen in the areas around Bend and Redmond, many irrigated areas are not covered by a mapped water right. These areas are
within an irrigation district and are covered by a water right that has not been mapped.
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A1.4 2017 Real Market Value of Land
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A1.5 Parcels with Water Rights (Binary)
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A1.6 Parcels with Water Rights (Continuous)
Text
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A1.7 Precipitation

116

A1.8 Distance to Bend
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A1.9 Property Class 1st Digit Classification (Tract vs Farm)
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A1.10 Property Class 3rd Digit Classification (Vacant vs Improved)
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A1.11 Parcels in Deschutes County Zone “Exclusive Farm Use – Horse Ridge”
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A1.12 OR620 Irrigated LCC Data
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A1.13 OR620 Non-Irrigated LCC Data
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A1.14 Crop Productivity Index – Irrigated Alfalfa Hay
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A1.15 Parcels Receiving Water from Irrigation District
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Appendix 2:
Code Books
A2.1 Description
This appendix provides information used in the processing of the raw data into a useable dataset. Some
of the information is referenced in the proceeding document. All data presented in this section is
necessary to understand the raw data and how it was processed into the dataset used in the analysis.

A2.2 TRSQS Codebook
All land in much of the US is divided up into intersections of township (horizontal) and range (vertical).
Every township/range combination, commonly simply referred to as a township, is 36 square miles. Every
township can be divided into 36 one square mile, or 640 acre pieces called sections. They are numbered
as below in Table 30.

6

5

4

3

2

1

7

8

9

10

11

12

18

17

16

15

14

13

19

20

21

22

23

24

30

29

28

27

26

25

31

32

33

34

35

36

Table 19 – Sections Diagram

Every section can be further divided into four quarters, each 160 acres. They are commonly numbered
by cardinal coordinates as in the first line of each square in Table 31. In Deschutes county, quarters are
labeled using letters A-D as below.
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NW
B
SW
C

NE
A
SE
D

Table 20 – Quarter Diagram

Every quarter can be further subdivided into four sixteenths, or 40 acres. They are labeled identically to
quarters, however, how quarter-sixteenth combinates are labeled can vary. The most common system
used is to concatenate them in reverse order, with the sixteenth designation coming first, followed by the
quarter designation. This can be seen on the first line of each square in Table 32. Deschutes County
designates quarter-sixteenth combinations with the quarter coming first followed by the sixteenth
designation, as below.

NWNW NENW
BB
BA

NWNE
AB

NENE
AA

SWNW
BC

SENW
BD

SWNE
AC

SENE
AD

NWSW
CB

NESW
CA

NWSE
DB

NESE
DA

SWSW
CC

SESW
CD

SWSE
DC

SESE
DD

Table 21 – Quarter/Sixteenth Diagram

A2.3 CDL Codebook
As a raster dataset, all CDL files represent the ground using square pixels. Most CDL files use 30m2 pixels.
Each pixel represents the predominate vegetation/ground cover on that piece of land with a value. The

126
table below shows those values, the corresponding ground cover and whether that value was considered
to be a ‘cropped’ value.

CROPPED

Column 1
VALUE
CLASS_NAME

CROPPED

Column 2
VALUE
CLASS_NAME

0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0
1
2
3
4
5
6
10
11
12
13
14
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
41
42
43
44
45
46
47
48
49
50
51
52
53

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

81
82
83
87
88
92
111
112
121
122
123
124
131
141
142
143
152
176
190
195
204
205
206
207
208
209
210
211
212
213
214
216
217
218
219
220
221
222
223
224
225
226
227
229

Background
Corn
Cotton
Rice
Sorghum
Soybeans
Sunflower
Peanuts
Tobacco
Sweet Corn
Pop or Orn Corn
Mint
Barley
Durum Wheat
Spring Wheat
Winter Wheat
Other Small Grains
Dbl Crop WinWht/Soybeans
Rye
Oats
Millet
Speltz
Canola
Flaxseed
Safflower
Rape Seed
Mustard
Alfalfa
Other Hay/Non Alfalfa
Camelina
Buckwheat
Sugarbeets
Dry Beans
Potatoes
Other Crops
Sugarcane
Sweet Potatoes
Misc Vegs & Fruits
Watermelons
Onions
Cucumbers
Chick Peas
Lentils
Peas

Clouds/No Data
Developed
Water
Wetlands
Nonag/Undefined
Aquaculture
Open Water
Perennial Ice/Snow
Developed/Open Space
Developed/Low Intensity
Developed/Med Intensity
Developed/High Intensity
Barren
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrubland
Grass/Pasture
Woody Wetlands
Herbaceous Wetlands
Pistachios
Triticale
Carrots
Asparagus
Garlic
Cantaloupes
Prunes
Olives
Oranges
Honeydew Melons
Broccoli
Peppers
Pomegranates
Nectarines
Greens
Plums
Strawberries
Squash
Apricots
Vetch
Dbl Crop WinWht/Corn
Dbl Crop Oats/Corn
Lettuce
Pumpkins
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1
1
1
1
1
1
1
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1

54
55
56
57
58
59
60
61
63
64
65
66
67
68
69
70
71
72
74
75
76
77

Tomatoes
Caneberries
Hops
Herbs
Clover/Wildflowers
Sod/Grass Seed
Switchgrass
Fallow/Idle Cropland
Forest
Shrubland
Barren
Cherries
Peaches
Apples
Grapes
Christmas Trees
Other Tree Crops
Citrus
Pecans
Almonds
Walnuts
Pears

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Table 22 – CDL Codebook

230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
254

Dbl Crop Lettuce/Durum Wht
Dbl Crop Lettuce/Cantaloupe
Dbl Crop Lettuce/Cotton
Dbl Crop Lettuce/Barley
Dbl Crop Durum Wht/Sorghum
Dbl Crop Barley/Sorghum
Dbl Crop WinWht/Sorghum
Dbl Crop Barley/Corn
Dbl Crop WinWht/Cotton
Dbl Crop Soybeans/Cotton
Dbl Crop Soybeans/Oats
Dbl Crop Corn/Soybeans
Blueberries
Cabbage
Cauliflower
Celery
Radishes
Turnips
Eggplants
Gourds
Cranberries
Dbl Crop Barley/Soybeans

A2.4 Property Class Digits Codebook
The following table shows the theoretical underlying description behind each digit of a property class
code. Although counties may deviate some from this table, most codes conform to the table.
First
Digit

0
1
2
3
4
5
6
7
8
9

First Digit
Description

Miscellaneous
Residential
Commercial
Industrial
Tract
Farm
Forest
Multi-family
Recreation
Exempt

Second
Digit

0
1
2
3
4
5
6
7
8
9

Second Digit
Description

No significance
Residential Zone
Commercial Zone
Industrial Zone
Unzoned Farm Land
Exclusive Farm Use
Small Tract Forestland
Disqualified Permanent
Multiple Special Assessments
Potential Development

Table 23 – Property Class Digits Codebook

Third
Digit

0
1
2
3
4
5
6
7
8
9

Third Digit
Description

Vacant
Improved
Condominium
State Responsibility
Partially Exempt
Taxable Leased
Waterfront
Mobile Home Parks
(Blank)
Manufactured Structure

