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ABSTRACT: Water scarcity presents an obstacle to economic development in the western 

United States.  Water right markets promote efficient allocation, helping states to derive the 

highest possible economic benefit from available resources, and allowing western water supplies 

to support new development and population growth.  However, uncertainty surrounding water 

right market values threatens the ability of water markets to efficiently allocate water.  To 

address this problem, we employ econometric analysis techniques to estimate the values market 

participants place on shares of ditch company water rights in Colorado’s South Platte basin.   

Our analysis demonstrates that ditch company share buyers value proximity, reliability, and 

flexibility. 
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Colorado’s Front Range has a long history of water trading.  Starting in the early 1900’s, 

neighboring farmers rented and traded water among themselves to adapt to varying hydrologic 

conditions (Anderson 1961).  During the 1970’s and 1980’s, Front Range cities entered the 

market for water rights by acquiring agricultural appropriations for municipal and industrial uses.  

Cities purchased water rights to accommodate the inflow of new residents to Colorado that 

occurred in response to energy development on the Western Slope, and increased federal 

employment opportunities in Denver.  Subsequent periods of economic prosperity and 

population growth necessitated additional water transfers to municipalities, resulting in a highly 

active market for water rights in Colorado (Smith 1990). 

The South Platte River basin extends over the northeast quadrant of the state and includes 

the metro Denver area, the cities of Golden, Boulder and Ft. Collins along the Front Range, as 

well as productive farming country further downstream.  In addition to being one of the most 

active water markets in the western United States (Brown 2006), the South Platte basin market 

has a number of other distinctive features.  First, because market transactions occur along the full 

extent of the basin from Golden, upstream of Denver on Clear Creek, to Sterling some 150 miles 

downstream
1
, water transfers in the market are particularly influenced by location. Transactions 

in the metro region are primarily agriculture to urban transfers whereas those downstream 

continue to include transfers among agricultural water users.  In addition to distance, an elevation 

difference of 1,700 feet between Golden and the lower reaches of the South Platte makes the 

location of diversion an important consideration in acquiring water rights.  Second, both direct 

flow  and storage rights are traded in the basin.  As a result, it is possible to determine the value 

of storage in this market.  Third, valuing ditch company share reliability is problematic because 

                                                 
1
 In the 1970’s and 1980’s direct flow water rights from ranches in South Park, along the South Fork of the South 

Platte were purchased by the cities of Aurora and Thornton in the Denver metro area (Smith 1990).   Thus earlier 

activity in the basin extended perhaps 100 miles further upstream along the South Fork. 
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shares represent a portfolio of water rights with varying levels of reliability, not a single water 

right and priority date.  We introduce the coefficient of variation as a means of capturing the 

reliability of a share in a single number.   

Determinants of Water Right Prices 

A water right’s individual attributes lend it value.  These attributes include priority date 

(reliability), source (water body and a second indicator of reliability), location (point of 

diversion), and historic beneficial use (e.g., irrigation, mining, municipal). What effect do these 

attributes of water rights have on water right prices?  

 The influence of water right characteristics on price is analyzed for  Colorado’s South 

Platte basin.  This region is characterized by one of the most active water markets in the western 

United States (Brown 2006), with water transfers frequently occurring in the form of ditch 

company share sales.  A ditch company share entitles the owner to a pro rata percentage of the 

ditch company’s total water supply each year (Rice and White 1987).  While most water markets 

in the West facilitate transfers of water rights, ditch companies control the most valuable water 

rights in the South Platte basin.  Purchasing shares in these companies represents a viable way 

for water users to acquire new water supplies. 

 We seek to extend knowledge of water markets in several ways.  First, while previous 

studies analyzed the basin above Denver (Goodman and Howe 1997) and prices for shares in the 

trans-mountain water supplied by the Colorado-Big Thompson project (Person and Michelsen 

1994; Brookshire et al. 2004), this article examines native surface water rights transfer data from 

the entire basin.   Native surface water rights in the basin are rights to divert from above-ground 

water sources hydraulically connected to the South Platte River.  Including sales from throughout 

the basin allows us to demonstrate that buyers value proximity.  Moreover, the large number of 
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transactions observed in the South Platte basin leads us to believe that the market for ditch 

company shares in this basin operates with greater efficiency than many other western water 

rights markets.  In efficient water markets, water users are able to complete transactions as 

needed to accommodate their water demands.  High levels of market activity indicate that such  

beneficial transactions are occurring.  Another presupposition of market efficiency is that market 

prices reflect water rights’ positive and negative qualities.  Under this condition, water right 

attributes such as volume, reliability, flexibility, and location should statistically account for 

price dispersion among water rights.  Our analysis confirms this indication  of efficiency in the 

South Platte basin.   

Second, we develop a new measure of reliability, the coefficient of variation of water 

supply.  The coefficient of variation equals the ratio of the standard deviation of a ditch 

company’s annual headgate deliveries to the company’s average annual headgate deliveries.  The 

coefficient of variation is frequently used as a measure of relative variability in a variety of 

applications (Howe 2010).  However, to our knowledge, this study is the first to use the 

coefficient of variation as a measure of water supply reliability. 

COEFF VAR = Standard Deviation of Annual Water Supply 

Average Annual Water Supply 

As agricultural activity grew in the South Platte basin, ditch companies perfected new water 

rights to support ditch extensions and cultivation of new farmland.  Consequently, mutual ditch 

company shares are associated with a portfolio of priority dates, preventing a single priority date 

from serving as a proxy for the reliability of the water supply provided by ditch shares.  Using 

the coefficient of variation as a measure of reliability allows us to characterize this portfolio of 

rights with a single number.    
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Third, our analysis shows that the ability to store water is valued independently of supply 

reliability.  Ditch company share buyers, particularly municipalities, value storage rights for the 

additional flexibility they afford to systems operations. 

BACKGROUND 1 

The four most active water right markets in the West are the market in Colorado’s South Platte 2 

basin, Nevada’s Truckee River basin, California’s Central Valley market, and the Rio Grande 3 

Valley market in New Mexico and Texas (Brown 2006; see figure 1).   These areas are 4 

characterized by competition for available water supplies, and legal systems and geographic 5 

settings that enable water transfers to high-value uses.   6 

Colorado’s South Platte Basin 7 

The South Platte basin encompasses over 27,600 square miles of Northeastern Colorado 8 

(see figure 2).  The South Platte River runs from its mountain origins southwest of Denver to 9 

northern Colorado’s high plains and on into Nebraska.  Stream flows in the South Platte and its 10 

tributaries are primarily determined by snowmelt runoff and rainstorms, rendering the basin’s 11 

surface water supply highly variable. (Colorado Water Conservation Board 2004).  12 

Irrigated agriculture represents an important economic activity in the South Platte basin, 13 

with over 30% of the basin’s land area and 68% of the basin’s surface water dedicated to crop 14 

cultivation (Colorado Water Conservation Board 2004).   Neighboring farmers established 15 

mutual ditch companies in the 1800’s to deliver irrigation water to fields.  These irrigators 16 

combined financial resources to construct water delivery infrastructure and perfect water rights.  17 

Participating farmers owned shares of company water, with each share representing a pro rata 18 

percentage of the company’s annual water supply.  Assessment fees were imposed on each share 19 

to fund the acquisition of new water supplies and infrastructure development projects. (Anderson 20 
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and Snyder 1997).  Ditch companies control the most senior water rights in the South Platte 21 

basin, with priority dates as early as 1861 (Goodman and Howe 1997).   22 

In addition to its extensive agricultural areas, the South Platte basin is home to 23 

Colorado’s largest urban area, Denver, as well as rapidly growing communities extending north 24 

and west to Ft. Collins and Boulder along the northern Front Range. While native flows and 25 

water imported from other basins provide 1,800,000 AF/year of water to the South Platte basin, 26 

approximately 4,000,000 AF/year of surface water rights have been appropriated to 27 

accommodate the area’s high urban and agricultural water demands. (Wolfe 2005).  New surface 28 

water rights remain available at low costs under Colorado water law (Colorado Constitution Art. 29 

16 Sec. 6).  However, appropriations perfected subsequent to the mid-1890’s in the South Platte 30 

basin generally yield inconsistent water quantities (Hall 2007).  The scarce nature of reliable 31 

water supplies engenders competition for senior appropriations, resulting in market transfers of 32 

water rights and ditch company shares (Hobbs 2009).  As Denver suburbs have developed and 33 

metropolitan populations grow, competition for water intensifies, driving increased water trading 34 

from agricultural to urban uses (Goodman and Howe 1997). 35 

Market Participants 36 

Urban populations throughout the South Platte basin are projected to rise (Colorado Foundation 37 

for Water Education 2009).  One viable way for cities to expand water supplies is to purchase 38 

ditch company shares from farmers, and change the shares’ use through water court.  39 

Municipalities purchase ditch company shares frequently.  Cities also receive ditch company 40 

share dedications from land developers, who are often required to purchase water rights and 41 

transfer them to water authorities as a precondition of plat approval.  In addition, investors 42 

building portfolios of water assets have entered the market for ditch company shares in recent 43 
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years.  While these urban water users purchase more shares than other water buyers in the basin, 44 

agricultural buyers remain active in the water market.   45 

 Agricultural water users transfer water among themselves.  If one agricultural activity is 46 

considerably more valuable than another, water is transferred to the more valuable use.  In 47 

addition, new markets for agricultural water are forming.  For example, land trusts buy irrigation 48 

water for permanent dedication to farmland in an attempt to preserve farming culture and 49 

communities (Hobbs 2009).    50 

 Many water purchases by non-municipal users occur to fulfill augmentation 51 

requirements.  If a farmer withdraws groundwater for irrigation, and surface water supplies are 52 

depleted as a result of this groundwater pumping, the farmer must add surface water to the 53 

affected stream to prevent injury to more senior water appropriations (Colorado Foundation for 54 

Water Education 2004).  Purchases of ditch company shares for augmentation purposes 55 

constitute a significant portion of the water transactions that occur in the South Platte basin 56 

(MacDonnell 2009), with 4% of the basin’s water used in augmentation (Wolfe 2005). 57 

Price Determinants of Ditch Company Shares 58 

A number of factors influences the price of ditch company shares.  These factors include the 59 

buyer type, volume transferred, reliability of the share, and the costs of delivering purchased 60 

water to the buyer’s system.   61 

 The primary buyers of ditch company shares in the South Platte basin are irrigators and 62 

municipalities.  Higher economic gains are derived from municipal water use than from applying 63 

water to agriculture.  Anecdotal evidence suggests that, as a result of these differences in returns 64 

to water use, cities often pay more than farmers for ditch company shares (Person and Michelsen 65 

1994). 66 
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 The volume of water transferred in a ditch company share purchase influences share 67 

prices.  Larger volumes yielded by an individual share result in higher total prices for the share 68 

because the buyer is able to receive more water.  However, transfers of large quantities of water 69 

are expected to attract lower per-unit prices ($/AF consumptive use) than small-volume sales.  70 

These scale economies result from transaction costs that remain stable among water transfers of 71 

all volumes (Howe, Boggs, and Butler 1990), and from the low levels of demand that exist for 72 

large water rights. 73 

 A share’s price reflects its reliability.  Reliable shares yield a consistent quantity of water 74 

each year with little variation.  Acquiring unreliable ditch company shares leaves the buyer’s 75 

water supply uncertain.  Because buyers are risk-averse, reliable shares garner higher sale prices.  76 

Ditch companies offering reliable shares hold water rights characterized by early appropriation 77 

and adjudication dates, and have reservoir storage to supplement deliveries to shareholders in dry 78 

years (Hobbs 2009; Hecox 2009).   79 

 The costs associated with delivering purchased water to the buyer’s new place of use also 80 

affect price.  For example, if a city must construct pipelines and pumps to deliver purchased 81 

water to its system, it will pay less than it would pay for water that enters its system cheaply.  82 

Ditch companies diverting long distances downstream from municipalities are expected to have 83 

less valuable shares than companies that divert near cities and use ditches that run through cities.  84 

(MacDonnell 2009). 85 

LITERATURE REVIEW 86 

Accurate valuation of water rights helps water markets to efficiently allocate scarce water 87 

supplies by allowing actors to make pragmatic purchasing and selling decisions (Anderson 88 

1983).  In many commodity markets, market price information provides correct valuation and the 89 
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market operates efficiently, with prices reflecting the value of the commodity’s positive and 90 

negative qualities.  However, market price data for water rights is largely unavailable because 91 

information relating to water right transactions is private.  Local governments rarely require 92 

buyers and sellers to report sale prices.  In addition, water market participants fervently protect 93 

their proprietary data in hopes of leveraging asymmetric levels of information to derive increased 94 

economic benefits from water transactions (Howe and Wiener 2006).   While some local 95 

engineering consulting firms offer water right price data, this information is often outdated and 96 

unverified.  The proprietary and erroneous qualities of market price data result in a lack of price 97 

signals, causing water markets to function inefficiently.   98 

Water market efficiency is further affected by imperfect competition, hydrologic and 99 

institutional uncertainty, and price-setting by a few market participants.  These market failures 100 

cause market prices to inaccurately reflect the value of water rights’ underlying characteristics.  101 

Studies estimating water right values based on current, accurate price data hold the potential to 102 

aid market participants in negotiating and completing sensible transactions, increasing the 103 

efficiency of water markets.   104 

 The hedonic pricing method is a revealed preference approach to the valuation of 105 

differentiated goods i.e., goods that possess multiple attributes that cannot be separated at the 106 

time of purchase (Rosen 1974).  Such goods are purchased as a bundle of characteristics.  107 

Changing these characteristics is impossible because they are fundamental aspects of the good.  108 

Buyers recognize a good’s attributes, and their preferences vary according to each product’s 109 

individual qualities. The hedonic hypothesis, asserting that consumers value a good based the 110 

amount of utility each of the good’s individual characteristics provides, forms the basis of the 111 

hedonic pricing method.  Similar to other revealed preference techniques, the hedonic method 112 
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statistically infers values market participants place on attributes of goods based on observed 113 

choices participants make within markets (Young 2005).    114 

Hedonic pricing has been used to analyze the determinants of price both within individual 115 

markets and across a variety of markets.  Several studies examine real estate transactions in 116 

which the land includes appurtenant water rights i.e., rights that cannot be severed from the land.  117 

These studies analyze the implicit value consumers attach to water rights to calculate the value 118 

that water contributes to land prices (Crouter 1987; Faux 1996; Byrd 2004).   Other studies 119 

address markets in which water rights can be sold separately from land, and seek to identify the 120 

determinants of water rights prices within specific water markets (Anderson 1961; Saliba and 121 

Bush 1987; Colby, Crandall, and Bush 1993; Brookshire et al. 2004; Landry 1995; Goodman and 122 

Howe 1997; Person and Michelsen 1994).   More recently, as data on water market transactions 123 

has become available through such publications as The Water Strategist, researchers analyzed 124 

water right transaction data aggregated across several states to determine if consumers in 125 

different markets place similar value on the attributes of water rights (Brown 2006; Brewer et al. 126 

2008).  127 

In her study of appurtenant surface water rights in Weld County, Colorado, Crouter 128 

(1987) concludes that the market is not efficiently pricing the value of water rights in real estate 129 

sales.   Extending the same approach to groundwater, Byrd (2004) finds that aquifer productivity, 130 

supply certainty, and high soil quality are positively related to price in the northern high plains.  131 

Faux (1996) similarly demonstrates that, in sales of Oregon farmland, irrigation water rights and 132 

soil quality positively affect price. 133 

 Studies examining specific water markets (Anderson 1961; Landry 1995; Colby, 134 

Crandall, and Bush 1993; Person and Michelsen 1994; Goodman and Howe 1997) arrived at 135 
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more detailed conclusions regarding the water right and market characteristics that impact prices.  136 

These studies found that buyer type significantly affects price, senior priority dates attract higher 137 

prices, transaction size measured in terms of water quantity is negatively related to unit price, 138 

and that market segmentation can result in a price differences among individual water markets.  139 

In addition, factors influencing demand such as population growth, interest rates, and crop values 140 

affect water right prices.  Such price information is important for aiding water market 141 

participants in negotiating and conducting sensible transactions, increasing the allocative 142 

efficiency of water markets. 143 

Brown (2006) conducted a statistical analysis of water right transaction data between 144 

1990 and 2003 aggregated for the 14 western states.  This analysis examined the influence of 145 

year, drought conditions, transaction volume, county population, water source, and buyer type on 146 

price.  Brown finds that water purchased for municipal and environmental purposes draws higher 147 

prices than irrigation water rights across markets, but emphasizes the need to understand the 148 

unique traits of individual markets.   Brewer et al. (2008) examine water transaction data 149 

between 1987 and 2005 from 12 western states.  Their analysis reveals that, as a result of market 150 

heterogeneity, prices and trading activity vary based on location and individual characteristics of 151 

local water markets.   However, two patterns persist among all markets.  Agriculture-to-urban 152 

trades demand higher prices than transactions among agricultural water users, and sales and 153 

leases for terms longer than one year have become increasingly common over time.   154 

Brookshire et al.  (2004) analyze over eleven years of data from Arizona’s Central 155 

Arizona Project market, Colorado’s Colorado Big Thompson project market, and New Mexico’s 156 

Rio Grande Conservancy District.  Their analysis indicates that characteristics of the market, 157 

such as buyer type and drought conditions, influence water right prices. While common price 158 
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determinants exist among these different markets, the authors conclude that the markets are 159 

heterogeneous.  Separate econometric analyses of water right transaction data from each 160 

individual market are required to provide meaningful insight into water right prices.      161 

The most recent work on water markets has focused on two new issues:  water purchases 162 

for environmental purposes and the effect of climate.  Loomis et al. (2003) studied transactions 163 

for environmental purposes in the western United States and found that government agencies 164 

could find willing sellers, from low-value crops, at prices they were able to pay to provide for 165 

wildlife, recreation, and fisheries. 166 

As leasing mechanisms have more fully evolved for short-term transactions, it has 167 

become possible for water users cover their within season demands with short-run contracts.  168 

Using data from the Goulburn Murray Irrigation District in Australia, Bjornlund and Rossini 169 

(2005) show that irrigators with “water dependent capital assets such as dairy and horticulture 170 

farmers” are willing to pay higher water prices in the face of low precipitation, hot weather and 171 

low water allocations to protect their long-term investments.  Similarly, Pullen and Colby (2008) 172 

extend the early work of Colby, Crandall, and Bush (1993) in New Mexico’s Gila-San Francisco 173 

Basin showing that both price and quantities transacted increase in drought years.  Jones and 174 

Colby (2010) integrate similar strands of environment and climate showing that temperature, 175 

precipitation, regional income and population change affect the lease markets in four western 176 

U.S. states for both environmental and non-environmental purposes. 177 

 178 

 179 

 180 

 181 
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ANALYSIS 182 

Our data
2
 include 253 observations of completed ditch company share transfers in the South 183 

Platte basin between 2002 and 2008.  Sales included in this data set transferred a total of 184 

approximately 12,408 acre-feet consumptive use (AF CU).  Table 3 offers summary statistics 185 

from the data.  Transfers included in this analysis occurred in Larimer, Morgan, Weld, Arapahoe, 186 

Adams, Jefferson, Boulder, Gilpin, or Clear Creek County (see figure 3).   187 

 The econometric model developed in this study to analyze the relationships between 188 

characteristics of ditch company shares, attributes of the South Platte basin water market, and the 189 

share prices is:  190 

 191 

Unit Price  =  f(COEFF VAR, STORAGE, UPSTREAM, FRICO STANDLEY, CU,  192 

PREV USE, YEAR) + e 193 

Where:  194 

- COEFF VAR is a measure of water supply reliability.  A low coefficient of 195 

variation denotes a highly reliable share. 196 

- STORAGE represents the availability of reservoir storage from each ditch 197 

company.  STORAGE is a binary variable that assumes a value of 1 if the ditch 198 

company owns storage water rights and reservoir capacity, and 0 if the company 199 

receives water from direct flow rights. 200 

                                                 
2
 WestWater Research L.L.C. made its proprietary dataset of ditch company share sales information available for 

this study.  WestWater Research maintains a comprehensive database of current, verified water transaction 

information for each state in the West. 
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- UPSTREAM differentiates between ditch companies located upstream on the 201 

South Platte River near cities, and companies situated downstream, far from 202 

municipal areas.  A value of 1 is attached to UPSTREAM if the company is 203 

located upstream from the confluence of Lost Creek and the South Platte River, 204 

and 0 for downstream companies.  (See Figure 4) 205 

- FRICO STANDLEY takes on a value of 1 for transfers of shares in FRICO 206 

Standley Lake Division and 0 for sales of other ditch company shares. 207 

- CU represents the volume of water transferred in acre-feet of consumptive use. 208 

- PREV USE differentiates between water transferred from agricultural uses and 209 

water originally used for urban purposes.  This variable takes on a value of 1 for 210 

previous agricultural use and 0 for previous urban use. 211 

- YEAR takes on the value of the year in which the transfer was completed to test 212 

for appreciation. 213 

- e is an error term. 214 

 Unit price, or dollars per acre-foot of consumptive use is our dependent variable. 215 

Consumptive use is water permanently extracted from its source as a result of evaporation, 216 

human and livestock ingestion, or crop transpiration.  Under Colorado water law, only the 217 

consumptive use portion of a ditch company share, measured in acre-feet, may be transferred to 218 

alternate beneficial uses (Rice and White 1987).  Therefore, the dollars per acre-foot of 219 

consumptive use unit for the dependent variable accurately reflects the price that buyers pay for 220 

each usable unit of water they receive.  Unit prices were adjusted for inflation and changed to 221 

2008 dollars using the GDP deflator. 222 
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The unit price of ditch company shares is predicted to hold a positive relationship with 223 

the year the transaction occurred, the availability of reservoir shares, and upstream locations.  224 

Negative relationships are expected between agricultural previous use, the coefficient of 225 

variation for annual water supply, and the volume transferred and price.  226 

 This price model was estimated using the Ordinary Least Squares method.  See Table 1 227 

for the results of this estimation. 228 

The R Square of 0.7199 indicates that the price model explains 72% of the unit price 229 

variation in the data set.  The high t-statistics and low p-values for the YEAR, PREV USE, 230 

STORAGE, COEFF VAR, FRICO STANDLEY, and UPSTREAM independent variables 231 

signify that these variables are statistically significant at a 99% confidence level.  The variable 232 

CU is statistically significant at a 95% confidence level.   233 

Previous econometric analyses of water transfer data found that nonlinear relationships 234 

exist between water right prices and explanatory variables (Goodman and Howe 1997; Pullen 235 

and Colby 2008; Jones and Colby 2010).  We used a Box-Cox transformation to test for 236 

hypothesized nonlinear relationships (Box and Cox 1964).  Box-Cox procedures transform the 237 

variable Z to (Z^When  = 0, Z is transformed to the natural log of Z.  If  = 1, Z 238 

remains linear. (Kennedy 1985).  The dependent and independent variables were transformed 239 

separately using STATA’s “lhsonly” and “rhsonly” options.  Dummy variables were omitted 240 

from the “rhsonly” transformation because they include non-positive values. The results of both 241 

the dependent and independent variable transformations show that a linear specification is 242 

appropriate (see Tables 4 and 5).  Consequently, we retain a linear specification to estimate the 243 

price model.   244 
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The Breusch-Pagan Test produced a p-value of 0.5525, allowing us to accept the null 245 

hypothesis of constant variance (homoskedasticity).  A correlation matrix revealed no 246 

associations above 0.32 among independent variables.  These low correlations, along with our 247 

small standard errors, indicate that collinearity does not significantly influence our estimation 248 

results. 249 

Recent statistical analyses of water right prices have identified and corrected for 250 

endogeneity between price and the volume traded in each transaction (Pullen and Colby 2008; 251 

Jones and Colby 2010). Instrumental variables were used to correct for endogeneity.   252 

The question of the endogeneity of price and quantity arises when using equilibrium 253 

observations of market transactions to estimate the determinants of price.  Where price and 254 

quantity are endogenously determined, parameter estimates should be made with two-stage least 255 

squares to address the identification problem of equilibria occurring at the intersection of various 256 

supply and demand curves.  For a number of reasons, permanent water transfers, as they work in 257 

practice, may not exhibit strong endogeneity between unit price and the consumptive use volume 258 

traded in a particular transaction. 259 

First, farmers sell either surplus water or water coming out of low-value production.  260 

Sellers may also be quitting farming all together.  Because ditch company shares yield specific 261 

volumes of water and can be difficult to divide, ditch share transactions are “lumpy.” They are 262 

not marginal transactions in which more shares or partial shares could be offered for a marginal 263 

increase in the price.  The water rights judicial or administration process associated with a 264 

change of use further decrease the simultaneity with which price and volume are determined.  265 

The high transactions costs associated with the water court process disincentivize purchasing 266 

partial shares or marginally smaller water quantities.  267 
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Second, it is our experience that short term droughts of one or two years, while 268 

influencing the lease market, do not affect prices in permanent transactions.  Consequently, the 269 

volume of water yielded by the transacted share in the year of the sale, which is a function of 270 

hydrologic conditions, is not simultaneously determined with price.  Price is influenced by 271 

factors other than drought. 272 

Third, the water court establishes the consumptive use volume provided by the share, not 273 

the share’s market price.  During the change case, the court will examine evidence regarding 274 

historic use as well as objectors’ filings to determine the quantity that is transferable to a new use 275 

without injuring other existing water rights.  This determination of transferable volume is often 276 

uncertain and difficult to account for in price negotiations. 277 

In our model, the variable CU assumes the value of transaction volume.  We employed 278 

the Hausman-Wu test to determine if correcting for endogeneity between unit price and CU was 279 

necessary.  The Hausman-Wu test compares the estimation results of a two-stage least squares 280 

(2SLS) model to the single-stage estimation results.  If the estimated parameters are significantly 281 

different, the null hypothesis of exogeneity is rejected.  Our 2SLS model expressed CU as a 282 

function of average yield per share for the ditch company, an interaction term that multiplied 283 

Colorado’s FHFA House Price Index (Federal Reserve Bank of St. Louis) by urban buyer types, 284 

the transaction year, a dummy variable separating ditches with senior water rights from junior 285 

diversions, and an error term.  While some of these explanatory variables held statistically 286 

significant relationships with CU, no highly accurate predictor of transaction volume was 287 

identified.  Previous studies employing instrumental variable techniques to correct for 288 

endogeneity encountered similar challenges in modeling transaction volume (Pullen and Colby 289 

2008).  CU values predicted by the first stage were included in the price model as an 290 
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instrumental variable.  The Hausman-Wu test showed that the 2SLS model failed to estimate 291 

results significantly different from the OLS model (P-value =0.7917), allowing us to accept the 292 

null hypothesis that unit price and volume are exogenous. 293 

The Value of Water Storage 294 

A measure of the reliability and flexibility of water supplies provided by ditch company shares is 295 

the availability of reservoir storage.  Reservoirs permit ditch companies to store excess water in 296 

wet years for use in dry years, allowing the companies to provide more consistent water supplies 297 

to each shareholder.  In addition, storage enables year-round municipal use of seasonal 298 

agricultural water purchased by cities (Howe 2009). The coefficient of 1,786.4** on the variable 299 

STORAGE shows a positive relationship between the prices buyers are willing to pay for water 300 

and a ditch company’s storage capacity.  This new result indicates that water buyers in the South 301 

Platte basin value shares that provide reliable and flexible water supplies, and provides insight 302 

into the economic value of water storage.   303 

Water Supply Reliability 304 

The reliability of the water supply associated with a ditch company share affects the price buyers 305 

are willing to pay for the share.  Purchasing reliable shares creates a consistent water supply for 306 

the buyer, mitigating risks related to uncertain water supplies.  A direct measure of the reliability 307 

of ditch company shares is the coefficient of variation for the annual water supply of each 308 

company.  The coefficient of variation (COEFF VAR) equals the ratio of the standard deviation 309 

of yearly water supply to the average yearly water supply.   310 

A high coefficient of variation means that the company receives an inconsistent volume 311 

of water each year at its headgate, preventing the company from delivering reliable supplies to its 312 

shareholders.  Low coefficients of variation indicate a reliable water supply.  The coefficient       313 
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-3,883.4** on the variable COEFF VAR reveals that unit prices are higher for ditch shares 314 

providing reliable annual water yields.  Previous studies similarly found that buyers value 315 

reliable water supplies (Landry 1995; Colby, Crandall and Bush 1993).  These studies used a 316 

dummy variable separating senior water right from junior water rights to estimate the impact of 317 

reliability on water right prices.  In their study of ditch company share prices in the basin above 318 

Denver, Goodman and Howe (1997) used the ratio of the share’s firm yield to average yield as a 319 

measure of water supply reliability.  However, the coefficient of variation represents a new 320 

measure of water supply reliability that the authors consider highly useful for assessing the risk 321 

versus return associated with a water right acquisition. 322 

FRICO Standley Lake Division 323 

Farmers Reservoir and Irrigation Company (FRICO) Standley Lake Division is characterized by 324 

several desirable traits that keep its share prices high.  Standley Lake, an important water storage 325 

reservoir for FRICO, is located near the cities of Westminster, Northglenn, and Thornton, and 326 

represents the primary source of water for these municipalities.  The relatively high elevation of 327 

the reservoir (5,506 ft.) enables cheap transportation of its water, because gravity allows the 328 

water to flow naturally to municipalities situated at lower elevations.  Westminster, Northglenn, 329 

and Thornton are actively acquiring new water supplies, including ditch company shares, as a 330 

result of rising levels of demand for water stemming from rapid population growth (Goodman 331 

and Howe 1997).  In response to this population growth and the cost-effectiveness of delivering 332 

water from Standley Lake, these cities pay high prices for FRICO Standley Lake shares despite 333 

the junior priorities of the company’s water rights. 334 

To more accurately explain ditch company share prices in the South Platte basin we 335 

needed to account for the unique characteristics of FRICO Standley Lake shares that attract 336 
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higher prices.  Therefore, the binary variable FRICO STANDLEY was added to the model to 337 

separate FRICO Standley Lake shares from shares of other companies.  This variable assumes a 338 

value of 1 for transfers of FRICO Standley Lake shares and 0 for sales of other shares.  The 339 

coefficient of 11,164.5** on the variable FRICO STANDLEY indicates that shares in Farmers’ 340 

Reservoir and Irrigation Company (Standley Lake Division) are worth over $11,000 per acre-ft 341 

more than shares in other ditch companies.   342 

Ditch Company Location 343 

 Shares in ditch companies located upstream from the confluence of the South Platte River and 344 

Lost Creek command higher prices than shares in companies situated downstream from this 345 

point (see Figure 4).  The majority of high-value share buyers are upstream of this confluence, 346 

and legal and physical barriers exist to upstream transfers.  Water courts often disapprove 347 

upstream transfers from downstream ditch companies because upstream transfers can impair 348 

other water rights (Smith 1990).  In addition, ditch companies located downstream from this 349 

confluence are a long distance from most Front Range municipalities.  These cities represent the 350 

buyers in a large portion of the water sales in the South Platte basin.  Transporting water long 351 

distances is expensive: approximately $1,000 per acre-foot of additional capacity for each mile 352 

conveyed via pipelines and pumps (Wright Water Engineers Inc. 2009).  As a result of these 353 

considerable conveyance costs, municipal water purchasers pay less for shares in downstream 354 

ditch companies.  The variable UPSTREAM has a coefficient of 4,434**, meaning that shares in 355 

ditch companies located upstream from the confluence of Lost Creek and the South Platte are 356 

worth $4,434.00 per acre-foot more than shares of downstream ditch companies, ceteris paribus.  357 

Previous studies used similar methods to analyze geographic price dispersion in water markets 358 

(Landry 1995; Colby, Crandall and Bush 1993). 359 
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Previous Use of Ditch Company Shares 360 

Ditch company share sales transfer water from low-value uses to higher-value uses (Brookshire 361 

et al. 2004).  The revenue the seller receives for selling water outweighs the economic gains 362 

derived from continuing to use the water, while the buyer benefits economically from increasing 363 

its water supplies.  Previous studies have demonstrated that in water markets throughout the 364 

western United States, agricultural water users constitute low-value water users and frequently 365 

sell irrigation water rights to municipalities and other urban water users.   These urban water 366 

users derive higher economic returns from purchased water supplies (Brown 2006).  We tested 367 

for this agriculture-to-urban water transfer trend in the South Platte basin using the variable 368 

PREV USE.  This binary variable takes on a value of 1 if the previous use of the ditch company 369 

share was irrigation, and 0 for shares previously owned by urban water users.  Irrigators acted as 370 

the seller in approximately 98% of the transactions in our data.  The coefficient of -7,479.5**on 371 

the independent variable PREV USE indicates that an acre-foot of water previously applied to 372 

irrigation in the South Platte basin is $7,479.50 cheaper than an acre-foot used for urban 373 

purposes, ceteris paribus.  374 

Price Appreciation 375 

The data set analyzed in this study includes ditch company share sales completed between 2002 376 

and 2008.  Throughout the South Platte basin water prices are appreciating.  The independent 377 

variable YEAR (the year the share sale was completed) has a coefficient of 813.6**.  This 378 

coefficient reveals a positive relationship with unit price of ditch company shares, confirming of 379 

the hypothesized time trend ditch company share prices.  Because unit prices were adjusted for 380 

inflation, this positive coefficient indicates that real prices are appreciating at a rate of 381 

approximately $813 per acre-foot per annum. Dividing this coefficient by the mean water right 382 



22 

 

  

price in the dataset results in an average annual real appreciation rate of 11%.  The high level of 383 

appreciation can be attributed to increasing levels of demand for water in the South Platte basin 384 

stemming from population growth.  Population is growing primarily in cities.  For example, the 385 

Denver Metropolitan Area grew at an average rate of 1.9% annually between 1998 and 2008 386 

(MDEDC 2009).  In the South Platte basin, several municipalities that actively acquire ditch 387 

company shares compete for the same water supplies as a result of their close proximity to one 388 

another.  Rising demand for municipal water over time and competition for scarce supplies 389 

drives increasing water prices.  This finding is consistent with previous studies of other regional 390 

water markets that used the same variable to test for a time trend among water right values 391 

(Colby, Crandall, and Bush 1993; Pullen and Colby 2008).  Interestingly, Brown (2006) found 392 

that no statistically significant relationship exists between transaction year and annual water 393 

lease rates. 394 

Volume Transferred 395 

Previous studies demonstrate that economies of scale exist in water transfers, meaning that sales 396 

of large quantities of water are associated with lower unit prices (Landry 1995; Colby, Crandall, 397 

and Bush 1993).  Scale economies result from transaction costs that are relatively constant across 398 

the size of the transfers.  Transaction costs arise from the due diligence studies, water court 399 

proceedings, and lengthy negotiations that often accompany water transfers.  Because ditch share 400 

sales of all volumes necessitate similar transaction costs, transfers of large water quantities are 401 

associated with lower transaction costs per acre-foot traded.  (Howe, Boggs, and Butler 1990).  402 

This study uses the variable CU to test for economies of scale in South Platte basin water 403 

transfers.  The variable CU represents the volume transferred in acre-feet of consumptive use. 404 

The coefficient on CU of-4.40* shows a negative relationship with unit price.  This coefficient 405 
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indicates that with each additional acre-foot of water purchased, the price per acre-foot decreases 406 

by $4.40, ceteris paribus.  This negative relationship confirms that economies of scale exist in 407 

the South Platte basin water market.   408 

New Use of Transferred Ditch Company Shares 409 

Previous water markets studies indicate that urban water uses are the most valuable applications 410 

of water in the western United States (Brown 2006; Brewer et al. 2008).  Because urban entities 411 

derive the highest economic benefits from water supplies, water rights transferred to new 412 

municipal and industrial uses are thought to attract higher prices than water traded to new 413 

agricultural or environmental applications.  Following previous studies (Brown 2006; Brookshire 414 

et al 2004), we tested for hypothesized premium prices paid by urban ditch company share 415 

buyers using dummy variables separating agricultural and urban buyer types.  However, no 416 

statistically significant relationships between new use variables and unit price were found.  New 417 

use dummy variables were eliminated in the final model to reduce collinearity among 418 

independent variables. 419 

The absence of statistically significant relationships between new use variables and ditch 420 

share prices reveals a unique condition of the South Platte basin water rights market.  While 421 

water right price differences across new uses are observed in many regions, prices in the South 422 

Platte basin remain stable regardless of the buyer’s new use for acquired water.   Consistent 423 

prices across new uses indicate that the South Platte basin water market is efficient.  Where 424 

prices vary by new use, arbitrage incites rapid price convergence if the market operates 425 

efficiently.  Our analysis shows that such price convergence has occurred in the South Platte 426 

basin.  In inefficient markets, differences in water right prices across new uses persist, allowing 427 

new use variables to statistically account for price dispersion.  428 
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SUMMARY & CONCLUSIONS 429 

In many areas throughout the West, water supplies are insufficient to meet the needs of water 430 

users.  Water markets can help accommodate the water demands of diverse water users by 431 

allowing the purchase and sale of water rights.  However, where information is incomplete, 432 

buyers and sellers will not be able to make informed decisions, resulting in an inefficient market.  433 

Water resource allocation can be improved through a better understanding of the factors that 434 

influence price.  435 

Consistent with previous water market studies, our analysis shows that ditch company 436 

share buyers value reliable water supplies.  The introduction of coefficient of variation as a 437 

means to characterize share reliability proved successful in conveying the variation of the 438 

portfolio of priorities dates that compose a ditch company share.  We also confirm that small 439 

sales attract higher unit prices.  We further show that buyers pay a premium for shares located in 440 

close proximity to their water systems, and for shares rendered more reliable and flexible by 441 

reservoir storage.  In addition, agricultural water users are willing to accept lower prices for 442 

water supplies than municipal water users.  Throughout the South Platte basin ditch company 443 

share prices are appreciating at a rate of 11% above inflation.  444 

The price model developed for this article explains approximately 72% of the price 445 

variation among ditch company shares.  This model’s high level of descriptive capacity indicates 446 

that water buyers base their purchasing decisions on the reliability, flexibility, location, previous 447 

use, and transferable volume of ditch company shares.  The ability of buyers to recognize these 448 

characteristics of ditch company shares and make informed purchases based on them suggests 449 

that the South Platte basin water market operates with greater efficiency than many other water 450 

markets in the western United States.   451 
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The findings of this article hold implications for the decision-making processes of urban 452 

water supply planners, water project developers, and investors.  Municipal water providers can 453 

employ our results to develop least-cost strategies for acquiring reliable water supplies.  In 454 

addition, increased knowledge of water right values enables investors and water project 455 

developers to predict returns on water rights investments, complete feasibility studies, and 456 

estimate the break-up value of their assets if a project plan is abandoned.  Similar studies 457 

examining current, complete water transfer data from other water rights markets in the West are 458 

needed to improve the decisions of market participants and promote efficient allocation of water 459 

resources in those regions.    460 
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Figures and Tables 

 

 

Figure 1. Western Water Markets by Level of Market Activity 
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Figure 2. The South Platte Basin 
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Figure 3. South Platte Basin Study Area 
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Figure 4. The Influence of Ditch Company Location on Share Prices  
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Table 1. Regression Results 

 

R Square = 0.7199   Adj. R Square = 0.7119   n = 253 F Statistic = 89.94 

Note: Asterisk (*) signifies statistical significance at a 95% confidence level, and double asterisk 

(**) represents statistical significance at a 99% confidence level  

  

  Coefficients 

Standard 

Error t Stat P-value 

YEAR 813.5711** 105.9273 7.68 0.000 

CU -4.3977* 1.8860 -2.33 0.021 

PREV USE -7479.496** 1266.272 -5.91 0.000 

STORAGE 1786.397** 390.444 4.58 0.000 

COEFF VAR -3883.402** 997.7736 -3.89 0.000 

FRICO 

STANDLEY 11164.48** 557.0734 20.04 0.000 

UPSTREAM 4434.184** 480.2171 9.23 0.000 

Constant -1621151 212605.2 -7.63 0.000 
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Table 2. Relationships between Share Attributes, Market Characteristics, and Unit Price  

Variable Relationship with Unit 

Price 

COEFF VAR Negative 

STORAGE Positive 

FRICO STANDLEY Positive 

UPSTREAM Positive 

CU Negative 

PREV USE Negative 

NEW USE MUNICIPAL Uncertain due to 

insignificant correlation 

with unit price 

NEW USE IRRIGATION Uncertain due to 

insignificant correlation 

with unit price 

YEAR Positive 
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Table 3: Summary Statistics for Ditch Company Share Transactions in the South Platte 

Basin, 2002 -2008 

 Volume Traded (AF CU) Unit Price ($/AF CU) 

Mean 49.01 $7,416.81 

Median 16 $6,432.45 

Min 0.66 $434.44 

Max 885 $25,555.55 

St. Dev. 90.82 $4,854.71 

Count 253 253 
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Table 4: Box-Cox Transformation Results – Left-Hand Side 

Dependent Variable Transformation 

adjusted_price Coef. Std. Err. z p-value 

95% Conf. 

Int. 

theta 0.6201 0.0752 8.2400 0.0000 0.4727-0.7675 

 

Test H0 

Restricted log 

likelihood 

LR Stat. 

Chi2 p-value 

 

theta = -1 -2629.9 595.04 0.000 

theta = 0 -2369.7 74.57 0.000 

theta = 1 -2344.9 24.98 0.000 
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Table 5: Box-Cox Transformation Results – Right-Hand Side 

Independent Variable Transformation:  

adjusted_price Coef. Std. Err. z p-value 

95% Conf. 

Int. 

lambda 2.2760 0.8129 2.80 0.005 0.6828-3.8692 

 

Test H0 

Restricted log 

likelihood 

LR Stat. 

Chi2 p-value 

 

lambda = -1 -2349.1 12.71 0.000 

lambda = 0 -2348.3 11.19 0.001 

lambda = 1 -2344.9 4.36 0.037 
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