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ABSTRACT OF DISSERTATION
WATER USE IN THE WESTERN U.S.: IRRIGATED AGRICULTURE, WATER
LEASES, AND PUBLIC PREFERENCES

In the western U.S., water continues to be reallocated from agricultural to urban uses
as a result of rapid population growth and urbanization. However, the negative implications of
permanent rural-to-urban water transfers call into question the economic practicality and social
acceptability of additional transfers. While some of the short-term economic impacts of
permanent water transfers have been estimated, less attention has been given to the longer-
term impacts of such transfers. There is also a need to evaluate the economic and social
viability of emerging alternatives to permanent water transfers.

In addition to assessing the economic contribution of irrigated agriculture, this
dissertation assesses the economic and social viability of water transfers and some of their
alternatives, from the perspectives of both farmers and urban households. Chapter 1 provides
a brief overview of western water law and motivation for the research. Chapter 2 assesses
some of the longer-term effects of reduced irrigated acreage on the economic health of
western rural counties. First, the relationship between irrigated agriculture and rural economic
health is modeled via regression analysis of secondary data. The modeled relationship is then

examined for structural breaks to test whether there is a minimum level of irrigated land

necessary to sustain the economic health of rural agricultural communities. In Chapter 3, a




survey of households in the western U.S. uncovers public perceptions and preferences
regarding water use, conservation, and reallocation; current levels of water knowledge; and
willingness to pay a fee in support of various water conservation and reallocation programs. In
Chapter 4, a survey of irrigators in eastern Colorado is used to estimate a supply curve for
leased water and to identify some of the factors that influence farmers’ decision to lease their
water. Chapter 5 concludes and suggests areas for further study.

The research results will be useful to rural community leaders who are concerned with
the evolution of their communities as their resources transition to urban use; urban planners as
they consider water supply options; western households as they face the costs of water supply
and reallocation programs; policymakers as they consider implementation of water lease

markets; and farmers as they consider selling or leasing their water rights.

Jennifer Thorvaldson

Department of Agricultural and Resource Economics
Colorado State University

Fort (anIins, CO 80523

Spring 2010
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CHAPTER 1: BACKGROUND, PROBLEM STATEMENT,
AND STUDY PURPOJSE

Western Water Law

In all western states, the allocation of water is governed at least in part by the doctrine
of prior appropriation. Under this doctrine, the water itself is considered to be the property
of the state, but individuals and groups can purchase the right to put the water to beneficial
use' (Bureau of Land Management). The date when the water is appropriated toward a right
determines the priority of that right, with earlier appropriations establishing more senior rights.
The appropriations system, in contrast to the older 1'ipan'an2 system of the eastern states, treats
the use of water as personal property separate from the land and allows water rights to be
transferred or changed, subject to the protection of other water right holders (Howe and
Goemans, 2003). Water right transfers or changes can be temporary or permanent and can
involve changes in the purpose, timing, amount, and location of the diversion and/or use. A

number of western states have a hybrid system of riparian and appropriative water rights”.

Increasing Water Transfers
In the United States, population growth and changing values have increased
demands on water supplies and watersheds, resulting in water use and management conflicts

3

particularly in the west, where populations are expected to increase 30 percent in the next 25

' Beneficial use is the use of a reasonable amount of water necessary to accomplish the purpose of the
appropuration without waste, and includes irrigation, municipal, wildlife, recreation, mining, and household use.

? Riparian water nghts are secured through land ownership. This water right, however, is only a usufructuary right
and not a property night. The water may be used as it passes through the property of the land owner but cannot
be unreasonably detained or diverted.

' These states include CA, KS, NE, ND, SD, OK, OR, TX, and WA (Bureau of Land Management).
1




years (Dobrowolski et al., 2008). In the west, increasing water demands have historically
been satisfied through storage and conveyance projects, but the environmental and monetary
costs of such large-scale infrastructural solutions have become prohibitive, and water in the
west is fast approaching full appropriation® (Green and Hamilton, 2000). Non-traditional
sources of water such as desalination and wastewater reuse are not likely to be a major
component of new supplies (Easter et al., 1998), and although domestic water providers are
interested in rationing future urban water demand with tiered pricing and conservation, these
efforts are not likely to be sufficient to meet future demands (Colorado Water Conservation
Board, 2004). Thus, there is increased interest in market-based reallocation among existing
users.

Permanent sales of water rights from agricultural to municipal use have been the
market mechanism of choice. Purchasing agricultural water rights provides municipalities with
greater certainty and control of the supply and allows them to benefit from the appreciation of
the water’s value as an asset. Farmers also have incentive to sell—they recetve more for their
water than they could earn in agriculture (Brewer et al., 20(7). However, water markets are
more complex than markets for most other resources. Water has many public good
characteristics and water rights are more akin to use rights rather than property rights (Howitt
and Hansen, 2005). And because water rights often involve sequential users of the same water,
water transfers that change the location, nature and/or timing of use can have adverse third-

party effects (Brewer et al., 2007; Howitt and Hansen, 2005).

* A nver is considered to be fully appropriated if water diversions and withdrawals from the river sum to the total
amount of water available.

(3]




Indeed, permanent water transfers have been shown to have adverse impacts on the
rural communities from which the water is transferred, particularly if other sources of
economic activity are not brought in to replace the economic activity lost as a result of the
transfer (Howe and Goemans, 2003; Thorvaldson and Pritchett, 2006). Businesses that use
agricultural commodities as inputs into their own production may be forced to purchase these
commodities from farmers outside the region, resulting in faster leakage of money out of the
regional economy. These non-local purchases may also entail higher costs, which may spur
local businesses to relocate. Businesses that supply inputs to irrigated farms will experience
reduced demand for their products, and local governments will experience reductions in
property and sales tax revenues due to falling land values and reductions in retail trade
associated with agriculture. Thus, if formerly irrigated land is not developed for another use—
often the case when the community-of-origin is far-removed from the acquiring community—
there 1s a real loss of economic activity in the community of origin. If the loss of irrigated land
is followed by population out-migration in response to a bleak economic outlook, there will be
further reductions in property and sales tax revenues. Left uncompensated, these costs could
decimate the local economy. The experience of Crowley County, CO in the 1980s provides a
statk example: 80,000 acre-feet (AF) of Arkansas River water were transferred to the cities of
Denver and Aurora. Nearly 45,000 acres of cropland were fallowed and left undeveloped,
which had devastating effects on the rest of the economy (Howe et al., 1990).

In addition, permanent water transfers require additional storage to firm’ the yield for

all parties and to provide for the replacement of delayed return flows from the fallowed

3 Firm yield is the amount of water that can be counted on even in dry years. Roughly two AF of storage are
required to produce one AF of firm annual yield for M&I use (CWCB, 2005).
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lands (CWCB, 2005). This represents a loss of efficiency, as water is held in an unproductive
capacity. Permanent transfers also tend to be costly, time-consuming, and legally complicated
(Specter, 2006). And because these costs do not increase in proportion to the size of the
transfer, there are economies of scale in the transfer of water (Howe and Goemans, 2003),
which gives municipalities incentive to purchase large amounts of water and can result in
regional “hot spots” where large areas of land are dried up and economic impacts are

concentrated.

Problem Statement and Study Purpose
The potential negative distributional and efficiency effects of permanent water
transfers call into question the desirability of additional transfers. In particular, the longer-term
impacts of permanent water transfers need to be examined, and the viability of water-sharing
alternatives needs to be assessed, as do public preferences ror various water uses and water
acquusition strategies. The three essays herein address these issues as follows:
1. Some of the short-term economic impacts of permanent water transfers have been
estimated (Thorvaldson and Pritchett, 2006; Howe and Goemans, 2003).
However, to better inform the allocation of water, it is important to estimate the
longer-term impacts of reduced irrigated land on rural economies. Chapter 2
examines irrigated agriculture’s role in the economic health of rural counties and

tests for the existence of a threshold level of irrigated cropland in these counties.

19

Rural-to-urban water transfers have been taking place with very little public input.

It 1s unknown whether households prefer to continue the current practice of water

transfers or whether they prefer alternative strategies for addressing water scarcity.




It is unknown whether western households” are familiar with water supplies and
institutions in the west, or whether such familiarity influences households’
willingness to pay (WTP) for water initiatives aimed at addressing water scarcity.
Chapter 3 presents the results of an Internet survey evaluating western households’
water knowledge, water allocation and management preferences, and WTP for
various water initiatives.

3. Temporary water leases from farmers have been proposed as a way to supply cities
with water while avoiding some of the negative consequences of buy-and-dry
permanent water transfers. However, few working water lease markets currently
exist and the viability of additional lease markets needs to be evaluated. For
mstance, what factors play a role in farmers' decision to lease? How much water
are farmers willing to lease and at what price? Chapter 4 discusses the results of a
survey that asked these questions of irrigators in Colorado’s South Platte Basin.

The results of this research will be useful for farmers, agricultural communities, urban

water providers, and other water stakeholders. The results will be particularly useful to farmers
as they contemplate possible offers to sell or lease their water rights; rural community leaders
and policymakers as they contemplate policies and programs for rural economic growth; and
urban planners as they contemplate various water supply strategies and potential compensation
for rural communities. The results will also be useful for policymakers in general. When
debates arise over the desirability of water conservation or reallocation, it is essential for
policymakers to know which policies and programs are likely to garner the most financial and

political support. And when devising agreements between rural and urban interests, the

diverse interests of the public need to be considered.
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CHAPTER 2: IRRIGATED ACREAGE THRESHOLDS

Problem Statement

As populations in the western U.S. continue to grow, further reallocations of water
from rural agricultural use to municipal use are expected to occur (Colorado Water
Conservation Board, 2004). While farmers are compensated for the sale of their water
rights, the surrounding region can suffer economically if the proceeds from the sale are not
reinvested in the local economy. Such reinvestment is unlikely because relatively few
investment and spending options exist in most rural agricultural economies in the absence of
development or urban encroachment. Additionally, a farmer who sells his or her water
rights i1s more likely to move out of the region, which may spur the out-migration of other
farmers who face increased input costs, other business-owners who experience reduced
demand, and other residents who experience reduced incomes (Lopez et al., 1988). Indeed,
one of the key threats of permanent water transfers is the loss of a critical mass within the
farming community (Cortese, 1999). Some rural areas of the west have passed regulation to
reduce the transferability of water rights due mainly to concerns about the long-term
economic health of the area and fears that the loss of agricultural productivity will lead to
increased levels of unemployment and other social issues (Hanak, 2005).

As pressure mounts to transfer water from agriculture to municipal uses, rural
community leaders seek information about the level of irrigated agriculture to maintain in a

region. Whether a loss of irrigated acres results in the mass out-migration of people and the
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closure of local businesses will depend on the size, strength, and diversity of the rural economy
before the transfer and the number and magnitude of previous shocks the regional economy
has experienced, including previous losses of irrigated land. For instance, counties that have
very high levels of irrigated land may be able to dry up a portion of that land without causing
severe economic damage. On the other end of the spectrum, counties that have very low
levels of irrigated land may already have alternative industries in place and may not be highly
dependent on irrigated agriculture for their economic base, and thus may be able to withstand
further reductions in irrigated agriculture. Counties in the middle of these two extremes may
be the most sensitive to a reduction in irrigated land—they may depend to a large extent on
irrigated agriculture as an economic engine but not have so much of it that they can lose a

large amount without experiencing adverse economic consequences.

Study Objectives

This research contributes to the limited but growing literature concerning the
relationship between irrigated agriculture and the overall economic health of rural counties. A
better understanding of irrigated agriculture’s role in the rural economy is critical as rural
communities are confronted with additional water transfers. State and local officials seck a
better understanding of factors that contribute to economic health so they can better allocate
resources. This knowledge can help guide policy decisions and rural economic development
strategies. Furthermore, because of the economic interdependence between rural and urban
regions, improved understanding of the factors that contribute to rural economic health is
also of national importance due to the economic interdependence between rural and urban

regions (Weber, 1995: Castle, 1995).

-
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The objective of this study is to uncover the relationship between irrigated agriculture
and economic indicators in rural western counties, with the ultimate goal of examining these
relationships for evidence of a threshold level of irrigated land. The first question addressed
by this study i1s whether a healthy irrgated agricultural sector is a necessary condition for a
healthy rural economy. While some studies support the popular belief linking farming to
healthy rural economies (e.g., MacCannell, 1998), others refute this premise (e.g., Deller et al.,
2003). A unique contribution of the study is the examination of irrigated agriculture rather
than the broader agricultural sector. Because irrigated agriculture generally has higher input
and labor requirements and generates higher sales than dryland agriculture, it has greater
potential for linkages to the rest of the economy and may thus play a more critical role in the
continued viability of the regional economy. The second question addressed by this study is
whether irrigated agriculture’s economic contribution depends on the current level of irrigated
agricultural activity. Stated alternatively, is the relationship between irrigated land and rural
economic health constant, or is there a threshold level of irrigated agriculture below which the
local economy does not have enough economic activity to sustain itself? The question of a
threshold level of irrigated land 1s of concern to rural community leaders and businesses, and
represents another unique contribution of the essay. The next section describes some of the
ways in which the economic contribution of irrigated agriculture has been estimated and

outlines the approach used here.

Measuring the Economic Contribution of Irrigated Agriculture

While the scale of the irrigated agriculture industry, as measured by gross sales or

employment, gives an idea of its relative importance to an area, it only captures the direct




contribution of the industry. By providing a representation of an industry’s linkages with
households, institutions, and other industries, input-output (I-O) models can be used to trace
out the wider economic contribution of an industry. However, like any model, I-O models
have a number of limitations. First, I-O models are based on the assumption of perfectly
elastic supply, which implies that changes in output do not cause any changes in real prices
(Hughes, 2003). Downstream industries that purchase the agricultural output for further
processing (e.g., food processing, livestock production) may experience increased costs if they
have to shift to non-local suppliers as a result of the reduction in local crop production—
changes that would not be captured in an I-O model. Second, by failing to account for
adaptations that farmers and rural economies will undergo in response to such reductions, I-O
models may overstate the economic losses of large-scale reductions in irrigated land (Pritchett
et al., 2003), rendering I-O models appropriate only for relatively small impacts that would not
change the underlying structure of the economy. Finally, the ultimate outcome of a reduction
in irrigated acres may depend on the amount of irrigated land in the region before the
reduction took place, making it useful to test for changes in the relationship between irrigated
land and regional economic health depending on the initial amount of irrigated land. Because
I-O models are linear and static, they do not easily allow for such considerations.

Computable general equilibrium (CGE) models are similar to I-O models but are more
flexible by allowing prices to change and allowing for factor substitution and non-linear
production functions. However, increased flexibility comes at the cost of increasing the
number of implicit assumptions made when building 2a CGE model. For instance, because
CGE models always contain more variables than equations, the researcher must choose which

variables to set outside the model

a choice which can impose causality and define the results
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(Mitra-Kahn, 2008). So-called “dynamic” CGE models use the endogenous variables as
exogenous variables in another model and back again. As such, the dynamics are actually static
solutions recalculated repeatedly; thus, the original benchmark values and parameters tend to
persist in any modeled future (Mitra-Kahn, 2008).

This study uses econometric techniques to assess the relationship between irrigated
land and economic health. Controlling for other factors that are expected to affect economic
health allows the effect of irrigated land to be isolated, while including more than one time
period captures some of the adaptations that may take place as the amount of irrigated land
changes. The approach allows the constant returns-to-scale assumption of I-O models to be
relaxed and can inform the closure rules used by CGE modelers. Especially important for the
present study, regression analysis can be used to test for and incorporate structural breaks in
the relationship to address the question of a threshold level of irrigated land. A number of
methods for doing so are described in the next section.

This section has outlined the rationale for using econometric analysis to assess the
economic contribution of irrigated agriculture. One of the primary purposes of this study is to
examine the question of a non-constant relationship between irrigated agriculture and rural
economic health. Before building an empirical model to test for such a threshold, it is

necessary to establish a theoretical model of economic health.

Theoretical Considerations
Growth Theory
The Solow model is the starting point for most analyses of growth (Romer, 2006).

The Solow model focuses on four variables: output (Y), capital (K), labor (L), and technology

10




(A). Assuming a Cobb-Douglas production function and labor-augmenting technology,
output in period /is:

Y(9 = KO'AOLO] ' (1)
The principle conclusion of the Solow model is that the accumulation of physical capital
cannot account for the vast growth in output per person over time nor the vast geographic
differences in output per person. And since technology is non-rival, differences in technology
are unlikely to be important to cross-country income differences (Romer, 2006). This is even
more likely to be the case when the analysis is done at the county level, which is the case
presently, due to counties’ geographic proximity and relatively porous borders.

Extending the Solow model to include human capital (H), output at time 7 becomes

(Romer, 20006):

Y@ = KO AQHO]' @

where H includes both raw labor (naturally endowed skills) and human capital (acquired skills).

Another type of capital not explicitly included in the original Solow model is natural capital
things like natural resources, environmental quality, etc. The type of natural capital of primary
concern presently is irrigated land, which can easily be incorporated into the production
function, which is now represented as:

Y(®) = KO ROFIAOH®©®] ' 3)
where R denotes irrigated land.  Social infrastructure is another potential source of income
differences in per capita output across countries. Romer (2006) lists three categories of social

infrastructure: the government’s fiscal policy (e.g., taxes); factors that influence the private

decision-making environment (e.g., crime level).




The conclusions of the Solow model rely on two major assumptions: perfect
competition among firms and constant returns to scale. The new economic geography, led by
Krugman (1991), developed mathematical models of regional growth that allow these two
assumptions to be relaxed by emphasizing the roles of agglomeration (e.g., market size and

density) and dispersal (e.g., market distance and transportation costs) in economic growth.

Measures of Economic Health

Any number of measures could be used to assess the economic health of a region,
none of which entirely captures the concept or should be considered as the sole “correct”
measure. Rural communities vary in the opportunities and challenges they face and the
economic development goals they set, so that considering only one measure of economic
health would yield unnecessarily specific results and would limit their usefulness. Considering
several indicators of economic health can reveal patterns and strengthen conclusions.
Furthermore, while most indicators of economic health reinforce one another, this is not
always the case. For instance, population growth in an area may result in a higher
unemployment rate. These factors led to the consideration of four indicators of economic
health: population density, value of sales per capita, industrial diversity, and unemployment
rate. Each of these is discussed next.

While a county’s population is not a measure of its economic health per se, population
loss plagues many communities in rural America today (Federal Reserve Bank of Chicago,
2006) and a number of researchers have used population as a measure of economic health in

rural America (e.g., Wagner and Deller, 1993 and DeWitt et al., 1998). It is expressed here as a

density to control for the effect that county size has on population.




Value of sales—or output—is the measure of economic health used in the Solow
model. While median income—a common economic indicator—provides some insight into
the economic health of a region’s residents, it is not always a good indicator of the overall
economic health of a region. Higher household incomes may not benefit a county if the
income leaks to neighboring counties due to a lack of spending opportunities locally
(Chestnutt et al, 2009). More importantly, one of the main concerns surrounding the
continued dry-up of irrigated cropland—and indeed the research hypothesis here—is that
other businesses in the region will also “dry up” as a result, further reducing sales in the region.
Including this variable will test this hypothesis and tell us whether these concerns are well
founded. This variable is expresses on a per aapita basis to control for the effects that county
size has on value of sales.

Industrial diversity is commonly pursued as a regional economic development strategy
to achieve the goals of economic stability and growth (Wagner, 2000). Industrial diversity is
particularly relevant for rural communities facing rising pressure to sell water rights to
municipalities; as observed by Howe and Goemans (2003), a more diverse economy can better
absorb the adverse impacts of water transfers due to alternative employment and investment
opportunities.

Unemployment rates in rural lﬂb.(‘JI‘ markets have been a concern since the recession of
the early 1980s. A high unemployment rate® indicates a general lack of job opportunities,
which may discourage new residents from locating to the region and may encourage the out-

mugration of current residents in search of job opportunities elsewhere. Even if they remain in

* The Congressional Budget Office considers 5.2 percent unemployment to be the standard for full
employment (Gongloff, 2003).
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the region, unemployed residents have less income to spend on goods and services in the
region. Unemployment is one of the indicators of economic health used by the Federal
Reserve. It is measured as the ratio of unemployed persons to the civilian labor force, which is
made up of all persons in the civilian non-institutional population (Bureau of Labor Statistics).
This section has shown that, while economic health is an indefinite concept, it can be
proxied by output, population, and employment. The case has also been made for including
industrial diversity as an additional measure of economic health. The next section discusses
the study area under analysis, the set of variables included in the analysis, and the model

specifications used to perform the analysis.

Methodology and Data
Study Area

Rural counties in the U.S. vary widely in their socioeconomic characteristics, climates,
and natural resource endowments, such that a model of economic health that included all rural
counties in the U.S. would be unrealistic (Watson and Thilmany, 2008) and would yield fewer
useful results than a model that focuses on a specific region. Furthermore, the goal of this

study is to provide useful 1 nformation to those rural counties that are facing i ncreasing

pressure to transfer water to urban areas—a pressure that is particularly strong in the Inter-
Mountain West, where rapid population growth and urbanization are placing great pressure on
the region’s scarce water supplies. While rural counties in other parts of the nation are also
experiencing growth and urbanization pressures, these counties have relatively abundant water

supplies, many of which are administered under a different system of water laws, such that

their inclusion would yield less conclusive results and fewer useful insights.
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The analysis was thus limited to rural counties with positive amounts of irrigated land
in thirteen western states.” This allows for isolation of the irrigated agricultural sector while
including enough variation to be detected by statistical analysis and to allow a number of
general conclusions to be drawn. While it 1s recognized that the term “rural” can have several
meanings and definitions, it was necessary to use some type of classification. Thus, rural
designations were based on having a USDA-ERS urban-rural continuum code of six or higher

(Table 1). There are 568 such counties in the study area.

Table 1: Urban-Rural Continuum Codes (USDA-ERS, 2003)
Urban-Rural Code | County Characteristics

1 Counties 1n metro areas of 1 million population or more

2 Counties in metro areas of 250,000 to 1 million population

3 Counties in metro areas of fewer than 250,000 population

1 Urban population of 20,000 or more, adjacent to a metro area

5 Urban population of 20,000 or more, not adjacent to a metro area

6 Urban population of 2,500 to 19,999, adjacent to a metro area

7 Utrban population of 2,500 to 19,999, not adjacent to a metro area

8 Completely rural or less than 2,500 urban population, adjacent to a metro area

9 Completely rural or less than 2,500 urban population, not adjacent to a metro area
Panel Data

Panel data contain two kinds of information: cross-sectional information, reflected in
the differences between counties, and time-series information, reflected in the changes wizhin a
county over time. Panel data regression techniques allow a researcher to take advantage of
both of these types of information by including multiple counties and two time periods.
This reduces collinearity, allows for more efficient estimation, and allows for better analysis
of dynamic adjustment—by exploiting information on the dynamic reactions of each of

several counties, the need for a lengthy time-series can be avoided (Kennedy, 2003).

"The states included in the study are AZ, CO, ID, KS, MT, NE, NV, ND. OK, SD, TX, UT, and WY.
15
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Data were collected for two periods, creating a panel of 1,136 observations. Not all
datasets were available on an annual basis; thus, the years representing the “early period” and
“late period” differed across some of the variables. For example, due to the timing of the
Census of Agriculture, irrigated land values are available for 1997 and 2002, whereas data on
the number of healthcare establishments were reported for 1998 and 2003. While the exact
years differ across some of the variables, the lagged year for each variable is earlier than the
non-lagged year of all other variables. In any case, any problems that might arise as a result of
these differences are mitigated by including a large study area and a larger lag (typically five
years) between the two time periods. This approach is similar to that used by Deller et al.
(2003), who used a five-year time period in their study of per capita income. The dependent

and explanatory variables are discussed next and are listed in Tables 2 and 3.

Dependent Variable: Rural Fconomic Health
The dependent variable of interest is economic health. Four indicators of economic
health are examined in separate regression equations: population density, value of sales per

capita, industrial diversity, and unemployment rate (Table 2).

Table 2: Dependent Variables and Years of Data

Dependent Variables Years of Data
Population 1998 and 2003
I alue of Sales 2001 and 2006
S-W Index: 2002 and 2004
Unerployment 1998 and 2006

There are several ways of measuring industrial diversity, two of which are discussed
here. The national average (NA) measure assesses the deviation of the regional distribution of

economic activity from the national distribution. It has been hypothesized that the more

| 16




similar a region’s industrial composition 1s to that of the nation, the more stable it should be
relative to other regions. However, because the national distribution changes over time, the
NA measure does not determine whether the distribution of economic activity within a region
itself has become more or less diverse over ime (Conkling, 1963), only whether it has become
more or less diverse relative to the naton.

The entropy method uses a uniform distribution of economic activities, rather than the

national average, as a comparative norm, and can be calculated as:

D(E\,B,,..B,) = - Ejlog, E, ©
»

where 7 represents the number of industries and E represents the proportion of total regional
employment that is located in the 7th industry. A value of zero indicates minimum entropy (or
complete specialization), and occurs when the economic activity of a region is concentrated in
only one industry, as indicated by one E; that equals one and the remaining F; equaling zero.
A value of one indicates maximum entropy (or perfect diversity), and occurs when all
industries are present in the region and E, = E, = E; = 1/# (Attaran, 1986).

As noted by Wagner and Deller (1998), while entropy measures account for the number
of industries, they fail to capture the linkages between those industries. For example, if
employment 1s shared across a variety of industries, but these industries are all closely tied to
just one struggling industry, then the economy is not truly as diverse as these measures would
indicate. Nonetheless, in order to analyze specific functional relationships, some measure of
diversity is required. The entropy measure offers an index which can be utilized for a ranking
of regional economic diversities and thus provides a reference point for further analysis of

causal relationships in regional economic performance (Hackbart and Anderson, 1978). Kort
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(1981) compared four measures of industrial diversity according to their ability to explain
regional economic instability in 106 metropolitan areas, finding the entropy measure to be the
most satisfactory measure. The present study uses an entropy measure known as the S-W

index (Shannon and Weaver, 1949) as the chosen measure of industrial diversity.

Explanatory Variables

The Solow model and its extensions have outlined four broad categories of factors
necessary for economic growth: physical capital, human capital, natural capital, and social
infrastructure. The focus of this study is the role that irrigated agriculture plays in regional
economic health; thus, the explanatory variable of primary interest is irrigated land, as defined
and measured by the National Agriculture Statistical Service (NASS)". Because it requires
numerous and varied inputs and imparts higher land values compared to dryland agriculture
(Torell et al., 1990; Smith et al., 1996), irrigated land is expected to contribute positively to the
economic health of a county.

In order to isolate the effect of irrigated agriculture, it is necessary to control for the
effects of other factors that may also influence regional economic health. While there is some
evidence that the economic success of rural communities is related less to traditional variables
like the presence of an interstate highway or adjacency to a metropolitan area than to variables
like local leadership, ability to mobilize resources, attitudes of the population, and cooperation
among local and outside organizations (DeWitt et al., 1988), such variables are difficult to

quantify reliably and do not allow for direct comparisons across studies. Thus, this study relies

* As defined NASS, Irgated Land includes all land watered by any artificial or controlled means. This includes
supplemental, partial, and pre-plant irrigation. Each acre is counted only once, regardless of the number of times
it was irrigated or harvested. Livestock lagoon waste water distributed by sprinkler or flood systems is also
included.
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largely on traditional variables. Table 3 lists the explanatory variables, the years of the data,

and the expected sign’ of each variable’s relationship to economic health. The table is

followed by a description of each variable and the rationale for its inclusion. The data sources

are listed in Appendix A.

Table 3: Explanatory Variables, Years of Data, and Expected Sign

Explanatory Variables

l

Years of Data

Expected Sign

Physical Capital

Highway Spending per Acre

1997 and 2002

Positive

Non-farm Establishments

1997 and 2005

Positve

Human Capital

Lagped Population

1997 and 2002

Positive

Lagged Unemployment

1990 and 1998

Negaiive

Y Healthcare Establishments

1998 and 2003

Positive

Yo of Workforce Female

1990 and 2000

Positive

%o of Population Cancasian

2000 and 2002

Positve

% of Population over 60

1990 and 2000

Negative

Yo of Population with Bachelor’s Degree or Higher

1990 and 2000

Positive

%o of Households headed by a Married Couple

1990 and 2000

Positive

Social Infrastructure

Medran Income

1989 and 1999

Positive

Violent Crimes

1997 and 2002

Negative

USDA ERS Urban-Rural Continunm Code

1993 and 2003

Negative

Tax Revenue per Capita

1997 and 2002

Positive

S-W Index

1993 and 2002

Positive

Natural Capital

Irrigated 1and

1997 and 2002

Positive

Drought

1997 and 2002

Negative

Average Farm Size

1997 and 2002

Negative

USDA-ERS Natural Amenity Rank

1993 and 2003

Positive

USDA Farm Production Region

N/A

Various

Highway Spending per Acre: Transportation costs are important to businesses because they
affect the cost of acquiring inputs and shipping products to their final markets. These costs
are likely to be lower for a firm that locates in a county with a well-developed system of

highways. This variable is expressed as dollars per acre of land area, and is an indicator of the

? These are the expected signs when the dependent variable is Population Density, Sales per Capita, or Industrial
Diversity. ‘The opposite sign is expected when the dependent variable is Unemployment Rate.
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quality and/or extent of transportation infrastructure in a county, which in turn is an indicator
of firms’ access to suppliers and customers.

Non-farm Establishments per Acre: 1t has been established that, in the absence of other development,
a loss of irrigated land will adversely affect the regional economy (Howe et al., 1990). The
number of non-farm establishments' serves here to account for the presence of other sources
of economic activity that could potentially replace that lost from irrigated agriculture. This
variable encompasses all other non-agricultural industries, which is sufficient for the present
analysis—the goal of this study is to isolate the effect of irrigated agriculture, so it is not
necessary to analyze any other industry in particular.

Lagged Population: Because a county’s current population will affect its future population,
this variable 1s included in the Population equation.

Lagged Unemployment: In addition to serving as an indicator of economic health itself, the
unemployment rate is also likely to directly affect the value of sales per capita, and is thus
included as an explanatory variable in that regression.

Proportion of Healthcare Establishments: ‘The availability of low-cost quality healthcare is
expected to attract businesses and workers. Unfortunately, good measures of healthcare costs
and quality are difficult to obtain and have yielded mixed results (Drabenstott and Smith,
1995). Nonetheless, this variable serves as a rough proxy for worker health. Healthcare
establishments are those that provide healthcare and social assistance.

Percentage of Female Workers: Malizia and Ke (1993) found the proportion of female workers

to have a negative effect on unemployment in metropolitan areas. The authors theorize that

""" As defined by the US. Census Bureau, an establishment is a single physical location at which business is
conducted, or where services or industrial operations are performed.
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areas with more female workers may experience lower unemployment rates because they offer
more stable “pink collar” jobs. This variable is included to control for any such effects.

Percent Cancasian: Malizia and Ke (1993) found the proportion of nonwhites to have a
positive effect on unemployment in metropolitan areas. The authors theorize that areas with
fewer nonwhites may experience lower unemployment rates because they offer jobs that
require more education and training, which are less prone to layoffs. Nonwhites may
experience more layoffs due to skill level, discrimination, or both. This variable is included to
control for any such effects in rural counties.

Percent over 60: The older population grew rapidly in many rural places in the 1990s and this
trend is likely to continue as baby boomers retire. Retired persons tend to increase property
and sales tax revenue without straining social services such as school systems or criminal
justice systems (Chestnutt et al, 1993), and thus may stimulate economic activity in a region.
However, a disproportionate age distribution, with either heavy dependency on younger or
older populations, has been found to have a dampening effect on income growth (Deller et al.,
2003). This variable aims to control for these effects.

Percent Bachelor’s Degree: The educational characteristics of an area generally reflect the
quality of its workforce (Whitener and Parker, 2007). However, the relationship between
educational levels and rural economic growth has been found to be weak at best, leading to
what is known in the literature as the human capital puzzle (Benhabib and Spiegel, 1994; Bils
and Klenow, 2000; Pritchett, 2001). Whitener and Parker (2007) found that per capita income
and employment increase when the number of adults with some college education increases.

Meanwhile, Deller et al. (2003) found higher education to have a mixed and somewhat weak

influence on rural income growth. DeWitt et al. (1988) and Killian and Parker (1991) were
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unable to find a significant effect of educational levels on rural employment growth. This
variable indicates the percentage of a county’s population with at least a Bachelor’s Degree.
While a formal college education is not the only way to acquire knowledge and skills, other
forms of skill acquisition are difficult to measure. Nonetheless, traditional educational
indicators such as this still contain useful information regarding the relative level of education
across counties and are sufficient for the purposes of this study and have been used by other
researchers (e.g., Deller et al., 2003; Pede et al., 2008).

Percent Married: Married couples may have different spending patterns, may be more likely
to have children, and may differ from their single counterparts in other ways that affect a
county’s economy. The percentage of households headed by a married couple is included to
control for any such effects.

Median Income: Low wages may encourage firms to expand or move to a county, thus
increasing employment levels (Drabenstott and Smith, 1995), while high wages may encourage
population in-migration (Smith, 1975). Summers (1986) proposed that workers queue for
high-wage jobs, suggesting a positive relationship between wages and unemployment. On the
other hand, higher wages may reduce unemployment if high-wage industries have larger
multiplier effects, spurring labor demand in other industries (Evans and McCormick, 1994).
This variable 1s included as an explanatory variable in the Unemployment equation to control for
the effects that wages have on labor supply and demand.

Violent Crimes: 'This variable indicates the number of violent crimes known to police in a
given year, and is expected to dampen economic growth.

Rurainess: While many rural counties are characterized by sparsely-populated small towns

with open countryside in between, others contain relatively large urban areas which may
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contribute significantly to economic activity in the county. The ERS urban-rural continuum
(Table 1) codes categorize counties by degree of urbanization and serves here as a discrete
variable. Transportation costs are likely to be lower for a firra that locates in a county closer to
its final markets. In fact, a rural county’s proximity to metropolitan areas may play as large a
role as the market situation of its primary commodity (Weber, 1995; Whitener and Parker
(2007). Because higher urban-rural codes indicate greater ruralness, this variable is expected
to be negatively correlated with economic health. Because the ERS urban-rural continuum
code is partially defined by population, this variable is replaced by urban adjacency in the
Population equation.

Tax Revenues per Capita: Taxes are a business cost, with low tax rates thought to encourage
business location and boost employment and income (Drabenstott and Smith, 1995). This
variable serves as an indicator of business costs and government services.

S-W Index: In addition to serving as an indicator of economic health, industrial diversity is
thought to enhance economic performance by 1) shielding a region from the adverse effects of
economic shocks and 2) increasing the proportion of intermediate and final demand that can
be supplied locally, thereby slowing the leakage of money cut of the local economy. While
industrial specialization takes advantage of economies of scale (Skyes, 1950) and competitive
advantage (Diamond and Simon, 1990), the performance of an area dominated by one sector
is likely to be closely tied to the performance of that sector, which can become a hability for
the area if the core industry suffers a national or regional downturn (Fitchen, 1995). In order
for an economy to withstand supply and demand shocks, it must either maintain its
competitive advantage or have enough variety of industries to reemploy displaced workers

(Malizia and Ke, 1993).
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Furthermore, an economy’s size and diversity influences its ability to generate
agglomeration externalities, which are generated via three mechanisms:

1. Input-output linkages: Input-output linkages have two main roles in driving
agglomeration. The first is a supply access effect, whereby firms benefit from
being close to a large supply of intermediate input producers, which reduces
transport costs and attracts more firms. The second is a market access effect,
whereby firms experience increased demand and higher profits due to the

proximity to the markets for their output (Mulligan et al.,, 1985).

b

Matching: This theory argues that denser agglomerations improve the quality of
matches among firms and workers (Carlino et al., 2007).
3. Knowledge spillovers: This theory argues that the geographic concentration of
people and jobs facilitates the spread of information among workers and firms.
However, studies of the relationship between industrial diversity and growth have yielded
contradictory results. For instance, while Attaran (1986), Neumann and Topel (1991), and
Malizia and Ke (1993) all found industrial diversity to be associated with lower unemployment,
Attaran (1986) found an unexpectedly negative correlation between industrial diversity and per
capita income. Among the explanations for this empirical inconsistency are small sample sizes,
poor measures of diversity and economic growth, and ovetly simplistic statistical methods
(Kort, 1981; Malizia and Ke, 1993; Siegel et al., 1995). Units of analysis have mostly been
states and metropolitan areas (Dissart, 2003). A contribution of this study is to examine these

relationships at the rural county level and with a large sample size by including the S-W index

as an explanatory variable in the Value of Sales, Population, and Unemployment equations.




Drought: Precipitation patterns will likely influence the economic contribution of irrigated
agriculture. Drought data are not available at the county level. Nevertheless, the Palmer
Hydrological Drought Index (PHDI") 1s included to partially control for this effect.

Average Farm Sige: Goldschmidt (1947) argued that the structure of agriculture—given by
the number and size of farms—in a local area affects the economic vitality of towns near those
farms. Using data from Idaho, Marousek (1979) showed that smaller, subsistence-type farms
have a higher marginal propensity to purchase farm inputs and consumer goods locally, thus
creating a larger multiplier effect and reducing the out-migration of businesses out of the local
community. In contrast, Goetz and Debertin (1996) found that population loss was smaller in
counties with a higher proportion of farms in the highest sales category (those selling $250,000
or more annually). This variable is included to control for the potential effects of farm size.

Natural Amenity: An area’s natural amenities can enhance farmland values (Henderson
and Moore, 2005). Natural amenities can also influence the demand for land uses. Some
characteristics that make locations more desirable to agricultural producers—such as
climate—may also make those locations more desirable to households and other industrial
sectors (Cragg and Kahn, 1999; Shumway and Otterstrom, 2001; Hunter et al., 2005). The
topography of an area may limit the amount of land suitable for growing crops or erecting
buildings, while the presence of mineral deposits may result in local specialization in
extractive industries (Conkling, 1963). The USDA-ERS natural amenity rank is a measure of
the physical characteristics of a county that enhance it as a place to live. It is constructed by

combining six measures that reflect the environmental qualities that most people prefer: warm

! The PHDI is a monthly value that indicates the seventy of a wet or dry spell. The index generally ranges from -
6 to +6, with negative values denoting dry spells, and positive values denoting wet spells.
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winter, winter sun, temperate summer, low summer humidity, topographic variation, and water

I'he ranking is based on deviations from the national mean, and ranges from one to

area.
It serves as a discrete variable in the analysis
T'he study area is comprised of counties in the Northern Plains

seven.

Farm Production Region:
Southern Plains, and Mountain farm production regions. These regions differ in soils, slope
listance to market, and storage and marketing facilities, all of which
A dummy variable based on

of land, climate,
influence the types and yields of crops that can be grown there

farm production is included to control for these differences, with the Mountain region
70 211141 ¥

serving as the omitted dummy such that the estimated coefficients on the two remaining

regional dummies are relative to the Mountain region
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Figure 1: U.S. Farm Production Regions (USDA, 1998)
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Model Specification

Two estimation techniques were used, one of which focuses on the differences
across counties and the other of which focuses on the differences in a county over time.
Each technique has particular strengths and weaknesses, so that a comparison of results
across techniques will allow for the detection of inconsistencies and will strengthen

conclusions drawn from those results that are consistent.

Lagged Regressor Estimation

While the static nature of 1-O models can be seen as a limitation, it can also be seen as
an asset 1n the sense that the direction of causality can be known with certainty. This 1s not
always the case with regression analysis using secondary data because it is impossible to control
for all factors that influence the dependent variable or completely isolate one direction of a bi-
directional relationship. Nonetheless, the direction of the relationship can be informed by
economic theory and by examining the timing of changes to each of the variables. One way to
achieve this is to put lagged variables on the right-hand side of the equation:

Ji= o+ Bx,, + g, )

where y 1s to the particular measure of economic health under consideration; a is the intercept
term; X is the vector of explanatory variables described in the previous section; £is the vector
of parameters to be estimated; and ¢ is the error term. The reasoning is that if the value of an
explanatory variable changed before there was a change in economic health, then the change in
economic health is less likely to have caused the change in that explanatory variable: In this
way, even if an explanatory variable 1s not truly exogenous, they can be considered predetermined.

This method thus represents an improvement over pooled OLS in terms of endogeneity.
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However, this method does not control for unobserved characteristics that affect a county in
every time period. These unobserved characteristics may be correlated with a specific
feature of some counties, in which case they are termed “fixed effects”, or they may be
randomly distributed across counties, in which case they are termed “random effects”. If the
influence of these unobserved characteristics is correlated with the included explanatory
variables, OLS will yield biased results (Kennedy, 2003). While the use of panel data can
alleviate the problem (Islam, 1995; Lee et al,, 1997; Evans, 1998), this approach is somewhat
limited here by the small number of time periods. The fixed effects (FE) and random effects
(RE) estimators represent two alternative estimation techniques designed to address the
problem. Each is discussed briefly next.

One way to improve estimation in the face of unobserved county characteristics 1s to
include a dummy variable for each county, thus allowing each county to have its own intercept.
The FE model involves a simple transformation of the data to allow these individual intercepts
to be implicitly included without having a cumbersome number of dummy variables. This
transformation consists of subtracting from each county’s individual observations the average
of the two observations for that county. Suppose the observation for the /th county in the #th
time period is written as:

Ji=at B+ g, (6)
Averaging the observations for the /th county over the T time periods yields:
Vi=at ot &

“ )

The FE transformation involves subtracting Equation 17 from Equation 16:

Ji= Fi=Bx - XY+ - ®




Running OLS on the transformed data yields the FE estimator, which is basically an
instrumental variable estimator with the deviations from individual means as the instruments
(Kennedy, 2003). FE estimation 1s the main technique used to analyze panel data and is one of
the techniques used here. However, two main drawbacks of FE should be noted. First, the
implicit inclusion of a dummy variable for each county results in a loss of (IN — 1) degrees of
freedom (one degree of freedom is recovered by dropping the constant term). Thus, it works
best when there are relatively fewer counties and more time periods. Second, the
transformation causes all time-invariant variables to drop out, so that the marginal effect of
these variables cannot be estimated, although this is only a problem if such varables are of
particular interest, which is not the case presently. However, the elimination of cross-sectional
variance in the independent variables increases standard errors.

The RE estimator 1s designed to overcome these two drawbacks of the FE estimator.
By collapsing all observations for a county down to a single average over all time periods, the
RE estimator ignores temporal variance and focusing solely on cross-sectional comparisons.
The RE model assumes that the different intercepts are drawn randomly from a pool of
possible intercepts. In this way, the intercepts can be treated as though they are a part of the
error term. As a result, there is one common intercept for all counties and a composite error
term for each county made up of two parts: the traditional random error plus the random
intercept term for that county (Kennedy, 2003). While RE is more efficient than FE and
allows the effects of time-invariant variables to be estimated, RE—like pooled regression—
risks omitted variable bias if there is correlaion between x and the composite error term

(Greene, 2003). Furthermore, the RE estimator is most appropriate in experimental settings

where the sample can be reasonably assumed to be random, which is not the case presently.
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In summary then, the lagged and FE estimators are used here. This is similar to the
approach taken by Neumann and Topel (1991) in their examination of state unemployment.
In some cases, the authors restricted the intercept to be equal across all states in order to focus
on the cross-sectional impact of the explanatory variables, while in other cases the intercept

was allowed to vary across states in order to examine the within-state effects of the variables.

Functional Form

Theory gives little insight into the approprate functional form for the growth
equations, though much of the relevant literature assumes linear or logarithmic procedures
(Wagner and Deller, 1998). Partridge and Rickman (1997) and Neumann and Topel (1991)
estimated a linear Unensployment equation. In order to address the question of structural breaks,
all variables here enter into the equations linearly. Logarithmic and quadratic forms of the
irrigated land variable are then incorporated as a means of testung and allowing for a non-linear

relationship, as discussed previously.

A Word on Spatial Dependence
A county is not independent of its neighbors, giving nise to the possibility of spatially-
correlated error terms. Consider the following panel regression model (Song and Lee, 2008):
5= xB e, ©)
In this case, the disturbances have random region effects as well as spatially autocorrelated
residual disturbances:
B — 2T (10)
[n their model of technological dependence across countries, Ertur and Koch (2007) present

an augmented Solow model that includes spatial externalities in both physical and human
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capital, purporting that technical progress depends on the stock of physical and human capital
in other countries. The intensity of this spillover effect is assumed to be related to
socloeconomic proximity, which they proxy with geographical proximity. Pede et al. (2008)
use a spatial weight matrix based on income distance rather than geographical distance in their
study of all U.S. counties.

However, technology disparities across counties are likely to be much smaller than
those across countries, primarily because the boundaries between counties are much more
porous, but also because counties are subject to the same federal laws and are beneficiaries of
the same federal services. Furthermore, because the present study considers counties in the
western U.S. only, their geographical distances are small relative to those between countries or
between counties on different sides of the U.S. Further stll, the present study considers rural
counties only, such that their income distances are also small relative to a scenario in which all
counties are considered. Partridge and Rickman (1997) found little evidence of spatial
correlation of the error terms in their models of state unemployment, and Song and Lee
(2008) show that the OLS estimator of the disturbance variance in a panel regression model
with a spatially-correlated error component is asymptotically unbiased and weakly consistent
without any restrictions on the regressor matrix. In any case, the present analysis addresses
the possibility of spatial dependence by the inclusion of 1) the ERS urban-rural code, which
provides information on a county’s neighbors, and 2) regional dummies, which control for

factors that may affect a group of counties simultaneously.
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Testing for Structural Stability of Regression Models

The primary purpose of this study is to look for evidence of a structural break in the
relationship between irrigated agriculture and rural economic health, with the ultimate goal of
determining whether there exists a threshold level of irrigated land, below which too much
economic activity has been lost and too many economic linkages broken that the local
economy can no longer sustain itself. A number of methods for testing and modeling such
threshold effects are used here, each of which is discussed next. Consider a linear model of
unemployment in a county at a particular point in time, suppressing all other explanatory
variables for clarity of exposition:

Unemployment = B, + B, Irigated Land + e (11)
B, 1s the estimated slope coefficient on the irrigated land variable—it represents the marginal
effect that irngated land has on unemployment. The functional form in Equation 4 makes the
assumption that the relationship between irrigated land and unemployment is constant over
the entire range of possible acreages. However, as discussed previously, there are a number of
reasons to believe that this is not the case.

One way to test for a non-constant relationship between irrigated land and
unemployment is to estimate the model for different sub-samples of counties based on the
amount of irrigated land in each county: if , was found to differ significantly between sub-
samples, it would suggest that the relationship between irrigated land and economic health
depends on the initial amount of irrigated land in a county.

The Chow test adopts a similar approach by comparing the residual sum of squares

(RSS) from the full-sample regression with that from sub-sample regressions based on

researcher-specified breakpoint levels of irrigated land. An F-test is used to test the null
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hypothesis that the RSS is not statistically different between regressions (i.e., there is no
structural break). The Chow test relies on the assumptions that the error terms in each
regression are jndcpcndcntll_\' and normally distributed with the same (homoskedastic) variance.
Because the true error variances cannot be observed, their estimates can be obtained from the

RSS given in the regressions (Gujarati, 2003):

The ratio of these two estimates follows the F distribution with (n; — k) and (n, — k) degrees of
freedom in the numerator and denominator, respectively. If the null hypothesis of equal
variances in the two subpopulations cannot be rejected, then the Chow test can be used.

One shortcoming of the sub-sample and Chow tests methods is the loss of
information in each of the separate regressions due to the smaller sample sizes. Dummy
rariables provide another way to capture a change in a slope coefficient. Two closely-related
dummy variable techniques are piecewise linear regression and spline regression. Piecewise
linear models are used when a regression line 1s broken into a number of line segments, each
with its own slope, at points known as &nots or thresholds. Spline models are a restricted form of
piecewise linear models, whereby the function 1s forced to be continuous at the threshold(s).

For example, suppose that the results of a Chow test or some other evidence suggests
that a threshold occurs at 20,000 acres. The function to be estimated is:

E[Unemployment | Irrigated 1and) = B, + B,(Irrigated 1and) if Irvigated Iand < 20,000

(14)
= By + vy + Bo(Irigated Land) if Irnigated Land 2 20,000

Combining these two equations yields:

Unemployment = B, + B, (Irrigated Land) + y,d, + B.d, (Irrigated Land) + ¢ (15)
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where 4, = 1 if irrigated land = 20,000. The slopes in the two segments of the line are B, and
B, + B,, respectively. To make the two segments piecewise continuous, the segments must be
forced to join at the threshold values. That s, the endpoint of the first segment must have the
same value on the y-axis as the starting point of the second segment:

B, + B,*20,000 = B, + v, + (B, + £.)*20,000 (16)
This requires restriction of the coefficients so that:

v+ B,%20,000 = 0 17
Inserting Equation 10 into Equation 8:

Unemployment = B, + B, (Irrigated Land) + 8,d, (Irmigated Land — 20,000) + ¢ (18)
The function is actually two functions, one for each segment on the x axis on either side of the
threshold. For values of Irigated Iand less than 20,000 acres, 4, = 0, giving the polynomial

Unemployment = B, + B, (Irrigated Land) + ¢ (19)
For values of irmgated land above 20,000 4, = 1, yielding the following polynomial:

Unemployment = B, + B, (Irigated Land) + 8,(Irrigated Land — 20,000) + ¢ (20)
Other explanatory variables can be easily incorporated, as can multple thresholds. Standard
measures of significance for regression models are directly applicable, although while the
functon itself is continuous, its derivatives are not, so that extrapolations of the function
beyond the data range to which it is applied are not defined (Speyrer and Ragas, 1991).

Spline functions began appearing in economic applications in the 1970s (Suits, et al.,
1978). Empirical applications include the estimation urban population densities (Anderson,
1982), the analysis of housing prices and flood risk (Speyrer and Ragas, 1991), and health

status-based risk-adjustment models (Hornbrook et al., 1998). The approach has yet to be

used to examine the relationship between irrigated land and rural economic health.

34




Results and Discussion

The research goal is to advance the measurement of irrigated agriculture’s role in the
economic health of western rural counties. This is pertinent and timely information for rural
counties as their resources transition to urban use. Econometric procedures are used to model
the relationship between irrigated land and economic health over time, controlling for other
factors that are theorized to influence the economic health of a region. This relationship 1s
then examined for structural breaks in order to examine the existence a threshold level of
irrigated land below which so much economic activity is lost and so many economic ties
broken that the economy can no longer thrive.

To provide a general overview of the study area, mean values of each of the dependent
variables and several relevant variables are displayed in Tables 4 and 5. On average, these
counties have seen recent improvements in all four measures of economic health considered
here. This is despite a small average reduction in irrigated land. The number of violent crimes
in these counties nearly doubled over the period, which is particularly striking given that the
U.S. overall experienced a ten percent decrease in violent crimes over the same period.

Table 4: Mean Values of the Dependent Variables and Irrigated Land

Population Value of Sales S-W Index Unemployment Rate
Early Period 10,363 $143,909 0.69 4.8%
Late Period 10,454 $175,444 0.73 4.0%
Table 5: Mean Values of some Explanatory Variables
Irrigated Average % Bachelors Y% Violent % Over
Land Farm Size Degree Caucasian Crimes 60
Eatly Period 38,022 1,555 acres 13.1 92.7 15.9 171
Late Period 36,050 1,631 acres 16.2 92.4 31.6 17.3
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A scatterplot provides a visual representation of the correlation between two
variables. While scatterplots do not control for the influence of other variables and thus do
not inform the question of causality, they give an idea of the sign of the relationship between
two variables and provide motivation for further study. Thus, as a starting point for a more
in-depth analysis, the explanatory variable of interest—irrigated land—was plotted against

each of the four measures of economic performance considered here (Figure 2).
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Figure 2: Irrigated Land Plotted against Four Indicators of Economic Health

In line with the first research hypothesis—that irrigated land contributes positively to
the economic health of rural counties—the graphs show a positive relationship between
irrigated land and population density, industrial diversity, and the value of sales per capita,

and a negative relationship between irrigated land and the unemployment rate. The dotted

36




lines in the upper left scatterplot illustrate the fact that all counties with unemployment rates
above eight percent have levels of irrigated land below 50,000 acres. Similarly, the dotted lines
in the lower right scatterplot illustrate the fact that all of the counties with a S-W index of less
than 0.50 have levels of irrigated land below 50,000 acres.

The two outliers that have very high sales per capita are Eurcka County, NV and Butte
County, ID. Eureka County is highly dependent on mining, with 89 percent of the county’s
sales coming from the industry. Butte County is highly dependent on scientific and
technological services, with 81 percent of all sales generated by the industry. Other counties
with very high sales per capita are Pitkin County, CO and Teton County, WY, both of which
have a great deal of tourism activity. Pitkin County has three ski resorts (Crested Butte,
Snowmass, and Aspen), while Teton County has one ski resort (Jackson Hole) and two
National Parks (Grand Teton and Yellowstone).

When comparing the counties that have the lowest population densities with those
that have lowest sales per capita, lowest S-W indices, and highest unemployment rates, it
becomes apparent that there is little overlap of counties. Indeed, there are only eleven
counties that are among the worst in more than one of these four categories (Table 6), and
only one county that is among the worst in three of the four categories (McPherson, NE).
This reiterates the need to consider multiple measures of economic health. It is interesting to

note that eight of the eleven counties have less irrigated land than the study area average.
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Table 6: Counties Faring Relatively Poorly in More than One of Four Economic Indicators

County Population | Value of Sales 1;?::‘\2( ! Unemployment th::;d
Conejos, CO 0.0093 $7.80 0.77 I 6.6 % 59,209
Eureka, NV 0.0028 $218.68 0.39 [ 3.9 % 42,034
Sioux, NE 0.0038 £3.00 0.59 2.8% 39,926
Hudspeth, TX 0.0066 $10.09 0.64 7.4 % 35,467
McPherson, NE 0.0006 $5.47 0.46 24 % 12,574
Willacy, TX 0.0296 $7.40 0.74 9.2% 10,390
Blaine, NE 0.0007 $5.33 0.58 3.0% 9,830
Arthur, NE 0.0008 $1.36 0.59 1 34 % 1055
Golden Valley, MT 0.0020 £7.60 0.64 3.5 % 5,380
Buffalo, SD 0.0044 $13.83 0.45 14.8 % 1,545
Newton, TX 0.0277 $5.77 0.75 { 7.4 % 303

Following a similar rationale behind the scatterplots, each of the measures of economic
health was regressed on irrigated land as the sole explanatory variable (Table 7). Once again
there appears to be a positive, albeit weak, relationship between irrigated land and population
density, industrial diversity, and the value of sales per capita, and a negative relationship
between irrigated land and the unemployment rate. It remains to be seen if this relationship

holds once the effects of other explanatory variables have been controlled for.

| Table 7: Results when Itrigatcd Land is the Sole Explanatory Variable

Dependent Variable Coefficient Standard Error Probability
Population -2.03E-08 1.20E-08 0.0921
SV Index 1.53E-07 6.56E-08 0.0201
Value of Sales 2.50E-05 4.49E-06 0.0000

: Unemployment -4.33E-06 8.54E-07 0.0000

|

* Mode! Fit

Heteroskedasticity violates the assumption of classical linear regression that the error

terms are drawn from a distribution that has a constant variance. While OLS estimators in the
presence of heteroskedasticity remain unbiased and consistent, they are no longer efficient,
even with large sample sizes. While there is no universally agreed-upon method of testing for
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heteroskedasticity, and no way to prove its existence (Studenmund, 2001), White’s (1980) test
1s commonly used. Because White’s test detected heteroskedasticity in all four lagged models,
White’s heteroskedasticity-consistent standard error and variance estimates are used in all
models estmated here.

If the explanatory variables in a regression are highly correlated with one another, OLS
will stll yield unbiased parameter estimates, but the estimates will have large standard errors,
making them difficult to estimate with great precision or accuracy and making it difficult to
isolate the individual effects of each variable. One indicator of multicollinearity is a high R?
value but few significant t-statistics. Using this simple method, there was very little evidence of
multicollinearity in the models used here.

Another indicator of multicollinearity is high pair-wise correlation among regressors.
The correlation coefficient reflects the amount of varability that is shared between two
variables, with values of 0.8 or higher signaling a serious problem (Gujarati, 2003). The
coefficients of correlation for the explanatory variables used in this study are displayed in
Appendix A. There is a high level of correlation between early populaton and both the
concentration of non-farm establishments (0.84) and the urban-rural continuum code (-0.67).
Thus, when early population 1s included in a model, the concentration of non-farm
establishments is excluded and the urban-rural continuum code is replaced by the urban

adjacency dummy variable, whose correlation with early population is only 0.37.

Structural Stability of the Relationship between Irrigated Agriculture and Econopric Health

Three techniques were used to examine the question of a non-constant relationship

between irrigated agriculture and rural economic health: Chow tests; separate regressions on
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sub-samples of counties according to their mitial endowment of irrigated land; and spline

regression. The results or each are discussed next.

Chow Tests

Using the lagged estimator, a series of Chow tests were performed at four
hypothesized break-points. The calculated F-statistics and associated probabilities are
displayed in Table 8, where an asterisk indicates a test result that is statistically significant at
the five percent level. According to these tests, there is evidence of multiple structural
breaks in each equation with the exception of the S-W Index equation, for which there is no

evidence of a structural break.

Table 8: Chow Breakpoint Test Results

Population S-W Index Value of Sales Unemployment
Threshold | F-stat Prob. F-stat Prob. F-stat Prob. F-stat Prob.
10,000 acres 519 0.0000* 1.50 0.0856 5.42 0.0000* 2.54 0.0003*
20,000 acres | 2.87 0.0000* 1.32 0.1683 10.88 0.0000* 1.72 0.0271
30,000 acres | 2.62 0.0002* 1.53 0.0746 13.56 0.0000* 1.53 0.0658
40,000 acres 2.50 0.0004* 1.62 0.0519 16.32 0.0000* 1.77 0.0211*
50,000 acres 1.85 0.0143* 1.57 0.0625 1.24 0.2143 1.75 0.0230~

However, based on the results of the F-test method discussed previously, the Chow
test 1s not valid in all cases considered in Table 8. The results of the F-test are displayed in
Table 9, where asterisks indicate cases in which the null hypothesis that the Chow test is valid
cannot be rejected (i.e., the cases in which the Chow test was determined to be valid). The
critical value for the F-test is 1.30 in each case under consideration. Considering only the valid

Chow tests (those with asterisks in Table 9), there remains evidence of a breakpoint in the

Population equation at 50,000 acres and in the Value of Sales equation at 20,000 acres.
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Table 9: Results of F-test for Validity of the Chow Test

Threshold Population S-W Index Value of Sales Unemployment
10,000 acres 2.07 0.97* 11.1 1.33
20,000 acres 2.68 0.95* 0.117 122
30,000 acres Fleh 0.49* 193.7 1.65
40,000 acres 1.69 0.42* 176.8 1.86
50,000 acres 0.68* 0.20* 1,452,501 1.87

Separate Regressions on Sub-Samples

Table 10 displays the results of separate regressions run on the same five possible
threshold values use previously. The letters refer to the sign of the coefficient on the
irrigated land variable, with the first letter representing the sign for those counties with
amounts of irrigated land below the threshold value, and the second letter representing the

sign for those counties with amounts of irrigated land above the threshold.

Table 10: Sub-Sample Differences in the Marginal Effect of Irrigated Land

Threshold Population S-W Index Value of Sales Unemployment
10,000 acres P e b BT —-,N
20,000 acres = N, -- -—~,P -, -
30,000 acres N; == N, - -, P , N
40,000 acres N, -- N, -- -, P —

50,000 acres N, -- — - e —

These tests yield results similar to those of the Chow tests, with irrigated land’s effect
on economic health generally improving at higher levels of irrigated land. With respect to
population density and industrial diversity, the marginal effect of irrigated land is generally
negative below the thresholds, after which its effect is neutral. With respect to sales per
capita, the marginal effect of irrigated land is generally neutral until the threshold is reached,
after which 1t has a positive effect. In the case of unemployment, irrigated land has no effect

until the threshold is reached, after which it reduces unemployment.
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Spiine Regression

A series of spline regressions was run with each of the previously-tested thresholds
(Table 11). In contrast to the Chow tests, the strongest evidence of a threshold appears in
the S-W Index equation. In line with the sub-sample regressions, the 10,000-, 20,000-, and
30,000-acre thresholds were all significant in the S-W Index equation, with the sign of the
relationship switching from negative to positive at the threshold. The 10,000-acre threshold
had the highest individual statistical significance and yielded the best overall model fit.
Including combinations of the threshold values in each equation did not reveal any evidence

of multiple thresholds. These results held for both the lagged and FE estimators.

Table 11: Spline Reﬁression Results

Population I S-W Index | Value of Sales | Unemployment
Lagged
10,000 acres N,P N,P —_,— —_ -
20,000 acres N .,P N,P —_,— —,—
30,000 acres — e N,P —_— — —_——
40,000 acres —,— —_,— —_,— N E
50,000 acres —_,— _,— —_,— —,—
Fixed Effects
10,000 acres — N,P —_,— N,P
20,000 acres — NP —_,— —_,—
30,000 acres —_—— N,P —_,— —,—
40,000 acres e e e et
50,000 acres _—,— N,P —,— —_,—

Detazled Results for the I agged Models

Irrigated land was found to have a negative effect on population density untl a
threshold of 10,000 acres is reached, beyond which irrigated land has a positive effect on
population (Table 12).

In line with expectations, highway spending and initial population

appear to have a positive effect on population density. The percentage of female employees
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also appears to have a positive effect on population. In rural agricultural counties, females are
sometimes a slack labor resource, and if a county has jobs available for female partners, more
of the population will be likely to remain in that county. Women’s role in child-bearing may
also be a factor. The percentage of households headed by married couples also has a weakly
positive effect on population, and may have to do with child-rearing.

Average farm size was also found to have a negative influence on population density,
which would be expected for a number of reasons. The larger a farm, the less land area that is
available for other types of development. Also, larger farms are more likely to experience
economies of scale, such that fewer inputs, including labor, are needed for a given level of
production. Finally, the larger a farm becomes, the more labor is replaced with physical capital
(e.g., tractors). Natural amenity rank was also found to have a negative effect on population
density. While this result seems counterintuitive at first glance, higher amenity ranks are given
to counties with more bodies of water and more hilly or tnountainous terrains; thus, these
counties are more likely to have a smaller proportion of land available for development. Taxes

were also found to have a negative effect on population density.
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Table 12: Some Determinants of Rural County Population Density
Dependent Variable: Population Density
Explanatory Variable Coefficient Standard Error t-Statistic Probability
Constant -0.0031 0.0132 -0.2373 0.8125
Itrigated Land** -3.6E-07 0.0000 -2.8174 0.0050
Irrigated Land — 10,000** 3.5E-07 0.0000 2.6796 0.0076
Highway Spending per Acre** 3.1214 0.4835 6.4553 0.0000
% over 60 -0.0002 0.0001 -1.2226 0.2221
% Bachelor's Degree -0.0002 0.0001 -1.1832 0.2373
% Married” 0.0190 0.0106 1.7901 0.0740
N toral Aepainrs? 10,0011 0.0004 -2.5367 0.0115
% Caucasian -0.0001 0.0001 -1.2572 0.2093
Northern Plains -0.0015 0.0018 -0.8224 0.4112
Southern Plains 0.0038 0.0023 1.6264 0.1045
Urban Adjacency -0.0002 0.0005 -0.4664 0.6411
% Female** 0.0499 0.0191 2.6065 0.0094
Early Population®* 0.0000 0.0000 5.4018 0.0000
% Healthcare Establishments -0.0162 0.0181 -0.8973 0.3700
Tax Revenue per Capita** -0.0015 0.0005 -2.8791 0.0042
Median Income 0.0000 0.0000 -0.8644 0.3878
Average Farm Size™” 0.0000 0.0000 -3.6215 0.0003
S5-W Index -0.0116 0.0115 -1.0027 0.3165
Crnime 0.0001 0.0000 1.2582 0.2089
Drought 0.0004 0.0003 1:3199 0.1875
Adjusted R-squared: 0.7573 F-statistic: 83.70 (Probability = 0.0000)
Log likelihood: 1,745 Sum squared resid: 0.0435

“*Statistically significant, p<0.05

*Staustically significant, 0<0.10

[rrigated land was found to have a weakly positive effect on the value of sales per
capita (Table 13). Median income and the number of non-farm establishments per land area
were also found to have a positive effect on sales. The percentage of married households,
natural amenity rank, and drought were all found to have a negative effect on the value of sales
per capita. It may be that married households are more likely to have a non-working member.

Again, counties with more natural amenities likely have a greater proportion of land set aside

for open space, recreation, and other land uses that generate relatively less economic activity.




Table 13: Some Determinants of Rural County Sales per Capita

Dependent Variable: Value of Sales per Capita
Explanatory Variable Coefficient Standard Error t-Statistic Probability
Constant 94.0574 43.2984 21723 0.0303
Irrigated Land* 1.5E-05 0.0000 1.9176 0.0557
Hwy Spending per Acre -313.32 231.14 -1:3555 0.1758
% over 60 0.1302 0.1990 0.6543 0.5132
% Bachelor’s Degree -0.1675 0.2422 -0.6913 0.4897
% Married** -70.7294 33.2666 -2.1261 0.0340
Natural Amenity** -1.1907 0.4623 -2.5754 0.0103
% Caucasian 0.0154 0.0331 0.4658 0.6416
Northern Plains -0.1084 1.3161 -0.0824 0.9344
Southern Plains** 6.4943 2.4020 2.7037 0.0071
Ruralness -0.2607 0.5366 -0.4859 0.6272
% Female -20.1939 19.8011 -1.0198 03083
% Healthcare Establishments 0.4900 15.4853 0.0316 0.9748
Tax Revenue per Capita 2.0426 1.4873 1.3734 0.1702
S-W Index -78.7489 48.4640 -1.6249 0.1048
Average Farm Size -0.0002 0.0002 -0.9876 0.3238
Crime -0.0059 0.0174 -0.3407 0.7334
Unemployment 0.1240 0.1746 0.7101 0.4780
Median Income** 0.0009 0.0003 3.2252 0.0013
! Non-Farm Estabs per Acre™ 0.0116 0.0037 3.1028 0.0020
Drought** -1.2063 0.5086 -2.3716 0.0181
Adjusted R-squared: 0.3946 F-statistic: 18.27 (Probability = 0.0000)

‘ Log likelihood: -1,911 Sum squared resid: 41,571
**Statistically significant, 0<0.05
| *Statstically significant, p<0.10

‘ The results in Table 14 suggest that the relationship between irrigated land and
industrial diversity depends on the initial level of irrigated land: at levels below 10,000 acres,
irrigated land appears to stifle industrial diversity, while at levels above 10,000 acres, additional
)l irrigated land appears to enhance industrial diversity. It could be that above 10,000 acres, there
is enough irrigated agricultural activity to support the co-location of suppliers and downstream
businesses (e.g., food processing firms, animal feedlots). As expected, ruralness was found to
reduce industrial diversity. The density of non-farm establishments, the proportion of

U Caucasian residents, and the proportion of female employees were all found to have a positive
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effect on industrial diversity. Women differ from men in their employment and consumption
patterns, so that a greater proportion of women employees may generate demand for a wider

array of goods and services while providing labor for a wider array of industries.

Table 14: Some Determinants of the Industrial Diversity of Rural Counties

'_DcEendent Variable: S-W Index
Explanatory Variable Coefficient Standard Error t-Statistic Probability
Constant 0.4441 0.1391 3.1919 0.0015
Irngated Land** -4.1E-06 0.0000 -3.7956 0.0002
(Irrigated Land — 10,000 acres)** 4.2E-06 0.0000 3.7676 0.0002
Highway Spending per Acre 5.5E-07 0.0000 0.1973 0.8437
% over 60 -1.4E-05 0.0000 -1.5861 0.1133
% Bachelor’s Degree -7.8E-06 0.0000 -0.7462 0.4559
% Marned -0.0002 0.0013 -0.1740 0.8620
Natural Amenity 0.0011 0.0041 0.2725 0.7854
% Caucasian** 1.7E-05 0.0000 4.2484 0.0000
Northern Plains -0.0190 0.0122 -1.5518 0.1213
Southern Plains -0.0059 0.0212 -0.2775 0.7815
Ruralness™* -0.0218 0.0034 -6.4086 0.0000
% Female** 0.0085 0.0018 4.7266 0.0000
% Healthcare Establishments 0.0001 0.0004 0.3605 0.7186
Tax Revenue per Capita -0.0001 0.0001 -1.6045 0.1092
Average Farm Size -94E-07 0.0000 -0.4016 0.6881
Crime* -0.0002 0.0001 -1.7826 0.0752
Non-Farm Estabs per Acre** 0.0001 0.0000 3.3272 0.0009
Drought -0.0040 0.0028 -1.4335 0.1523
Adjusted R-squared: 0.4949 F-statistic: 29.85 (Probability = 0.0000)
Log likelthood: 644.42 Sum squared resid: 2.74

**Statistically significant, p<0.05
*Statistically significant, p<0.10

Irrigated land appears to have a negative effect on unemployment (Table 15).
According to these estimates, a one percent decrease in irrigated land would lead to a 0.0002
percent increase in the unemployment rate. In line with the findings of Malizia and Ke (1993),
the proportion of residents with at least a Bachelor’s degree and the proportion of female
workers were also found to reduce unemployment. Other variables that were found to reduce

unemployment were the proportion of residents over 60, proportion of married households,
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and median income. The higher the proportion of residents over 60, the lower the proportion
of residents seeking employment for a given number of establishments. A higher proportion
of married households may also be associated with a lower proportion of residents seeking
employment as one member of the couple acts as a stay-home parent. The negative
coefficient on median income suggests that a concentration of high-wage industries has a
demand spillover effect on the labor market, in line with the results of Partridge and
Rickman (1997). Finally, ruralness also appears to reduce unemployment; thus, while being
more rural means having a lower population and is generally associated with lower sales and
industrial diversity, it appears to have the benefit of reducing unemployment.

The only variables that were found to exacerbate unemployment were crime, drought,
and natural amenity rank (at the ten percent level of significance). Although the latter was
statstically significant at the ten percent level, this result is in line with the results of the [alue
of Sales equation—counties with a higher natural amenity rank may have fewer employment
opportunities due to a higher proportion of land being set aside as open space. Additionally,
these counties likely have more outdoor recreational jobs, which tend to be seasonal rather

than year-round.
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Table 15: Some Determinants of Rural County Unemployment

Dependent Variable: Unemployment Rate

Explanatory Variable Coefficient Standard Error t-Statistic Probability
Constant 14.8592 1.3733 10.8201 0.0000
Irrigated Land** -2.8E-06 0.0000 -3.84453 0.0001
Hwy Spending per Land Area 3.9E-05 0.0001 0.7113 0.4772
% over 60** -0.0006 0.0002 -3.1407 0.0018
%o Bachelor’s Degree*” -0.0007 0.0001 -5.0617 0.0000
% Marned** -0.0476 0.0127 -3.7539 (.0002
Natural Amenity* 0.0901 0.0544 1.6583 0.0979
% Caucasian -0.0001 0.0001 -0.8766 0.3811
Northern Plains -0.3654 0.1866 -1.9580 0.0508
Southern Plains -0.2479 0.2778 -0.8922 0.3727
Ruralness** -0.1182 0.0445 -2.6583 0.0081
% Female** -0.0575 0.0208 -2.7596 0.0060
Non-Farm Estabs per Acre -0.0005 0.0003 -1.5630 0.1187
% Healthcare Establishments 0.4022 1.8664 0.2155 0.8295
Tax Revenue per Capita 0.0397 0.0431 0.9209 0.3575
Average Farm Size 0.0000 0.0000 -0.6586 0.5104
S-W Index -0.2133 0.9763 -0.2185 0.8271
Median Income™* -0.0001 0.0000 -4.5226 0.0000
Crime** 0.0043 0.0017 2.5663 0.0106
Drought* 0.0563 0.0326 1.7263 0.0849
Adjusted R-squared: 0.4463 F-statistic: 23.48 (Probability = 0.0000)

Log likelihood: -708.85 Sum squared resid: 448.87

**Statistically significant, p<0.05
*Statistically significant, p<0.10

Detatled Results for the Fixed-Effects Models

When the FE estimator 1s used, irrigated land 1s not found to have a statistically

significant effect on population density (Table 16). The varables found to have a positive
effect on population density were highway spending, percent female, early population, and
. crime, all of which are in agreement with the findings of the lagged estimator, with the

exception of percent Caucasian, which was not significant previously.

48




Table 16: FE Estimation of Rural County Population

Dependent Variable: Population Density
Explanatory Variable Coefficient Standard Error t-Statistic Probability
Constant 0.0078 0.0173 0.4541 0.6499
Irrigated Land -2.0E-08 0.0000 -0.9633 0.3359
Highway Spending per Acre** 21917 0.3569 6.1407 0.0000
% over 60 -0.0005 0.0010 -0.5234 0.6009
% Bachelor’s Degree -0.0047 0.0049 -0.9460 0.3446
% Married 0.0032 0.0158 0.2045 0.8381
% Caucasian** -0.0076 0.0090 -0.8455 0.3983
% Female*™™ 0.0417 0.0181 23042 0.0216
% Healthcare Establishments -0.0078 0.0213 -0.3655 0.7149
Tax Revenue per Capita -0.0001 0.0005 -0.1406 (0.8883
Median Income** -5 9E-07 0.0000 -2.1215 0.0344
Average Farm Size -4 5E-07 0.0000 -1.0674 0.2864
S-W Index** -0.0136 0.0066 -2.0739 0.0386
Crime** 0.0001 0.0000 24186 0.0160
Early Population™* TAE-07 0.0000 4.6074 0.0000
Drought -2.4E-05 0.0001 -0.1970 (.8439
Adjusted R-squared: (.8142 F-statistic: 8.96 (Probability = 0.0000)
Log likelihood: 3,981 Sum squared resid: 0.0296

**Statistically significant, p<0.05

When the FE estimator is used, irrigated land is no longer found to have a statistically
significant effect on the value of sales per capita (Table 17). Variables that were found to have
a positive effect were median income and non-farm establishments, both of which are in line
with the lagged estimator. In line with the findings of Drabenstott and Smith (1995), tax
revenue per capita was found to have a (weakly) positive effect on sales per capita. In line with
the results of the lagged estimator, the percentage of married households was found to

negatively affect the value of sales per capita.
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Table 17: FE Estimation of Rural County Sales

Dependent Variable: Value of Sales per Capita

Explanatory Variable Coefficient Standard Error | t-Statistic Probability
Constant 67.2414 291574 2.3062 0.0215
Irrigated Land 24E-06 0.0000 0.0758 0.9396
Highway Spending per Land Area -184.07 179.9385 -1.0229 0.3069
% over 60 0.3616 0.7981 (0.4530 0.6508
% Bachelor’s Degree 5.6368 6.1574 0.9154 0.3604
% Marned** -29.78 14.9524 -1.9914 0.0470
% Caucasian 0.3865 5.6569 0.0683 0.9456
Ruralness -0.7519 0.8640 -0.8703 0.3846
% Female* -34.79 20.8587 -1.6680 0.0960
% Healthcare Establishments 3.0906 18.1697 0.1701 0.8650
Tax Revenue per Capita* 2.4694 1.3381 1.8454 0.0656
Unemployment -0.1520 0.1756 -0.8656 0.3871
Non-Farm Estabs per Acre** 5,029 1480.9240 3.3956 0.0007
Early S-W Index -38.63 26.6119 -1.4516 0.1473
Average Farm Size -0.0004 0.0004 -0.9360 0.3498
Crime 0.0056 0.0133 0.4175 0.6765
Median Income** 0.0007 0.0003 24314 0.0154
Drought -0.0147 0.1770 -0.0829 0.9340
Adjusted R-squared: 0.2361 F-statistic: 1.56 (Probability = 0.0000)

Log likelihood: -3,394 Sum squared resid: 40,979

**Stanstically significant, p<0.05
*Statistically significant, p<0.10

In agreement with the results of the lagged estimator, irrigated land was found to have
a negative effect on industrial diversity until a threshold of 10,000 actes is reached, after which
irrigated land enhances industrial diversity (Table 18). Also in agreement with the lagged
estimator, the proportion of Caucasian residents and the proportion of female workers were
found to enhance industrial diversity. The density of non-farm establishments was additionally
found to enhance economic diversity, which would be expected. Unexpectedly, the FE
estimator found a positive relationship between crime and industrial diversity. In agreement
with the lagged estimator, the percentage of the population over 60, ruralness, and tax revenue

per capita were all found to reduce industrial diversity.
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Table 18: FE Estimation of Rural County Industrial Diversity
Dependent Variable: S-W Index
Explanatory Variable Coefficient Standard Error t-Statistic Probability
Constant 0.3549 0.1199 2.9601 0.0032
[rrigated Land*” 3.0E-06 0.0000 -2.0459 0.0413
Irngated Land — 10,000acres™* 3.2E-06 0.0000 2.0198 0.0440
Highway Spending per Land Area -2.0257 1.4323 -1.4143 0.1579
% over 607* -0.0152 0.0045 -3.4037 0.0007
% Bachelor’s Degree -0.0163 0.0515 -0.3175 0.7510
% Marned -0.0163 0.0996 -0.1633 0.8704
% Caucasian™* 0.2286 0.0558 4.0937 0.0001
Ruralness** -0.0143 0.0040 -3.5618 0.0004
% Female** 0.7087 0.1492 4.7494 0.0000
% Healthcare Establishment 0.1739 0.1661 1.0470 0.2956
Tax Revenue per Capita* -0.0122 0.0064 -1.9011 0.0579
Average Farm Size -1.6E-06 0.0000 -0.7222 0.4705
Crime** 0.0003 0.0001 2.0118 0.0448
Non-farm Estabs per Acre*” 55.6493 14.0319 3.9659 0.0001
Drought -0.0003 0.0010 -0.3109 0.7560
Adjusted R-squared: 0.5155 F-statistic: 2.93 (Probability = 0.0000)

| Log likelihood: 1,835 Sum squared resid: 1.8089

“*Statistically significant, p<0.05

*Statistically significant, p<0.10

In line with the results of the lagged estimator, the FE estimator found irrigated land
to have a negative effect on unemployment, but only once the 10,000-acre threshold 1s passed
(Table 19). Also in line with results of the lagged estimator, median income, ruralness, and the
proportion of female workers were all found to reduce unemployment. Non-farm
establishments and tax revenue per capita were both found to have a weakly negative effect on

unemployment. Crime was the only variable that was found to exacerbate unemployment.
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Table 19: FE Estimation of Rural County Unemployment

Dependent Variable: Unemployment

Explanatory Variable Coefficient Standard Error t-Statistic Probability
Consrant 23.3167 3.8339 6.0817 0.0000
Irrigated Land** -0.0001 0.0000 -2.2148 0.0273
Irrigated Land - 10,000acres™* 0.0001 0.0000 2.2752 0.0233
Highway Spending per Acre 26.2518 73.1804 0.3587 0.7200
% over 60 -0.2361 0.1988 -1.1874 0.2357
% Bachelor’s Degree -2.6915 1.8021 -1.4935 0.1360
% Marred** -10.6578 4.2704 -2.4958 0.0129
% Caucasian 1.7255 24194 0.7132 0.4761
Ruralness** -0.3464 0.1011 -3.4253 0.0007
% Female** -17.2445 5.0370 -3.4236 0.0007
Non-Farm Estabs per Acre” -1,430 727.58 -1.9648 0.0500
% Healthcare Establishments -3.5414 5.0657 -0.6991 0.4848
Tax Revenue per Capita* -0.1667 0.0993 -1.6782 00940 |
Average Farm Size 0.0001 0.0001 0.8708 0.3843
S-W Index -0.6530 1.2933 -0.5049 0.6139
Median Income** -0.0002 0.0000 -3.5214 0.0005
Crime** 0.0190 0.0050 3.8439 0.0001
Drought 0.0248 0.0322 0.7714 0.4409
Adjusted R-squared: 0.3326 F-statistic: 1.90 (Probability = 0.0000)

Log likelthood: -1,688 Sum squared resid: 1,554

**Statistically significant, 0<0.05
*Stansncally significant, 0<0.10

Conclusions
Regression analysis was performed on data from 568 rural Inter-Mountain West

counties to assess the role of irrigated agriculture in regional economic health as measured by

population density, value of sales per capita, industrial diversity, and unemployment rate.
When the lagged estimator was used, irrigated land was found to enhance population density
and industrial diversity once a threshold of 10,000 acres is surpassed. Irrigated land was also
found to enhance sales per capita and reduce unemployment. When the FE estimator was
used, irrigated land was not found to have a statistically significant effect on population density

or sales per capita, but was found to increase industrial diversity and reduce unemployment

once a threshold of 10,000 acres was reached.
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The strongest evidence of a structural break in the relationship between irrigated land
and economic health appears at the 10,000 acres threshold level, with irrigated land becoming
(more) beneficial once this threshold has been reached. 'l‘i'ms, counties that are close to this
threshold may want to discourage additional transfers or have an alternative development plan
in place prior to a transfer. Because there was also some cvidence of a threshold at 20,000
acres, counties near this threshold may also have particular cause for concern when
considering additional water transfers. Table 20 lists the number of counties by state which are
close to each of these thresholds. The first column lists the states, while the second column
lists the number of counties in each state that are just above the 10,000-acre threshold and the
fourth column lists those that are just above the 20,000-acre threshold. The fourth column
lists the sum of the counties in each state that are close to one of the two thresholds, while the
last column lists this sum as a proportion of all rural counties in each state that were included

in the study area (i.e., those with positive levels of irrigated land).

Table 20: Counties Close to Threshold of 10,000 Irrigated Acres

Between 10,000 Between 20,000 Sum as % of all Rural
State and 15,000 Irrigated and 25,000 Sum Counties in the State with
Acres Irrigated Acres Irrigated Land

AZ 0 0 0 0%

coO 2 3 5 12%

D 1 0 1 4%

KS 7 3 10 15%

MT 5 1 13%

ND 2 1 3 11%

NE + 3 7 9%

NV 0 0 0 0%

OK 3 2 5 11%

SD 3 1 4 9%

g B¢ 6 6 12 9%

uT 2 0 2 12%

WY 1 0 1 6%
Total 36 20 89 10%
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Notes, Limitations, and Future Opportunities

Rural economic health has complex economic, social, institutional, technical,
political, and geographic causes, which makes it difficult to isolate the contribution of irrigated
agriculture. The analysis would benefit from greater attention to the possibility of spatially-
correlated error terms. While the possibility of spatial dependence was indirectly addressed
via inclusion of the ERS urban-rural code, which provides information on a county’s
neighbors, and r egional dummies, which c ontrol for f actors that may affect a group of
counties simultaneously, the issue was not specifically examined or directly addressed.

NASS’ definition of Imygated Land includes all land watered by any artificial or
controlled means. This includes supplemental, partial, and pre-plant irrigation, with each
acre being counted only once, regardless of the number of times it was irrigated or
harvested. Livestock lagoon waste water distributed by sprinkler or flood systems is also
included in the definition. A more precise definition of irrigated land would likely yield more
precise results.

Most counties contain both rural and urban areas, and some communities in a county
may struggle while other communities in the same county thrive, distinctions that are obscured
by county-level data. Unfortunately, the lack of community-level data and the difficulties
involved in defining a “community” hinder such detailed analysis. Studies involving more than
a single state must usually rely heavily on federal data which are typically collected and reported
at the county level. A study of smaller scope but greater regional detail may improve both the
accuracy of the research and its applicability to individual communities. Fortunately, the use of

panel data makes any less than ideal assumptions less egregious. For example, any flaws in the
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rural/urban designations will affect all counties in the study area, such that comparisons across
all counties over time remain valid and informative.

The economic contribution of irrigated agriculture depends largely on crop prices,
which can be highly variable. The use of panel data can partially control for this effect by
including data from a large cross-section of counties from more than one time period,
making it possible to examine the economic contribution of irrigated agriculture apart from
the market conditions in a particular year or the particular crop being grown. Nonetheless,

the time-series used here is very short; it would be beneficial to extend the analysis to include

additional time periods to examine the robustness of the results found here.




CHAPTER 1: WATER USE IN THE WEST:
HO USEHOLDS* PERCEPRPTIONS AND PREFERENECES

Water supplies in the western U.S. are quite scarce and often over-appropriated,
heightening stakeholders’ concerns about future water availability and often spurring
contentious debate (Knapp et al., 2003). In the face of water scarcity, decisions must be made
about water allocation, supply firming, and capital investment. To better direct available
resources, water utilities and policymakers need information about consumer acceptance,
satisfaction, and willingness to pay (Vloerbergh et al, 2007). Implicitly, public policy
decisions should be also consistent with public attitudes and preferences.

Yet very little has been researched or written about the preferences that western
households have for addressing water scarcity. Western households’ preferences for
addressing water scarcity and their WP for various water supply initiatives have not been
addressed by the literature. Few studies have attempted to measure public knowledge about
the environment (Arcury and Johnson, 1987), and even fewer have focused on public
knowledge about water. Those that have are limited to student populations (Mills, 1983;
Alcorn and Heal, 2009).

A better understanding of public attitudes and preferences for water use and
reallocation can help public water utility managers and policymakers develop water initiatives
that are consistent with public preferences, which may in turn minimize controversies related
to potential management alternatives (Loker, 1996). Furthermore, households’ preferences for

paying for various water initiatives may be conditional on their knowledge of water supply,
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allocation and institutions. Quantifying the relationship between water knowledge and
willingness to pay (WIP) is important from research, forecasting, and fund-raising
perspectives. An initial exploration of the relationship between water knowledge and WTP
may assist researchers in designing future studies. If knowledge is an important factor in
explaining the variation in households” WTP, water planners and other officials may choose to
influence household behavior through education. Benchmarking public knowledge of water

resource issues will identify water knowledge gaps and uncover educational opportunities.

Study Purpose and Approach
The goal of this research is to better understand the preferences that western
households have for addressing water needs against a backdrop of increasing scarcity.
Specifically, this study addresses the following three topics:
1. What are western households willing to pay to resolve water scarcity and which
factors influence willingness to pay? Estimates of median willingness-to-pay
(WTP) may assist in water resource planning. Specifying a WIP function will
identify some of the determinants of WTP—an important consideration when

and will allow median WTP

trying to secure funding for water initiatives

estimates to be tailored to a specific populace.

o

[n addition to providing pecuniary information, WIP serves as a proxy for
preferences for various water initiatives, which will vary across households due to
heterogeneity in attitudes and demographic characteristics. Particular interest is
focused on water knowledge because it is a factor that can potentially be

influenced by water managers, policymakers, and other community leaders.
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Conventional wisdom suggests that improving knowledge enables better decisions
and more efficient use of resources, but increased knowledge can have unexpected
results. For instance, water smart readers, designed to decrease household water
use by providing household members with real-time information about their water

usage, have been shown to actually zzerease water use (Kenney et al., 2008).

(&5

What are western households’ preferences among strategies to address scarcity?
[nitiatives that might be used to address scarcity include water conservation, re-use,
re-allocation and capital investment. No previous study considers the preferences
that western households have among these alternatives. These preferences are
revealed by examining households’ preferred allocation of a fee across eight water
initiatives, as revealed by survey responses.

The remainder of this chapter is organized as follows: In the first section, an analytical
framework is developed with individual preferences for water management alternatives giving
rise to willingness to pay and an observed statistical model. This 1s followed by a discussion of
the specific methodology and data used in this study. The results are then displayed and

discussed. The last section concludes and provides some opportunities for future research.

Analytical Framework

This research seeks to uncover households’ preferences for meeting water scarcity in
the western U.S. One means of gauging household preferences is to examine their stated
preferences for hypothetical water initiatives—specifically, whether they would be willing to
pay a fee in support of the initiatives. An individual’s WTP serves as a proxy for preferences

in the sense that if an individual is willing to pay more for a particular good or service than for
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another, then the individual garners more utility from that good or service, and thus has
greater preference it (and vice versa). Estimates of median WTP using stated preference
approaches provide an idea of size of fee that the majority of the population could be expected
to support. When this amount is not sufficient to cover program costs, water managers are
certain to ask how WTP might be increased. The research approach adopted here is to 1) elicit
WTP using a dichotomous choice stated preference approach, 2) estimate a WIP function via
a logit model, and 3) estimate median WTP using Hanemann’s (1984) approach.

The link between WTP and preferences can be revealed by considering the consumer’s
utility maximization problem. Following Hanemann and Kanninen (1999), individuals have
preferences for various goods and services whose consumption is denoted by the vector x. If
these preferences have the necessary properties”?, they may be represented mathematically by a
utility functon, U(x). The individual’s problem is then to maximize U(x) subject to a budget
constraint based on the individual’s disposable income, M, and the prices of the goods and
services, which comprise the vector p. Consumers’ preferences are assumed to be locally non-
satiated such that the budget constraint is binding:

px=M @1)

Viewing water initiatives as consumer goods, residents decide whether or not to
support (consume) water initiatives based on perceived benefits and costs of the initiatives.
Because the perceived benefits of water initiatives are uncertain, residents are assumed to

operate within the framework of a random utlity model (RUM). In the standard deterministic

RUM (McFadden, 1974), an individual associates utilities with each of the choices available to

2 These properties include completeness, transitivity, contnuity, local non-satiation, and convexity (Jehle and
Bro] p ! ) 3
Reny, 2000, pp. 6-11).
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him or her and chooses the one that maximizes utility. The standard inference problem is to
learn the distribution of preferences from data on the choices and covariates of a random
sample of decision makers. The RUM for one individual can be defined as follows:

u=v(p,M 2 +e¢ (22
where » is an observable component of indirect utility when consuming a particular bundle of
goods; z = z,, 2,, ..., 2 1s a vector of K characteristics that are hypothesized to influence the
utility derived from the bundle of goods; and ¢ 1s an additive component of udlity that is
unobserved by the researcher.

Hanemann (1984) demonstrated the connection between a linear indirect utlity
function (such as in Equation 22) and the economic concept of WIP using a dichotomous
choice valuation question. Let x;’ represent the current bundle of goods and services
consumed by individual 2 Now suppose the individual is given the possibility of changing
from the base case consumption bundle to the alternative x;, which includes the water
initiatives under consideration. If the individual is asked whether or not he or she would be
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willing to pay a fee amount A for the change, the individual answers “yes” if and only if the
utility recetved from the new bundle exceeds that of the base case. This situation can be
represented mathematically as »(x;, z, p, M. — A) = u(x’, z, p, M).

If A is chosen carefully, there will be variation acioss individuals in the choice of
whether or not to pay the fee. Some of this variation can be explained by heterogeneity in
demographic and attitudinal characteristics across individuals. However, an empirical model

of WTP will not predict all choices with certainty. Because an individual is bounded by their

water knowledge and the finite amount of time they have to make choices, errors might be

made in their choices. An individual’s choices may even contain an element of randomness,
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especially in the case of hypothetical choices, such as those respondents are asked to make in
the present study. Additionally, it is not possible for researchers to measure all relevant
components of z. Thus, within the sample population, the probability of observing a “yes”
response to the WTP question can be represented as:
Pryes] = Pe[(x’, z, p, M= A, &2 nx’, 2, p, M, ¢) (23)
=Pr(Av<eg
=1-G, (A
where ¢ is the stochastic component of preferences; Av is the difference »(x/, z p, M — A) -
ux', z p, M); and G, is the probability function for the error e (Watanabe and Asano, 2009).
Specifying an extreme value distribution for ¢ yields the logit model, which is estimated using
the maximum likelthood method. The specific functional form in which parameters are
estimated is:
P(e, =1~ [1 +exp(B, + B A + B, + ...+ B3] " +e (24)
The parameter estimates obtained by estimating Equation 24 suggest the relative importance
that knowledge, attitudes, and demographics play in funding the hypothetical water initiatives

considered here, fulfilling one of the primary objectives of the study.

Deriving Median WTP from the L ogit Model

The dichotomous choice response does not reveal an individual’s true WIP—only
whether it falls above or below the offered amount. However, the median WTP and the
marginal effects of the explanatory variables on median WP can be calculated using the

parameter estimates from Equation 24. Hanemann (1984) demonstrated that the median

61




WTP of the sample can be obtained by inserting the mean value of each explanatory variable
(with the exception of randomly selected fee amount) into the following expression:

Median WTP = [B, + B,z, + ... + B, 3/ | Bi| (25)

Using the Krinsky-Robb bootstrap technique outlined in Loomis et al. (1991), a confidence
interval around the median net WTP can be then be constructed. Median WTP estimates can
be tailored to a specific populace and can be used to obtain an estimate of aggregate WTP.
Contingent valuation analyses have traditonally calculated the aggregate WTP by multplying
either the mean or median WTP by the total number of households in the population.
However, such aggregation is only valid in the absence of any sampling frame bias (Bateman

et al.,, 2002), which is not likely the case presently.

Reporting the marginal effects of the explanatory wariables is an important step in
satisfying the study objectives, as they represent the effect that 2 one-unit change in each of the
variables has on WTP. In non-linear regression models, such as the logit model, coefficient
estimates cannot be interpreted as margmnal effects. The marginal effect of the fee amount
(A) on the probability of a “yes” response to the WTP question can be calculated by inserting

the parameter estimates and sample means into the following equation (Greene, 2003, p. 668):

exp(Bo + Bi*A + Bo¥em +... NF o
dPe)/dA = B U S e S (26)
{[l+ E‘Kp(ﬁn =} Ir.’)‘_*;\ = 53* g2 e ﬁn‘* {-\)]2}

The marginal effect of the fee amount is expected to be negative.
As demonstrated by Loomis (1987) and Cameron (1988), the marginal effect of the

remaining explanatory variables on median WTP can be determined by dividing each variable’s
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parameter estimate by the absolute value of the parameter estimate for the fee amount. For

example, the marginal effect of water knowledge on WP is calculated as:

dWTP/d(Water Knowledge) = 27)

2
1Bl
All marginal effects are reported in the Results section of the chapter.

Water Knowledge

Of particular interest is how the variation in WTP can be explained by heterogeneity
in water knowledge among households. To provide additional insight into the relationship
between water knowledge and WTP, separate WTP funcuons can be estimated for those
individuals with high self-reported water knowledge scores and those with low self-reported
water knowledge scores. Comparisons of the coefficients across the two groups do not
represent true differences in preferences because estimates in random parameters logit
models are confounded with the variance of the random term in the consumer utlity
function. However, the WTP estimates can be compared across the groups since WTP
estimates are ratios of attribute parameters and price, and thus do not confound with the
variance of the random term in the random utility function (Gao and Schroeder, 2008). To

illustrate, a group of households with low water knowledge may have a median WTP of:
Median WTP" = [B," + B." (Water Knowledge,) + ... + B, ( 21/ | By " (28)

Meanwhile, a group of households with high water knowledge may have a median WIP of:
Median WTP" = [8," + B," (Water Knowledge,)) + ... + B,"(2)1/|8,"| 29)

The divergence in WTP between the two groups may signal potential gains from

investments in water knowledge, represented by DWTP = Median WTP" - Median WTP".
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This section demonstrated how a dichotomous choice question can be used to
estumate 2 WP function, how the parameter estimates can be used to calculate median WTP
for the sample population (Equations 24 and 25), and how aggregate WTP can be inferred
from this estimate. The section also demonstrated how the influence of water knowledge on
WTP can be further evaluated by estimating separate WIP functions for those with different
levels of self-reported water knowledge. The next section describes the WTP question, the

explanatory variables that comprise the vector z, and the data collection methodology.

Methodology and Data

Non-market valuation can be used to derive estimates of the economic value of
goods and services in situations where market prices are absent or distorted—such as the
market for water-related goods and services (Young, 2005). Proxying household preferences
using a WTP approach requires a representative sampling of households. W hile public
hearings are a common method of synthesizing citizen preferences, opinions obtained from
these meetings tend to be less representative of the public than those obtained via a
questionnaire (Gundry and Heberlein, 1984; Haider and Rasid, 2002). Mahler et al. (2004)
used a questionnaire to gain a representative view of public awareness, attitudes, and priorities
relating to water quality issues in the Pacific Northwest. A similar approach is adopted here
but with a wider study area, larger sample size, and greater emphasis on water quantity and
allocation. The study area includes the 17 westernmost states of the continental U.S., where
water allocation is a particularly important topic due to rapid population growth and generally
less abundant water supplies. Region-wide research allows values and attitudes to be assessed

for a broader constituency, ensuring that both traditional and non-traditional stakeholders are
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included in the process, thus affording a wider perspective on western water issues and allows
a broader generalization of results.

Focus groups were conducted in selected regions of the study area to identify water
issues of high priority and to aid the development of the questionnaire. The questionnaire
was then used to uncover western households’ perceptions and preferences regarding water
allocation and management and their willingness to pay a fee in support of a number of
water initiatives. The questionnaire was developed by an interdisciplinary team of
researchers at Colorado State University and was further refined by pretesting with a small
sample of individuals. The questionnaire contained a map of the continental U.S., with the
17-state study area highlighted and defined as “the west” for the purposes of the study.

The survey was administered by Survey Sampling International (SSI), a private firm
specializing in sampling, programming, and administering internet surveys. Internet-based
surveys allow researchers to more easily reach respondents in far-spread geographical areas and
boost response rates by allowing respondents to log onto a website at their convenience and
complete the survey on-line without having to re-package and send a paper survey. The pool
of potential respondents is made up of individuals who have signed up ahead of time with SSI
to participate in surveys, which presents a potential source of sampling frame bias. The sample
selection methodology adopted by Sutvey Sampling International involves the following steps:

1. The total population is identified and then sorted by Postal Code.

2. The total population is divided by the desired sample size to create a selection

interval. A computer program generates a random number less than the selection

interval to provide a starting point. Questionnaires are then sent randomly to

prospective respondents until the desired sample size is achieved.
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3. The resulting sample is sorted randomly before e-mailing, so that when samples
are “batch” e-mailed, each batch represents a smaller version of the entire sample,
virtually identical to every other batch in demographics, geography, etc.

A total of 203,750 e-mail invitations were sent between May and June of 2008. Of the 6,883

people who opened the e-mail, 6,250 completed the questionnaire.

Dependent Variable: The Dichotormons Choice

While a variety of question formats have been used to elicit WTP values, research has
shifted toward use of the dichotomous choice (DC) format (Hanemann and Kaninnen, 1999),
whereby a hypothetical program is described to the respondent, after which the respondent
is asked whether or not he or she would pay a particular price to support the program. The
two main arguments for using DC as opposed to open-ended questions are simplicity for
respondents and reduced incenuves for strategic responses (Hoehn and Randall, 1987).
While the DC format is less efficient than an open-ended format, this only becomes an issue
with small sample sizes, which is not the case presently.

Adopting the DC methodology, respondents are asked whether they are willing to pay

fee

which varied randomly across respondents from $5 to $§25 in five-dollar increments—on
their water bill during the summer months to fund programs designed to increase the supply
of water and reduce the demand for water. Respondents are told that this fee would be used
to support eight such water initiatives. The cost of the initiatives and the apportionment of
funds are not specified. The question was worded as follows:

“Water providers might consider increasing water rates in order to find new

sources of water, to pay for water conservation programs, or to help with
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problems that may arise as water is shifted to cities from other areas. Would you
pay an additional $A per month on your water bill during the summer months if
the fee was divided among the following programs?”

1. To implement programs and technology to reduce household water

consumption.

)

To construct a reservoir for water storage.
3. To create a system to reuse household waste water for watering public
landscapes.
4. To set aside water for wildlife habitat in and around nearby streams.
5. To help keep irrigated farms in production.
6. To make infrastructure improvements in rural communities as
compensation for water being transferred to cities.
7. To set aside water for public water-based recreation.
8. To provide subsidies on water-efficient appliances.
Survey respondents’ answers to the WTP question serve as the dependent variable
listed on the left-hand side of Equation 24, with responses of “yes” given a value of one and

responses of “no” given a value of zero. These responses were then regressed on the set of

explanatory variables. In addition to the size of the proposed fee, respondents’ likelthood of

answering “yes” to the WIP question may also depend on 1) their knowledge of water
institutions; 2) their attitudes about water scarcity, conservation, and government jurisdiction;

and 3) their demographic characteristics, each of which 1s described next.
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Explanatory Variable: Western Households” Water Knowledge

It 1s hypothesized that western households’ responses to the DC WTP question
depends on their knowledge of water institutions. Water knowledge is a potentially important
explanatory variable not only because it may explain the variation in stated preferences among
respondents, but also because it is a characteristic that water managers and policymakers can
influence via education and outreach programs. Descriptive analysis of water knowledge levels
will determine whether water knowledge differences exist among western households.
Including water knowledge as an explanatory variable in Equation 24 will indicate whether
differences in water knowledge contribute to observed heterogeneity in WP, and will provide
insight into the likely payoff of investing in a water education program.

In this context, measuring tespondents’ water knowledge becomes an important task;
yet there is no standard measure of water knowledge. In the present analysis, water knowledge
1s measured by respondents’ stated level of familiarity with the following fourteen water terms:
LQroundwater, surface waler, conjunclive use, waler reuse, consumplive use, beneficial use, return flows, prior
appropriation, riparian right, evapotranspiration, inferstate compact, waler decree, diversion, and river call.
While perceptions of knowledge may not always be a reliable indicator of actual knowledge,
other studies have utilized self-reported measures of knowledge (for example, Arcury et al.,
1985). The reliability of the water knowledge questions—which refers to the consistency with
which respondents answer them—was confirmed by responses to another knowledge-based
question that appeared later in the questionnaire.

For each water term, responses of not at all familiar were assigned a value of one, while

responses of somewhat familiar and very familiar were assigned values of two and three,

respectively. Respondents were then given a composite water knowledge score by summing
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their scores for each water term for a maximum possible score of 42. The composite water
knowledge score is thus an ordered discrete variable. A respondent’s familiarity with water
terminology may indicate interest in water use and policy and greater awareness of water issues

facing the west, and is expected to have a positive effect on WTP.

Explanatory V ariables: Preference Rankings

An individual’s values and beliefs impact his or her behavior (Espeland, 1998, p. 232;
Bright and Burtz, 2006) and can be expected to influence the WTP decision. With this in
mind, respondents were asked their preferences for addressing long- and short-term water
scarcity. Responses to several of these q.ucstinns served as explanatory variables in the logit
model. In one such question, respondents were asked to rank the following funding options
for acquiring water for long term needs:

1. Increase rates on all water bills.

3%

Increase water rates for households that use more water.

3. Increase fees on new homes and new housing developments.

4. Increase water rates for new housing developments.

5.  Issue city or municipal district bonds.

6. Reallocate funds from other parts of the city budget to pay for water.

7. Obtain subsidies from the federal government.

The dummy variable New Housing indentifies households whose top-ranked funding

option was either to increase fees on new homes and housing developments or to increase
water rates for new housing developments. Households who feel that long-term water

acquisition should be funded via fees on new housing developments may view growth as the
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primary source of the problem, and may be less willing to volunteer monetary support for
programs that address water scarcity; this vartable 1s thus expected to be negatively correlated
with WTP. The dummy variable Federal Subsidies indentifies households whose top-ranked
funding option was to obtain federal subsidies. Such a choice implies a belief that the federal
government should bear the responsibility of paying for water programs, which will tend to

spread the cost over a larger tax base; it is thus expected to be negatively correlated with WTP.

Explanatory Vanables: Likert Scale Rankings

Another set of attitudinal questions were posed using a 5-point Likert scale, whereby
the extent of agreement with a statement is indicated by selection of one of five responses:
strongly disagree, disagree, neither agree nor disagree, agree, or strongly agree. 1f a respondent strongly
agreed with the statement, the response was given a value of 5, whereas agreed, neutral, disagreed,
and sfrongly disagreed responses were given values of 4, 3, 2, and 1, respectively. Variables based
on the Likert scale include:

Conservation Concerned: This variable indicates the level of agreement with the statement
“Water conservation is an issue I am personally concerned about” Individuals
concerned about an issue generally have greater motivation to do something about it—
such as pay a fee. Individuals who agree with this statement may be more willing to pay
the fee for those options aimed at conserving and reusing water and setting aside water
for non-consumptive uses.

Public Money. This variable indicates the level of agreement with the statement “Public

money should be used to develop or acquire new water resources.” Agreement with this
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notion suggests that the respondent may be aware of the public good characteristics of
water resources and may be more likely to pay the fee.

Voluntary Restrictions: This variable indicates the level of agreement with the statement
“Household water restrictions should be voluntary rather than mandated by the
government.”  Individuals who believe strongly in independent choice and self-
responsibility may be less likely to pay a fee in support of any program that is administered
by a government entity; thus, this variable is expected to have a negative effect on WTP.

Enough Water in the West: This variable indicates the level of agreement with the
statement “There 1s enough water in the western U.S. to meet the future needs of all the
people and businesses in the west for the next 25 years.” Individuals who agree with this
statement can be expected to have a lower willingness to pay for water programs.

Policymafkers Understand. This variable indicates the level of agreement with the

)

statement, “Water policymakers understand my priorities for water use.” Individuals who
agree with this statement may have greater trust in public officials to allocate fee revenues
wisely, and thus may be more willing pay a fee.

Current Management. This variable indicates the level of agreement with the statement “I
am satisfied with the current system of water management.” Those who are satisfied with
current water management practices may be less likely to pay money for a new program.

Limit Growth: This varable indicates the level of agreement with the statement,
“Growth of cities should be limited to manage water scarcity.” Agreement with this

statement may indicate a feeling that more recent residents are to blame for current water

woes and that they alone should pay for any new water resources. While this variable 1s

similar to New Housing and 1s expected to have similar effects, the New Housing variable
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allows for households who do not want to limit growth but want growth to pay for itself.
Agreement with this statement is thus expected to have a negative effect on WTP.

Regional Planning Needed: ‘This varable indicates the level of agreement with the
statement “Regional land use and water planning is needed to manage water scarcity.”
Respondents who believe that regional land and water planning is needed may recognize
the spatial dimension of water resources management and urban growth and may be less
satisfied with current local planning, and may thus be more likely to pay the proposed fee.

Do Nothing: This variable indicates the level of agreement with the notion that cities
should not be required to do anything to compensate rural communities after a rural-to-
urban water transfer. Respondents who agree with this notion may not consider the public
good aspects of water transactions and may thus be less willing to pay the fee.

Economy over Environment: This varable indicates the level of agreement with the
statement “In water planning, the health of the economy is more important than
protecting the environment.” Empirical evidence indicates that environmental concern is
a major factor in consumer decision-making (Kilbourne and Beckman, 1998;
Diamantopoulos et al, 2003; Barber et al, 2009). Agreement with this statement is
indicative of relative preference for economic development over environmental
conservation, and may influence the decision to pay the fee, given the various programs

the fee aims to support.

Explanatory Variables: Demographic Characteristics

In addition to traditional demographic variables of age, gender, ethnicity, and income,

the following demographic variables were included:
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Homeowner: This dummy variable indicates a respondent who owns his or her place of
residence. An individual’s type of residence might influence their perceptions of water use
and their preferences for addressing scarcity. For instance, because they are more likely to
have lawns, homeowners may face a higher water bill to begin with and may thus be more
sensitive to increasing fees. Some apartment-dwellers do not even pay a separate water
bill, instead paying a flat fee that is included as a part of their overall rent payment.
Because these renters would not have to bear the burden of a water fee, at least in the
short term, they would be expected be more supportive of such a fee.

College: This dammy variable indicates that a respondent has attended some college. It
is included to control for any influence that higher education may have on WTP.

Years in the West: Individuals with a longer tenure in the west may have a greater
awareness of western water issues and may be more sensitive to the recent population
influx. Their opinions may thus differ from those who arrived in the west more recently.

City: This dummy variable indicates that a respondent live in a city with a population of
100,000 or more. City-dwellers may have different levels of concern for irrigated
agriculture and rural communities than individuals who live in smaller communities.

Water Restriction: This dummy variable indicates that a respondent’s city implemented a
mandatory water restriction within the past year. Such a restriction would likely increase
awareness of water scarcity and may influence opinions regarding water policy.

State Dummies: A respondents’ home state may influence his or her experiences with

and attitudes toward various water management practices,
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Final Set of Explanatory Variables

A model with too many variables can have poor predictive accuracy and can be
difficult to interpret (Lobell et al., 2007). In pursuit of a more parsimonious model, some
researchers omit variables that are not individually statistically significant (e.g., Loomis et al.,
2009). The validity of such an omission can be tested by restricting the coefficients on the
individually insignificant variables to equal zero. A ¥’ statistic then measures how close the
unrestricted estimates come to satisfying the restrictions under the null hypothesis. This
test—the results of which are displayed in Table 21—was used to reduce the logit model to a
more a more parsimonious model. Although the dummy vanable for gender was not
statistically significant, gender has been found in previous studies to have a statstically
significant effect on WTP" and was thus retained in the final model. The final set of
explanatory variables is displayed in Table 22. Correlation coefficients among the explanatory

variables are displayed in Tables B1 and B2 in Appendix B.

Table 21: A Test for Redundant Variables
Redundant Variables Test Results
Years in West, Water Restriction, College, State Dummies ¥* (19) = 22.08 (Prob = 0.2802)

" For example. Breffle et al. (1999). DuPont (2000), and Dong et al. (2004) all find WTP to be higher among males.
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Table 22: Explanatoty Variables and Expected Sign

Explanatory Variables Expected Direction of Impact on WTP
Water Knowledge (discrete ordered variable) Positve
Proposed Fee Amount Negative

Perceptions and Preferences

Conservation Concerned (Likert vanable) Postitive
Public Money (Likert variable) Positive
Voluntary Restrictions (Likert variable) Negative
Enough Water in the West (Likert variable) Negative
Policymakers Understand (Likert variable) Positive
Current Management (Likert variable) Negative
Limit Growth (Likert variable) Negative
New Housing (ranking dummy variable) Negative
Regional Planning Needed (Likert variable) Positive
Federal Subsidies (ranking dummy variable) Negative
Do Nothing (Likert varable) Negative
Economy over Environment (Likert variable) Unknown
Demagraphics '
Male (dummy vanable) Positive
Income (discrete ordered vanable) Positive
Homeowner (dummy variable) Nepgative
Age (discrete ordered variable) Negative
Caucasian (dummy variable) Unknown
City (dummy varable) Unknown
Model Fit

Statistical significance of individual explanatory variables in the logit model is
interpreted in the usual way; the g-statistic in ML estimation is equivalent to the Zstatistic in
OLS estimation, although the normal distribution table, rather than the student’s 7 distribution
table, is used in hypothesis testing.

One measure of overall model fit is the McFadden-R?, which is calculated as follows:

McFadden-R* = 1 — (L/L) (30)
where L is the maximized value of the log-likelihood function and I is the maximized value of
the log-likelthood function when all coefficients except the constant term are restricted to zero.

McFadden-R* values will always fall between zero and one, and can be used as a criterion for

75




comparing models, with larger values generally desired. However, as in the case of traditional
R® measures, the McFadden-R* value for a single model has little meaning in and of itself.

The Hosmer-Lemeshow (H-L) statistic 1s a measure of lack of fit. The procedure
involves grouping of the observations based on the expected probabilities and then
comparing the fitted expected values to the actual values to test the hypothesis that the
difference between observed and expected events is simultaneously zero for all the groups.
Thus, small values of the H-L statistic (and large p-values) indicate good model fit. The
distribution of the H-L statistic ha the statistic is well approximated by a y* distribution.

Goodness-of-fit can also be evaluated by the percentage of correctly-predicted
responses. First, a discrete classification is performed using the predicted probability p-har = 1
— F(=x'f), with observations classified according to having predicted probabilities that are
above or below 0.5. Next, observations are classified using the predicted probability p-hat
given by the sample proportion of “yes” observations. This probability, which is constant
across individuals, is the value computed from estimating a model that includes only the
intercept term. Correct classifications are obtained when either the predicted probability 1s less
than or equal to 0.5 and the observed response is “no”, or when the predicted probability is
greater than 0.5 and the observed response is “yes”. While there is no specific requirement for
the minimum number of correct predictions (Hanemann and Kanninen, 1999), higher

proportions of correctly-predicted responses are desired.

The Fee Allocation Decision

Stakeholders are interested not only in the overall support that western households

have for funding water development initiatives but also in the implicit ranking that individuals
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have for different types of initiatives; for instance, whether western households tend to
support water storage projects more than conservation initiatives. Using rational choice
theory, any value or preference can be made commensurate to any other, and any choice can
be transformed into a quantitative relationship by placing the value of one alternative in terms
of the other. Thus, value is revealed in comparison between alternatives—in the trade-offs
that are made among them (Espeland, 1998, p. 24; Freeman, 2003, p. 162).

The support for each particular type of water initiative was considered when
respondents were asked to allocate the fee among the eight initiatives in any way they wished,
even if they did not support the fee. Respondents’ preferred allocation of the fee across the eight
water initiatives provides insight into the utlity individuals expect to receive from each
initiative relative to the others. It should be noted that because there is no alternative
numeraire good under consideration, such comparisons reveal trade-offs among the proposed

initiatives only; the programs’ values relative to other goods are not revealed.

Results and Discussion

This section begins with a discussion of the results of the estimation of Equation 24.
The median WTP of survey respondents is then calculated according to Equation 25. The
results of the fee allocation question are then displayed and discussed. Respondents’ self-
reported water knowledge is then discussed and the marginal effect of water knowledge on
WTP is calculated. Finally, the results of the separate logit regressions based on water
knowledge level are discussed. Respondents’ demographic, attitudinal, and preference

characteristics are displayed and discussed in Appendix B.
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Willingness to Pay a Water Fee

Using the DC format, respondents were asked if they would be willing to pay a fee on
their water bill during the summer months if the revenue was divided among eight listed
programs. Just over half (52.1 percent) of all respondents stated a willingness to pay the fee.
In line with expectations, the proportion of respondents willing to pay the fee fell as the

proposed fee amount rose (Table 23).

Table 23: Willingness to Pay a Water Fee during the Summer Months

Proposed Fee $5 $10 $15 $20 $25 Overall
YES Responses 63.6 % 55.5 % 47.3 % 43.5 % 373 % 52.1 %

What else drives the decision to pay the water fee? Insight 1s provided via estimation
of the parameters in Equation 24, the results of which are displayed in Table 24. The marginal
effect of the proposed fee amount on the WTP decision (calculated according to Equation 26)
and the marginal effect of the other explanatory variables on median WTP (calculated
according to Equation 27) are displayed 1n the last column of the table. These estimates can
inform water managers about which demographic and attitudinal characteristics are particularly

important to households’ support of the fee.
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Table 24: Binary Logit Analysis of Western Households® Willingness to Pay a Water Fee

'Eependent Variable: Dichotomous WTP Response
Variable Coefficient Probability Marginal Effect
@ 0.1337 0.7710 =
- Fee** -0.0739 0.0000 -31%
g Enough Water in the West** -0.0938 0.0040 -$1.27
Conservation Concerned** 0.1798 0.0000 $2.43
Iy Voluntary Restrictions** -0.1936 0.0000 -$2.62
{ Regional Planning Needed** 0.3036 0.0000 $4.11
| Timit City Growth 20,0493 0.1320 $0.67
] Public Money** 0.3290 0.0000 $4.45
| Current Management** -0.0948 0.0210 -§1.28 |
| Policymakers Understand** 0.1644 0.0000 $2.22
! Do Nothing™* 20.1812 0.0000 $2.45
Federal Subsidies** -0.4951 0.0000 -$6.70
New Housing** -0.2576 0.0010 -$3.48
Economy over Environment** 01223 0.0000 -$1.66 !
| Water Knowledge** 0.0124 0.0250 $0.17
I Caucasian*™* 0.3818 0.0000 $5.16
l Age*” -00723 0.0000 -$0.98
| Age 2t 0.0007 0.0000 $0.01
| Income** 0.2322 0.0000 $3.14
! Homeowner"* -0.5013 0.0000 $6.78
| City** 0.1261 0.0490 $1.71
& Male -0.0040 0.9570 -$0.05
Correct classifications: 68.5% Pseudo Log-likelihood: -3046
H-L statstic: 9.43 (probability = 0.3077) McFadden R-squared: 0.1359

! **Statistically significant, p<0.05

Consistent with Table 23, the size of the proposed fee was found to have a statistically

significant negative effect on the decision to pay the fee. As estimated by Equation 26, the

marginal effect of the fee amount on the WTP decision is -0.31, indicating that a one-dollar I

increase in the proposed fee reduces the probability of a “yes” response by 31 percent.

In the west, a perception exists that in-migrating populations are increasing the .
demand for water resources, which is reflected by the findings here. Nearly a quarter of |
respondents listed either "Increase fees on new homes and new housing developments" or !

"Increase water rates for new housing developments" as their first choice for funding new 1
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water supplies. These preferences are operationalized together as the variable New Housing,
which was found to have a relatively large negative marginal effect on WTP. Furthermore,
agreement that there is enough water in the west (as described by the variable Enough Water in
the Wes?) was also found to have a relatively large negative marginal effect on WTP. Although
there little correlation was found between tenure in the west and awareness of water scarcity, if
newer residents to the west are perezved as having a diminished sense of water scarcity, this
could further perpetuate the general view that newer residents to the west should bear a greater
portion of the burden of securing water supplies for the future.

As hypothesized, homeowners were less likely to give a “yes” response to the WTP
question. This is likely due in large part to the fact that homeowners are more likely than
renters to have a lawn and thus face a higher water bill to begin with—and may thus be more
sensitive to increasing fees. However, because some renters do not pay a separate water bill,
they may not have to bear the burden of a water fee, at least in the short term. Thus, it may
not be that renters are more supportive of the fee so much as they are less likely to have to pay
the fee and are thus less opposed to it.

Those who feel that the growth of cities should be limited (as described by the variable
[inut City Growth) were also less likely to pay the fee, as were those who believe there is enough
water in the west, those who believe that water restrictions should be voluntary, those who feel
that water acquisition should be paid with government subsidies, and those who think the
economy should be given precedence over the environment—all as expected. Up to a certain
age, age has a negative effect on willingness to pay (as hypothesized). However, beyond a

certain age, further increases in age actually have a positive effect on willingness to pay. This

finding 1s in line with Deller et al. (1997)—who found that younger individuals and retirees are
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more likely to support economic development efforts—and may be due in part to older
individuals having higher discretionary income.

Respondents’ income level was found to have a positive influence on the WTP
decision, suggesting that this bundle of water initiatives is 2 normal good. Income has a
relatively large marginal effect, perhaps suggesting that higher income households can share a
larger burden of supporting water initiatives, a revenue-generating model that is consistent
with property tax collection to support public utility efforts (if higher incomes are consistent
with higher property valuation) and progressively-tiered water rates (if higher water use is
positively correlated with income).

As expected, respondents who are personally concerned about water conservation (as
described by the variable Conservation Concerned) were more likely to be willing to pay the fee, as
were those who believe that public money should be used for water acquisition (Public Money),
that policymakers understand the public’s priorities (Polzcymakers Understand), and that regional
planning is needed (Regional Planning Needed). Caucasians and city-dwellers were also more
likely to pay the fee. Water knowledge was also found to increase the probability that a
respondent was willing to pay the fee. As one of the few factors that water managers can
influence directly, the relationship between water knowledge and WP is analyzed and
discussed in greater detail in a following section.

The vanable VVoluntary Restrictions was found to have a large negative effect on WTP,
while Regional Planning was found to have a large positive effect on WTP. These opposing
effects may relate to differing views as to who is affected by and responsible for water issues.
Households who feel that water restrictions should be voluntary rather than mandated by the

government may not see water scarcity as a problem that will affect them, or if it does affect
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them, that they should be able to address the problem as they see fit and only to an extent that
1s agreeable to them. In contrast, households who feel that regional planning is needed to
address water scarcity likely recognize that water scarcity is an issue that will affect everyone

and that the best solutions will likely need to involve entire communities.

Median WIP

Because the water supply fee has been posed as a dichotomous choice question, the
researcher is unable to infer the true WP of an individual who responds yes or no. However,
gven the choices made by individuals at various proposed fee amounts, while controlling for
heterogeneity in the explanatory varables among the respondent population, an estimate of
median WTP for the sample can be obtained. Using the coefficient estimates in Table 25 to
solve Equation 25, the median WTP amount is estimated to be $15.65 per summer month, or
$46.95 per year. Using the Krinsky-Robb bootstrap technique as outlined in Loomis et al.
(1991), a 95 percent confidence interval around the median WP estimate was constructed,
revealing a lower bound of $14.81 and an upper bound of $16.93.

While there is no directly comparable study, these WIP estimates are similar to
estimates of households’ WTP for water supply reliability. Howe and Smith (1994) used
contingent valuation survey methods to measure what residents in three Colorado cities would
be willing to pay for different levels of water supply reliability. Mean WTP ranged from $17.68
to $35.91 per year (in $2008), depending on the change in water supply reliability. In a similar
study of residents in seven Texas cities, Griffin and Mjelde (2000) estimated mean WTP to be

$131.35 per year (in $2008). Using a two-stage linear programming approach, Alcubilla and




Lund (2006) found that for any given retail price of water, customers are willing to pay

between $178 and §1,011 per year (in $2008) to decrease the probability of a water shortage.

Water Knowledge
One of the research objectives was to determine whether water knowledge has an
influence on the willingness to pay for various water initiatives. It was shown in the previous

section that an individual’s water knowledge—measured by their self-reported familiarity with

water terminology—has a positive and statistically significant influence on their willingness to
pay a fee for the water initiatives described previously. In light of this finding, it is important
to gauge western households’ curtent familiarity with water terminology and to examine in
more detail the influence that this familiarity has on WTP.

The questionnaire gauged water knowledge in two different ways: perceptions of the
water used by different entities and self-reported familiarity with water terminology. Because
the first of these was not used in the regression analysis, it 1s discussed in Appendix B. The
second measure of water knowledge comprises the Water Knowledge explanatory variable. To
construct this measure, respondents were asked to indicate on a three-point scale their level of
familiarity with fourteen water terms. Table 25 displays the percentage of respondents
indicating each level of familiarity with each term. None of the terms was very familiar to a
majority of respondents. Respondents were least familiar with “river call” and “conjunctive
use”. The term “riparian right” was also unfamiliar to most respondents, which can be
expected given that riparian water rights are not common in the west. Surprisingly, “interstate

compact” had fairly low familiarity in spite of recent media coverage of the interstate compact
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dividing water in the Colorado River Basin and recent litigation between Colorado and

downstream states in the Republican, Platte, Rio Grande, and Arkansas river basins.

Table 25: Respondents’ Stated Familiarity with Water Terminology

Very Familiar (%) Somewhat Familiar (%) Not at All Familiar (%)
Ground Water 474 424 10.2
Surface Water 38.2 432 18.6
Water Reuse 245 48.1 274
Diversion 23.7 441 322
Consumptive Use 239 429 332
Beneficial Use 153 39.6 45.1
Return Flows 11.8 321 56.1
Prior Appropration 9.9 253 64.7
Evapotranspiration 10.3 225 67.2
Interstate Compact 8.7 24.3 67.0
Water Decree 7.2 233 69.5
Riparian Right 7.3 18.2 74.5
Conjuncnve Use 5.1 18.4 76.5
River Call 5.0 18.9 76.1

Overall, respondents report little familiarity with water terms. Respondents were most
familiar with the terms “ground water” and “surface water”, but 10 and 19 percent of
respondents, respectively, had very little background with each of these common water
resources terms. On the other hand, at least 15 percent of respondents were very familiar with
more technical terms like ‘beneficial use’. Thus, it appears as though familiarity with these
terms 1s fairly heterogeneous, where a small proportion of individuals with little water
knowledge and sophisticated water knowledge, respectively, and the mass of respondents lie in
between these extremes. Indeed, a histogram of respondents’ composite water knowledge
scores takes a (somewhat left-skewed) bell shape (Figure 4). The mean score was 23, while the
median was 22 and the mode was 19. Fifty-eight respondents reported the maximum score of

42, indicating high familiarity with all of the terms.

84




4 of Respondents

2000
1,500
1,000
S000 I
1] - — = I I .
¢ Z1-25

0-5 =10 11-15 1G-20 -2F 26-30 31-35 F6-42

Figure 4: Histogram of Respondents’ Composite Scores for Self-Reported Water Knowledge

The previous discussion illustrated that respondents report relatively low familiarity
with water terms and that levels of familiarity vary across individuals. Furthermore, it has been
shown that water knowledge has a statistically significant positive effect on the decision to pay
a water fee. But is the effect substantial enough to offset the costs of a water education effort?
Although the marginal effect of water knowledge is small relative to the other variables
analyzed here, the variable nonetheless has a non-negligible effect on the WTIP amount:
increasing the composite water knowledge score by just one point increases WIP by $0.17 per
summer month. Maximum familiarity with all fourteen water terms results in a WTP of
$18.81, an increase of $3.16.

Additional insight can be gained by quantifying the relationship between familiarity
with particular water terms and the WTP decision. To this end, the logit model was re-run
with the familiarity scores for each individual water term in place of the composite water
knowledge score. While none of the fourteen water terms had a negative influence on the

WTP decision, just five of the terms were found to have a statstically significant positive effect
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on the WTP decision. The coefficients and probabilities of these five variables are shown in
Table 26, along with the percentage of respondents who were zery familiar with each of them.
These five water terms are proxies for two general topics: the first two terms can be
thought of as dealing with how water is supplied, while the remaining three terms can be
thought of as dealing with water institutions. Familiarity with the term “riparian right”
suggests that the household understands the particular type of water rights institution in which
one can gain a right to water simply by bordering the area. The finding that famiharity with
this term increases the likelihood that a respondent will be willing to pay the fee, combined
with the finding that this term is only familiar to a minority of respondents, suggests that it
may be a worthwhile topic to include in a water education program. Those who are
knowledgeable about the riparian rights may also be knowledgeable about other types of
institutions  (e.g., right-to-capture, prior appropriation), suggesting a very sophisticated
knowledge of water institutions. Thus, an educational program focused on institutions may

prove to be even more beneficial than one focused specifically on riparian rights.

Table 26: Individual Water Terms that Influence the WTP Decision

Water Term Coefficient Probability Very Familiar
Surface Water 0.085 0.0902 382 %
Diversion 0.135 0.004 237 %
Prior Appropriation 0.100 0.0653 9.9 %
Interstate Compact 0.141 0.0126 8.7 %
Riparian Right 0.161 0.0091 73%

Additional insight can be gained by uncovering the differences in WIP among groups
of varying levels of water knowledge. Thus, the WP of respondents whose water knowledge
score was below the sample median was compared with the WP of respondents whose water

knowledge score was at or above the sample median. A comparison of the two regressions is
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displayed in Table 27. The logit model was found to predict the WTP decision equally well for
those with lower water knowledge scores and those with higher water knowledge scores.
Median WTP for the low water knowledge group was estimated to be $10.71, while median
WTP for the high water knowledge group was estimated to be $23.50. It is interesting to note
that when an individual has relatively high water knowledge, being Caucasian or living in a city

no longer influences WTP.

Table 27: Logit Analysis of WTP according to Water Knowledge

Explanatory Variable Low Water Knowledge High Water Knowledge
Constant 0.0132 0.2441
Fee -0.0677* -0.0692**
Enough Water in the West -0.0588 0.1757*
Conservation Concerned 0.1966"* 0.1669**
Voluntary Restriction -0.1885** -0.19007~
Regional Planning Needed () 2366** 0.3679**
Limit City Growth -0.1243* -0.0006
Public Money 0.3903** 0.2641**
Current Management -0.24097* -0.0068
Policymakers Understand 0.3104*~ 0.0309
Do Nothing -0.2502% -0.1475%*
Federal Subsidies -0.3724** -0.5528**
New Housing -0.0889 0.3775%*
Economy over Environment -0.0585 -0.1724%*
Caucasian 0.5254+ 0.2088
Age -0.0764* -0.0603**
Age2 0.0008** 0.0006**
Income 0.2573** 0.1877**
Homeowner -0.4296** -0.5104+*
City 0.2761** 0.0427
Male -0.0413 ' 0.0031
Pseudo Log-Likelihood -1465 -1840
McFadden R? 0.1283 0.1232

**Statistically significant at the 5% level
*Statistcally significant at the 10% level



Fee Allocation

One of the primary purposes of this study is to uncover households’ willingness to pay
for long and short term water initiatives according to Equation 25. However, calculating the
median WTP does not reveal how respondents prefer to divide the fee among the eight
programs; rather, it measures support for all eight programs without regard to allocation. An
assessment of western households’ preferred allocation of the fee can provide additional
information to water stakeholders that might assist in prioritizing among alternatives, water
mninatives and education programs.

The fee allocation decision can be thought of as a “vote” the respondent makes for
one alternative relative to another, with a higher allocation for an initiative indicating that it is
more heavily supported by the respondent. The average allocations (Table 28) are generally

consistent with respondents’ preferences for long-term water supply strategies (Figure B7).

Table 28: Average Fee Allocation among Eight Water Program

Program Average Allocation
Construct a reservoir for storage 17.2%
Keep irrigated farms in production 16.2%
Create a system to reuse household water for public landscapes 16.2%
Implement programs to reduce household water consumption 13.9%
Set aside water for wildlife habitat in nearby streams 12.1%
Provide subsidies for water-efficient applhances 10.9%
Make infrastructure improvements in rural communities 6.9%
Set aside water for public based recreation 6.6%

It is striking that, while much of the water policy literature for some time has emphasized
the need for demand management (as opposed to supply augmentation) and the likely need for the
reallocation of some water from existing uses (e.g., Young 1986; Gleick 2000), respondents prefer
to allocate the largest proportions of the fee toward reservoir construction and keeping irrigated
farms in production. It may be that these two activities are perceived as benefitting a greater

portion of the population. The stated support for keeping irrigated farms in production is in
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line with previous findings that westerners are increasingly in favor of regulations that aim to
retain water within a watershed for the benefit of local societies (Tarlock 1991; Specter 20006).
It i1s encouraging that programs designed to reuse household water received an equal
proportion of the fee as those designed to keep irrigated agriculture in production. Programs
designed to reduce household water consumption, set aside water for wildlife, and provide
subsidies for water-efficient appliances all received more than ten percent of the fee.

Average allocations represent just one of many ways to describe respondents’
preferences for allocating the proposed water fee. Additional insight can be provided by
determining the number of respondents that allocated a7y amount toward a particular
program, the number of respondents that allocated the majority of the fee toward the program,
and the number of respondents that allocated 700 pervent of the fee toward the program.
These data are displayed in Figure 3, and while largely in agreement with the average
allocations, there are a few exceptions. For example, more respondents allocated a proportion
of the fee toward reusing household water and keeping irrigated farms in production than
toward reservoir construction, even though the average allocation reported for reservoirs is
among the highest. One striking result is that subsidies for water-efficient appliances received
a larger number of full allocations when compared to other program options. Thus, while oz
average subsidizing water-efficient appliances is not highly preferred, those who do prefer this

program tend to do so strongly, allocating relatively large proportions of the fee toward it.
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Figure 3:'Resp0ndents" Preferred Fee Allocation among Propoéed Water Programs

Those respondents who allocated the fee entrely to one program may have different
demographic characteristics and attitudes about water management in the west, which may
translate into a different WIP the fee. On one hand, allocating 100 percent toward one
program indicates a certain level of passion about that particalar program, which may translate
into higher WTP. On the other hand, because the dichotomous WTP question suggested that
the fee would be split among all eight programs, these respondents may be less likely to pay
the fee since they prefer the fee be allocated to just one program. To investigate this matter,
the means from just these individuals were input into Equation 25. This resulted in an

estimated median WTP of $10.40—34 percent lower than the median WTP of all respondents.

Conclusions
The primary goals of this study were to provide stakeholders with insights into western
households’™ preferences for meeting water resource needs and their familiarity with water

resources and terminology; estimating western households’ willingness to pay for eight water
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mitiatives; and quantifying how WTP varies with respondents’ water knowledge, attitudes, and
demographic characteristics.  These goals were met by statistically analyzing western
households’ responses to an Internet survey.

Evidence suggests that survey respondents associate water scarcity with land use
planning and growth. Among the sample population, purchasing water from farmers is not a
preferred strategy for satisfying growing urban water demands, with less than five percent of
respondents ranking this option as their first choice (Figure B7). And in cases where
municipalities do purchase water from farmers, respondents o verwhelmingly support the
compensation of rural communities from which the water is transferred, with a number of
forms of compensation deemed acceptable (Table B7). Importantly, the support for irrigated
farms and rural communities is not confined to those who work on farms or live in rural
communities—Iless than three percent of survey respondents were employed in farming or
ranching, and only a quarter of respondents lived in rowns with less than 10,000 residents. In
general, survey respondents are dissatisfied with the approach that water suppliers are currently
using to manage water resources (Table B8) and are willing to pay for a number of water
conservation and reallocation programs, particularly those aimed at reservoir construction,
keeping irrigated farms in production, and reusing household water (Table 27).

While western households appear to be generally aware of looming water scarcity in
the west (Figures B12 and B13), there 1s opportunity to increase knowledge about water
allocation (Figure B10 and B11). Water knowledge and attitudes about policymakers were
each found to have an impact on WTP, suggesting that community education and outreach

may directly influence financing. Familiarity with the following five terms were found to be

especially important to the WIP decision: surface water, diversion, prior appropriation,
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riparian right, and interstate compact. Because these terms are very familiar to only a minority
of respondents, an educational program addressing these topics may be a particularly
worthwhile investment.

Another policy-relevant variable that was found to increase WTP among the sample

population was the perception that policymakers understand the public’s water use priorities.

Thus, any campaign to implement a water fee would likely benefit from a community outreach
component. If the proposed water fee is voluntary, it may prove fruitful to target relatively
young and wealthy city-dwellers, as these groups were more likely to be willing to pay the fee.
The programs preferred most by respondents were those aimed at constructing a reservoir,
keeping irrigated farms in production, and creating a system to reuse household water for

public landscapes.

A number of limitations of the research are noted. The findings reported here may
not be representative of all western residents if respondents differ systematically from non-
respondents. The e-mail invitations did not reveal the subject of the questionnaire—only
when the link to the questionnaire was opened was the topic revealed—thus minimizing any

non-response bias from having a large number of respondents who are engaged in water

matters. To test for attitudinal bias, an e-mail containing a small subset of the original survey
questions was sent to non-respondents'’. The results did not reveal any systematic differences
between members of sample who completed the questionnaire and those who did not

However, as can be seen in Table B3, respondents differed somewhat from the typical western

14 Non-respondents were asked the extent to which they agreed or disagreed with the following statements:
1. Water conservation is an issue [ am personally concerned about.
2.1 participate 1n water conservation strategies in my daily life.
3. In water planning, the needs of the natural environment deserve the same consideration as the economy
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resident in terms of some demographic characteristics, and thus may not be fully

representative of the average western resident.

Many contingent surveys suffer from a high percentage of respondents who express a
WTP equal to zero for the provision of the good or service in question. Debriefing questions
can be used to discriminate between true zero values and protest responses (Haab 1999), with
the standard approach being to remove protest responses from the analysis. However, such a
selective data removal will affect the validity inferences made from of estimates obtained from
a given sample if the group of protesters is significantly different from the rest of the
respondents (Halstead et al. 1992; Shyamsundar and Kramer 1996; Jorgensen and Syme 2000).
The present analysis did not attempt to remove protest responses from the analysis.

The literature to date is mixed on the most appropriate model of the household.
While there is evidence that, at least for some goods, there can be significant differences in the
values elicited from the household as a whole and from its vatious components (for example,
Lundberg et al., 1997; Browning and Chiappori, 1998; Phipps and Burton, 1998; Bateman and
Munro, 2003, 2005, 2009), it remains unclear whether the individual or household provides the
most accurate estimate of household behavior (Bateman and Munro, 2009). McFadden (1994)
found evidence that respondents do not aggregate lineatly over household members and that
they usually impute a WTP to other household members lower than their own. However, to
the extent that household heads are likely more familiar with the households’ water usage and
payments, they are likely to be more connected to the WP decision and more likely to give a
meaningful response. This survey did not specifically target household heads; rather the pool
of potential respondents was made up of individuals—who may or may not be the head of

their household

who had signed up in advance to participate in surveys.
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Respondents’ stated WTP values will likely depend on the amount of information they
are given about a given program. For instance, it is possible that the relatively large allocation
toward reservoir construction was influenced by the relatively high cost of reservoir
construction. Although the WTP question did not cleatly specify the nature of the good that
respondents were being asked to pay for, the intent of this study was to gauge the support for
different #ypes of programs rather than for any spedfic program, using WIP as a proxy for
preferences rather than as a quantitative measure for benefit-cost analysis. The format of the
WTP question allowed the relative values of different types of water initiatives to be assessed
without asking multiple WTP questions. As these types of programs are implemented, it will
be useful to assess how preferences and WTP change according to specific details of the
programs.

Because some of the programs considered have both public and private aspects, an
individual’s WTP may stem from a combination of the personal benefit they expect to receive
if the program is instated, as well as the “warm glow” they would receive by supporting the
program. While strategies exist to separate the two components of WP, such separation is
not necessary if the intent is not to identify the source of WIP but rather the WIP amount.
As noted by Nunes and Schokkaert (2003), the modern theory of social choice has long
emphasized that it 1s immaterial whether individual’s preferences reflect selfish interest or

moral judgment.
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CHAPTER 4: LEASING AGRICULTURAL WATER IN
COLORADO'S §OUTH PLATFTTE BASIN

Problem Statement

According to the State Demographer, Colorado’s population is forecast to increase
approximately 60% by 2035 and 100% by 2050, with the majority of the growth expected to
occur in the South Platte Basin. In addition to the increases in water demand associated with
population growth, there is additional pressure from expanding recreational and environmental
interests, Interstate compacts, and changing well augmentztion rules. Yet most rivers in
Colorado are already fully appropriated, and groundwater stores are declining due to
widespread drought and nsing temperatures (Brunswig, 2006). As a result, a water gap is
expected to develop within the next five years and increase thereafter.

Understandably, state and regional planning bodies, researchers, and the public are
very concerned about the adequacy of available water supplies to sustain Colorado’s
population and economic growth. Cities have sought to acquire water from farmers whose
water rights tend to have higher priority in the prior appropriations system and whose uses
garner lower marginal economic value than those of municipal and industrial (M&I) uses
(Nichols, 2004; Knapp et al, 2003). Permanent water transfers have been the historical
approach and are expected to play a continued role in meeting cities’ stated shortfalls
(Doherty, 2010). However, despite typically providing net benefits to statewide economies
(Griffin and Boadu, 1993), permanent water transfers can threaten the economic viability of

agricultural producers, the businesses that support them, and the communities in which they
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reside

particularly 1f other forms of economic activity are not developed to replace that
which is lost from agriculture.

While appropriative water law protects the rights of other appropriators when water is
transferred, other third parties are not typically protected from the effects of transfers (Sax,
1995; Gomez and Loh, 1996). Similarly, while farmers are compensated when their water
rights are sold, compensation is not typically made for the third-party c osts o f reduced
agricultural production, such as lost tax revenues (Colby, 1990; Zilberman and Schoengold,
2005). When third-party costs are ignored, the marginal cost of a water transfer appears
artificially low, resulting in a lower market price for the water and a higher quantity of water
transferred than would be socially optimal.

While farmers are often urged to transition to dryland crops rather than fallow their
land after a water transfer has taken place, conversion to dryland farming has generally
produced at least short-term negative regional economic impacts due to lower input
requirements (Smith, 2005) and lower land values (Torell et al., 1990; Smith et al., 1996). And
municipal compensation in the form of re-vegetation and payments-in-lieu-of-taxes for
reduced land values do not replace the indirect and induced economic activity that is lost via
irrigated agriculture’s links to households and other industries in the regional economy, nor do
they address the issue of sustaining agriculture as a viable profession for producers who want
to stay in the business (Winner and Smith, 2008). It is no surprise then, that many rural
communities view permanent water transfers as a threat to their economic foundation and
future growth (Henderson and Akers, 2008). Other concerned stakeholders include urban

residents, who benefit from the survival of farms and rural communities and believe it is
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important to maintain irrigated agriculture (Fix et al, 2001), and municipal water providers,

some of whose reputations have been damaged by past “buy and dry” purchases.

It is no surprise then, that many rural communities view permanent water transfers as
a threat to their economic foundation and future growth (Wilson, 1997; Henderson and Akers,
2008). Other concerned stakeholders include urban residents, who benefit from the survival
of farms and rural communities and believe it 1s important to maintain irrigated agriculture (Fix
et al., 2001), and municipal water providers, some of whose reputations have been damaged by
past “buy and dry” purchases. Thus, stakeholders seek aiternative methods for supplying
growing cities with water (Poppleton, 2009). Indeed, in 2007 the Western Governors’
Association and the Western States Water Council co -sponsored a conference entitled ,
“Water Policies and Planning in the West: Ensuring a Sustainable Future.” Among the
recommendations made by conference attendees of to address the ever-increasing challenges
associated with water management in the West (W estern Governors’ Association, 2008):
maintaining family farming; identifying feasible alternatives to rural-to-urban water transfers;
and finding innovative ways to allow transfers without damaging agricultural economies and

environmental values, or infringing on private property rights.

Study Purpose

Because agricultural-to-urban transfers will continue to supply at least a portion of
Colorado’s future population growth, Nichols (2004) argues that the long-term challenge for
Colorado is to manage these transfers in a way that minimizes negative impacts and fosters
healthy agricultural economies and communities. Temporary leases have been proposed as an

alternative means of securing water supplies during drought for urban and environmental uses
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(Whittlesey et al., 1986; Hamilton et al., 1989; Huffaker et al., 1993; Nichols, 2004). Compared

to permanent water transfers, water leases have the potential to improve efficiency and
equity by reducing the amount of unused capacity during wet years and reducing the third-
party impacts of water transfers.

Nonetheless, some agricultural water users are hesitant to admit they have excess
water to transfer for fear they may lose their right (Emm et al., 2005; Kent, 2004; Green and
Hamilton, 2000). Potential leasers and lessees may not be aware of their respective interest in
effecting a transaction, or may have little or no basis on which to determine the reasonable
lease prices, terms, and conditions (McCrea and Niemi, 2007). Although Colorado recently
enacted legislation that authorizes a water right owner to lease water without formal
adjudication of change of water right (CFWE, 2003), leasing of this type is rare in Colorado
(Doherty, 2010) and it is unknown if Colorado farmers will participate in a lease market if one
is established.

Among the necessary conditions for water lease markets are a critical mass of willing
leasers and lessees, and sufficient gains from leasing to exceed transactions costs"> (Michelsen
and Young, 1993). The goal of this study is to provide insight into the potential for a water
lease market in Colorado’s South Platte Basin by assessing farmers’ willingness to participate in
a lease market, their desired lease payment and preferred terms of lease, and the amount of
water that would likely be made available for lease. This is achieved via a survey of South

Platte irnigators and subsequent analysis of survey responses. Three regression models are

15 Transactions costs include but are not hmited to the costs of collectng, conveying and treating water; legal
costs, financing costs; and risk premiums. Transactions costs are discussed further in Chapter 4.
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used to assess 1) farmers’ willingness to lease, 2) farmers’ desired payment for leasing, and 3)
the number of acres fallowed by farmers as part of a lease.

Estimating a water supply function and determining the range of prices that irrigators
expect in exchange for leasing their water will assist municipalities as they develop water supply
plans and prepare financially for expected water supplies. Identifying factors that influence the
lease decision and farmers’ asking price for leased water will assist in the design of lease
programs and policies, the financial planning for chosen programs, and the targeting of
potential leasers. Understanding farmers’ preferences for particular lease stipulations and how
leases should best be negotiated and administered will guide the design and planning of such
lease programs and increase the likelthood that the program participation. Allowing farmers to
express their opinions and preferences may give them a greater sense of inclusion, control, and
trust in the process, which may further increase participation.

Research results are particularly useful for policymakers who may need to alter existing
institutions so that the transactions costs of leases do not outweigh the potential gains from
trade. The results are also of interest other water stakeholders who are actively engaged in
developing water-sharing alternatives and to farmers and municipal water providers that are
contemplating the adoption of such alternatives. The next section discusses some of the

features of water leases and describes two existing lease programs.

Water Leases
Leases can be beneficial to farmers because they maintain ownership of their water
rights while receiving a predictable stream of revenue which could be used for farm

improvements, debt reduction, new equipment, or capital for launching new agribusiness

99




endeavors. The demand for leased water would be highest in dry years, which is precisely
when a farmer’s opportunity cost of letting some land lie fallow is lowest, so that the net
income from a lease can exceed the revenue that would be realized from farming in these years
(Colorado Water Conservation Board, 2007).

Leases can also provide benefits to municipalities by allowing them to access water
much faster than purchasing water rights (Kimball, 2005) while avoiding the expense and
complications of a permanent agricultural transfer or the liabilities and opportunity costs
associated with the development of additional storage. leases may be the least
environmentally damaging alternative for providing additional municipal water supply to the
Colorado Front Range (HDR Engineering, Inc, 2007) Finally, leases generate less
opposition over potential third-party impacts than permanent transfers (Colby, 2007) and may
reduce the amount of third-party compensation that municipalities are required to provide to

areas-of-origin.

Making Water Available for I ease

Although appropriative water rights can be sold or leased, such transactions can
inadvertently affect multiple parties since water rights often involve sequential users of the
same water. A priority of Colorado water law is to protect other water right holders when
water is transferred or leased; to this end, only the consumptive use (CU) component of a
water right 1s eligible for transfer or lease. As such, a farmer must reduce the CU portion of
his or her water right in order to make water available for lease. Water in excess of CU (e.g,,
ditch losses and return flows) would be returned to the river and used to satisfy other existing

water rights (HDR Engineering, Inc., 2007). Improved irrigation efficiency is not likely to
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produce much transferable water because it results primarily in a reduced return flows rather

than reduced CU (Trout et al,, 2010). Two alternative methods of reducing CU-—otational

fallowing and limited irrigation—are discussed next.

Rotational Fallowing

In a rotational fallowing arrangement, a large group of agricultural water right holders
sign a lease agreement with a municipality. Each agricultural user agrees to withhold irrigation
for one year out of a set period of years, and the saved water 1s transferred to the municipality.
In this way, the municipality obtains a constant annual supply of water which comes from a
different agricultural user each year, thus spreading the loss of agricultural activity over a
greater area. The volume of water made available through rotational fallowing will depend
on the participation rate and fallowing rate. The participation rate refers to the percentage
of eligible irrigators who opt to join the program, while the fallowing rate refers to the
frequency of the fallow rotation. For example, a 25 percent fallowing rate means that one

quarter of all parucipating irrigators fallow their land in a given year.

Limited Irrigation

Another approach to reduce CU is to adopt limited irrigation techniques, whereby less
water 1s applied than needed to meet the full evapotranspiration demand of the crop, after
which the saved water can be leased. Limited irrigation techniques include choosing crops that
use less water and timing irrigation to coincide with critical growth stages. Importantly, the
limited irrigation cropland remains 1n production so that rural economies experience smaller
reductions in economic activity relative to buy-and-dry acri.vit_v. While crops under limited
irngation experience water stress and produce reduced yields compared to full irrigation, the

101




economic activity generated by limited irrigation is greater than that for dryland cropping due
v g ) ga g 3 pping

to higher input requirements and sales (Pritchett, 2007; Schneekloth et al., 1995).

Potential Issues and Conflicts with Rotational Fallowing and [imited Irrigation

Soil, weed, labor, and equipment management issues must be considered during those
periods when there is no irrigation. If crop changes are made, there needs to be a market for
the new crop, and new farm equipment may be needed for planting and harvesting the new
crop. The permanency of the water supply could be an issue for cities that need it every year,
rather than in drought years only. There may be lower water availability during drought years
if the one or more of agticultural providers is a junior right holder, in which case a portion of
the allocation might not be available (McMahon and Reuer, 2007). A means for transferring
the water to the urban region would be required, which may not be feasible or economical in
all cases. A change-of-use permit would likely be required, the transferable amount would
have to be determined, and other water users must be protected, although this would also be
the case with a permanent transfer. And while water storage would be needed to firm the
agricultural supplies and to replace delayed return flows from the fallowed lands; the amount

of storage needed 1s expected to be less than that required for permanent water transfers.

Exusting 1 ease Programs

In 2004, the Metropolitan Water District (MWD) and Palo Verde Irrigation District
(PVID) in southern California approved a 35-year program that will pay farmers to annually
set aside up to 29 percent of their land, rotate their crops, and transfer the salvaged water to
metro areas, who declare a year in advance how much water they will buy. For each acre set

aside, participating farmers receive a one-time payment of $3,170 and then $550 annually.

102




MWD has agreed to invest an additional $6 million in local community improvement
programs. The land taken out of production is maintained and rotated once every one to three
years, with none of the land permanently taken out of production (Letey, 2005). According to
the general manager of the irrigation district, the land value has increased and farmers’ incomes

have become more stable (Sealover, 2007).

Inspired by the PVID in California, several ditch companies in the Lower Arkansas
| Valley Water Conservancy District (LAVWCD) in Colorado have joined to form the “Super
Ditch”, whereby shareholders failowing a portion of their land on a rotational basis, pool the
water savings, lease the water to municipalities, and then distribute the revenue to
shareholders through dividends. The hope 1s that by working together in a rotational
fallowing scheme, the ditch companies will have greater bargaining power, and by converting
part of their land from growing hay or corn to growing “water”, they could actually benefit
financially and keep their agricultural communities viable (Winner and Smith, 2008).
LAVWCD economic consultants reported that, when compared to permanent transfers,
leasing shows a $10 to $30 million gain for the Valley.

Although the Super Ditch would be the first major project of its kind in Colorado,
some small-scale fallowing and water leasing has occurred in the state. For example, the High
Line Canal Company has contracted with the city of Aurora in a purchase/lease-back
agreement in which Aurora owns the water and is leasing it back to farmers. Both sides have
reported benefits (Sealover, 2007); however, the lease-back part of the agreement is expected

to end in time. The Colorado-Big Thompson project in northern Colorado has allowed water

to be rented on an annual basis between agricultural users and municipalities for over 50 years. b

However, because the project involves the trans-basin transfer of water, the water can be used
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to extinction, which is not the case for within-basin transfers, such as those being considered
here. Aside from these programs, there ave few instances in which water lease markets have

been developed, and little attention has been given to them in the academic literature.

Analytical Framework

The L ease Deczsion

Following Zhou et al.’s (2008) analysis of the adoption of water-saving technologies in
China, it is assumed that in deciding to lease their water, farmers weigh the expected utiliry
from leasing—represented as U*(z ), where 7 represents net farm returns—and the expected

utility from not leasing—represented as U*(7,). Underlying the discrete decision of whether

or not to lease is a continuously-distributed variable representing the propensity to lease. |
While the parameters of this decision are not observable, they can be represented by a latent

variable which equals one if U*(z,) > U*(7,,) and zero otherwise, assuming that farmers are

risk-neutral. The utility from leasing can be expressed as:

Y(r)=Xp +e (1)

where X is a vector of variables expected to influence the lease decision; B is a vector of

TG e R Y B RIS Tl

parameters to be esumated, and ¢ is a random error term. The probability that respondent 7 1s

willing to lease his or her water can be expressed as:

P(Y, = 1|X) = P(U(r,) > Ut(ry) = P, > -X ) = 1 - FXP) = FXg) (2 ;
where I is the cumulative distribution function (cdf). Specifying a standard logistic cdf yields
the logit model, which has become the standard approach 1o qualitative dependent variable b
analysis and was discussed in greater detail in Chapter 3. In the present analysis, the odds that (i

a respondent is willing to lease can be defined as the ratio of the probability p of a response of IF
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agree or strongly agree, to the probability 1 — p of a response of disagree or strongly disagree. The log

of this rato yields the logit model (Collett, 2002):

In[p, /(1-p)] = XB + ¢, (33)
where the elements of X are factors that are expected to influence the probability of a response
of agree or strongly agree to the leasing statement. The variables used to measure these factors are

discussed in the Methodology and Data section that follows.

Acres Fallowed and Required Remuneration

Identifying the factors that influence the number of acres fallowed by willing leasers
will provide further insight into the leasing decision and will assist water providers in
predicting the amount of water that might be leased basin-wide. Identifying some of the
factors that influence the pavment required by farmers to lease their water will assist water
providers as they consider water supply options and plan financially for those supplies.

But before a farmer decides the minimum lease payment to require or the amount of
land to fallow as part of a lease, the farmer must first make the decision to participate in a lease
program. Thus, to model these decisions, a two-step estimation procedure is used in which a
full-sample logit estimation of the decision to lease is followed by a censored estimation carried
out on the subsample of participants who are willing to lease. The first step estimates the
probability of observing a positive lease decision, while the second estimates the number of
acres fallowed or the payment required conditional on observing positive values (Dow and
Norton, 2003). This approach, attributed to Heckman (1979), can be viewed as a generalized
version of the Tobit model that recognizes the process to be a two-stage decision and permits

the use of a different set of explanatory variables in each stage of estimations (Wodjao, 2007).
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Following McDowell (2003), let F,(8,) represent the probability that the hurdle is
crossed, and let £(y, B,)/F,(B,) be the conditional distribution of the positive responses,
where y € I, f, satisfies Y’ .. 0, B,) = 1, F, is the summation of £, on the support of the
conditional density (i.e., the truncation normalization), and y € I', = {1, 2, 3, ... }. The

general form of the hurdle model likelihood function is then:

' {foly. 35)F (3,0
b= Lha=aega ]1 - U{f.f T (34)

1< =il

Where €, = {7]y, # 0},and Q, U Q, = {1,2, ..., N}. Taking the natural logarithm of both

sides and rearranging vields:

-
intL) = In{l — F1(3,.)} + S-‘ In{F (3,0} + Ind foly. 132)} — In{ Fi(35)} (35)
s 3 faly. 3, 2)}|

Because the likelthood function is separable with respect to the parameter vectors §, and §,,
the log likelthood can be written as the sum of the log likelihoods from two separate models: a
binomial probability model and a truncated-at-zero count model. As such, the hurdle model
log-likelthood can always be maximized without loss of information by maximizing the two
components separately. Thus, the parameters can be estimated by fitting the two component

models separately (McDowell, 2003), which is the approach adopted here.

Methodology and Data

Study Area

Colorado’s South Platte Basin serves as an approptiate and important region in which

to examine the viability of water leases as an alternative to permanent water transfers. The
basin contains the majority of the state’s population and its most productive irrigated

agnicultural lands, yet has only 12 percent of its water supply (South Platte Research Team,
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1987). The basin is expected to bear the majority of Colorado’s population growth, with two

million additional residents projected to live there by 2030, requiring approximately 410,000
AF of additional water. Most water managers in the region have realized it is no longer
possible to rely on strategies based solely on expanding supply (Goemans, 2007), and water
conservation efforts are expected to satisfy only 16 percent of the increased demand (Colorado
Conservation Board, 2005). In fact, most providers in the basin have indicated that they
would be more likely to acquire additional agricultural rights than to implement aggressive
levels of conservation. Indeed, up to 226,000 irrigated acres (nearly a quarter of all irrigated
cropland in the basin) are expected to be dried up to meet future M&I needs. An additional

10,000 to 20,000 acres are expected to be lost as a result of new augmentation rules.

Limiting the study area to the South Platte Basin allows the research questions to be
answered within time and budget constraints and without diluting the results with an overly
broad study area. The results can guide similar research in other regions and can be combined

with Census data to predict water lease supplies and prices in other regions.

Producer Survey

In the first phase of the study, NASS mailed a questionnaire to all South Platte basin
farmers who reported having more than fifty irrigated acres in the 2002 Census of Agriculture.
Mailing began during the first week of September 2007 using procedures outlined by Dillman
(2007), with a postcard reminder mailed ten days later and a second survey mailing twenty-one
days after the initial mailing. The survey consisted of three main sections: 1) farmer
demographics; 2) farm charactenistics, including irrigation water source, crop rotation, and
financial standing; and 3) attitudes about leasing arrangements, including willingness to
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participate, acres fallowed, desired compensation, and desired contract provisions. The full

survey 1s available from the author upon request.

Atritudinal Questions

The attitudinal questions were posed in the form of a Likert scale which measured the
extent of agreement with each statement as indicated by selection of one of five responses:
strongly disagree, disagree, neither agree nor disagree, agree, or strongly agree. Responses of strongly agree
were given a value of 5, whereas responses of agree, neutral, disagree, and strongly disagree were

given values of 4, 3, 2, and 1, respectively.

Willingness-to-Accept Question

Stated preference methods atrempt to place values on goods and services that cannot
be related to direct market transactions, such as leased water in the present case. Stated
preference surveys have employed a variety of question formats to elicit WIP or WTA values.
These include the open-ended format, whereby respondents are asked directly to state their
maximum WIP (or mmmum WTA), and the dichotomous choice (DC) format, whereby
respondents are offered a particular price and then asked whether or not they would pay it.
The DC format is less efficient than the open-ended format, requiring substantially larger
samples for a given level of precision (Loomis et al, 1997). This is an issue of particular
concern in the present case; thus, the open-ended approach was used here to elicit farmers’
minimum WTA to lease their water.

When designing and implementing a lease program, it is useful to know some of the

key characteristics and factors that influence a farmer’s decision to lease his or her water, the
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number of acres fallowed by those farmers who are willing to lease, and the payment requested

in return. Each of these decision variables was regressed on survey data, as described next.

Modeling the Decision fo I ease

Dependent 1 ariable

Willingness to I ease serves as the dependent variable in the logit model, and 1s based on
agreement with the statement, “I am willing to lease rather than sell my water rights”. This
variable 1s made binary by giving responses of disagree or strongly disagree a value of zero and

responses of agree or strongly agree a value of one.

Explanatory V ariables

Farmers rarely give consideration to a new practice unless it is profitable (Havens and
Roger, 1961). However, as pointed out by Saltiel et al. (1994), the more important issue may
be farmers' perceptions of the profitability of a practice—and other virtues of the practice, as
argued here. By incorporating such perceptions into a model, it is possible to identify factors
that affect the decision to lease independent of net economic returns. Factors that place
constraints on an operator's ability to adopt a new practice also need to be taken into account
(Heffernan, 1984; Nowak, 1984; Sommers and Napier, 1993). For example, because ground
water cannot currently be leased, farmers with a large proportion of ground water might not
participate in a lease program regardless of their perceptions of the program. Other factors
that are expected to influence a farmer’s decision to lease include characteristics of the farm
operation; future plans of the farmer; and demographic characteristics of the farmer, especially
those frequently associated with innovation, such as age and education (Rogers, 1983). Each

of these is discussed next.
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Characteristics of the farm

Debt: A high debt-to-asset ratio might encourage farmers to lease their water to provide
a stable source of income that could be used to service debt. On the other hand, a high
debt-to-asset ratto might instead encourage some farmers to sell their water rights and exit
the business. This discrete variable indicates a farmer’s self-reported debt-to-asset ratio.

Percent Groundwater. Ground water rights are not eligible for lease, so that a higher
percentage of ground water in the water portfolio is expected to lead to a lower likelthood
of leasing. This continuous variable indicates the percentage of a farmer’s irngation watet
that is from groundwater.

Irrigated acres: Farm size is usually shown to be positively related to the speed and
intensity of adoption of a new agricultural technology (Feder and O'Mara, 1981). A larger
number of irrigated acres also implies a larger quantity of water available for lease. The
average respondent owned 351 irrigated acres.

Urban Proximity. Farmers on the urban-rural fringe may feel increased pressure to sell
their land for development and sell their water rights to municipalittes. This dummy
variable indicates a county’s adjacency to U.S. Interstate 25, which runs along Colorado’s
urban Front Range corridor.

Well §hut-Down: In 2006, the State Engineer curtailed the pumping of 440 ground water
wells as temporary water replacement plans were no longer accepted for augmenting out-
of-priority pumping (permanent augmentation plans were instead required). This affected
roughly eight percent of all South Platte irrigators, yet fully twenty percent of survey
respondents reported having had their well(s) shut down. These farmers may be less

sympathetic toward cities’ water needs, and may thus be less likely to lease On the othet
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hand, they may have a heightened awareness of water scarcity and may be more likely to

lease as one of few options available to sustain irrigated agriculture.

Farmer attitudes and plans

Willingness to work with municipalities in arvanging lease agreements: Farmers who are not
willing to negotiate with municipalities may be less likely to lease their water for the sake of
avoiding “helping” these municipalities or having to interact with them.

Willingness to work with other organizations in arranging lease agreements: 1f a lease agreement
can be negotiated via a neutral third-party, famers may be more likely to consider leasing.

Plans to upgrade, modsfy, or replace the irrigation system: Plans to upgrade the irrigation system
indicate a higher level of investment in farming and should, all else equal, increase the
likelihood of entering into a lease. Fifty-four percent of respondents had such plans.

Plans to sell water rights: 1f a farmer sells his or her water rights, that water will no longer
be available for lease.

Belief that leases will be more beneficial to rural communities than the sale of water nghts: A farmer
who holds this belief may be more likely to lease his or her water out of concern for the
local community.

Belief that leases can be a source of revenue for farmers: Farmers who believe that water leases
can be beneficial to farmers will be more likely to enter into such an agreement.

Belief that leases can reduce the risk of the farmer’s own operation: Farmers will be more likely to

enter into a lease agreement if they believe it will be beneficial to them personally.
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Belief that water leases will help meet Colorado’s future water needs: Farmers will be more likely

to enter into a lease agreement if they believe it will be beneficial to their fellow

Coloradans.

Demographic and socioeconomic characteristics of the farmer

Farming Experience: A farmer with more experience has likely invested more time and
money into the farming operation and way of life and may have more ties to the local
community, and may thus be more willing to enter into a lease agreement if it means
keeping their farm in operation. On the other hand, a farmer with a lot of experience may
be nearing retirement. If this farmer has no plans to pass the farm onto younger family
members, he or she may be more likely to sell, rather than lease, his or her water rights.
The average respondent had 36 years of farming experience.

Education 1 evel: Farmers with more education may have had earlier and more frequent
exposure to the idea of water leases. Such farmers may also have greater confidence in
their farm management skills, knowledge of western water law, and negotiation skills,
which may translate into greater confidence to explore the option of leasing. Huffman
(2001) found that farmers who were better educated had a greater ability to acquire and
process information and were more able to evaluate critically the productive characteristics
and costs of adopting innovative technologies than those less educated. On the other
hand, farmers with more education may have a greater set of alternative employment
options, such that they are less dependent on farm income and are more likely to sell out.

Second Job: A farmer who has an off-farm job may have less need for income from the

farm and may thus be more likely to sell his or her water rights so that the revenues can be
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invested elsewhere. On the other hand, a farmer who has an off-farm job may be less

susceptible to the pressure to sell their water rights inasmuch as he or she has a less
immediate need for the income from such a sale. Forty percent of respondents had a
second job in addition to their farm operation.

Table 29 provides a brief description of the explanatory variables, while Tables 30 and 31

contain the coefficients of correlation between these variables.

Table 29: Explanatory Variables, Description, and Expected Sign

Variable Description
Experience Years of farming experience
Experience™ Years of farming experience squared

Beneficial for rural Level of agreement with the statement, “Water leases are more beneficial to rural

communities economies when compared to the sale of warter rights.”

Source of revenue : a =
: Level of agreement with the statement, “leases can be a source of revenue for farmers.
for farmers

Reduce financial Level of agreement with the sratement, “Water leases would reduce financial risk in my
risk of my farm farming operation.”
Meet Colorado’s Level of agreement with rhe statement, “Water leases between agriculture and cities will
water needs help meet Colorado’s future water needs.”
Second Job Dummy vanable indicating farmers that have an off-farm job.

Debt Dummy variable indicating a debt-to-asset ratio greater than 0.40.
Education Level A 6-point scale ranging from elementary education to graduate school.
Irrigated Acres Number of irrigated acres owned by the farmer.

Well Shur-Down Dummy varable indicating farmers who had their wells shut down in the past year.

Urban Proximity Dummy variable signifying adjacency to U.S. Interstate-25.
Plans to Upgrade Dummy vanable indicating farmers who have plans to upgrade or modify their existing
Irngation System irfigation system in the next 5 years.
Work with Level of agreement with the statement, “I am willing to negotiate directly with a
municipalities municipality to establish a water lease arrangement.”
Work with other Level of agreement with the statement, “T am willing to work through another
organizations organization when signing lease arrangements.”
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Table 30: Correlation Coefficients among Explanatory Variables

Eitesivoce LcuSLts better .fur_ Education | % (Ert.mnd lrrig;lte_:d Plan ro st:il_ Plan 'E.O Sc_cond L'rh:iq _
rural communities level Water acres water rights upgrade job Proximity

ensbete by el 0.07 100
Education level -0.24 0.12 1.00
% Ground Water 0.12 0.01 -0.06 1.00
Irrgated acres 0.04 0.01 0.05 0.18 1.00
Plan to sell water rights 0.03 -0.10 0.05 -0.07 -0.06 1.00
Plan to upgrade 0.03 0.10 0.10 0.00 0.11 0.06 1.00
Second job 0.01 0.05 0.06 -0.07 -0.03 0.01 -0.06 1.00
Proximity to urban center 0.05 -0.10 0.03 -0.25 -0.02 0.03 -0.04 -0.01 1.00
Work with other organizations -0.08 0.33 0.07 0.11 0.08 0.03 0.05 -0.07 -0.04
Work with municipalities -0.14 0.17 0.03 0.05 0.16 0.10 0.01 -0.02 0.04
Owner-operator -0.05 012 -0.05 -0.10 0.05 0.01 0.03 0.05 0.16
%o Irrigated Sales -0.07 -0.07 -0.01 -0.08 0.19 0.02 0.03 -0.15 0.23
L’:l‘:‘;“n“::g:‘;'fpt“D’;f:ﬂig““ 003 0.28 0.09 0.03 0.15 0.08 001 0.01 0.03
Lj‘“‘“;;n;“(’:l’ier‘:‘t‘lf:ﬂﬂ“ BRet 0.14 0.07 0.10 0.09 0.67 0.08 -0.06 0.03 0.01
Source of revenue for farmers -0.15 0.33 0.12 -0.11 0.03 0.05 0.04 0.01 0.11
Debt -0.17 0.10 -0.05 0.11 0.07 0.06 0.06 0.09 -0.20
Well Shut-Down 0.00 -0.03 -0.02 -0.11 0.05 -0.14 -0.06 0.02 0.39




Table 31: Correlation Coefficients among Additional Explanatory Variables

Work wi ; % Leases will hel LEASES U % R
L Work with Owner- e - T Lggs g Source of Well Shut-
other : Irrigated meet watet reduce my Debt
T mummpahncs operator i - " 3 el JES revenue Down
organizations Sales needs in CO farm’s nisk
Work with municipalities 0.37 1.00
Owner-operatot 0.00 -0.05 1.00
% Irrigated Sales 0.03 -0.04 0.13 1.00
R, e S 0.40 0.45 0.03 0.00 1.00
future water needs in CO
letiice Cai gty e tok 0.25 0.30 0.13 0.09 0.28 1.00
of my farm operation
Source ve 3 i
A e (.29 0.25 0.18 0.05 0.39 0.17 1.00
farmers
Debt 0.17 0.10 0.07 0.05 0.05 0.03 0.02 1.00
Well Shut-Down -0.12 0.02 0.14 0.24 -0.12 -0.05 -0.08 0.02 1.00

The largest coefficients of correlation were positive and occurred between attitudinal variables. The belief that leases will help meet
Colorado’s future water needs is positively correlated with a willingness to work with both municipalities and other organizations.

Additionally, willingness to work with municipalities is positively correlated with willingness to work with other organizations.




Modeling the Requested 1 ease Payment and the Amount of Iand Faliowed

Dependent |V arniables

An open-ended WTA question produces a set of welfare measures for the »
respondents in the sample. These responses can be regressed on income and other
socioeconomic characteristics to obtain a mathematical relationship indicating the importance
of these variables on the payment amount required by farmers to enter into a lease agreement.
Then, data on the characteristics of the relevant population can be used to calculate WTA for
each member of the population (Freeman, 2003, p. 164). Because an open-ended question
format was used for these questions, these decision varables are continuous and can be

modeled via OLS.

Explanatory V ariables

While many of the factors that are expected to influence a farmer’s decision to enter
mnto a lease agreement are also expected to influence the number of acres fallowed as a part of
that lease, there are some additional tactors that are expected to specifically affect this decision.
For mnstance, the higher the price a farmer expects to receive per acre as part of a lease
agreement, the more acreage that farmer 1s expected to be willing to fallow. Thus, each
farmer’s stated WTA amount is included in the regression. The structure of the lease payment
may also affect the number of acres fallowed and is similatly included. A farmer’s tillage
practices may affect the ease with which a field can be fallowed, and is thus also included.

Many of the same explanatory variables used in the previous two models are also
expected to influence the payment required by a farmer in return for leasing his or her water.

Additional variables thought to influence the decision include:
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Diteh Company: This dummy variable indicates the proportion of a farmer’s water that

comes from a ditch company. Ditch companies were the top source of irrigation water for
respondents, supplying just over 55 percent of all respondents’ water.

Annual Gross Sales: A farmer’s current revenues will likely influence his or her
expectations for future revenues and thus the required remuneration for a lease. The
average annual gross sales for all willing leasers was $516,837.

Long-Term Iease: Farmers who prefer a long-term Jease may be willing to receive a
lower price in exchange for the security of a longer lease. On the other hand, knowing
that cities desire long-term leases may spur such farmers to request a higher price.

Aeres Fallowed: The number of acres a farmer fallows as part of a lease agreement may
influence the desired payment per acre for doing so. For instance, it may be more cost-
effective to fallow larger parcels of land, thus requiring a smaller payment per acre. On the
other hand, taking more land out of production may involve the more productive plots of
land, thus requiring a higher payment per acre.

Center Pivot: Different irrigation methods entail different operation and maintenance
costs, which may affect a farmer’s desired lease payments. Sixty percent of willing leasers
reported using a center pivot sprinkler system, irrigating an average of 76 percent of their
acreage via center pivot sprinkler.

The next section begins with a summary of the survey responses. This is followed by

an exposttion of the regression analyses just described.

Results and Discussion

A survey was used to assess whether farmers are willing to sign leases if suitably

compensated; what compensation is needed, and how much water farmers would be made
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available for lease. Of the 1,731 successful mailings, 329 usable surveys were returned, yielding

a response rate of 19 percent. Further adjustment of the respondents for item non-response
resulted in a final sample of 191. Low response rates are a pervasive problem when
conducting surveys, and may limit the ability to make generalizations about the results if survey
respondents are not representative of the study population. Because U.S. Census data are not
reported for particular segments of the population, such as farmers, the average demographics
of South Platte Basin farmers are not known and cannot be compared the demographics of
survey respondents. Nevertheless, data from NASS can be used to compare respondents to
the average South Platte farmer according to age, location, crop-mix, farm size.

The average age of survey respondents (58 years) was very similar to that of all South
Platte farmers (54 years). The responses originated from counties in a pattern generally
representative of the distribution of irrigated farms in the South Platte Basin, with
proportionately more surveys coming from those counties with proportionately more irrigated
farms. Forty-five percent of all returned surveys came from Weld County. This was followed
by Morgan County (23 percent), Larimer and Logan Counties (just over 11 percent each), with
the remaining counties making up the remaining ten percent of responses.

Because the survey asked farmers about their anwficipated crop-mix for 2008, the
responses are not expected to coincide exactly with the crop-mix in the entire South Platte
Basin in 2007. Nonetheless, we can compare relative crop proportions to look for any
irregularities. As shown in Table 32, survey respondents have nearly the same relative crop-
mix as would be expected’®. Although survey respondents planned to plant relatively more

corn silage and relatively less corn grain than the average South Platte Basin farmer planted in

16 Proportions were calculated for only those crops that were reported both in the survey and in NASS.
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2007, fotal corn acres (the sum of corn for grain and corn for silage) were very comparable.

Furthermore, silage 1s sometimes a harvest-time decision, rather than a planting-time decision.

Table 32: Crop-Mix Comparison between Survey Respondents and South Platte Basin Farmers
Crop South Platte (2007)t Survey Respondents (Planned for 2008)
Corn Grain 55.5% 35 5%

Hay 26.9% 32.2%
Corn Silage 2.7% 14.6%
Wheat 10.4% 11.7%
Sugar Beets 2.6% 3.1%
Dry Beans 1.8% 2.9%

tSource: Natonal Agncultural Statistics Service
While survey respondents had crop-mixes that were very similar to that of the entire
Basin, their farms tended to be larger than the Basin-wide average'’. This is not unexpected—

those with larger farms may have stronger opinions about agriculture and more incentive to

distribution of farms by size for survey respondents and for the entire Basin. The difference
in farm size between the sample and population, especially in the case of the largest size
category, warrants the use of weights. Thus, the stated WTA amounts were weighted by farm

express those opinions in a survey. More detail is shown in Table 33, which shows the ;.\
|

1

size to better represent the true population of South Platte farmers. |
|

\

Table 33: Comparison of Respondents’ Farm Size to South Platte Basin Average

| Farm Size (acres) 50-179 180-499 500-999 | 1,000 or more
Survey Respondents 34.3% 30.0% 16.8% 18.9%
JP Ba‘!f-ﬁr 32.80"'51 22.49'”0 13.90‘0 3(_}.90/0

Source: Natonal Agricultural Statistics Service

L easing Attitudes

Figure 8 displays respondents’ general beliefs regarding the merits of water leases.
Irrigators appear to have a positive view of water leases in getieral but are less certain about the

benefits that leases would provide them personally, which may stem from a lack of personal

I Respondents’ average farm size was 1,141 acres, while the average for the South Platte Basin was 990 acres.
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experience with water leasing. While fewer than half of respondents believe leases would

reduce the financial risk of their own farming operation, the majority of respondents believe
that water leases can be a source of revenue for farmers in general and are more beneficial to
rural communities than are water sales. A smaller majority agree that water leases will help
meet Colorado’s future water needs. Because additional reservoir projects, increased municipal
conservation, and inter-basin pipelines are generally supported by Colorado’s agricultural
organizations, respondents may see leases as just one part of the solution to complex water
demand issues. Fewer than seven percent of respondents expect to sell their water rights

within five years, which is encouraging for the establishment of a lease program.

|
Water leases would reduce T : : ' Ht:
financial risk in my farming
operation

Water leases are more
beneficial to rural
communities than are sales
of water rights

Water leases can be a source
of revenue for farmers

Water leases between
agriculture and cities will
meet Colorado's future i . ]
water needs I

I plan to sell my water rights

within the next five years, 30%

(-] A,gn:e (%} ] Dis-._lgrec (%) @ Neutral C, %)

Figure 8: Respondents’ Attitudes about Leases in General

Figure 9 displays respondents’ willingness to participate in water lease arrangements.
The nearly identical responses to the first two statements provide evidence of the internal

validity of the survey and provide evidence that the majority of farmers would be willing to
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lease their water under certain conditions. While rotational fallowing is acceptable to 63

percent of respondents, fewer respondents are willing to adopt limited irrigation strategics.
Farmers may be more hesitant to adopt limited irrigation programs because the agronomical
and financial ramifications of such programs are less familiar and less certain. Under limited
irrigation, the farmer would be trying new crop mixes and/or timings of irrigation timing, etc.,
that are unfamiliar and yield uncertain outcomes. Under a fallowing program, on the other
hand, yields and revenues can be better predicted—namely, zero when fallowing and typically
expected full-irrigation values when irrigating.  Additionally, limited irrigation programs may
require more intense management, which may discourage adoption. This information is useful
to researchers, who have the opportunity to explore the expected outcomes of limited
irrigation  programs, and policymakers, who may garner greater farmer “buy-in” with a

rotational fallowing program.

I am willing to participate in

a water lease if paid enough. 19%

I am willing to lease rather
than sell my water rights

I am willing to incorporate a
fallow period into my crop
rotation if compensated
enough

I am willing to reduce my
farm's CU by either
irrigating less or planting
less-water-intensive crops as
part of a lease arrangement

I am willing to lease my .
senior water rights and keep e
junior water rights if  am RIS

suitably compensated.

2 Agree (%) ™ Disagree (%) = Neutral (%)

Figure 9: Respondents’ Willingness to Participate in a Lease
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Lcase Preferences

Figure 10 displays some of the lease provisions desired by respondents. Not
surprisingly, a large majority of respondents prefer a lease agreement in which they have the
first option to use the water if it 1s not needed by the water leaser. More respondents prefer to
lease a portion, rather than all, of their water rights. Additionally, more respondents prefer
smaller annual payments rather than one large payment, most likely for tax purposes.
Respondents are evenly split in their preferences regarding the length of the lease: 32 percent
prefer a long-term lease, 38 percent do nof prefer a long-term lease, and the remaining thirty
percent are neutral, which suggests that any number of lease lengths would be acceptﬂ.ble to
farmers. This leaves municipalities with ample room to negotiate and good prospects for

satisfying their preferences regarding this feature of the lease.

I prefer lease arrangements
which give me the first

option to use the water if it

is not needed by the lessee

I prefer to lease all of my

water rights rather than a

smaller portion of my water
rights

I prefer one large lease
payment rather than small
annual payments

I am willing to verify water
use with a flow meter or
other device

I prefer a long-term lease
(10 or more years)

30%

= Agree (%) ®Disagree (%) = Neutral (%)

Figure 10: Lease Provisions Desired by Farmers




Figure 11 displays additional provisions that respondents prefer in leases and the lease

negotiation process. Less than half of all respondents are willing to negotiate directly with a
municipality to lease water, perhaps leaving negotiations to their existing ditch companies,
mutual associations, or another institution that may evolve in the future. Indeed, a greater
percentage of respondents are willing to negotiate with other organmizations when developing
lease agreements. Although the majority of respondents responded favorably regarding a

willingness to lease, a much smaller proportion of respondents would be willing to lease their

water if that water was used for wildlife or recreational purposes.

I am willing to work
directly with municipalities
to establish a water lease

arrangement

I am willing to work with
other organizations to
establisg a water lease

arrangement

I am willing to sign a lease
if the water is used to |
maintain in-stream flows for
recreation

I am willing to sign a lease
if the water is used to
maintain wildlife habitat

= Agree (Yo) = Disagree (%)

—|

= Neutral (%)

Figure 11: Respondents’ Preferences for Water Use and Leasing Partners

The next sections focus on those survey respondents who expressed a willingness to

lease—in particular, the lease prices they would request, the number of acres they would

fallow, and the characteristics that distinguish them from non-leasers.
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Pricing Water I eases

Whether a viable lease market will emerge depends critically on whether the cost of
leases is in line with what municipalities are willing and able to pay. In an open-ended WTA
question, respondents were asked to indicate the minimum price they would have be paid in
order to forgo irrigation for one year as part of a fallow-lease arrangement. Their responses
appear in the histogram in Figure 12. Price intervals are displayed along the horizontal axs,
with each label referring to that interval’s uppermost bound. The proportion of respondents

that fall within each interval 1s measured on the vertical axis.

35%

0%

25%

20%

15%

10%

: I ]

ik . — B ==
$225 $400 $575 $750 $925 $1.100 $1.275 $1.450 51,625 51,800

Figure 12: Minimum Lease Payments Sought by Respondents to Forego One Year’s Irrigation ($/ac)

A large majority of respondents (77 percent) fall into an interval between $225 per acre
and $575 per acre. While the average application rate is 2 AF per acre in the South Platte
Basin, maintaining return flows for downstream irrigators would likely result in approximately

1.5 AF per acre being supplied to cities as a result of a sale or lease, yielding a price range of
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$150 to $383 per AF. Assuming a five percent rate of return on investment in agriculture, the
present value'” of a long-term lease would amount to $3,000 to $7,667 per AF.

A market analogy can be found for the lower end of this interval: At the time the

survey was received, cash rent for irrigated cropland averaged $300 per acre with dryland
alternatives netting less than $50 dollars per acre. The opportunity cost of forgoing irrigating i

cropping can be considered the difference between irrigated and dryland cash rents plus the

cost of weed management and irrigation equipment maintenance. If this opportunity cost is
$300 per acre (8250 for lost rents plus $50 for management costs), and if each acre fallowed l]
yields 1.5 AF of water for lease, then the opportunity cost 1s valued at $200 per AF. It follows
then that the present value of a long term lease, assuming a five percent average rate of return, i
1s $4,000 per AF. Recent sales of water bought and sold for agricultural use in the South Platte
Basin have traded in the range of $3,000 per AF. Thus, it appears that respondents in this first |
cluster are pricing water according to its agricultural value, and seek reimbursement for the |
difference between the value of dryland and irrigated land.

Respondents in this second cluster indicated minimum lease payments of more than
$1,000 per acre. Following the calculations outlined in the previous paragraph, the imputed
value of water in this instance is $20,000 per AF or more. Interestingly, this value is
representative of recent sales of agricultural water bound for municipal use (Water Colorado,
2009). Perhaps, then, these farmers seek reimbursement for forgoing the opportunity to sell

the water to municipalities, rather than reimbursement for forgoing irrigation.

'8 The present value of payments made in perpetuity can be calculated by dividing the payment amount by the
assumed rate of return,
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The WTA responses were weighted by farm size to better represent the entire

population of South Platte farmers, yielding a mean WTA of $543 per acre ($362 per AF) and
a median WTA of $373 per acre ($249 per AF). To provide further detail and increase the
precision of projections, mean and median WTA were also calculated for each farm size
category (T'able 34). In cases where the mean differs markedly from the median, the median
is often chosen as the preferred measure because it is not influenced by extreme values in the

sample; thus, subsequent discussions and analyses focus on median WTA.

Table 34: Weighted Average Willingness-to-Accept Amount by Farm Size

Farm Size (acres) 50-179 180-499 500-999 1000 or more
Weighted Mean WTA per acre $443 $475 $595 $817
Weighted Median WTA per acre $336 $354 $331 $653

Are these Prices Reasonable?

The South Platte respondents’ stated lease prices can be compared to the net receipts
that farmers currently receive by using the water to irrigate crops. Farmers should be expected
to require some premium above what they receive from their water rights in their current
use—to offset the transactions costs of negotiating a water lease, to fund the upkeep of
fallowed fields and idle machinery, and to compensate for the uncertainty entailed by an
untested lease market. The net receipts from irrigated land vary by crop and year, but recent
figures nonetheless provide some perspective: in 2007, net receipts before factor payments
ranged from $47/acre for corn for grain to $311/acre for pinto beans. The weighted average
of net receipts based on the overall crop-mix in the South Platte Basin is roughly $110/acre.

This 1s very similar to the average cash rent per acre of irrigated cropland in Colorado,

estimated to be $100 in 2007 (Colorado Agricultural Statistics, 2008).




The lease prices can also be compared to municipal water providers’ value of the

water. The “avoided cost” approach estimates the value of water for municipal supply by the
amount a city would spend to develop an alternative source of water. Presumably, the
maximum amount a city would offer for leased water is its avoided cost for an alternative
supply, minus the conveyance and treatment costs. HDR Engineering, Inc. (2007) compiled a
range of raw water supply costs for a number of Front Range water providers. Then, based
on preliminary estimates of conveyance costs, they estimated the amount that would be left
over to bid for a leased rotational-fallowed water supply. These estimates ranged from $50 per
AF in a wet year to $850 per AF in a dry year. Because avoided costs tend higher in the
northern Front Range than in the Arkansas Valley, municipalities in the South Platte Basin
may be willing to pay even higher prices.

Finally, respondents’ desired prices can be compared to water trades that have already
taken place. A 40-year “Super Ditch” lease catries a base price of $500 per AF per year
(Nichols, 2010). In its arrangement with the Rocky Ford Highline Canal, the city of Aurora
paid 1rrigators approximately $300 per AF (HDR Engineering, Inc., 2007). In Colorado towns
on the eastern slope of the Rocky Mountains, the rights to an allotment of water brought a
price of $1,900 in 1981. Annualizing and converting to acre-feet yields an average water value
of approximately $300 per AF (or $594 per AF in 2008 dollars). In the Colorado Big
Thompson water market, water prices surged to over $13,000 per AF during the drought of
2002. Using data from the Water Strategist, Brewer et al. (2007) found that the average price of
water leased from agricultural users to urban users between 1999 and 2002 was $114, while the

median price was $40. The prices sought by South Platte respondents thus appear to be within

the range that cities might be willing to pay.




There is some correlation between farm location and minimum WTA. The largest

share of respondents requesting more than $600/acre were located in Morgan County. The

sole respondent from Adams County also requested a payment above $600/acre. In contrast,

the largest share of respondents requesting less than $400/acre were located in Weld County.

The sole respondent from Yuma County also requested a payment below $400/acre. For

reference, Figure 13 contains a map of the Colorado portion of the South Platte River Basin.

vireams Counties
% Lakes and Reservoirs
duni
7 B Municipalities

Figure 13: South Platte Basin (Colorado Water Conservation Board, 2004, Section 3)
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Transactions Costs

Because transactions costs effectively increase the price of a water transfer, it has been

suggested that transactions costs should be lowered to ease the transfer of water. However,
policy-induced transactions costs (PICs) result from the political action of third-parties who
are concerned about in-stream water use, environmental quality, and the economic impacts to
rural communities. Thus, to the extent that PICs represent the third-party impacts of
permanent water transfers, they should not be considered as preventing society from attaining
the “optimal” amount of water transferred, as was suggested by Easter et al. (1998). because
that amount of water transferred 1s only “optimal” if there are no external costs associated
with the transfers, which is clearly not the case. This issue relates to the theory of the second

best, which concerns situations in which one or more optimality condition cannot be satisfied

in an economic model. As stated in Colby (1998), if voluntary transfers are to be effective,
then transaction costs must be balanced-—not so high as to discourage desirable transfers but
no so low as to allow unmitigated externalities. Colby et al. (1989) found that in Colorado
PICs average 12 percent of the price paid for a water right. - Assuming a range of transactions
costs from ten to twenty percent of the final leas price, the transactions costs would range

from $27.67 per AF to $62.25 per AF (Table 35).

Table 35: Transactions Costs Scenarios
Transactions Costs as Proportion of Lease Price 10% 15% 20%
Transactions Costs per AF $27.67 $43.94 $62.25

Transactions costs will be incurred whether water is temporarily leased or permanently
transferred. Whether the transactions costs are smaller or larger under a leasing scenario
remains to be seen—a study of the full transaction costs of a change to an alternative water

allocation mechanism has not been attempted (McCann and Easter, 2004). However, leased
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water may involve fewer storage requirements than purchased water and may thus represent a

cost savings to municipalities. The South Metro Water Supply Authority (2007) estimated
annual capital costs for surface water facilities in Colorado to range from $400 to $850 per AF
for mid-term supplies and from $600 to §1,300 per AF for long-term supplies. Based on these
figures, storage cost savings have the potential to outweigh the transactions costs of leasing,
Survey respondents state a willingness to lease water at a price that is within the
bounds of current water transactions. It remains to be seen whether a sufficient amount of
water would be made available to encourage leasing markets to evolve. This issue is addressed

in the next subsection.

Quantities of Fallowed I_and and 1 eased Water

Sixty-one percent of respondents said they would be willing to lease their water if
compensated enough. In sum, the respondents were willing to fallow 33,352 acres, which
would supply cities with roughly 50,000 additional AF of water annually, depending on how
water courts evaluate historical consumptive use. Neatly 25 percent of respondents plan to sell
their water rights, which would take an additional 8,562 acres out of irrigation and supply cities
with approximately 12,800 additional AF of water. Thus, cities could be expected to receive
up to 83,000 AF of water annually just from these survey respondents, which would fulfill 20
percent of South Platte cities’ expected shortfall"” by 2030. On average, respondents were
willing to fallow 59 percent of their irrigated land, for an average 200 acres per farm. A more

detailed illustration of these responses is provided by Figure 14.

1¥ Cities 1n the basin have identified a shortfall of 409,700 AFY (Colorado Water Conservation Board, 2004).
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Figure 14: Percent of Irrigated Acres Fallowed and Water Supplies Committed to an Annual Lease

Respondents tend to cluster into two groups, one of which consists of those that are
willing to commir all of their land and water to a lease. Leasing from these respondents may
reduce transactions costs and help meet the necessary requirement of having sufficient water
available for lease, but may do little to prevent the regionai economic base from shrinking.
The second cluster consists of those that are willing to commit half of their holdings or less to
a leasing arrangement. Respondents in this cluster likely plan to stay in farming, which will
help to avoid ‘hot spot’ problem of clustered areas taken out of irrigation; however, they could
be problematic in reducing transactions costs for leasing arrangements since it may cost more
to collect, treat and transport water from many small sources than a few large sources.

In line with economic theory, the higher the expected price for leased water, the
greater the number of farmers who are willing to lease (Figure 15) and the more water is made

available for lease (Figure 16).
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Figure 15: Cumulative Percentage of Respondents Willing to Lease their Water based on Lease Price
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Figure 16: Respondents’ Stated Annual Supply of Water for Lease

Location of I cased Water

It would be undesirable to have all leasers concentrated in one or two counties because
this would leave little irrigated land in these counties, resulting in effects similar to those of
permanent water transfers. On the other hand, some clustering is desirable so that
transactions costs can be limited. The results of this study suggest that a lease program in the

South Platte Basin could achieve such an intermediate level of clustering. Most of the
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respondents who expressed a willingness to lease are located in Weld County (40 percent),
followed by Morgan (21 percent), Larimer (12 percent), and Logan (10 percent) counties. Of
the respondents who plan to sell their water rights, roughly 70 percent are located in Larimer
and Weld Counties, which is not surprising considering the presence of growing urban centers

within these counties and their relative proximity to urban centers in neighboring counties.

Fortunately, due to their size and relative industrial diversity, Weld and Larimer counties are
better positioned than many other counties in the basin to absorb and/or replace the
economic activity lost as a result of a water sale. Furthermore, as just discussed, there remain
a number of farmers in these two counties who are willing to lease rather than sell their water.
Having the option to lease their water might allow these remaining farmers to sustain their

operations in the face of increasing pressure to sell their water rights.

South Platte Basin Forecast using Statistical Results '
The results of this study can be combined with NASS data and extrapolated to provide

a range of estimates of the total amount of water that might leased in the entire South Platte

Basin, as well as the likely cost of this water. The survey responses provide a lower bound for
this range, under the assumption that no additional farmers in the South Platte Basin would |
enter a fallow-lease program. A total of 33,000 acres would be fallowed, releasing 49,500 AF
and fulfilling 12 percent of South Platte municipalities’ expected shortfall. If each farmer who
was willing to lease was compensated at their stated minimum WTA amount, these 49,500 AF
would cost $15 million.

It 1s more likely, however, that some additional farmers who did not fill out the survey

would also be willing to enter into a fallow-lease arrangement. In order to project the survey

results out to the entire South Platte Basin, it is necessary to make some assumptions about the
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2,026 farmers who did not fill out the survey”. While the simplest option would be to assume
that non-respondents are identical, on average, to respondents, it is more likely that farmers
who took the time to fill out and return the survey have stronger opinions about the future of
farms and agricultural communities in Colorado, and may be more willing than the average
South Platte farmer to enter into a lease agreement. This makes it difficult to project the
survey results out to the entire South Platte Basin; nevertheless, a conservative range of

estimates will be useful for cities as they plan for their future water supplies and for rural

community leaders as they consider alternative economic development plans.

In their analysis of a conceptual fallow-lease program in Colorado’s Arkansas Basin,
HDR Engineering assumed that 65 percent of all available irrigated acres would be included in h
the program—uwhat they consider to be a conservative assumption given participation rates of
nearly 100 percent experienced in the Aurora-High Line and PVID programs. However, just
sixty percent of the respondents to this survey were willing to lease their water, and applying

this same participation rate to all irrigators in the South Platte Basin would almost certainly be

an overestimate. Under the more conservative assumption that 25 to 50 percent of all

remaining irrigators in the South Platte Basin would be willing to lease their water, an 5

additional 507 to 1,013 farmers would join the program. .
To determine how many acres this would add to the program, it is assumed that each

of these farmers owns 980 irrigated acres—the average irrigated acreage per farm in the South |

Platte Basin according Colorado Agricultural Statistics (2008). Respondents to this survey j

were willing to fallow an average of 60 percent of their land as part of a lease program.

Assuming a lower figure of 50 percent for non-responding irrigators results in approximately

% According to the 2002 Agriculture Census, there are 2,355 farms with at least 50 irrigated acres in the Basin.
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250,000 to 500,000 acres available for fallowing. HDR Engineering assumed a fallowing rate
of 25 percent, which is the same fallowing rate called for under the Super Ditch plan (Ozzello,
2009). Making the same assumption here, 94,000 to 188,000 AF of water would be released
for lease annually, fulfilling an additional 24 to 45 percent of South Platte municipalities’
expected water shortage.

To estimate the cost of this additional leased water, the estimated amounts of fallowed
land were separated according to the proportion of South Platte farms in each farm size
category (Table 36). The weighted median WTA amounts corresponding to each of these
farm size categories was then applied to these fallowed acreages. Assuming a 25 percent
participation rate, the total cost amounts to roughly $19.3 million. Assuming a 50 percent

participation rate, the total cost amounts to roughly $96.3 million.

Table 36: Two Water Lease Scenarios in the South Platte Basin

Farm Size (acres) 50-179 180-499 500-999 1,000 or more
Proportion of SP Basin Farmers 33% 22% 14% 31%
Acres Fallowed by Non-Respondents

25% Participation Rate 16,500 11,060 7,000 15,500
50% Participation Rate 82,500 55,000 35,000 77,500

Another seven percent of respondents plan to sell their water rights, which would
result in the permanent dry-up of roughly 8,600 acres, representing eight percent of
respondents’ total irrigated land. Extending this eight percent selling rate out to the remaining
irrigated acres in the South Platte Basin would result in the fallowing of an additional 40,240
acres as water rights are sold to municipalities. This would free up an additional 60,360 AF of

water annually and meet an additional 15 percent of cities” stated water needs.
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Characteristics of Respondents Who Are Willing to I ease

Identifying the characteristics that are shared by farmers who expressed a willingness

to lease will help to identify potential incentives and barriers to leasing. Table 37 displays the

results of the binary logit regressing “willingness to lease” on farm and farmer characteristics.
Table 37: Farm and Farmer Characteristics that Influence Willingness to Lease
Dependent Variable: Willingness to Lease
Explanatory Variable Coefficient | Standard Error! | Probability
Constant -1043 2.38 0.0000
Beneficial for rural communities** 1.23 0.51 0.0168
Debt* -0.98 0.56 0.0765
Education level -0.06 0.16 0.6863
Expenence™* 0.18 0.06 0.0029
Expenence”2** -0.0023 0.0008 0.0033
% Ground Water** -0.02 0.01 0.0461
Irrigated Acres 0.0004 0.0005 0.5107
Source of revenue for farmers** 175 0.76 0.0204
Meet Colorado’s water needs™* 0.49 0.21 0.0214
Plans to sell water nghts 0.60 0.98 0.5420
Plans to upgrade 0.57 0.48 0.2327
Reduce financial risk of my farm** 0,76 0.24 0.0015
Second Job 0.11 0.43 0.7948
Urban Proximity** -1.82 0.58 0.0017
Well Shut-Down 0.80 0.56 0.1532
Work with municipalities™* 0.44 0.22 0.0462
Work with other organizations** 0.57 0.28 0.0403
McFadden R-squared: 0.3948 Log-likelihood: -67.51664
S.E. of regression: 0.3869 Restricted log likelihood: -111.56
Sum squared residuals: 22.16 Correct Classifications: 80.7% ]
TQML (Huber/White) standard errors and covariances

“Statistically significant, <0.10 *
**Statistically significant, p<0.05

The most important driving factors in the decision to lease were the beliefs that leases }
can be a source of revenue for farmers and that leases are beneficial to rural communities. The t
|

belief that leases will reduce the financial risk of farm operations was also found to have a
statistically significant positive effect on willingness to lease. These results are not surprising—

farmers who have a favorable view of leases in terms of their effect on the farmer’s own '
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operation, rural communities, and the state as a whole should be expected to be more likely to
enter into a lease agreement. Farmers who are willing to negotiate with municipalities and/or
with other organizations are more likely to lease their water. It is thus encouraging that the
majority of survey respondents indicated a willingness to work with municipalities and/or
other organizations to negotiate lease agreements. As expected, the results indicate that
willingness to lease increases at a decreasing rate with farming experience.

Variables that were found to have a statistically significant negative unpact on
willingness to lease include percent ground water use and proximity to urban centers. Because
ground water cannot be leased, 1t makes sense that having a higher proportion of one’s water
portfolio coming from ground water would negatively influence the decision to enter into a
lease agreement. Proximity to urban centers suggests increased pressure for urban
development and thus a greater chance of selling the land and accompanying water rights.

A farmer’s plans to sell his or her water rights has no apparent effect on his or her
willingness to lease. Farmers who are planning to sell their water rights may have already made
the decision to exit the business and are not interested 1n leasing. On the other hand, farmers
who are planning to sell their water rights may just be looking for the best way to benefit from

their water right holdings and may view leases as an acceptable alternative way to do so.

Barriers to I easing

Some of the barriers to leasing can be identified by examining the characteristics of
those farmers who are nof willing to lease their water. To this end, a logit model was used to
regress “unwillingness to lease”” on the same set of explanatory variables (Table 38). The

survey responses appear to do a better job of explaining an #nwillingness to lease—this model
) P PP ] P g gn

21 %

Unwillingness to lease” was defined as a response of stronghy disagree ot disagree to the same lease statement
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has larger McFadden R? and log-likelihood values, and does a slightly better job of correctly

predicting responses, correctly predicting 88.0 percent of responses (95.5 percent of y =1

responses and 57.6 percent of y =0 responses).

Table 38: Barriers to Water Leasing +
Dependent Variable: Unwillingness to Lease
Explanatory Variable Coefficient | Standard Error! | Probability
Constant 4.88 1.86 0.0087
Beneficial for rural communities -0.48 0.74 0.5193
Debt 0.65 0.70 0.3523
Education level 0.26 0.19 0.1581
Experience 0.02 0.08 0.8101
FExperience™2 0.00 0.00 .5953
% Ground Water** 0.02 0.01 0.0192
Irngated Acres” 0.00 0.00 0.1074
Source of revenue for farmers -0.66 0.79 0.3983
Meet Colorado’s future water** needs -0.88 0.24 0.0002
Plans to sell water rights 0.09 1.18 0.9377
Plans to upgrade - -0.78 0.60 0.1911
Reduce financial nsk of my farm™* -1.06 0.30 0.0004
Second Job 0.12 0.58 0.8365
Urban Proximity™* 243 ‘ 0.94 0.0094
Well Shur-Down** -1.77 0.76 0.0206
Work with municipalities -0.49 0.32 0.1238
Work with other organizations -0.25 0.28 0.3770

|

McFadden R-squared: 0.4474 Log-likelihood: -45.75 :
S.E. of regression: 0.3080 Restricted log likelihood: -82.79
Sum squared residuals: 14.04 Correct classificatons: 8§8.0% :

TQML (Huber/White) standard errors and covariances f|
*Stausdcally significant, p<0.10
“*Statistically significant, p<0.05

The two main barriers to leasing identified in this study are percent ground water use
and proximity to an urban center. Intuitively, the beliefs that water leases will help meet |
Colorado’s future water needs and that water leases would reduce the financial risk of the
respondent’s farm were both found to reduce unwillingness to lease. Thus, one way to
increase farmer participation would be to include in the lease agreement stipulations that

ensure greater financial stability of farm operations. While owning a greater number of

irrigated acres did not appear to increase willingness to iease, it does appear to reduce
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resistance to the idea. While having one’s well shut down did not appear increase farmers’
willingness to lease, it does appear to reduce farmers’ wnwillingness to lease. Farmers who had
their well(s) shut down may have less confidence in the farming business and may be more
concerned about having their pumping curtailed again, making them less opposed to the idea
of water leases.

An important finding is that while there is some (weak) evidence that an improved

relationship between municipalities and farmers would reduce resistance to leasing, it is not

necessaty that a farmer be willing to work directly with a municipality in order for that farmer
to be willing to lease his or her water to the municipality. Many farmers have long-standing
feelings of mistrust and general negativity toward municipalities as a result of previous ‘buy
and dry’ activity (as evidenced by the minority of respondents of this survey who indicated a
willingness to work directly with municipalities, as discussed previously); thus, it is highly .

encouraging that an unwillingness to work with municipalities does not act as a barrier to

leasing. Because the majority of survey respondents indicated that they would be willing to

i I —

work with other organizations to negotiate lease agreement, and because this is associated with

-

a greater willingness to lease, it is quite possible that a water lease market could arise despite

any animosity between farmers and municipalities.

Interestingly, although the largest proportion of willing leasers were located in Weld f
County, the largest proportion of respondents who were »os willing to lease (57 percent) were
also located in Weld County. The next greatest proportion of non-leasers came from Larimer i
County (12 percent). These two counties are among the most urban counties in the South
Platte Basin, and each encompasses portions of the I-25 corridor, a region that is experiencing

rapid development. This would seem to suggest that these respondents may be experiencing
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greater development pressure and thus may have plans to sell their water rights. Indeed, one-

third of the non-leasers from Larimer County expressed having plans to sell their water rights.
However, none of the non-leasers from Weld County had plans to sell their water rights; thus,
the high number of non-leasers in this Weld County may have more to do with the fact that
the majority of all responses came from this County.

This section has examined the factors that influence the decision to lease. When
considering those farmers who are willing to lease, it is instructive to examine the factors that
influence their decisions regarding the number of acres to fallow and the minimum payment to
tequest. The next sections address these questions by considering just the 164 farmers who

expressed a willingness to lease.

Determinants of Number of Acres Fallowed

Identfying the factors that influence the number of acres fallowed by those farmers
who were willing to lease will provide further insight into the leasing decision and will provide
additonal precision when predicting the number of acre-feet that would likely be supplied
basin-wide. OLS was used to regress the number of acres that respondents would fallow as
part of a lease agreement on a number of farm and farmer characteristics. In addition to a
number of explanatory variables that were used in the previous regression analyses, this
regression also included a dummy variable indicating that a 1espondent listed a WT'A amount
of §500 or greater, under the premise that respondents who are expecting to receive a higher
per-acre price would likely be willing to fallow a larger number of acres. This regression also
included a dummy variable indicating that a farmer practice no tillage or direct tillage methods

on their irrigated acres. Farmers who use no-tillage or direct tillage methods tend to grow

more wheat, which is a less water-intensive crop and would thus require a greater number of
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acres to be fallowed to release a given amount of water for lease. This variable is thus

expected to have a positive effect on the number of acres fallowed. The results of the

regression are displayed in Table 39.

Table 39: Some Determinants of the Acreage Fallowed as Part of & Lease Agreement

Dependent Variable: Number of acres fallowed

Variable Coefficient | Std. Errort Probability
& 26.23 132.0556 0.8429
Debt 27.78 31.2749 0.3762
Age** -3.65 1.42355 0.0116
Prefer One Large Payment** -68.51 29.3424 0.0213
WTA = $500+* 84.73 37.2605 0.0248
No Till*~ 117.18 534.3161 0.0330
Work with municipalities*” 37.11 13.5636 0.0072
Source of revenue for farmers*™* 77.82 36.0749 0.0330
Reduce financial risk of my farm** -48.71 23.5098 0.0405
[rrigated acres™ 0.3718 0.0861 0.0000
% Ground Water 0.6834 0.4469 0.1290

Adjusted R-squared: 0.5761

S.D. dependent variable: 319.71

S.E. of regression: 208.15

F-statistic: 18.13 (probability = 0.0000)

Sum squared residuals; 5,025,710

Log likelihood: -852.41

t White heterskedasticity-consistent standard errors and covariance

**Statistically significant, 0<0.05

Farmers who own more irrigated acres were willing to fallow a greater number of
acres, which is intuitive—these farmers have more acres that could potentially be fallowed.
Farmers who believe that leases can be a source of revenue and farmers who are willing to
work with a municipality were also willing to fallow a larger number of acres. In line with
economic theory, the higher the expected payment per acre, the more acres a farmer would
fallow. Also as expected, farmers who used no-tillage or direct tillage methods were also

willing to fallow more acres. Interestingly, conventional tillage and reduced tillage were the

tillage methods practiced most often by respondents.

Farmers who prefer one large lease payment may not view leases as a long-term

strategy, which may explain why they were not willing to fallow as many acres. Somewhat
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unexpectedly, farmers who believe that leases can reduce the financial risk of their farm were

not willing to fallow as many acres. Age was a more important factor than experience in this
decision, with fallowed acreage declining with age.
Determinants of the Willingness to Accept Amount

It is also instructive to determine the factors that affect the payment desired by farmers

for leasing their water. To this end, OLS was used to regress farmers’ stated WTA amount for

leasing water on a number of farm, farmer, and lease agreement characteristics (Table 40).

Table 40: Some Determinants of Farmers’ Stated WTA Amount

Dependent Variable: Minimum Lease Payment

Variable Coefficient Std. Error Prob.
C -2453.76 1763.31 0.1707
Debt -404.54 411.38 0.3306
Beneficial for rural communities 418.30 275.61 0.1359
Ditch company** 15.22 6.36 0.0208
Age’ 38.37 19.46 0.0546
Large Payment -340.66 244.26 0.1698
Long-term lease -15.87 137.59 0.9087
No ull -467.94 373.70 0.2168
% Hay 699.05 629.56 0.2726
Work with municipalities 205.31 143.74 0.1599
Work with other organizations™* 742.68 336.33 0.0323
Annual gross sales 131.06 86.12 0.1349
Acres fallowed as part of a lease agreement -0.20 0.36 0.5919
Well shut-down** 154.04 1221 0.0383
Leases will help meet CO’s future water needs*” -1284.24 425.80 0.0042
Plan to upgrade -28.07 290.56 0.9235
Center pivot 5.62 3.70 0.1357
% Ground Water* 10.16 5.84 0.0884
Adjusted R-squared: 0.4471 S.D. dependent variable: 1545.55

S.E. of regression: 1149.23 Log likelihood: -531.24

Sum squared residuals: 60,753,347 F-statistic: 4.00 (probability = 0.0001)

P White Heteroskedasticity-Consistent Standard Errors & Covariance

**Sraustically significant, p<0.05
*Statistically significant, p<<0.10

Farmers who had their well pumping curtailed demand a higher payment per acre.

These farmers may feel slighted by the system (and by the burgeoning water demands that
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were partly to blame for the curtailment), and thus feel entitled to a higher price for their
water. Farmers who receive a greater proportion of their water from groundwater wells also
demand a higher payment per acre. This may be a response o the fact that these farmers have
proportionately less water that can be leased. Farmers whose water is supplied by a ditch
company also demand a higher payment per acre. Farmers who are part of a coalition may feel
that there will be power in numbers when it comes to negotiating lease prices with
municipalities and thus may have greater courage to request a higher payment. An important
finding is that these farmers do not require a higher payment in order to sign a long-term lease.

Farmers who believe that leases will meet Colorado’s future water needs demand a
lower lease payment. This result could signal a sense of altruism towards fellow Coloradans.
Alternatively, it could signal a sense of realism—if a farmer believes that leases truly are going
to play a large role in supplying future needs, there may be less hypothetical bias, which tends

to inflate stated WTA amounts.

Conclusions

This study focused on the stated preferences of irrigators in Colorado’s South Platte
Basin. Respondents’ preferences provide some direction for the budding market for water
leases by helping in the design of lease agreements and the targeting of potential leasers.
Respondents generally have a favorable view of the impact that leases will have for farmers
and rural communities, and many are willing to lease their water at reasonable prices. Based on
these responses and some assumptions regarding other irrigators in the Basin, leases have the
potential to serve as a substitute for permanent water transfers in some cases and fulfill a

portion of municipalities’ needs.




One of the primary reasons for pursuing water leases in place of permanent water
transfers is to reduce the negative economic impacts experienced by the communities-of-
origin. While leases will are expected to result in fewer negative economic impacts than
permanent transfers, a number of factors will influence the regional impact of a fallow-lease
program. These include:

Relative location of the rotationally fallowed land: 1f the fallowed land is concentrated in one

area, the economic impact will be greater than if the acres are distributed more evenly

through the entire region. There is evidence that a moderate amount of clustering would

occur if a fallow-lease program were instituted 1n the South Platre Basin,
Structure of the lease payments: It has been suggested that a payment approach involving

a large up-front payment approach may not have as large a regional benefit as a payment

approach involving regular payments over time. Fortunately, survey respondents |
indicated that they would prefer to receive regular payments over time as opposed to one J
large up-front payment. .
Ouwnership of the participating cropland: 1f the land is owner-operated, a greater !
proportion of lease proceeds will likely be re-invested in the operation, to the economic
benefit of the region. The 2002 Census of Agriculture shows that 53 percent of
harvested cropland in the study area is owner-operated and that 50 percent of principal
operators live on-farm.
Magnitude of the lease payments. The higher the price received for the leased water, the
greater the economic activity generated by the leases. This in turn will depend on the
seniority of the water rights. Just over 50 percent of willing leasers agreed with the notion
of leasing their senior water rights and keeping their junior rights if suitably compensated.
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Quality of the fallowed land: Fallowing marginal lands would mitigate production losses

because such losses would be proportionately less than the acreage reduction. This is an
aspect of fallow-leasing programs that was not addressed in this study.

Diversity and economic health of the regional economy: As cbserved by Howe and Goemans

(2003), a more vibrant economy can better absorb the adverse impacts of water transfers
due to alternative employment and investment opportunities. Fortunately, Weld County,
where most of fallowing is expected to occur, is a relatively large and diverse economy
which should allow it to replace much of the economic activity lost due to fallowing.

Where the lease revenues are spent. "The lease revenues will do little to support the local

economy if they are largely spent or invested non-locally. Fortunately, 83 percent of those
who stated a willingness to lease said that they purchased the majority of their inputs
locally—evidence that leases would protect regional economic activity by maintaining this
positive multiplier effect of irrigated agriculture.

A logit model was constructed based on survey responses to determine some of the
factors that influence farmers’ decisions to lease their water rights to municipalities. Then,
focusing on those farmers who indicated a willingness to lease, OLS regression was used to
determine the factors influencing the number of acres fallowed as part of a lease agreement
and the payment per acre required for doing so.

While the only demographic characteristic that was found to significantly influence the
decision to lease was farming experience, the beliefs of the farmer were very influential: the
beliefs that leases are beneficial for rural communities, that leases can be a source of revenue
for farmers, and that leases can reduce the financial risk of farm operations all had a positive

effect on the lease decision. Education did not have a significant effect on the decision to
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lease, nor did having plans to upgrade the irrigation system or to sell the water rights. Unlike

Zhou et al. (2008), who found off-farm occupation to have a significant negative effect on the
adoption of water-saving technologies, off-farm occupation was not found to significantly
influence the decision to lease. With respect to characteristics of the farm, large farms had
higher lease probabilities, similar to the findings of Zhou et al. (2008). Zhou et al. (2008)
found low reliability of irrigation water supply to increase adoption of water-saving

technologies. Similar results are found here—farmers who had had their wells shut down

(indicative of low reliability of water supply) were less opposed to water leasing.

Notes, Limitations, and Future Opportunities

Dillman (2007, p. 2006) lists f our factors must be taken into consideration when
determining how large a sample size 1s needed in order to make inferences about the
population: the acceptable level of sampling error; the chosen level of confidence in the
estimates made from the sample; the size of the population from which the sample 1s drawn;
and how varied the population is with respect to the characteristic of interest. Dillman (2007,
p. 206) also provides a formula incorporating these four factors to calculate the necessary
sample size for a given level of precision. Given a population size of 2,335 farms with at least
50 irrigated acres in Colorado’s South Platte Basin and assuming a 50/50 split in willingness-
to-lease responses, a sample size of 330 is required for a sampling error of five percent. With
319 surveys completed, the sample size achieved here very nearly meets this requirement.
Nonetheless, because the consistency and asymptotic efficiency properties of ML rely on large
sample sizes, the results of the logit analyses performed here should be interpreted with
caution. Analysis with a larger sample would be useful for comparing results and providing

additional insight.
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The inclusion of more detailed lease data would also prove useful, and will become

more feasible as water leases become more common. For instance, the payment that farmers
require in exchange for leasing their water and the payment municipalities are willing to make
for that water will vary according to a variety of factors, one of which is the level of priority of
the water right being leased, since in a dry year a relatively junior right may not be satisfied in
its entirety, if at all. However, as noted by McCrea and Niemi, 2007), even informaton about
hypothetical future transactions can be useful in lower the costs of negotiating an agreement
by a leaser and lessee.

A leasing market may prove to be too “thin” if the water made available by farmers 1is
of relatively junior priority, and municipal water providers instead seck scarcer, senior water
rights (Colby, 1998). Fortunately, just over half of all willing leasers agreed to lease their senior
water rights while keeping their junior rights, if suitably compensated. Other challenges related
to water leasing that were not addressed here include verifying the actual use of water and
monitoring its quality after it is transferred (Doherty, 2010). Leases will require adjudication

of changes in the location and use of the water (Nichols, 2010).
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CHAPTER F: CONCLUDING REMARKS

Paraphrasing Colorado Supreme Court Justice Greg Hobbs (2007), “Rather than
developing a water resource, we are now learning how to share an already developed
resource.” The panel regression in Chapter 2 provided an alternative way to estimate the
economy-wide impacts of reduced irrigated agriculture. By using an econometric approach,
the study accounted for forward linkages and adaptation over time and allowed several
opportunities for testing for structural breaks in the relatonship between irrigated land and
economic health. Use of a large study area provided enough variation to detect the individual
effect of irrigated agriculture while conerolling for a number of other factors and allowing
some general conclusions to be drawn. The results provided some evidence that irrigated
agriculture contributes positively to population, sales, industrial diversity, and employment in
rural agricultural counties, particularly when there are more than 10,000 acres of irrigated land.

The results reported in Chapter 3 provide evidence that households are willing to pay
for water supply initiatives, particularly those aimed at reservoir construction, keeping irrigated
farms in production, and reusing household water. There is also evidence that water
knowledge increases willingness to pay. The surveys in Chapters 3 and 4 indicate that some of
the necessary conditions for a working water lease market would be met in Colorado’s South
Platte Basin: urban households do not prefer to permanently transfer water out of agriculture
and a significant number of farmers willing to lease their water at prices that are within the
bounds of previous transactions. The task remains to further investigate the legal

requirements and transactions costs associated with such a lease market.

148

i
i




BIBLIOGRAPHY

Alcorn, L. and B. Heal. 2009. The Ripple Effect: Report on a Survey of Youth in Toronto on
Water Knowledge and Perceptions. U.IN. .Association in Canada, March.

Alcubilla, R.G. and Jay R. Lund. 2006. Derived Willingness-to-Pay for Household Water Use
with Price and Probabilistic Supply. Journal of Water Resources Planning and Management, 132(6):
424-433.

Anderson, ].E. 1982. Cubic-Spline Urban Density Functions. Joxrnal of Urban Econonzics, 12:
155-167.

Arcury, T.A., T.P. Johnson, and S.]. Scollay. 1985. Ecological Worldview and Environmental
Knowledge: An Examination of the “New Environmental Paradigm.” University of Kentucky
Center for Developmental Change, Manuscript.

Arcury, T.A. and T.P. Johnson. 1987. Public Environmental Knowledge: A Statewide Survey.
Journal of Environmental Education, 18:31-37.

Attaran, M. 1986. Industrial Diversity and Economic Performance in U.S. Areas. Annals of
Regional Science, 20(2): 44-54, July.

Barber, N., C. Taylor, and S. Strick. 2009. Wine Consumers’ Environmental Knowledge and
Atatudes: Influence on Willingness to Purchase. International Journal of Wine Research, 1(1): 59—
12

Bateman, 1.]., R.T. Carson, B. Day, M. Hanemann, N. Hanley, T. Hett, M. Jones-Lee, G.
LLoomes, Susana Mourato, E. Ozdcrrﬁ.roglu, D.W. Pearce OBE, R. Sugden, and ]. Swanson.
2002. Economic V aluation with Stated Preference Technigues: A Manual. Northampton, MA: Edward

Elgar.

Bateman, 1. and A. Munro. 2003. Testing Economic Models of the Household: An
Experiment. CSERGE Working Paper, University of East Anglia.

Bateman, I. and A. Munro. 2005. An Experiment on Risky Choice amongst Households.
Economtc Journal, 115(502): C176-C189, March.

Bateman, I. and A. Munro. 2009. Household versus Individual Valuation: What’s the
Difference? Environmental and Resource Economics, 43(1): 119-135, May.

Benhabib |. and M.M. Spiegel. 1994. The Role of Human Capital in Economic
Development: Evidence from Aggregate Cross-Country Data. Journal of Monetary Economics,
34: 143-174.

149




Bils, M. and P.J. Klenow. 2000. Does Schooling Cause Growth? American Economic Review, 90:
1160-1183.

Breffle, W.S., E.R. Morey, R.D. Rowe, D.M. Waldman, and S.M. Wytinck. 1999. Recreational
Fishing Damages from Fish Consumption Advisories in the Waters of Green Bay. Strutus
Consulting, http:/ /www.colorado.edu/FEconomics/morey/papers/gb-toc.html, last accessed
January 2010.

Brewer, J., R. Glennon, A. Ker, and G.D. Libecap. 2007. Water Markets in the West: Prices,
Trading, and Contractural Forms. National Bureau of Econoniic Research, Working Paper 13002,
March.

Bright, A.D. and R.T. Burtz. 2006. Creating Defensible Space in the Wildland-Urban Interface:

The Values on Perceptions and Behavior. Environmental Management, 37(2): 170-185.

Browning, M. and P.-A. Chiappori. 1998. Efficient Intra-Household Allocations: A General
Characterization and Empirical Tests. Fwonomerrica, 66(6): 1241-1278.

Bureau of Labor Statistics, http://www.bls.gov/, last accessed February 2009.

Bureau of Land Management, http://www.blm.gov /nstc/Waterl.aws/appsystems.html, last
accessed February 2009.

Cameron, T. 1988. A New Paradigm for Valuing Nonmarket Goods Using Referendum
Data: Maximum Likelihood Estumation by Censored Logistic Regression. Journal of
Environmental Economics and Management, 15(3): 355-379.

Carlino, G.A., S. Chatterjee, and R.M. Hunt. 2007. Urban Density and the Rate of Invention.
Journal of Urban Econometrics, 61: 389-419.

Castle, ENN. 1995. The Changing American Countryside. Lawrence, KS: University Press of Kansas.

Chestnutt, T.]., V.W. Lee, and M. Fagan. 1993. Attracting the migratory Retiree. Alabama
Cooperative Fixtension System, CRD-56, June.

Colby, B.G. 1998. Negotiated Transactions as Conflict Resolution Mechanisms: Water
Bargaining in the U.S. West. In Markets for Water Potential and Performance, edited by K.W.
Easter, M.W. Rosegrant, and A. Dinar, Norwell, MA: Kluwer Academic Publishers.

Colby, B.G. 1990. Enhancing Instream Flow Benefits in an Era of Water Marketing. Water
Resources Research, 26: 1113-1120.

Colby, B. 2007. Voluntary Irrigation Forbearance to Mitigate Drought Impacts: Economic
Considerations. http://www.azwaterinstitute.org/media/FEWSR /33007%20bor, last accessed
December 2009.

150




Colby, B.G., M. McGinnis, K. Rait, and R. Wahl. 1989. Transferring Water Rights in the
Western States: A Comparison of Policies and Procedures. Usiversity of Colorado Natural
Resources Law Center. .

Collett, D. 2002. Modeling Binary Data. New York, NY: Chapman and Hall/CRC.

Colorado Agricultural Statistics 2008. National Agricultural Statistics Service, Colorado Field Office,
July.

Colorado Division of Water Resources. 2006. Cumulative Yearly Statistics of the Colorado
Division of Water Resources. Department of Natural Resourves.

Colorado Water Conservation Board. 2004. SWSI Phase I Report. Statewide Water Supply
Initiative, hitp:/ /cweb.state.co.us/IWMD /SWSITechnicalResources /SWSIPhaselReport/, last
accessed April 2010.

Colorado Water Conservation Board. 2007. SWSI Phase II Technical Roundtable: Agricultural
Transfer Alternatives to Permanent Dry-up. Statennde Water Supply Initiative.

Conkling, E.C. 1963. South Wales: A Case Study in Industrial Diversification. Economzc
Geography, 39(3): 258-272, July.

Cortese, C.F. 1999. The Social Context of Western Water Development. Journal of the American
Water Resources Association, 35: 567-578.

Cragg, M. and M. Kahn. 1999. Climate Consumption and Climate Pricing from 1940-1990.
Regional Science and Urban Economics, 29(4): 519-539.

Deller, S.C., B.W. Gould, and B. Jones, 2003. Agriculture and Rural Economic Growth. Journal |
of Agricultural and Applied Fconomics, December.

Deller, S.C., N. Walzer, and M. Shields. Support for Local Economic Development Strategies:
A Microeconomic Analysis. Regional Analysis and Policy, 27(1): 19-33.

DeWitt, |., S.S. Batie, and K. Norris. 1988. A Brighter Future for Rural America? Washington,
D.C.: National Governor’s Association.

Diamantopoulos, A., B.B. Schlegelmilch, R.R. Sinkovics, and (5.M. Bohlen. 2003. Can Socio-
demographics Still Play a Role in Profiling Green Consumers? A Review of the Evidence and
an Empirical Investigation. Journal of Business Research, 56(6): 465—480.

Diamond, C.A. and Simon, C.]. 1990. Industrial Specialization and the Returns to Labor.
Journal of Labor Economics, 8(2): 175-201.

Dillman, D. 2007. Mai/ and Internet Surveys: Tailored Design Method (2 Ed). Hoboken, NJ: John
Wiley and Sons.

151




Dissart, J.-C. 2003. Regional Economic Diversity and Regional Economic Stability: Research
Results and Agenda. International Regional Science Review, 26, 4: 423-446, October.

Dobrowolski, J., L. Duriancik, and J. Throwe. 2008. Opportunities and Challenges in
Agricultural Water Reuse. USD 4 Research, Education, and Extension Mission Area, The
W ateReuse Association, and Washington State University, July.

Doherty, T. 2010. CWCB’s Alternative Agricultural Water Transfer Methods (ATM) Grant
Program. Colorado Water, 27(1): 2-4, January/February.

Dong, H., R. Kouyate, R. Snow, F. Mugisha, and R. Sauerborn. 2004. Gender's effect on
willingness-to-pay for community-based insurance in Burkina Faso. Health Policy, 68(3):385.

Drabenstott, M. and T.R. Smith. 1995. Finding Rural Success: The New Rural Economic
Landscape and Its Implications. In The Changing American Countryside, edited by E.N. Castle,
Lawrence, KS: University Press of Kansas.

DuPont, D.P. 2000. Gender and Willingness-to-pay for Recreational Benefits from Water
Quality Improvements. Oregon State University,
http://oregonstate.edu/dept/ITFET/2000/papers/dupont2.pdf, last accessed January 2010.

Easter, W.K., A. Dinar, and M.W. Rosengrant. 1998. Water Markets: Transaction Costs and
Institutional Options. In Water Markets: Potential and Performance, edited by K.W. Easter, M.W.
Rosengrant, and A. Dinar, Norwell, MA: Kluwer Academic Publishers.

Emm, S., D. Breazeale, and M. Smith. 2005. Walker River Basin Research Study: Willingness
of Water Right Owners to Sell or Lease Decree Water Rights. University of Nevada Cooperative
Extension Fact Sheet FS-05-54.

Ertur, C. and W. Koch. 2007. Growth, Technological Interdependence and Spatial
Externalities: Theory and Evidence. Journal of Applied Econometrics, 22: 1033-1062.

Espeland, W.N. 1998. The Struggle for W ater: Politics, Rationality, and Identity in the American
Southwest. Chicago, 1L: The University of Chicago Press.

Evans, P. and B. McCormick. 1994. The New Pattern of Regional Unemployment: Causes and
Policy Significance. Economucs Journal, 104: 633-647.

Evans, P. 1998. Using Panel Data to Evaluate Growth Theories. Infernational Economic Review,
39(2): 295-306, May.

Eviews 5.1 User’s Guide, Quantitative Maoro Software, 1.1.C, Copyright © 1994-2005.

Feder, G. and O'Mara, G.T. 1981. Farm Size and the Adoption of Green Revolution
Technology. Economic Development and Cultural Change, 30, pp. 59-76.

152

T ————

T —




Federal Reserve Bank of Chicago. 2006. Rural Economic Development.
http://midwest.chicagofedblogs.org, posted by Bill Testa on February 2.

Fitchen, ].M. 1995. Why Rural Poverty is Growing Worse: Similar Causes in Diverse Settings.
In The Changing American Countryside, edited by E.N. Castle, Lawrence, KS: University Press of
Kansas.

Fitzgerald, J. 1995. Linking Education and Community Development: Rural and Inner City
Strategies. In The Changing American Countryside, edited by E.N. Castle, Lawrence, KS: University
Press of Kansas.

Fix, P., G.N. Wallace, and A.D. Bright, "Public Attitudes about Agriculture in Colorado."
Warner College of Natural Resources, Colorado State University and Colorado State Department of
Agreculture, 2001. http:/ /www.ext.colostate.edu/staffres /agreportO1.pdf.

Freeman, A.M., I11. 2003. The Measurement of Fnvironmental and Resource V alues (2 Edition).
Washington, DC: Resources for the Future.

Gao, Z. and T. Schroeder. 2008. Consumer Responses to New Food Quality Information: Are
Some Consumers More Sensitive than Others. Selected Paper prepared for presentation at the
American Agricultural Economics Association Annua! Meeting, Otlando, FL, July 27-29.

Gleick, P.H. 2000. The Changing Water Paradigm: A Look at Twenty-First Century Water
Resources Development. Water International, 25(1): 127-138, March.

Goetz, S.]. and D.L. Debertin. 1996. Rural Population Decline in the 1980s: Impacts of Farm
Structure and Federal Farm Programs. Awmerican Journal of Agricultural Economucs, 78(3): 517-529,
August.

Goldschmidt, W. 1947. As You Sow. New York: Harcourt, Brace and Company.

Gomez, S. and P. Loh. 1996. Communities and Water Markets: A Review of the Model Water
Transfer Act. Hastings West-Northwest Journal of Environmental Law and Policy, 4: 63-73.

Gongloff, ]. 2003. How Bad is the Jobless Rate? Historically Speaking, Unemployment conld be a 1ot
Worse, but it should be an Awful 1ot Better. CNN /Money, June 19.

Green, G.P. and J. R. Hamilton. 2000. Water Allocation, Transfers, and Conservation: Links
between Policy and Hydrology. International Journal of Water Resources Development, 16(2): 197-208.

Greene, W.H. Econometric Analysis. Upper Saddle River, NJ: Prentice Hall, 2003.

Griffin, R.C. and F.O. Boadu. 1992. “Water Marketing in Texas: Opportunities for Reform.”
Natural Resources Journal, 32: 265-288.

Griffin, R.C. and ].W. Mjelde. 2000. Valuing Water Supply Reliability. American Journal of
Agricultural Eicononnics, 82: 414-426, May.

153

e —




Gujarati, D.N. 2003. Basic Econometrics. New York, NY: McGraw Hill.

Gundry, K.G. and T.A. Heberlein. 1984. Do Public Meetings Represent the Public? .Awmerican
Planning Association Journal, 50, pp. 175-182.

Haab, T. 1999. Nonparticipation or Misspecification? The Impacts of Nonparticipation on
Dichotomous Choice Contingent Valuation. Enrvironmental and Resource Economics, 14(4): 443—
461.

Hackbart, M.M. and D.A. Anderson. 1978. On Measuring Economic Diversification: Reply.
Land Econonics, 54(1): 110-112, February.

Haider, W. and H. Rasid. 2002. Eliciting Public Preferences for Municipal Water Supply
Options. Environmental Impact Assessment Review, 22(4): 337-360, August.

Halstead, |.M., A.E. Luloff, and T.H. Stevens. 1992. Protest Bidders in Contingent Valuation.
Northeastern Journal of Agricultural Economics, 21(2): 160—-169.

Hamulton, J.R., N.K. Whittlesey, and P. Halverson. 1989. Interruptible Water Markets in the
Pacific Northwest. American Journal of Agricultural Fconomics, 71: 63-75.

Hanak, E. 2005. Stopping the Drain: Third-Party Responses ro California’s Water Market.
Contemporary Economic Policy, 23: 59-717.

Hanemann, M. 1984. Welfare Evaluations in Contingent Valuation Experiments with Discrete
Response Data: Reply. Awmerican Journal of Agricultural Fconomies. 66(3): 332-341

Hanemann, M. and B. Kanninen. 1999. The Statistical Analysis of Discrete-Response CV
Data. In Valuing Environmental Preferences, New York, NY: Oxford University Press, edited by
L.J. Bateman and K.G. Willis.

Havens, E.A. and E.M. Rogers. 1961. Profitability and the Interaction Effect. Rural Sociology,
26, pp. 409 -414.

HDR Engineering, Inc. 2007. Rotational Land Fallowing-Water Leasing Program:
Engineering and Economic Feasibility Analysis Final Report Prepared for Lower Arkansas

Valley Water Conservancy District, November.

Heady, E.O. 1952. Economics of Agricultural Production and Resourre Use. New York, NY: Prentice
Hall.

Heckman, J. 1979. Sample Selection Bias as a Specification Error. Econometrica, 47: 153-61.

Heffernan, W.D. 1984. Assumptions of the Adoption-Diffusion Model and Soil Conservation.

In Future Agricultural Technology and Resource Conservation, edited by B.C. English, J.A. Maetzold,
B.R. Holding and E.O. Heady, Ames, IA: Jowa State University Press.

154




Henderson, J. and M. Akers. 2008. Can Markets Improve Water Allocation in Rural America?
Economic Review, 93(4): 97-117.

Henderson, J. and S. Moore. 2005. The Impact of Wildlife Recreation on Farmland Values.
Research Working Papers Report 05-10, The Federal Reserve Bank of Kansas City, Econonitc Research
Department, December.

Hobbs, G. 2007. The Public’s Water Resource: Articles on Water Law, History, and Culture.
Continuing 1 zgal Education in Colorado, inc.

Hoehn, ].P. and Randall, A. 1987. Satisfactory Benefit Cost Indicator from Contingent

Valuation. Journal of Environmental Economics and Management, 14: 226-247.

Hornbrook, M.C., M. |. Goodman, P. A. Fishman, R. T. Meenan, M. O’Keeffe-Rosetti, and
D. J. Bachman. 1998. Building health plan databases to risk adjust outcomes and payments.
International Journal for Quality in Heaith Care, 10(6): 531-538.

Howe, C.W. and C. Goemans. 2003. Water Transfers and Their Impacts: Lessons from Three
Colorado Water Markets. Journal of the Amerzcan Water Resources Association, October.

Howe, C.W. and M.G. Smith. 1994. The Value of Water Supply Reliability in Urban Water

Systems. Journal of Environmental Economics and Management, 26: 19-30.

Howe, C. W, ].K. Lazo, and K.R. Weber. 1990. The Economic Impacts of Agriculture-to-
Urban Water Transfers on the Area of Origin: A Case Study of the Arkansas River in
Colorado. American Journal of Agricultural Economics, pp. 1200-1204, December.

Howitt, R. and K. Hansen. 2005. The Evolving Western Water Markets. Chozces, 20(1): 59-63.

Huffaker, R., N.K. Whittlesey, and P.R. Wandschneider. 1993. Institutional Feasibility of
Contingent Water Marketing to Increase Migratory Flows for Salmon on the Upper Snake
River. Natural Resources Journal, 33:671-696.

Huffman, W.E. 2001. Human capital: Education and Agriculture. In Handbook of Agricultural
Economics, edited by B.L. Gardner and G.C. Rausser, Vol. 1A pp. 333-81, Amsterdam:

Elsevier Science.

Hughes, D.W. 2003. Policy Uses of Economic Multiplier and Impact Analysis. Choices, Second
Quarter.

Hunter, L., J. Boardman, and J. Saint Onge. 2005. The Association between Natural
Amenities, Rural Population Growth, and Long-Term Residents’ Economic Well-Being. Rura/
Soctology, 70(3): 452-469.

Islam, N. 1995. Growth Empirics: A Panel Data Approach. Quarterly Journal of Economics,
110(4): 1127-70.

155




Jehle, G.A. and P.J. Reny. 2001. Advanced Microeconomic Theory (2 Edition). Boston, MA:
Addison-Wesley.

Jorgensen, B.S. and G.J. Syme. 2000. Protest Responses and Willingness to Pay: Attitude
toward Paying for Stormwater Pollution Abatement. Ecological Ficonomics, 33(2): 251-265.

Kennedy, P.A. 2003. Guide to Econometrics (5" Ed). Cambridge, MA: The MIT Press.

Kenney, D.S., C. Goemans, R. Klein, J. Lowrey, and K. Reidy. 2008. Residential Water
Demand Management: Lessons from Aurora, Colorado. Journal of the American W ater Resources
Assoctation, 44(1): 192-207.

Kent, C.A. 2004. Water Resource Planning in the Yakima River Basin: Development vs.
Sustainability. Yearbook of the Association of Pacific Coast Geographers, 66: 27-60.

Kilbourne, W.E. and S.C. Beckmann. 1998. Review and Critical Assessment of Research on
Marketing and the Environment. Journal of Marketing Management, 14(6): 513-532.

Killian, M.S. and T.S. Parker. 1991. Education and Employment Growth in a Changing
Economy. In Education and Rural Development: Rural Strategies for the 19905, edited by R.W. Long,
Washington, D.C.: USDA, Economic Research Service.

Kimball, A. 2005. Selling Water Instead of Watermelons: Colorado’s Changing Rural
Economy. The Urban/Rural Edge, Issue 8, April.

Knapp, K.C., M. Weinberg, R. Howitt, |.F. Posnikoff. 2003. Water Transfers, Agriculture, and
Groundwater Management: A Dynamic Economic Analysis. Journal of Environmental
Management, 67(4): 291-301.

Kort, J.R. 1981. Regional Economic Instability and Industrial Diversification in the U.S.
Land Economics, 57: 596-608, November.

Krugman, P. 1991. “Increasing Returns and Economic Geography.” Journal of Political
Eiconomy, 99: 483499.

Lee, K., H.M. Pesaran, and R. Smith. 1997. Growth and Convergence in a Multi-Country
Empirical Stochastic Solow Model. Journal of Applied Econometrics, 12: 357-392.

Leuschner, W.A., T.G. Gregoire, and G.]. Buhyoff. 1988. RI; A Statistic for Reporting Ranked
Responses. Journal of Leisure Research, 20(3): 228-232,

Letey, ]. 2005. Coping with Drought. Warer Conservation, Reiuse, and Recycling: Proceedings of an
Iranian-American Workshop.

Lichty, R.W. and C.L. Anderson. 1985. Assessing the Value of Water: Some Alternatives.
Journal of Regronal Policy and Analysis, 15(2): 39-51.

156




Lobell, D.B., K.N. Cahill, and C.B. Field. 2007. Historical Effects of Temperature and
Precipitation on California Crop Yields. Climatic Change, 81: 187-203.

Loker, C.A. 1996. Human dimensions of suburban wildlife management: Insights from three
areas of New York State. Unpublished M.S. Thesis, Cornell University, Ithaca, NY.

Loomis, ]. 1987. Balancing public trust resources of Mono Lake and Los Angeles’ water
right: An economic approach.” Water Resources Research, 23(8): 1449-1456.

Loomis, |. 2008. The Economic Contribution of In-stream Flows in Colorado: How Angling
and Rafting Use Increase with Instream Flows. Colorado State University Extension Publication
EDR-08-02.

Loomis, ], T. Park, and M. Creel, M. 1991. Confidence Intervals for Evaluating Benefit
Estimates from Dichotomous Choice Contingent Valuation Studies. Land Ficonomies, 67(1): 64—
73.

Loomis, J., T. Brown, B. Lucero, and G. Peterson. 1997. Evaluating the Validity of the
Dichotomous Choice Question Format in Contingent Valuation. Environmental and Resource
Economics, 10: 109-123.

Loomis, ].B., I.T. Hung, and A. Gonzalcz-Caban. 2009. Willingness to Pay Function for Two
Fuel Treatments to Reduce Wildfire Acreage Burned: A Scope Test and Comparison of White
and Hispanic Households. Forest Policy and Economics, 11(3): 155-160.

Lopez, R.A., A.O. Adelaja, and M.S. Andrews. 1988. The Effects of Suburbanization on
Agriculware. American Journal of Agricultural Economics, 70: 346—358.

Lundberg, S.J., R.A. Pollak, and T.J. Wales. 1997. Do Husbands and Wives Pool Their
Resources? Evidence from the United Kingdom Child Benefit. Journal of Human Resources,
32(3): 463-480, Summer.

MacCannell, D. 1988. Industrial Agriculture and Rural Community Degradation. Agriculture and
Comprunity Change in the U.S., edited by L.E. Swanson, Boulder, CO: Westview Press.

Mahler, R.L., R. Simmons, F. Sorensen, and ].R. Miner. 2004. Priority Water Issues in the
Pacific Northwest.” Journal of Extension, 42(5), October.

Malizia, E.E. and S. Ke. 1993. The Influence of Economic Diversity on Unemployment and
Stabilitv. Journal of Regional Science, 33(2) 221-35.

Marousek, G. 1979. Farm Size and Rural Communities: Some Economic Relationships.
Southern Journal of Agricultural Economices, 11:57-61, December.

McCann, L. and K.W. Easter. 2004. A Framework for Estimating the Transaction Costs of
Alternative Mechanisms for Water Exchange and Allocation. Water Resources Research, Vol. 40.

157




McCrea, ML.E. and E. Niemi1. 2007. Technical Report on Market-Based Reallocation of Water
Resources Alternative: A Component of the Yakima River Basin Storage Feasibility Study.
Ecology Publication Numtber 07-11-044.

McDowell, A. 2003. From the help desk: Hurdle Models. The Stata Journal, 3(2): 178-184.

McFadden, D. 1974. Conditional Logit Analysis of Qualitative Choice Behavior. In Frontiers in
Econometrics, edited by P. Zarembka, New York, NY: Academic Press.

McFadden, D. 1994. Contingent Valuation and Social Choice. American Journal of Agriculturai
Economics, 76: 689-708.

McMahon, T. and M. Reuer. 2007. Water Sustainability in the Rockies: Agriculture to Urban
Transfers and Implications for Future Water Use. Colorado College State of the Rockies Report Card.

McNally, M. and O.P. Matthews. 1995. Changing the Balance in Western Water Lawr
Montana's Reservation System. Natural Resources Journal, 35: 671-694.

Michelsen, A.M. and R.A Young. 1993. Optioning Agricultural Water Rights for Urban Water
Supplies during Drought. American Jonrnal of Agricultural Eiconorzics, 75:1010-1020, November.

Mills, T. 1983. Water Resource Knowledge Assessment of College-Bound High School
Graduates. Proceedings of the Oklaboma Academy of Science, 63: 78-82.

Mitra-Kahn, B.H. 2008. Debunking the Myths of Computable General Equilibrium Models.
Schwartz; Center for Economic Policy Analysis Working Paper 2008-1.

Mulligan, G.F., M.L.. Wallace, and D.A. Plane. 1985. A General Model for Estimating the
Number of Tertiary Establishments in Communities: An Arizona Perspective. The Socal Science

Journal, 22(2), Apnl.

National Agriculture Statistical Service, http://www.nass.usda.gov, last accessed February
2009.

National Oceanic and Atmosphenic Administration,
http://www]1.ncde.noaa.gov/pub/orders/CDODiv3993481692938. txt, last accessed April
2009.

Neumann, G.R. and R.H. Topel. 1991. Employment Risk, Diversification, and
Unemployment. The Quarterly Journal of Fconomics, 106: 1341-1365, November.

Nichols, P. 2004, Water and Growth in Colorado. Headwaters, Summer.

Nichols, P.D. 2010. The Lower Arkansas Valley Super Ditch Company, Inc. Colorado W ater,
27(1): 5-7, January/February.

158




Nowak, P.J. 1984. A critical look at conservation. Journal of Seil and Water Conservation 39, pp.
220-221.

Nunes, P.A.L.D. and E. Schokkaert. 2003. Identifying the Warm Glow Effect in Contingent
Valuation. Journal of Environmental Economics and Management, 45 (2): 231-245.

Ozzello, L. 2009. Finite Supply, Infinite Possibilities. Headwaters, Colorado Foundation for
Water Education, Winter.

Partridge, M.D. and D.S. Rickman. 1997. The Dispersion of U.S. State Unemployment Rates:
The Role of Market and Non-Market Equilibrium Factors. Regional Studies, 31:593-606.

Pede, V.O., R.J.G.M. Florax, and H.L.F. de Groot. 2008. Technological Leadership, Human
Capital and Economic Growth: A Spatial Econometric Analysis for U.S. Counties, 1969-2003.
Annales D ’Eiconomie et de Statistique, No. 87 /88.

Phipps, S. and P. Burton. 1998. What's Mine is Yours? The Influence of Male and Female
Incomes on Patterns of Household Expenditure, FEconomica, 65(260): 599-613.

Poppleton, . 2009. Metro Providers Hunt for Options. Headwaters, Colorado Foundation for
Water Education, Winter.

Pritchett, J. 2007. Irrigated Agriculture 1s an Engine for Economic Activity in Rural
Communities. .Agronomy News, 26(1): 5-6.

Pritchett, L. 2001, Where Has All Education Gone? World Bank Economic Review, 15: 367—
391.

Pritchett, J., M. Frasier, and E. Schuck. 2003. Third Party Compensation for Out-of-Basin
Transfers: Comments on HB 03111. Agricultural and Resource Policy Report, Colorado State
University, July.

Rogers, E.M. 1983. Diffusion of Innovations. (3rd Edition), New York, NY: Macmillan.
Romer, D. 2006. Advanced Macroeconomics (3" Edition), New York, NY: McGraw-Hill/Irwin.

Saluel, J., ].W. Bauder, and S. Palakovich. 1994. Adoption of Sustainable Agricultural Practices:
Diffusion, Farm Structure, and Profitability. Rural Sociology, 59(2): 333-349.

Sax, J. 1980. Mountains without Handrails: Reflections on Nationa! Parks. Ann Arbor, MI:
University of Michigan Press.

Schneekloth, ].P., R.T. Clark, S.A. Coady, N.L. Klocke, and G.W. Hergert. 1995. Influence
of Wheat-Feed Grain Programs on Riskiness of Crop Rotations under Alternate Irrigation “
Levels, Journal of Production Agriculture, 8(3):415-423. i

Sealover, E. 2007. Bridging Rural, Urban Interests. The Colorado Springs Gazette, September.

159




Sherk, G.W. 2003. East Meets West: A Tale of Two Water Doctrines. Water Resources Impact, 5:
5-8.

Shyamsundar and Kramer. 1996. Tropical Forest Protection: An Empirical Analysis of the
Costs Borne by Local People. Journal of Environmental Economics and Management, 31(2): 129-144.

Shumway, M. and S. Otterstrom. 2001. Spatial Patterns of Migration and Income Change in
the Mountain West: The Dominance of Service-Based, Amenity-Rich Counties. Professional
Geographer, 53(4): 493-501.

Siegel, P.B., T.G. Johnson, and |. Alwang. 1995. Regional Economic Diversity and
Diversification. Growth and Change, 26: 261-285.

Skyes, J. 1950. Diversification of Industry. The Economic Journal, 60 (240): 697-714.

Smith, D. 2005. Agronomic Perspectives on Irrigation Water Conservation to Meet Growing
Urban Demands. Colorado Water, Colorado Water Institute, Colorado State University,
February.

Smith, D.M. 1975. Neoclassical Growth Models and Regional Growth in the U.S. Joxrnal of
Regional Science, 18(2): 165-181.

Smith, Klein, Bartholomay, Broner, Cardon, Frasier, Kuharich, Lile, Gross, Parker, Simpson,
and Wilkinson. 1996. Irrigation Water Conservation: Opportunities and Limitations in
Colorado—A Report of the Agricultural Water Conservation Task Force. Completion Report No.
190, Colorado Water Institute, Colorado State University.

Sommers D.G. and T.L. Napier. 1993. Comparison of Amish and non-Amish farrers: a
diffusion farm-structure perspective. Rural Sociology, 58:130-45.

Song, S.H. and J. Lee. 2008. A Note on §° in a Spatially Correlated Error Components
Regression Model for Panel Data. Economics Letters, 101: 41- 43, October.

South Platte Research Team. 1987. Voluntary Basin-wide Water Management: South Platte
Basin, Colorado. Colorade Water, Colorado Water Institute, Colorado State University, May.

South Metro Water Supply Authority. 2007. Regional Water Master Pian. CDM in association
with Meurer and Assocates, June.

Specter, M. 2006. The last drop: confrontung the possibility of a global catastrophe. The New
Yorker Magazzne, October 23: 60-71.

Spectrum Economics, Inc. 1991. Cost of Industrial Water Shortages. Report prepared for
Calsfornia Urban W ater Agencies.

Speyrer, |.F. and W.R. Ragas. 1991Housing Prices and Flood Risk: An Examination using
Spline Regression. The Journal of Real Estate Finance and Economucs, 4(4):395-407, December.

160




Studenmund, A.H. 2001. Using Econometrics: A Practical Guide " Edition), Addison Wesley
Longman, Inc.

Suits, D.B., A. Mason, and L. Chan. 1978. Spline Functions Fitted by Standard Regression
Methods. Review of Economics and Statistics, 60(1):132-39.

Summers, L..H. 1986. Why is the Unemployment Rate so Very High Near Full Employment?
Brookings Papers of Economic Activity, 2:339-383.

Tarlock, A.D. 1991. New Water Transfer Restrictions: the West Returns to Riparianism.
Water Resources Research, 27(6): 978-994.

Thorvaldson, ] and J. Pritchett. 2006. Economic Impact Analysis of Irrigated in Four River
Basins in Colorado. Completion Report No. 207, Colorado Water Institute, Colorado State
University.

Torell, A., J. Libbin, and M. Miller. 1990. The Market Value of Water in the Ogallala Aquifer.
Land Economics, 66(2): 163-175.

Trout, T., W. Bausch, and G. Buchleiter. 2010. Water Production Functions for High Plains
Crops. C Colorado Water, 27(1): 19-21. )

USA Counties, http://censtats.census.gov/usa/usa shtml, last accessed May 2009. L."
[ |
USDA. 1998. Agricultural Fact Book 1998. Office of Communications. {

USDA. 1999. Agriculture Fact Book 1999.
hup://www.usda.gov/news/pubs/factbook/002a.pdf, last accessed April 2010. '."‘

USDA-ERS. 2004. Rural Poverty at a Glance.” Rural Development Research Report No. 100, July. |

USDA-ERS. 2003. Measuring Rurality: Urban-rural Continuum Codes.
http://www.ets.usda.gov/briefing/rurality/ruralurbcon/, last accessed September 2009.

USDA Forest Service, Database of Economic Diversity Indices for US Areas,
www.fs.fed.us/institute /economic_centet/spatialdata3.html, last accessed September
2007.

U.S. Geological Survey. Estimated Use of Water in the United States in 2000, |
http://pubs.usgs.gov/circ/2004/circ1268 /htdocs / table07.html, last accessed August 2009. |

U.S. Census Bureau. Table 2: Annual Estimates of the Population by Sex and Age: April 1,
2000 to July 1, 2007. J
http:/ /www.census.gov/population/www /projections/ projectionsagesex.html, last accessed It
August 2009. )

161



Vloerbergh, 1., C. Fife-Schaw, T. Kelay, ]. Chenoweth, G. Morrison, and C. Lundéhn. 2007.
Assessing Consumer Preferences for Drinking Water Services: Methods for Water Utilities.
Technean, May.

Wagner, |.E. 2000. Regional Economic Diversity: Action, Concept, or State of Confusion. The
Journal of Regional Analysis and Policy, 30(2): 1-22.

Wagner, ].E. and S.C. Deller. 1998. Measuring the Effects of Economic Diversity on Growth
and Stability. Iand Economics, 74(4): 541-56, November.

Wagner, |.E. and S.C. Deller. 1993. A Measure of Economic Diversity: An Input-Output
Approach. USD.A Forest Service Staff Paper 93.3, September.

Wang, G.C.S. and C.L. Jain. 2003. Regression Analysis: Modeling and Forecasting. New York, NY:
Graceway Publishing Company.

Watanabe, M. and K. Asano. 2009, Distribution Free Consistent Estimation of Mean WP in
Dichotomous Choice Contingent Valuation. Environmental and Resource Econonies, 44: 1-10.

Water Colorado. www.WaterColorado.coin, last accessed Jannary 2009.

Watson, P. and D. Thilmany. 2008. Regional Agriculture as a National Industry. In The
Economics of American Agriculture: Evolution and Global Development, M.E. Sharpe, Inc., April.

Weber, B.A. 1995. Extractive Industries and Urban-rural Economic Interdependence. In The |
Changing American Countryside, edited by E.N. Castle, Lawrence, KS: University Press of Kansas.

Western Governors’ Association. 2008. Water Needs and Strategies for a Sustainable Future:
Next Steps. June.

White, H., “A Heteroscedasticity-Consistent Covariance Matrix Estimator and a Direct Test
for Heteroscedasticity.” Fconometrica, 53: 1-16, 1980.

Whitener, I.A. and T. Parker. 2007. Policy Options for a Changing Rural America. Anber
Waves, 3(2), April 2005 (updated May 2007).

Whittlesey, N., |. Hamilton, and P. Halverson. 1986. An Economic Study of the Potential
for Water Markets in Idaho. Idaho Water Resources Research Institute and Washington Water
Resources Research Institute, December. i

Wilson, P.N. 1997. Economic Discovery in Federally Supported Irrigation Districts: A Tribute .
to William E. Martin and Friends. Journal of Agricultural and Resource Economics, 22(1): 61-77. |

Winner, J. and M.L. Smith. 2008. Colorado’s ‘Super Ditch’: Can Farmers Cooperate to Make r{

Lemonade out of Lemons? Urbanization of Irrigated Land and W ater Transfers—A Water 1
Management Conference of the U.S. Commuttee on Irrigation and Drainage.

162



Wodjao, T.B. 2007. A Double-Hurdle Model of Computer and Internet Use in American
Households. Western Michigan University.

Young, R.A. 1986. Why are there so Few Transactions among Water Users? American Journal of
Agricultural Fconomues, 68 (5): 1143-1151, Proceedings Issue, December.

Young, R.A. 2005. Nonmarket Economic Valuation for Irrigation Water Policy Decisions:
Some Methodological Issues. Journal of Contemporary Water Research and Education, 131: 21-25.

Zhou, S., T. Herzfeld, T. Glauben, Y. Zhang, and B. Hu. 2008. Factors Affecting Chinese
Farmers’ Decisions to Adopt a Water-Saving Technology. Canadian Journal of Agricultural
Economics, 56: 51-61.

Zilberman, D. and K. Schoengold. 2005. The Use of Pricing and Markets for Water
Allocation. Canadian Water Resources Journal, 30(1): 1-20.

163



APPENDIX A DATA SOURCES

Table A1 lists the sources of data used for the study in Chapter 2, while Tables A2 and

A3 show the coefficients of correlaton among explanatory variables.

References section for more information about accessing these data sources.

Table Al: Data Description, Year, and Source

AND CORRELATION

Please see the

Variable

Data Source

Population

USA Counties

Unemployment

Bureau of Labor Staustics

Value of Sales

USA Counties

Shannon-Weaver Index

IMPL.AN, USDA Forest Service

Highway Spending per Acre

USA Counties

Non-farm Establishments

USA Counties

Lagged Population

USA Counues

Lagged Unemployment Rate

USA Countes

% Healthcare Establishments

USA Counties

% Female Workers

USA Counties

% of Population Caucasian

USA Counties

%o of Population over 60

USA Counties

% of Population with Bachelor’s Degree or Higher

USA Counties

% of Households headed by a Marnied Couple

USA Counties

Median Income

USA Counties

Violent Crimes

USA Counties

USDA ERS Urban-Rural Continuum Code

USDA-ERS

Tax Revenue per Capita

USA Countes

USDA-ERS Nartural Amenity Rank USDA-ERS
USDA Farm Production Region USDA, 1999
Average Farm Size NASS
Irrigated Land NASS

Drought

National Oceanic and Atmospheric Administration
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Table A2: Correlation Coefficients for Some Study Variables

Drought | Healthcare | Hwy Spending | Irngated Land Over 60 Bachelor Degree | Nat. Amenity | Married | Caucasian

Healthcare 0.05 1.00

Hwy Spending 0.29 0.18 1.00

Irrigated Land -0.08 -0.01 0.03 1.00

% over 60 0.24 0.15 -0.08 -0.24 1.00

Bachelor Degree -0.03 0.31 0.18 0.06 -0.32 1.00

Nat. Amenity -0.26 -0.01 -0.07 0.01 -0.41 0.31 1.00

% Married -0.10 -0.34 -0.19 0.21 0.03 -0.25 -0.12 1.00

% Caucasian -0.09 0.10 0.01 0.17 0.27 0.17 -0.09 0.41 1.00

% Female 0.24 0.42 0.30 -0.11 0.09 0.21 0.00 -0.48 -0.21
| Ruralness 0.14 -0.11 0.26 -0.05 0.29 0.06 -0.12 0.18 0.16

S-W Index -0.04 0.46 0.26 0.09 003 (.08 0.10 .26 -0.05

Tax Revenue (.03 -0.09 0.13 0.05 -0.07 0.20 -0.01 0.18 0.23

Non-farm Estabs -0.08 0.38 0.46 (.11 -0.31 0.39 0.24 -0.33 -0.05

Northern Plains 0.65 0.13 0.21 0.00 0.39 -0.02 -0.51 0.06 0.13

Southern Plains -0.10 -0.17 0.00 -0.19 0.02 -0.28 0.00 -0.02 -0.19

Avg. Farm Size -0.12 -0.13 -0.39 -0.04 017 0.06 0.03 0.09 -0.02

Early Population -0.05 0.27 0.41 0.08 -0.30 0.06 0.21 -0.23 -0.24

Median Income 0.05 -0.18 0.28 0.26 -0.34 0.45 0.13 0.19 0.31

Table A3: Correlation Coefficients for Additional Study Variables

Female | Ruralness | S-W Index | Tax Revenue | Non-farm Estabs NP Sp Avg Farm Size Early Pop

Ruralness -0.25 1.00

S-W Index 0.47 -0.48 1.00

Tax Revenue -0.19 0.20 -0.32

Non-farm Estabs 0.36 -0.52 0.60

NP 0.16 0.31 -0.12

SP -0.13 0.36 0.07

Avg. Farm Size -0.19 0.16 -0.24

Early Population 0.30 -0.67 0.57

Median Income -0.03 -0.06 0.11




—

There is moderate correlation between the S-W index and the number of non-farm
establishments, which is not wholly unexpected—a larger number of establishments may spur
the co-location of input suppliers and service establishments. However, because each of these
variables measures something different and essential to this study—economic diversity and
size, respectively, and because both variables are individually statistically significant in nearly all
estimated models, there is great risk of omitted variable bias if either variable is omitted; thus, |
neither variable is omitted from the models here. There 1s also moderate negative correlation

between the farm production region dummy variables, which is expected—if a county is not

located in the Northern Plains (NP) region, then it must be located in either the Southern
Plains (SP) or Mountain region. This 1s 2 common phenomenon with dummy variables and 1s
not of great concern. Furthermore, the issue becomes moot when the FE estimator is used.
There is also moderate negative correlation between the Northern Plains dummy variable and

the natural amenity rank, which suggests that most counties in the Northern Plains region have

relatively low natural amenity ranks. Nonetheless, because the farm production regions are i
based on many factors in addition to climate, it contains unique information that is also
important in explaining rural economic health. And again, the issue becomes moot when the

FE estimator is used.
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APPENDIX By A SUMMARY OF RESULTSY FROM THE
INTERNET SURVEY OF WESTERN HOUSEHOLDS
Exploratory Analysis: Correlation among Explanatory Variables

As discussed mn the previous Chapter 2, the coefficients of correlation between
variables can provide information about the possible presence of heteroskedasticity in a

regression. Examining correlations between variables is also useful for forming some insight

into the nature of the respondents’ preferences and the relationships between these i
preferences and other characteristics of the respondent. The coefficients of correlation among

the explanatory variables used in Chapter 3 are displayed in Tables B1 and B2. |
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Table B1: Coefficients of Correlation between Explanatory Variables

b2 Homeowne | Caucasia Propose : Saong Conservatio | Voluntary Water Regional
P Income City h 7 e - 5 =
5 r n d Fee E : n Concerned | Restrict Knowledge | Planning Needed
Yes Water
Homeowner -0.05
Caucasian 0.04 0.09
Income 0.10 0.32 0.01
Proposed Fee -0.18 -0.01 -0.01 -0.01
City 0.03 -0.02 -0.10 0.05 0.03
Enough Water -0.15 -0.05 -0.07 0.04 -0.02 0.02
Conservation 0.17 0.02 0.00 0.02 003 | -002 | -024
Concerned
Voluntary Restrict -0.16 0.01 0.03 -0.05 0.01 -0.01 0.21
Water Knowledge 0.08 0.05 0.02 0.06 0.02 -0.05 -0.09
fegenFlsany 0.21 0.04 0.03 0.04 002 | 001 | -027
Needed
Limit Growth 0.05 0.06 0.05 0.01 0.02 2.00 -0.17
Public Money 0.18 0.01 0.00 0.00 0.04 -0.01 -0.07
Current Management | -0.12 -0.01 -0.07 0.02 -0.01 0.03 0.40
Poligymakes 0.00 -0.07 0.12 -0.01 0.01 006 | 024
Understand
Do Notking -0.14 -0.04 -0.07 0.02 0.00 0.05 0.24
Federal Subsidies -0.07 -0.05 -0.05 -0.09 -0.02 0.01 0.06
Age 0.01 0.26 0.17 0.02 0.01 -0.08 -0.10
New Housing -0.03 0.07 0.04 0.07 0.00 -0.02 -0.04
Econamy e 015 0.00 0.05 0.01 0.01 000 | 025
Environment
Male -0.01 0.02 -0.01 0.06 0.01 0.02 0.01
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Table B2: Additional Coefficients of Correlation between Explanatory Variables

.- - G ; :
Limit Public EREA Policymakers Do Federal New Economy over
3 Manageme : 5 S Age ; : s
Growth Money i Understand Nothing Subsidies £ Housing Environment
Current 011 0.08
Management ¥
Policymakers
. ) ). i
Understand 0:20 0.01 0.52
Do Nothing -0.14 -0.15 0.27 0.21
Federal Subsidies -0.12 0.02 0.02 -0.01 0.00
Age -0.10 0.07 -0.11 -0.20 -0.07 -0.07
New Housing 0.09 -0.05 -0.07 -0.07 0.01 -0.22 0.10
ooy Oves 0.19 0.07 0.26 015 0.19 0.02 0.02 0.01
Environment A
Income - -0.12 0.00 0.01 0.00 0.01 -0.08 0.02 0.01 0.08
Male 0.01 0.04 0.02 -0.03 0.08 0.07 0.18 -0.03 0.08
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As can be seen in Table B1, individuals who are satisfied with the way water resources
are currently managed tend to also think that policymakers understand their priorities. While it
is not surprising that these two variables are positively correlated, they each provide distinct
information and were found to have opposing effects on the WTP decision.

Individuals who think that regional land use and water planning is needed to manage
water scarcity tend to also think that the growth of cities should be limited and that public
money should be used to develop new water resources. Interestingly, these individuals also
tend #of to be satisfied with current water management and to disagree with the notion that
cities should not be required to do anything to compensate rural communities if water is
taken from rural areas and given to cities.

Interestingly, water knowledge is positively correlated with the notion that regional
land use and water planning is needed to manage water scarcity, but negatively correlated with
the notion that the best way to ensure sufficient water for the future 1s through government
regulation. In general then, individuals who feel relatively well-informed about water
management in the west tend to realize that regional land use and water planning is needed,
but do not think that government regulation is not the best way to implement such plans

The correlation among variables provides insight into the relationship between the
variables, but does not control for the contemporaneous impact of all varables on one
another. Regressions analysis allows the analyst to better isolate the effects of particular
vartables by controlling for the effects of other varables. The next sections summarize

respondent demographics and survey responses




Demographics

The majority of respondents were female, Caucasian, and somewhat older than the
general population (Table B3). Respondents’ median income was somewhat below that of all

western residents, and a slightly greater proportion of respondents owned their place of

residence (Table B3). Respondents came from all 17 states in the study area (Table B4).

Table B3: Reported Age of Respondents

Percent Percent Median S T Percent
Male Caucasian Age Homeowners
Between $25,000
=0, 0 ) 0
Sample 27% 88.9% 51 and $49,000%% 68.6% B
Western U.S.* 51.5% 82.1% | 35 $49,059 62.6%

*Source: USA Counties

“*Respondents were not asked to reveal their exact household income, but the range in which it lies.

Table B4: Responses by State

State Number of Respondents % of Respondents % of State Population
Anzona 530 8.5 % 0.0082 %
California 477 7.6 % 0.0013 %
Colorado 535 8.6 % 0.0108 %
Idaho 292 4.7 % 0.0192 %
Kansas 445 7.1 % 0.0159 %
Montana 197 32% 0.0204 %
Nebraska 308 4.9 % 0.0173 %
Nevada 430 6.9 % 0.0165 %
New Mexico 299 4.8 % 0.0151 %
North Dakota 124 20% 0.0193 %
Oklahoma 446 7.1 % 0.0122 %
Oregon 470 7.5 % 0.0124 %
South Dakota 149 24 % 0.0185 %
Texas 467 7.5 % 0.0019 %
Utah 368 5.9 % 0.0134 %
Washington 569 9.1 % 0.0087 %
Wyoming 144 23% 0.0270 %
Entire West 6,250 100 % —
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The largest share of respondents currently live in a large city (Figure B1). The largest |
|
share of respondents also grew up in large cities. A surprising number of respondents \
reported living in the west more than twenty years (Figure B2). ‘
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Figure B1: Respondents’ Description of their Current Community
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Figu_re B2: Length of Time Living in the West

Most respondents (81 percent) had some educational training beyond high school

(Figure B3) Their annual household income tended to be less than $75,000 (Figure B4). The

largest shares of respondents were retired or professional individuals (Table B5).
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Figure B4: Respondents’ Reported Annual Household Income before Taxes

Table B5: Respondents’ Occupations

Occupation West (%o of Respondents) Colorado (% of Respondents) |

Retired 28.7 25.4 i

Professional 207 221

Business 9.7 8.8

Retail 7.2 6.5
| Teaching 5.2 5.8

Student 5.2 54

Manufactuning 2.8 2.8

Agriculture 1.3 i)

Ranching 14 09

Other 18.3 20.6
Preferences, Perceptions, and Knowledge
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One goal of the analysis is to establish an understanding of western households’
preferences among water development alternatives. These preferences may hold important
insights about heterogeneity among western households’ WTP for water initiatives. With
this in mind, respondents were asked their preferences for addressing long- and short-term
water scarcity. In these questions, respondents were asked to prioritize among a list of
options by ranking their three most preferred options from a larger set.

To aid the interpretation of the responses to these questions, a summary statistic
needs to be developed. The mean rank for an option may be misleading when respondents
are asked to rank a subset of all optons because the mean will (presumably) include many
zero responses (Leuschner et al,, 1988); thus, Leuschner et al.’s Relative Importance statistic
was adopted as the appropriate measure of the relative rank of each item. Renamed the

Relative Preference (RP) statistic for this analysis, the statistic is defined as:

Eu Zm JI‘I"ni!'r‘.
)z ————— %100 B1
RI 1 X\ Z; Z'h wnm {

where », = weight for rank » assigned to item j by respondent 7

1m
= 0 if item  1s unranked

=M —m+ 1if item / has rank 2.
RP 1s the percentage of all weights assigned that were assigned to item /. In the present case,
M = 3, so a respondent’s first choice was given a weight of three, while the second choice was
given a weight of two and the third a weight of one. The remaining unranked options received
a weight of zero. The weights given by all respondents to a particular category were then
summed and divided by the sum of @/ weights. The resulting percentage is the RP statistic for

that category; it represents the proportion of total weights that the category received. The sum
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of all RP’s for the alternatives in a given question will equal 100. The RP statistics for several

attitudinal questions are reported in the next sections.

Priorities during Times of Water Scarvity

Western states at times experience temporary water shortages™ for a variety of reasons,
such as drought or over-allocauon. During these times, there may not be enough water to
adequately provide for all water uses, and some prioritization must take place. The uses for
which water might be allocated during times when water is limited were grouped into eight
categories. Respondents were asked to indicate which of these eight water uses should receive

the first-, second-, and third-highest priorities for allocation when water is limited (Figure B5).
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Figure B5: Respondents’ Relative Preferences in Times of Short-Term Water Scarcity

Indoor household water use garnered the highest priority among all water uses. The
lowest priority was given to recreational uses of water, which mirrors the results of Mahler et
al’s (2004) survey of water prionties of residents of the Pacific Northwest. Thus, while

households do not want to reduce their indoor water use, they are willing to cut back on

22 Here, “temporary” refers to a shortage lasting less than two years. This definition was provided i the survey.
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outdoor water uses such as landscaping and recreation—these opinions are in line with those
expressed in the focus group process. Irrigated farmland received the second-highest level of
priority, providing one indication of the relatively high value that these households place on
irrigated agriculture—also in line with the opinions expressed in the focus group process.

However, in the present context, water for the natural environment refers to such
things as the provision of fish and wildlife habitat, while water for natural resource
management refers to fire suppression and maintenance of stream banks, examples which
were provided in the survey. Given the relative similarity between these two categories of
water use, it may make sense to also consider the two categories together, in which case they
overtake irrigated agriculture as the second-highest ranked water use category.

In any case, irrigated agriculture was ranked above industry. Thus, estimates of water’s
value in industrial uses can provide a lower bound for estimates of watet’s value in irrigated
agriculture. In a study by Spectrum Economics, Inc. (1991), water retailers in California were
surveyed 1n order to obtain industrial rates for water. Utility potable water was found to vary
between $327 and $1,141 per AF, averaging $§755 per AF inflated to $2009. Irrigated
agriculture was also ranked above recreation. Although there are numerous forms of water
recreation, the economic value of water from angling and rafting on various Colorado rivers

has been estimated to range from §18 to $358 per AF (Loomis, 2008).
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Strategres for Addressing Short-Term Searcity

If facing short-term scarcity, municipal water providers have several options for
acquiring or stretching water supplies. Respondents were given a list of eight such options and
asked to list their three most preferred options for meeting short-term water needs. The
survey did not include a detailed explanaton for each of the options, which avoids any
potential bias but also leaves open the possibility that respondents differ in their interpretation
of each option. Restricting private and public outdoor watering were by far the most preferred
short-term strategies, followed by limits on industry (Figure B6). Permanent water transfers
from farms to cities were the lowest ranked strategy—in fact, respondents indicated that they
would rather pay higher water rates than dry up agriculture. This suggests that households
may be aware of the potential negative effects of permanent water transfers and may take such

effects into consideration when forming their preferences for water supply options.
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Figure B6: Respondents’ Preferred Strategies for Addressing Short-Term Scarcity




Compared to short-term water strategies, the opportunities to develop water for long-
term use are more capital-intensive and require longer-term planning. Respondents were given
a list of eight strategies for meeting long-term water needs, and were again asked to list their
three most preferred options for meeting those needs. The most popular strategies for
meeting long term needs were to build reservoirs and to re-use water on private lawns and
public landscapes (Figure B7). These findings are in line with Espeland’s (1998, p. 8) assertion
that people prefer to find new water, or assume that new sources of water will be found, rather
than limit their water use.

The least popular alternative was buying water from farmers (3.2 percent). Even when
facing long-term drought conditions, households are reluctant to purchase water from farmers,
retterating the call to find alternatives. And this result 1s not due to the effect of one or a few
outlier states—every state gave this option the lowest RP ranking, with the one exception of
Montana, which ranked it second-lowest. A t-test reveals that Montanans’ RP for this option

is not statistically different from the lowest RP (given to pipeline construction).
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Figure B7: Respondents’ Preferred Strategies for Meeting Long-Term Water Scarcity
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Preferred Strategies for Funding Water Supply Programs

All strategies for meeting long-term needs will require capital expenditures, and
municipal water providers will be charged with acquiring funds. Respondents were given a list
of seven opportunities for funding, and were again asked to rank their top three choices
(Figure B8). Respondents find it more appealing to place the responsibility of funding
additional water supplies on those who are creating the excess demand than to spread the cost
equally across all households, preferring to increase water rates proportionately to water use
and charge higher fees on new housing. It is no surprise that increasing all water rates was the
least popular option—because the majority of increased water demand is a result of population
growth, those who already live in the region may feel that they should not have to pay for
meeting those new demands. Simuilarly, those who use less water do not feel they should pay

as high a rate as those who use more water.
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Figure B8: Respondents’ Preferred Funding Options for Water Supplies

Water I eases and Transfers

Water transfers and the associated mechanisms for achieving them are the subject of intense

policy debate in the western region of the U.S. (Knapp et al., 2003). In this context,
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respondents were asked their level of agreement with the statement, “Cities should be able to
divert water from rural areas if the cities need more water.” While neatly a third of all
respondents agreed with the statement, a greater proportion disagreed with the statement

(T'able B6). An even greater proportion of Coloradans disagreed with the statement.

Table B6: Respondents’ Support for Cities’ Ability to Divert Water from Farms as Needed

Agree (%) Disagree (%) Neither (%)
West 31.0 41.9 27.1
Colorado 25.7 51.6 22.6

While only 36 percent of respondents believed that water leases are more beneficial
to rural economies than are permanent water transfers, this is three times the proportion of
respondents who disagreed with the notion. Indeed, the majority of responses were neutral,
which is likely due in large part to uncertainty about the effect of leases on rural
communities, which itself stems from the limited number of lease programs currently in
practice. Similar results emerge when considering respondents’ opinions regarding leases’
ability to meet the future water needs in their home state: 51 percent of respondents were
neutral, 27 percent believed that water leases will help meet the future water needs of their
state, and 22 percent disagreed with the notion.

While public opinions about the virtues of water leases may be somewhat
ambiguous, the opinions about permanent water transfers are not: fully 84 percent of
respondents think that the number of permanent warer transfers from farms to cities should

be limited, while only four percent do not think they should be limited.

Rural Investment
The preceding results show that urban households do not prefer to permanently

transfer water from farmers. However, it is not clear whether this 1s out of self-concern for
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food security, a local food supply, and lower food prices, or whether it is out of concern for
farmers and rural communities. In this context, respondents were asked whether ciges
should be required to take certain actions after transferring water from rural areas. There
appears to be a wide range of actions that would be acceptable to the general public (Table
B7). The action generating the greatest agreement was buying and installing equipment to
conserve water on farms. Another highly ranked option was for cities to provide job training
for rural residents. However, rural development strategies based on boosting human capital
will only be successful if integrated with activities that boost demand for skilled workers in the
region (Fitzgerald, 1995). Also, while entrepreneurship programs can provide opportunities
for growth, the small businesses created are extremely vulnerable and cannot serve as a
substitute for other types of employment (Bates and Nucci, 1989). The least-preferred option
was for cities to do nothing, again suggesting that urban households are aware of the negative

effects of permanent transfers and may have concern for farmers and rural communities.

Table B7: Respondents’ Preferences for the Compensation of Rural Communities

Activity % Agree (West) % Agree (Colorado)
Conserve water on farms 84.8 % 84.6 %
Finanaally compensate rural communities 84.3 % 87.5 %
Provide job training 64.1 % 63.5 %
Restore irrigated farmland to native grasses 58.9 % 59.8 %
Create loan programs for start-up businesses 53.3 % 55.1 %
Invest in rural roads and schools 52.7 % 54.1 %
Do nothing 3.1 % 27%

Household Conservation

Household conservation may be one strategy to reduce the demand for water
resources. With this topic in mund, respondents were asked to provide their level of agreement
with a2 number of statements about water conservation. Water conservation is a personal

concern of 72 percent of all respondents, with 75 percent participating in water conservation
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strategies in their daily lives. This is encouraging, especially considering that just a decade ago

water scarcity seemed to do little to alter individuals’ lifestyles (Espeland, 1998, p. 8).

Government Jurisdiction, Mandates, and Perceved Responsiveness

A number of people and groups are in a position to make decisions about the best way
to conserve water in our communities. As Figure B9 shows, respondents prefer that that

responsibility for conservation decisions fall to households and/or local government.
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Figure B9: Respondents’ Preferences about Who Should Make Water Conservation Decisions

Several policy alternatives exist for managing water resources and water scarcity.
Respondents were asked their level of agreement with a number of statements regarding water
policy and management. As seen in Table B8, there is strong agreement with the notions that
regional land use and water resource planning is needed to rnanage water scarcity, that public
funds should be used to acquire and develop water resources, and that the growth of cities
should be limited to manage water scarcity. There is also general agreement that permanent
water transfers from farms to cities should be limited. Respondents are not satisfied with

current water management and laws, nor do they believe they have enough of a voice in water
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policy, that policymakers understand their priorities, or that all stakeholder groups are equally
represented in water policy decisions.

Table B8: Respondents’ Level of Agreement with a Number of Water Policy Statements

Water Policy Statement Average Likert Score
Regional land use and water resource planning is needed to manage water scarcity 43
Public funds should be used to acquire and develop water resources 4.2
The growth of cities should be limited to manage water scarcity 4.0
Water laws need to be changed to better meet today's situation. 4.0
The number of permanent water transfers from farms to cities should be limited 3.8
[ am satisfied with the current system of water management. 25
I think the public has enough of a voice when it comes to water policy management 24
The water policymakers understand my priorities for water use. 24
All stakeholder groups are equally represented when water policies are made. 23

Knowledge of Relative Water Use

The discussion of water knowledge in Chapter 3 illustrated that respondents report
relatively low familiarity with water terms, and that levels of familiarity vary across individuals.
Another measure of water knowledge is an understanding of how water is diverted and used in
the west. Respondents were asked to rank the top three water users out of eight water use
categories their perceptions were then compared to actual water use. Colorado respondents
gave the same relative rankings as the entire west, and their responses are discussed here for
further illustration. Figure B10 displays Colorado residents’ perceived water use rankings,
while Figure B11 displays actual surface water diversions in Colorado, excluding water put
aside for storage. A comparison of the two graphs reveals a discrepancy between perceived
and actual water usage. It is clear that respondents’ understate the diversion of water for
agricultural use and generally overstate the diversion of water for other uses. As described
previously, the development of the survey questionnaire relied, in part, on the discussion of a
focus group of technical experts. These experts suggested that public’s knowledge of water

allocation by uses was very important in addressing future scarcity in the west. Combined with
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the lack of familiarity with a number of water terms, these results indicate an opportunity for

water education in the west.
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Figure B11: Actual Surface Water Diversions in Colorado (Colorado Division of Water Resources, 2006)

Perceptions of Water S carcity

In order to gauge their perceptions of current and future water scarcity in their state
and the west, respondents were asked to indicate their level of agreement with the following

statements:
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1. There is enough water in my state to meet the current needs of all the people and

businesses in my state.

2. There is enough water in my state to meet the future needs of all the people and

businesses in my state for the next 25 years.

(8]

There 1s enough water in the western United States to meet the current needs of all

the people and businesses in the west.

4. There is enough water in the western United States to meet the future needs of all

the people and businesses in the west for the nexr 25 years.
As can be seen in Figure B12, respondents generally believe that sufficient water
supplies exist to meet the current needs in their state, with over 50 percent finding Statement 1
to be true. However, future scarcity is a concern, with less than a third of all respondents

finding Statement 2 to be true.
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Respondents have a less opumistic view of water supplies across the entire west: less
than one-third of the respondents think there 1s enough water in the west to meet current
needs, and only a quarter think there is enough water in the west for the next twenty-five

years (Figure B13).
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