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Abstract. A budget survey is used to elicit individualy” relative values for various public
water quality programs. Because & budget constraint is incorporated explicitly and people
allocate across various statewide and watershed-specific programs, marginal willingness to
trade off values is revealed. These values are useful in the decision making of state and
federal agencies responsible for water quality programs. We estimate values using the
results of a 1997 random sample of Kentucky residents, with oversampling of residents of
a small watershed in eastern Kentucky. Results show that people allocate the largest
amounts to combat illegal dumping, untreated sewage, and hazardous material disposal.
The lowest-ranked budget category, farming erosion, receives less than half the amount
allocated to illegal dumping. We find that in the watershed, while the top two categories

are the same as for the state as a whole, mining drainage and logging erosion are more

important.

1. Introduction

Public perceptions are a valued input in the decision making
of the state and federal agencies responsible for water quality
programs. Agency professionals, working with executive and
legislative officials, must determine how to ailocate the agen-
cy’s financial resources among various possible uses. Informa-
tion concerning the public’s perception of the relative impor-
tance of different programs is one component in the allocation
process. Public perception of water quality programs is part of
the feedback mechanism decision makers use to facilitate im-
proved water quality.

Beonomists have developed several techniques to aid deci-
sion makers in determining the value the public places on
government projects. Of these techniques, benefit-cost analysis
is the most widespread. Benefit-cost analysis is required in
federal regulatory rule making (previously Executive Order
12291 now 12866 {President, 1981, 1993]). However, there are
difficulties in using benefit-cost analysis to determine the rek-
ative values of many different agency programs at once. Mod-
ern benefit valuation techniques can be expensive, and pro-
gram impacts can be difficuit to value. Some evidence indicates
that the public perceives water quality to be worse than the
technical information merits [McDanicls et al., 1998} Even
with these difficulties in determining public preferences, as
Simonovic and Fahmy [1999] argue, water quality policy must
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be structured taking into account the values held by all the
stakeholders. Griffen [1998] suggests that decision makers must
be made aware of all values even if it requires the creation of
multiple indices.

This paper concerns the use of a budget survey technique
that can be used to elicit information concerning public pref-
erences for water quality programs. The budget survey tech-
nigue elicits public attitudes about the government's fiscal de-
cisions concerning funds allocated to the various programs.
Individuals are constrained by a hypothetical surplus in the
government budget and are asked to allocate the specified
amount of money across refated budget categories. Because
the survey design explicitly incorporates a budget constraint
and requires individuals to aliocate funds across several cate-
gories, the relative stiength of citizen preferences for increased
spending on different programs can pe compared. Formally,
individuals reveal their marginal willingness to trade off
(MWTTO) among programs.

Public preferences for statewide and wateished-specific wa-
ter guality programs are estimated using data collected in a
1997 statewide random sample survey of Kentucky citizens. We
use the information to test for bias in, and check the reliability
of, the budget survey technique.

2. Budget Survey Technique

The budget survey technique elicits public attitudes about
program resource decisions and provides one way o determine
people’s general preferences for, and satisfaction with, each
possible state program relative to all others, Individuals are
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constrained by a government budget and asked to allocate
surplus funds over specific budget categories. Allocating noth-
ing to a particular budget category can freeze funding for that
category at existing levels.
In the budget survey technique we assume individuals know
- the current marginal benefit of each progiam. As more money
from a given surplus budget is allocated to any program, the
marginal benefits are assumed to be positive and diminishing,
Each individual allocates the surplus budget in such a way that
marginal benefits are equalized across programs. Individuals
will allocate more of the surplus budget to programs for which
there is a larger marginal benefit per dollar thereby decreasing
the marginal benefit of the last dollar spent on those programs.
The MWTTO is determined from the ratio of the budget
surplus allocations across programs. The budget survey tech-
nique could be used with a hypothetical budget deficit to ob-
tain similar results. In that case, individuals would reduce
spending more on those programs for which there is a smaller
marginal benefit per dollar thereby increasing the marginal
benefit of the last dollar spent on those programs. The
MWTTO could still be determined. We use a budget surplus
instead of a budget deficit in this paper because public discus-
sion at the time of the study was about how to spend the

surplus and it seemed more realistic than deficits. We do not |

allow individuals to decrease the budget to any program.

The budget survey technique is based on the maximum wel-
fare principle of budget determination. This principle vields
the guideline that budget outlays should be allocated among
various public programs in such a way that the additional (or
marginal) return of satisfaction for each doHar outlay is equal-
ized. It a budget is allocated this way, the last doliar spent in
any program yields the same additional social benefit, and total
sociat benefit is maximized. This total social benefit criterion is
a useful benchmark for decision makers regardless of whether
or rot it is explicitly considered in the executive and legislative
fiscal processes, through which policy is eventually made,

While an aflocation elicited in the budget survey technigue
does provide general information concerning a particular pro-
gram’s marginal benefit per dollar, it does nat decompose the
atlocation into program value and program productivity. An
individual allocates to a particular program in an attempt to
equalize the marginal benefits per dollar spent on all programs.
A program may receive a relatively large aflocation if individ-
uals perceive a program’s output goals to be highly valuable.
Another reason a program may receive a relatively iarge allo-
cation is that individuals perceived the program to be very
good at producing progress toward goals. Regardless of the
composition of the tharginal benefit per dollar, the MWTTO
still provides information concerning the relative values of
programs. )

An advantage of getting the public’s MWTTO among pro-
grams is that these relative values not only allow the programs
to be rank ordered by priority but that they allow the programs
to be compared with respect to scale of relative importance.
The relative strength of preferences for programs can be de-
termined by simply dividing the dollar amount allocated to any
budget category by the amount allocated to any other area
within the same budget.

Because the budget survey technique relies on direct ques-
tioning, it is similar to contingent valuation. Ekstrand and Loo-
mis [1998] have discussed some of the strengths and weak-
nesses of contingent valuation as a demand tevelation method
in an applied situation. The budget survey technique differs

from standard contingent valuation studies in two important
ways. First, the technique asks individuals to vafue more than
one good at one time. In most contingent valuation studies,
methods are used to elicit individuals’ willingness to pay for
one particular good. Second, the technique uses a government
budget constraint instead of a pesonal income budget con-
straint, In the budget survey the surplus funds are described as
“available to be added to existing budgets.” The current avail-
ability of the funds is not made contingent upon future tax
increases or future budget reductions. The importance of this
distinction is that the individuals are not forced to make trade-
offs between the program areas in question and their personal
consumption of private goods, We are not able to determine
their marginal willingness to pay. However, the existence of the
budget constraint forces individuals to consider intensity of
preferences before assigning dollar amounts to different pro-
gram areas. Because people must consider additions to each
program relative to potential additions to the other programes,
we can determine MW'FTOs for each program category within
a given budget,

3. A Budget Survey to Elicit MWTTO for Water
Quality Programs in Kentucky

The budget survey was conducted in early 1997 for the Ken-
tucky Natural Resources and Environmental Protection Cab-
inet, which was interested in establishing priorities for its state-
wide programs on a watershed basis. The results were used fo
provide a public perception component to the Cabinet’s stra-
tegic planning process and Watershed Management Frame-
work. See Blomaquist et al, [1998] for a detailed description of
the methodology and results of both surveys. The survey in-
strument is available at the Cabinet’s web site at http://
water.nr.state ky.us/survey/. :

The Kentucky Natural Resources and Envirofmental Pro.
tection Cabinet chose the North Fork of the Kentucky River
Watershed as a test case. This small, rural watershed in castern
Kentucky contains 3.4% of the miles of stream in Kentucky
and 2.3% of Kentucky’s population, Forests cover 94% of the
land, and there are five areas that are designated as having
special ecological or aesthetic value, This paper focuses on the
responses to two different budgets in the 1997 survey: (1) the
Statewide Water Quality Budget to improve the overall state
water quality and (2) and the North Fork Watershed Budget to
improve the North Fork of the Kentucky River Watershed’s
water quality. To avoid potential embedding problems, the
assignment of different values for the same good depending on
the order in which the good falls among the other goods to be
valued, the survey also elicited allocations for the overall state
budget and the environmental state budget. Carson and Mitch-
ell [1995) give a detailed description of the embedding prob-
lem. In another paper, however, Blomaquist et al. [1999] used
split sample surveys and found no significant embedding effect
on budget allocations when prior budgets were removed from
the survey,

3.1. Response Rate and Respondent Characteristics

The survey instrument was distributed to a random sample
of all Kentuckians and North Fork tesidents using combination
phone/mail surveys as recommended by Dillman {1978]. Ran-
dom-digit dialing and 4-min prefiminary telephone surveys
were used to contact 1153 Kentuckians (as used here, residents
of Kentucky but not North Fork) and an additional 169 North
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Table 1. Comparison of Respondent Characteristics in the Budget Survey to U.S, Census
Statistics for Kentucky and the North Fork Watershed Counties

Budget Survey Characteristics U.8. Census Statistics®

Kentuclky North PFork Kentucky North Fork
Respondents” Respondents® Residents Residents

Age, years? 43.5 47.7 44.2 44.0
Income (1996 $1000)° 4449 356 24.8 17.0
Race (White, %) 92.1 96.9 92.0 99.0
Bducation

Less than high school, % 13.9 28.1 32.9 53.9

High school, % 348 301 30.2 27.2

College, % 41.0 33.3 312 157

Graduate, % 10.3 85 57 32
Registered to vote (yes, %8 §6.9 93.5 87.6 94.0
Voted in November general 83.0 793 59.3 45.5

clection (yes given

registered, %)
Physiographic region

Blue grass, % . 491 0.0 48.0 0.0

Eastern coal fiekds, % 17.5 100.0 16.4 100.0

Embayment, % 6.4 G0 57 0.0

Plateau, % 168 0.0 23.0 0.0

Western coal Selds, % 0.1 0.0 . 6.9 0.0

8. Census statistics for Kentucky and the North Fork are from the U5, Bureaw of Census {1995},
Statistics for the North Fork are the aggregated statistics for the six counties comprising the North Fork
watershed area.

"For the statewide sample the sampie sizes for each characteristic are as follows: age, 868; income, 430;
race, 445; education, 873; registered to vote, 876; voted in November general election, 757; and physi-
ographic region, 873,

“Far the North Fork sample the sample sizes for each characteristic are as follows: age, 153; income, 39,
race, 64; education, 153; registered fo vote, 153; voted in November general election, 140; and physi-
ographic region, 153,

YBecause survey respondents were required to be 18 years of age or older, the census statistic used is
the average age of residents over 18.

“The income used for state population average is 1990 census data (1989 income), adjusted to 1996
using the Bureau of Labor Statistics consumer price index for all urban consumers, the CPI-U.

"The college category includes U.S. Census Bureau categories: “some college, no degree,” “associates
degree,” and “bachelor’s degree.”

£The voter registration information was obtained from the Kentucky State Board of Elections world-
wide web site at (http:/fwww.state ky.us/agencies/sbe/sbehome. him} for the November 1996 general elec-
tion.

Fork residents. Because of the importance of obtaining re-
sponses from residents in the North Fork watershed, who
make up only 2.3% of the Kentucky population, North Fork
residents were intentionaily oversampled. The mail survey in-
struments were sent to those respondents who agreed to re-
ceive them. Follow-up cards were used, and second mailings
were conducted to reach people who did not answer the first
maitings. Of the Kentuckians contacted by phone, 509 (56.7%)
eventuaily returned a mail survey. Of the North Fork residents
contacted by phone, 73 {(47.7%) eventually returned a maii
survey. ‘

The socioeconomic characteristics of the 509 Kentucky re-
spondents and the 73 North Fork respondents who returned
mail surveys can be compared to the average socioeconomic
characteristics estimated by the U.S. Census. Table 1 lists
seven characteristics. In both samples, respondents returning
mail surveys, and thereby providing budget survey information,
tended to have higher incomes, to have more formal educa-
tion, and 1o be more likely to vote than the general population.
As expected, the North Fork respondents tended to have lower
incomes and less formal education than did the Kentucky re-
spondents. Comparisons can be made using the information
from the phone survey also.

On the basis of phone survey characteristics, comparisons

+

were made (not shown) for peopie who agreed to participate in
the mail survey and for people who refused. For many char-
acteristics, no statistically significant difference was found. We
did find that those agreeing are more likely to contribute to
nature funds; to be more concerned with environmental issues;
to hunt, fish, or participate in other forms of outdoor recre-
ation; to be employed; and to have voted in the last general
election. Also, on the basis of phone survey characteristics,
comparisons were made for people who did and people who
did not return a mail survey after receiving one. Respondents
returning surveys tended to be older, have more formal edu-
cation, and be more likely to have voted in the last general
election. The MWTTOs elicited in the budget survey can be
helpful to public decision makers in that they are more repre-
sentative than other alternative sources of information such as
lobbyists. Nonetheless, average differences between the survey
samples and the state as a whole should be kept in mind.

3.2, MWTTO for Programs in the Statewide Water Quality
Budget

The Statewide Water Quality Budget section of the mail
survey instrument was designed to elicit the relative values
people place on programs that reduce the effects of different
poliution sources on water guality. The Kentucky Division of
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CHOICES FOR KENTUCKY’S WATER QUALITY STATE BUDGET

Kentucky’s water is found in rivers and streams, in lakes, and in the ground. Water
quality affects Kentucky’s people, animals, and plants. Poor water quality can affect our public
drinking water systems and private wells. Poor water quality can also affect recreational
activities such as boating, fishing, and swimming, Water poltution can come from many sources,
Eleven sources of water pollution are listed below. Kentucky state water quality programs seek
to reduce water pollution from these sources. -

Budget choices are made all the time within state agencies. If you were making the
choices and an extra $500 thousand were available to add to the existing water quality programs
addressing the pollution sources shown below, how much of the $500 thousand would youn put
in each program area? If you put money into a given area, the programs in that area will be
expanded. If no money is allocated to a given area, the programs will e frozen at current levels.

The total should add up to 560.

and lakes

Tllegal DUMPING of garbage

Disposal of HAZARDOUS materials

Sediment build-up and flow alteration caused by CONSTRUCTION in or near streams

Soil, waste, and chemical nmoff from FARMING operations

Erosion, sediment build-up, and habitat changes caused by LOGGING

__ Discharge of treated INDUSTRIAL WASTEWATER

_____ Acidic drainage, sediment build-up, and habitat loss cansed by MINING

___ Discharge of MUNICIPAL WASTEWATER from treatment plants

—__ Accidental chemical SPILLS AND RELEASES

... Discharge of UNTREATED SEWAGE from hores and businesses via straight pipes

‘Soil and chemical runoff from URBAN businesses, lawns and roadways

500 TOTAL

<<Please check to see that your tetal is equal to 500>>

Figure 1. Survey elicitation page for the Statewide Water Quality Budget.

Water suggested 11 budget categories as program areas that
address sources of watershed pollution. Individuals were asked
10 use their own judgement to make choices on behalf of the
state. For the Statewide Water Quality Budget, people were
asked to allocate an extra $500,000 over 11 budget categories,
Figure 1 shows the survey elicitation page for the Statewide
Water Quality Budget.

The average Statewide Water Quality Budget allocations
and their standard deviations are shown in Table 2. These
values were obtained from the statewide sample of Kentucky
* residents. The illegal dumping category was valued highly. On
average, respondents allocated $69,100 of the given extra
$500,000 budget to address illegal dumping. This amount is
significantly higher than the amount for the second-ranked
group of categories: untreated sewage and hazardous materials
disposal, The amounts for these two categories are not signif-
icantly different from one another, Industrial wastewater and
municipal wastewater both received more than the simple av-

erage allocation for the 11 categories. There are no significant
differences in the amounts for categories ranked below munic-
ipal wastewater. This indicates that while citizens have a strong
preference for the more highly ranked categories, they are
somewhat indifferent about the increments going to the lower-
ranked categories. This is shown, in part, by the small differ-
ences in the increments going to the lower-ranked categories.
It is also shown by the increased variation in responses, which
can be seen in the coefficient of variation in Table 2. The
fowest-ranked budget category, farming erosion and runoff,
received less than half the amount allocated to illegal dumping,

3.3. MWTETO for North Fork Watershed Budget Programs

The North Fork Watershed Budget section of the mail sur-
vey instrument was designed to elicit the relative values people
place on programs that reduce the effects of different pollution
sources on the North Fork of the Kentucky River, The 11
budget categories used in the North Fork Watershed Budget
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Table 2. Choices

for the Statewide Water Quality Budget Using
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Responses From Kentucky Residents, $500,000 Increment

Mean Allocation,

thousands of Standard Coefficient of
Budget Category dollars Deviation Varjation
Categories Receiving More Than Simple Average Allocation®
llegal dumping 69.1 5 0.786
Untreated sewage 60.0 50.5 0.842
Hazardous materials disposal 59.1 419 0.709
Industrial wastewater 51.3 43.1 0.840
Municipal wastewater 43.9 43.2 0.941
' Categories Receiving Less Than Average Allocation
Chernical spills and releases 39.6 36.0 0.909
Mining drainage and habitat loss 381 34.9 0916
Construction runoff 352 33.8 0.960
Urban runoff 34.3 323 0.941
Logging erosion and habitat loss 34.0 333 0.979
Earming erosion and runoff 33.5 33.8 1.009

Here n =
equality between cach category and the next higher calegory.

341, Mean aflocations that are significantly different #rom each other at the 0.95 level are set apart, The ¢ test is conducted for

apverage allocation is $45.5 thousand for ail categories. Total allocation is $500,600.

were the same as those used in the Statewide Water Quality
Budget.

Two pages of information concerning the North Fork wa-
tershed were provided before people were asked to allocate
(extra) funds to the North Fork Watershed Budget. These
pages are shown in Figures 2 and 3. People were asked o focus
on the effects of the 11 programs 01 the North Fork watershed
alone. They were then asked to allocate an extra $100,000 over
the 11 budget categories. Figure 4 shows the survey elicitation
page for the North Fork Watershed Budget.

The average North Fork Watershed Budget allocations and
their standard deviations are shown in Table 3. These values
were obtained from the sample of Nosth Fork residents. Com-
paring Table 3 to Table 2 reveals that all Kentuckians and
North Fork residents perceive iHlegal dumping and untreated
sewage to be serious concerns. In this respect the concerns of
the respondents are gimilar. However, while all Kentuckians

"also have large allocations for hazardous materials disposal,
industrial wastewater, and municipal wastewater, North Fork
residents have large aliocations only for mining drainage and
habitat loss. North Fork residents perceive a greater refative
importance for programs to reduce problems from illegal
dumping, valuing such programs 5.3 times higher than farming
erosion and runoff, the program with the lowest amount.

34. Testing for Random MWITO

One indication of a successful revelation of individual pref-
erences in the budget survey technique is that the clicited
MWTTOs are not random. We test the values in both budgets
to determine whether or not the elicited amounts are signifi-
cantly different than those which would be expected if alloca-
tions had been made according to a simple arbitrary rute, One
arbitrary rule a respondent might use would be to give each
budget category & simple average amount.

The simple average allocation for the Statewide Water
Quality Budget shown in Table 2 was $45,450, $500,000 divided
evenly across the 11 budget categories. The observed average
allocations ranged from $69,100 for illegal dumping to $33,500
for farming erosion and runoff. For every budget category but
one, mumicipal wastewater, the observed average allocation

was found to be significantly dJifferent from the simple average
allocation at the 0.95 level based on t tests.

The simple average ailocation for the North Fork Watershed
Budget shown in Table 3 was $9100, $100,000 divided evenly
across the 11 budget categories. The observed average alloca-
tions ranged from $22,200 for iilegal dumping to $4200 for
farming—erosion and runoff. For each budget category the
observed average allocaiions were found to be significantly
different from the simple average allocation at the 0.95 level
using ¢ tests. This test is an indication that individuals are
valuing the program categories and not simply allocating equat
budget amounts to each of the program categories.

3.5, Differences in MWITO Across Samples for Each
Budget

Table 4 displays significant differences between all Kentuck-
jans and North Fork residents with respect to the MWTTOs
among Statewide Water Quality Budget programs. Such dif-
ferences show how the two samples perceive the state’s water
quality problems. North Fork people show more variation in
average allocated amounts. The most notable differences be-
tween the two samples of respondents are the North Fork’s
higher average allocations for illegat durmping, unfreated sew-
age, mining drainage and habitat loss, and logging erosion and
habitat 0ss.

Table 5 displays the significant differences between all Ken-
tuckians and North Fork residents with respect to the amounts
for North Fork Watershed Budget programs. Such differences
show how the two samples perceive the North Fork’s water-
shed problems. Differences between the two samples are not as
pronounced as they were in Table 4, indicating that the sam-
ples have similar perceptions about the water quality problems
of the North Fork watershed. The most notable differences in
amounts between the two samples are the higher mean atlo-
cation for iflegal dumping, untreated sewage, and mining
drainage and habitat loss by the North Fork residents and the
higher mean allocation for logging erosion and habitat loss and
hazardous materials disposal by all Kentuckians.
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Section 4. THE NORTH FORK WATERSHED PROGRAMS
T el R WA TERSHED PROGRAMS

The state of Kentucky can be divided into areas called watersheds. In this section, we
will explain what a watershed is Then we will focus on one particular watershed by cormparing it

What is 2 Watershed?
SYnatis 8 vvatershed?

and travels as ground water.

Everyone lives in a watershed,

watershed.

The North Fork of the Kentucky River Watershe

to the whole state, Finally, we will agk you to meke some choices conceming governinent
brograms to improve water quality in one particular watershed.

A watershed is the Jand that water flows actoss or under on its Wway {0 a stream, river or
lake. There are severa] watersheds in Kentucky, Within any one watershed, all the water runs to
the lowest point on some Stream, river, or lake. On its way, water travels over the surface of the
land and across farm fields, forest land, suburban lawns, and city streets, or it seeps into the sojl

Scientists sometimes think in terms of a watershed
community. A watershed community consists of the people, animals, and plants that live in one

d

One watershed is the North Fork of the Kentucky River. This watershed is found in
southeastern Kentucky, in parts of Lee, Wolfe, Breathitt, Knott, Letcher, and Perry counties.
Covering 1,333 square miles, the North Fork of the Kentucky River Watershed makes up 3.4% of
Kentucky’s total area.  Below is a map of Kentucky. The map shows how the state is divided
into several watersheds. The darkened area on the map shows the location of the North Fork
Watershed,

Figure 2. North Fork watershed information page 1.

3.6. Differences in MWTTO Across Budgets for Each
Sample

All Kentuckians were asked to allocate funds across the
Statewide Water Quality Budget and the North Fork Water-
shed Budget. A difference across these two budgets in the
amount allocated to any one program indicates that all Ken-
tuckians perceive a difference in that category’s importance in
improving water quality for the North Fork watershed and the
state as a whole. Table 6 lists the significant differences, For
example, there are differences for mining drainage and habitat
loss and logging erosion and habitat loss and for industrial
wastewater. All Kentuckians perceive mining drainage and
habitat loss and logging erosion and habitat foss {0 be of

greater significance to the North Fork than to the state as a
whole. Also, though industrial Wwastewater is viewed by the
people in the state sample to be a significant issue o the state
as a whole, the state sample sees this issue to be of Jess signif-
icance for the North Fork watershed.

North Fork residents were also asked to allocate funds
across both the Statewide Water Quality Budget and the North
Fork Watershed Budget. A difference across these two budgets
in the amounts given to any one program indicates that the
North Fork residents perceive a difference in that category’s
importance in improving water quality for their own watershed
and the state as a whole. Table 7 Lists these significant differences,
While North Fork residents perceive illegal dumping to be a large
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The North Fork of the Kentucky River Watershed is only one of several watersheds in the state.
The following table compares the North Fork of the Kentucky River Watershed to Kentucky as a
whole:
_ The North Fork of the
The State of Kentucky Kentucky River
Watershed
Population 3,700,006 84,000
(2.3% of KY Total}
Persons per Square Mile 93 63
Miles of Stream 89,240 3,000
(3.4% of KY Total)

Public Sewage Plants 258 7

Stream Miles per Sewage Plant 346 429

Persons per Sewage Plant 14,341 12,000
Drinking Water Supply Source (%)

Public or Private Systems 81 A |

Private Wells 14 61

Other 5 8
Land Use (%)

Forest 45 94

Mining 2 3

Crops and Pasture 46 2

Urban/Residential 4 1

Other 3 -

The Kentucky state government has designated several areas throughout the state as
having special ecological or aesthetic value. In the North Fork of the Kentucky River Watershed,
these areas include Clemons Fork, Coles Fork, Buckhom Creek, Lilly Cornett Woods, and
Robinson Forest.

Please continue to the next page to consider the budget for Kentucky programs to
improve the water quality of the North Fork Watershed.

Figure 3. North Fork watershed information page 2.

concern in their own watershed, they perceive farming and haz-
ardous materials to be a larger concern for the state as a whole.

4. Regression Analysis to Determine Factors
Significantly Affecting MWITO

Socioeconomic information was collected in the phone and
mail surveys. Split samples, different versions of the survey
instrument format, were used in the majl surveys. Seemingly
unrelated regression analysis was used to determine the partial
effect of a change in each socioeconomic characteristic and
survey format characteristic on the zllecation to each State-
wide Water Quality Budget category. To avoid the identifica-
tion problem due to the budget constraint, only 10 of the 11
programs were included in the first seemingly unrelated re-
gression. To estimate the coefficients for the omitted program,
the regression was run again while omitting a different pro-
gram. Because the independent variables are the same for each

of the 11 regressions, the seemingly unrelated regression anal-
ysis is equivalent to running 11 distinct regressions. The same
analysis was not conducted on the North Fork Watershed
Budget because of the limited number of observations.

4.1. Effect of Sociceconomic Characteristics on MWETO

Table 8 shows the differences in allocated amounts that can
be attributed to changes in the various sociceconomic charac-
teristics. The coefficients are given in terms of elasticities so
that the effects of changes in socioeconomic characteristics can
be read as perceatage changes in allocations. For exampie, an
individual who lives in the North Fork will contribute 38.3%
more to untreated sewage than an individual who does not live
in the North Fork, éverything else being constant. Also, a 10%
increase in education is associated with a 5.6% increase
allocations to mining drainage and habitat loss.

‘Table § provides information both down each column and
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Below are the eleven sources of water pollution which you considered earlier. Please
carefully consider how these sources of water pollution affect the North Fork of the Kentucky
River Watershed. Kentucky state water quality programs seek to reduce water pollution from
these sources.

If you were making the choices for the North Fork of the Kentucky River Watershed and
an gxtra $100 thousand were available to add to the existing programs addressing the pollution
sources shown below, how much of the $100 thousand would you put in each program area?
If you put money into a given area, the programs in that area will be expanded. If no money is
allocated to a given area, the programs will be frozen at current levels. The total should add up to
100,

Sediment build-up and flow alteration caused by CONSTRUCTION in or near streams

and lakes

Ilegal DUMPING of garbage

Disposal of HAZARBDOUS materials

Soil, waste, and chemical runoff fom FARMING operations

Erosion, sediment build-up, and habitat changes caused by LOGGING

. Discharge of treated INDUSTRIAL WASTEWATER

. Acidic drainage, sediment build-up, and habitat ioss.caused by MINING

-__ Discharge of MUNICTPAL WASTEWATER from treatment plants

______ Accidental chemical SPTLLS AND RELEASES

. Discharge of UNTREATED SEWAGE from homes and businesses via straight pipes

Soil and chemical runoff from URBAN businesses, lawns and roadways

100 TOTAL

<<Please check to see that your total is equat to 100>>

Your opinions regarding water quality in the North Fork of the Kentucky River Watershed
are important, even if you do not live in the North Fork of the Kentucky River Watershed.

Figure 4. Survey elicitation page for the North Fork Watershed Budget.

across each row. Looking down any column in Table 8, it is
possible to see how each characteristic affects the aliocation
for a particular category. Looking across any row in Table &, it
is possible to see how an increase in any characteristic affects
the amounts for the different categories. The underlying coef-
ficients and ¢ test values for each of the regressions found in
Table 8 are available from the authors upon request.
Percentages followed by a superscript a measure the effects
of characteristics having a statistically significant effect on an
individual budget category. Everything else being constant,
married people allocated a smaller amount for programs that
reduce farming erosion and runoff. Increased years of school-
ing are associated with a larger amount for programs reducing
mining drainage and habitat loss. Increased income is associ-

ated with a smaller amount for programs that reduce pollution
from accidental chemical spills and releases. Residents of the
eastern coal fields, a heavily forested area of the state, allo-
cated a significantly larger amount for programs associated
with logging erosion and habitat loss, industrial wastewater,
and hazardous materiais disposal. Respondents with high en-
vironmental health concerns allocate a smaller amount to ad-
dress industrial wastewater and a larger amount for programs
addressing farming erosion and runoff.

Those percentages followed by a superscript b are consid-
ered to be particularly significant in explaining citizens” alio-
cations across all categories, The most significant socioeco-
nomic characteristics explaining the allocations across all
budget categories were whether or not respondents had lived
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Table 3. Choices for the North Fork Watershed Budget Using Responses From North
Fork Residents, $100,000 Increment

Mean Allocation, Standard
Budget Category thousands of dollars Deviation
Categories Receiving More Than Simple Average Allocation®
1llegal dumping 222 15.8
Untreated sewage 17.1 15.7
Mining drainage and habitat loss 12.8 10.2
Categories Receiving Less Than Average Allocation

Logging crosion and habitat Joss 8.6 6.2
Hazardous materials disposal 77 8.1
Construction runoff 6.0 4.6
Industrial wastewater 58 4.7
Mumnicipal wastewater 5.6 4.5
Chemical spills and releases 5.0 4.8
Urban runoff 49 4.5
Farming erosion and runoff 4.2 38

Here n = 62. Mean allocations that are significantly different from each othes at the 0.95 level are set
apart. The ¢ test is conducted for equality between each category and the next higher category.
®Average allocation is $9.1 thousand for all categories. Total allocation is $100,000.

in Kentucky their whole lives and whether or not they currently  and to attach less importance to programs reducing potlution
lived in the North Fork region. People who had lived their from untreated sewage and accidental chemical spilis and re-
whole lives in Kentucky tended to attach a greater importance  leases. North Fork residents tended to allocate more to pro-
to programs that would reduce pollution from urban runoff ~ grams reducing pollution from untreated sewage and illegal

Table 4. MWTTOs Among Statewide Programs: Significant Differences Between
Kentucky and North Fork Respondents

Kentucky Respondents North Fork Respondents
Mean Allocation, Mean Allocation,
Budget Category thousands of dollars thousands of dollars
Mlegal dumping 6911 94411]
Untreated sewage 6601[2] - 81.01[2]
Hazardous materials disposal 3613 47.7 [5]
Industiial wastewater 51314 30.1 (7}
Municipal wastewater 439 5] 25819
Chemical spills and releases . 39.5 (6] 25.1{10 tie]
Mining drainage and habitat loss 3817 60.5 [3]
Censtruction runoff 35218 33.21(6]
Urban runoff 34319 26.8 [8]
Logging erosion and habitat loss 34.0[10] 50.2 [4]
Farming erosion and runoff 33.5(11) 25.1 {10 tie}

Kentucky respondents # = 341. North Fork respondents n = 62, Significant differences, at the 0.95
level, were found for alf programs. Allocation rank is shown in brackets.

Table 5. MWTTOs Among North Fork Watershed Programs Significant Differences
Between North Fork and Kentucky Respondents

North Fork Respondents Kentucky Respondents
Mean Allocation, Mean Allocation,
Budget Category thousands of dollars thousands of dollars

Hiegal dumping 22.2{1] 12.9 13
Untreated sewage 17112 13.0{23
Mining drainage and habitat loss 12.813] 10.215]
Logging erosion and habitat loss 8.6 4] ' 13.2[1]

Hazardous materials disposal 7.715] 16.7 [4]
Industrial wastewater 587} 8.0 (6]
Municipal wastewater 5.6 8] 7.7 7]
Chemical spifls and releases 5.009 6.6 [8]
Farming erosion and runoff 4.2111] 6.4 9]

Kentucky respondents » = 341, North Fork fespondents n = 62, Significant differences, at the 0.95
level, were found for all of the programs except construction runoff and urban runoff. Aliocation rank is
shown in brackets.



1310

BLOMQUIST BT AL.: PUBLIC WATER QUALITY PROGRAMS

Table 6. Significant Differences Between MWTTOs for Statewide and North Fork

Programs: Kentucky Respondents

Allocations Among Statewide
Water Quality Programs,
thousands of dollars

Rescaied Allocations Among
North Fork Watershed Programs,
thousands of dollars

Untreated sewage 60.0{2]

Hazardous materials 59.113]

Disposal industrial 51314}
wastewater

Municipal wastewater 45.9 15}

Chemical spills and 39.6 {6}
releases

Mining drainage and 38171
habitat loss

Construction runoff 352 (8]

Logging erosion and 34.0 [10]

habitat loss

64.8[3]
53,5 [4]
39.9 [6]

38.7{7)
33.1 [8]

51.2{51

30.4 [10]
65.9 [2]

Kentucky respondents n

= 341. Kentucky respondents’ allocations among North Fork Watershed

Budget programs were resca]eé by a multiple of 5 and compared against the allocations among Statewide
Water Quality prograths using ¢ tests. Significant differences, at the 0.95 level, were found for these eight

programs. Allocation rank is shows in brackets.

dumping and less to indusirial wastewater programs. This
small allocation is consistent with the watexrshed’s rural char-
acteristics and much publicized problems with “straight-pipe,”
untreated, sewage discharges and illegal trash dumps. For a
description of the Kentucky Watershed Management program
and issues of importance to water guality in Kentucky, see the
Kentucky Division of Water home page at (http:/fwater,
nr.state.ky.us/dow/watrshd htm).

The believable, systematic relationships between socioeco-
nomic characteristics and allocated amounts suggest that the
budget survey technique works. They give credibility to the
method and the values estimated and indicate that the alloca-
tions provide reliable information for decision making.

4.2, Effect of Budget Category Headings on Allocations

As is the case with any survey, there are several potential
sources of bias in the budget survey technique. Mitchell and

Carson [1989] have written a detailed description of Bias in .

contingent valuation surveys, which are related. Bias can exist
in part because of the unintended influences of category order,
budget information provision, and categoty headings. Innocu-
ous differences in format should not influence the MWTTO. In
order to test for bias, split samples were distributed to respon-
dents. By inicluding survey instrument format variables in the
regression analysis as discussed in section 4.1, we were able to
test for any significant effect due to survey format differences.

Split samples were used to test for order bias and informa-
tion effects in an overall state budget allocation and an envi-
ronmental budget allocation, both of which preceded the two
water quality budgets. The ordering of categories was shown to
have no significant effect on individuals’ allocations. Significant
effects were evident when people were provided with basic
information about the existing, total state budget. People
tended to concentrate their allocations more in the budget
categories with large shares of the actual budget when infor-
mation about the actual budget was provided [Blomaquist et al.,
1999].

As shown in Table 8, the variable no category headings was
used in the regression analysis for the Statewide Water Quality
Budget to test if people read only the headings. This variable
was not found to be significant at the 0.95 level across catego-
ries. Respondents are not terribly influenced by the “labels”
applied to budget categories.

5. Reliability: Conmiparing MWTTO
and Effectiveness

One way to test reliability of the elicited amounts is to ask a
closely related question and check for similarity of results, In
the mail survey, people were asked to rate the effectiveness of
each program category in the Statewide Water Quality Budget.

Table 7. Significant Differences Between Allocations for North Fork and Statewide

Programs: North Fork Respondents

Allocations Among Statewide
Water Quality Prograins,
thousands of dollars

Rescaled Allocations Among
North Fork Watershed Programs,
thousands of dollars

Mlegal dumping 94.4 {1}

Hazardots materials 47.7 15}
disposal

Farming erosion and 25.1 [10]
runoff

121 [1]
385 [5]

211 [11]

North Fork sample n =

62. North Fork respondents’ allocations among Notth Fork Watershed Budget

programs were rescaled by a multiple of 5 and compared against the aliocations among Statewide Water
Quality programs using ¢ tests, Sigoificant differences, at the 095 level, were found for these three

programs. Allocation rank is shown in brackets.
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Table 8. Effects of Socioeconomic Characteristics and Survey Format on Allocations

Resulting Change in Each Budget Category, %

Hazardous Untreated Municipat Tegal Spiiis and
Change in Sociocconomic Variabies Materials Sewage ‘Wastewater Dumping Releases
Age, 10% increase in years ~1.7 0.5 0.9 ~2.3 1.2
Sex (male, 1) ~13.4 8.0 13.7 -7.0 ~74
Race (nonwhite, 1) 22.4 12.2 0.9 ~15.6 30
Marital status (married, 1) 17.6 4.1 ~12.0 12.7 N
Children (do have, 1) 0.6 —0.9 156 —8.0 -37
Education, 10% increase in years -6 0.3 ~2.8 -3.2 1.1
Income, 106% increase in dollars -0.3 0.1 0.7 0.7 —1.7*
Physiographic region (Base, .
bluegrass)
Eastern coal fields -31.8" 43 -3.8 —8.9 -2.2
Embayment ~11.3 —4.9 -3.8 ~21.2 -13.8
Plateau —8.0 11.9 297 0.4 -6.3
Western coal felds ~10.4 9.5 5.4 ~15.1 1.5
Residence (Base, Nonfarm Rural}
Farm 2.8 ~715 ~7.8 83 8.6
Urban ~5.2 ~11.5 23.8 23 ~-1.7
Lifelong state resident (yes, 1) 13 -35.07 -1 4.4 -23.8*
Environmental health concern
(Base, low) .
Medium 0.4 —4.1 1.9 —18.4% ~1.5
High -227 2.1 349 21.0 1.7
Live in North Fork® (yes, 1) -0.2 38.3* -28.1 44.1% ~32.5
No category heading used 1.6 32 163 27.1 21.8
R? 0.07 0.67 0.08 0.10 0.06
Resulting Change in Fach Budget Category, %
Industrial
Change in Variable Wastewater Mining Farming Logging Runoff Consiruction
Age, 10% increase in years -0.2 2.5 ~0.8 08 0.7 " 0.8
Sex (male, 1) 139 38 1.7 i7.1 —12.3 =202
Race (nonwhite, ) -13 —21.6 ~22.8 -15.1 239 -0.2
Marital status (married, 1) ~16.9 ~14.6 -38.7 -1.2 57 78
Children (do have, 1) -13 0.0 ~11.4 144 6.3 —6.9
Education, 10% increase 2.4 5.6° —0.9 1.0 .1 —0.4
Income, 10% increase in .6 0.2 ~{L0 —~(1.4 0.0 -0.7
dollars
Physiographic region (Base,
bluegrass)
Eastern coal fields 3712 14.9 2.5 35.8% —14.7 -20.4
Embayment -23 123 342 T2 37 -39.7
Plateau 0.2 =109 0.6 223 ~23.4 =216
Western coal fields 274 -39 314 11.9 —20.8 -31.0
Residence {Base, nonfarm .
rural)
Farm 17.9 ~17.8 -10.1 103 0.8 -152
Urban 13.8 6.4 ~1.5 —4.4 -8.0 ~162
Lifelong state resident (yes, 1) 11.8 17.2 16.2 9.0 20.9° ~5.6
Environmental health concern
(Base, low)
Medium -39 -53 315 -53 13.4 19.4
High —41.7° -33.4 48.0° —253 —16.8 39.8
Live in North Fork® (yes, 1) -75.1° 23.4 -16.2 232 —-25.0 11
No category heading used —19.3 -19.7 ~3L.0 ~-13.3 —2.4 ~13.8
R? 0.11 0.09 0.10 6.10 0.05 0.06

Here n = 324, Table 8 provides the results of a scemingly unrelated regression analysis. In each individual regression, allocation is regressed
on several socioeconomic characteristics and one survey characteristic (no category headings used). Elasticitics, and not coefficients, are
presented in Table 8 to simplify result comparison. The elasticities are cvaluated at the mean aliocation for each program area and at the mean
vaiue for each continuous socioeconomic variable.

*The elasticity value is significant at the 0.95 level in an individual regression on a single budget category.
®The socioeconomic variable is significant at the 0.95 level in the seemingly unrelated regression over all budget categories.

Effectiveness was defined in the survey instrument to as fol-
lows: “How well a task or goal is accomplished.”

On the basis of their own experiences, individuals could rate
each category as “not effective,” “somewhat effective,” or

“very effective.” A program that has not accomplished as much
as people want wiil be rated as “not effective.” In the budget
survey technique, individuals would be expected to direct more
resources to such a program. They want more money devoted
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Table 9. Effectiveness Ratings for the Statewide Water Quality Budget Programs

Not Hffective, Somewhat Effective, Very Effective, Average
Budget Category % % % Effectiveness Rating
Spills and releases 174 59.9 230 2,06
Municipal wastewater 172 G6.9 16.0 1.99
Hazardous materials 265 57.9 15.6 1.89
Indusirial wastewater 23.9 63.4 12.8 1.89
Parming 235 66.5 16.0 1.87
Construction 22.8 68.3 89 1.86
Runoff 247 65.2 10.1 1.85
Mining 285 61.9 9.6 1.81
Untreated sewage 34.7 51.8 13.3 1.79
Logging 334 56.8 9.8 176
Tlegal dumping 54.6 36.9 8.6 154

The categories are ranked by the average effectivencss rating (not, 1; somewhat, 2; and very, 3).
Effectiveness categories that are significantly different from each other at the 0.95 level are set apart. The
t test is conducted for equality between each category and the next higher category.

to the program because they want more progress toward the
policy goal.

It shounld be noted that “effectiveness™ has at least two def-
initions. If “effectiveness” means “satisfaction with the current
program level,” then we would expect to see a negative corre-
lation between effectiveness and allocation. If, however, “ef-
fectiveness” means “productivity or ability to convert program
dollars into goals,” then we would expect to see a positive
correlation between effectiveness and allocation, We intended
the respondents to use the “satisfaction” definition, and initial
focus groups indicated that this was, indeed, the definition
being used. Our test of reliability described below uses this
“satisfaction” definition.

Table 9 shows the effectiveness ratings for the Statewide
Water Quality Budget. Illegal dumping received a 1.54 effec-
tiveness rating, which was the jJowest for any category. In the
budget allocation, illegal dumping was given $69,100 thousand
of the $500,000, the largest amount given to any category.
Overall, for water quality programs the correlation between
the allocated amounts and the effectiveness ratings was ~0.45.

The negative correlation between allocations and effective-
ness ratings is an indication that the budgst survey technique is
reliable, If respondents believe a goal is met (highly effective),
they allocate little additional money to it. A budget program

for which additional resources are valued highly gets a low .

effectiveness rating because people want more progress,

6. Concluding Remarks

There is a growing interest in performance-based, result-
oriented government. Citizens want more money directed into
programs that achieve progress toward a desired goal. Agency
professionals responsible for water quality must develop goals
that are not only consistent with their legislative mandates but
are also consistent with citizen preferences. Techaiques that
elicit information concerning the trade-offs citizens are willing
to make between water resource programs can improve the
public perception component of agency strategic plans and
enrich the decision-making process. Budget values are relevant
in pointing to the water quality programs to which people want
more resources directed. Because a fixed increment to the
budget is incorporated explicitly into the elicitation method,
individuals are required to allocate funds across a realistic list

of budget program categories. The allocations reveal informa-
tion about the public’s relative values of program funding
changes or marginal willingness to trade off. MWTTOs among
programs can be compared.

Two samples, Kentucky state residents and North Fork wa-
tershed residents, were surveyed in 1997. For the Statewide
Water Quality Budget, individuals were asked to allocate an
extra $3500,000 over 11 budget categories. All Kentuckians -
were willing to trade off $69,100 of the extra budget for in-
creases in programs reducing the problem of iliegal dumping,
In the North Fork Watershed Budget, North Fork residents
also showed a high MWTTO for illegal dumping programs,
allocating $22,200 of the extra $100,000 budget to such pro-
grams, Although the sample of North Fork residents was small,
several differences between the two budgets were also found.
For example, respondents in the North Fork watershed, a
mountainous mining area with domestic wastewater problems,
showed relatively higher MWTTO for programs reducing wa-
ter quality problems assoclated with untreated sewage and
mining drainage.

The responses to the budget survey did not appear biased
when budget category headings were removed. This indicates
respondents were paying particularly close attention to the
program activities as described in the survey instrument. Using
ratings of program effectiveness elicited in thé budget surveys,
we found respondents tended to allocate more money to those
programs they feel have been less effective in the past. We use
this as evidence of reliability. When decision makers are faced
with the task of shifting resources from one water quality
program to another, the results from this research indicate
budget values can be useful information.

Acknowiedgments. This research was supported in part under
Memorandum of Agreement 13814 between the Kentucky Water Re-
sources Research Institute and the Kentucky Natural Resources and
Environmental Protection Cabinet. We thank Lee Colten for his as-
sistance in identifying important water quality concerns for the North
Fork Watershed, Talina Mathews for facilitating, Jack Wilson for his
encouragement, and two referees for comments. We acknowledge the
University of Kentucky Center for Business and Economics Research
for administering the telephone survey and assisting with the mail
survey. The views expressed in this report are the authors’ only,



BLOMQUIST ET AL.: PUBLIC WATER QUALITY PROGRAMS

References

Blomquist, G. C., M. A. Newsome, and D, B. Stone, Kentucky budget
choices and environmental values: Results from two state-wide sur-
veys, technical paper, Div. of Water, Ky. Nat. Resour. and Enviroa.
Prot, Cabinet, Frankfort, Ky,, 1998.

Blomquist, G. C., M. A, Newsome, and D. B. Stone, Measuring prin-
cipals’ values for environmenial budget management: An explor-
atory study, working paper, Univ. of Ky., Lexington, Ky., 1999

Carson, R, T., and R. C. Mitchell, Sequencing and nesting in contin-
gent valuation surveys, J. Environ. Econ. Manage., 28(March), 155-
173, 1995,

Dillman, D. A., Mail and Telephone Surveys-The Total Design Method,
John Wiley, New York, 1978,

Ekstrand, B. R., and J. Loomis, Incorporating respondent uncertainty
when estimating willingness to pay for protecting critical habitat for

. threatened and endangered fish, Water Resour. Res., 34(11), 3149~
3155, 1998,

Griffen, R, C, The fundamental principles of cost-benefit analysis,
Water Resour. Res., 34(8), 2063-2071, 1998,

McDaniels, T. L., L. I. Axclrod, and N. Cavanagh, Public perceptions
regarding water quality and attitudes toward water conservation in
the lower Fraser Basin, Water Resour, Res., 34(5), 1299-13006, 1998.

Mitchell, R. C,, and R. T. Carson, Using Surveys to Value Public Goods:

1313

The Contingent Valuation Approach, Resour. for the Future, Wash-
ington, D. C., 1989,

President, Execcutive Order, Federal Regulation, Exec. Order 12291,
Fed. Reg., 46(Feb. 19}, 13193-98, 1981.

President, Executive Order, Regulatory, Planning and Review, Exec.
Order 12866, Fed. Reg., 58(Qct. 4), 51735-44, 1993,

Simonovic, 8. P, and H. Fahmy, A new modeling approach for water
resources policy analysis, Water Resour. Res., 35(1), 295-304, 1999,

U.S. Bureau of Census, Statistical Abstracts of the United States: 1995,
U.S. Govt. Print. Off., Washington, D.C,, 1995,

G. C. Blomquist, Department of Economics and Martin School of
Public Policy and Administration, University of Kentucky, Lexington,
KY 40506-0034. (geblom@pop.uky.edu)

M. A. Newsome, Division of Finance and Economics, College of
Business, Marshall University, 400 Hal Greer Boulevard, Huntington,
WV 25755-2320. (newsome@marshall.edu)

D. B. Stone, Department for Environmental Protection, Division of
Waste Management, Commonwealth of Kentucky, 14 Reilly Road,
Frankfort, KY 40601-1190. (brad.stone@mail state.ky.us)

(Received August 9, 1999; revised December 20, 1999,
accepted January 12, 2000.)



1314



