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Contingent Valuation of a Public Program

to Control Black Flies

Stephen D. Reiling, Kevin J. Boyle, Hsiang-tai Cheng, and

Marcia L. Phillips

Contingent valuation is used to measure the benefits of a proposed public program to
control black flies. Respondents’ reported values are analyzed from three
perspectives: data outliers, consistency between respondents’ reported values and their
perceptions of black flies, and the temporal reliability of the values expressed by
respondents. The results suggest that the estimated contingent values are plausible
even though a majority of respondents expressed a value of zero dollars for the black

fly control program.

Introduction

Black flies are a major pest in many areas of
the northeastern U.S., Canada and other
countries around the world. Although black
flies are not disease carriers in the U.S., their
bites are painful and can cause allergic reac-
tions for some people. The swarming action of
black flies is also a nuisance. In severe situa-
tions, black flies can significantly limit outdoor
activities during periods of high infestation.

Some states, such as Pennsylvania, have
on-going programs to control black flies. Oth-
er states, including Maine, New Hampshire
and New York, have conducted experimental
control programs. Experimental control pro-
grams in Maine have been conducted on the
Carrabassett River and a tributary stream in
the Sugarloaf area (Gibbs, er al., 1986). Evalu-
ations of these programs have focused on the
biological aspects of control; some work also
has been done to estimate costs of control.
However, to our knowledge, no studies have
estimated the benefits of control.
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The research reported in this paper uses
contingent valuation to estimate the benefits
of a proposed black fly control program along
the Penobscot River in Maine. Since contin-
gent valuation has not been used previously to
estimate the benefits of black fly control, the
validity and reliability of the estimated values
are investigated. Specifically, the contingent
values are examined in terms of data outliers,
the consistency between reported values and
respondents’ perceptions of black flies, and
the temporal reliability of the values ex-
pressed by survey respondents.

Black Fly Control in Maine

Black flies inhabit rivers and streams during
the larval stage, and control efforts are usually
directed at controlling black flies while they
are concentrated in these bodies of water. The
most common method of control involves the
use of the biological insecticide Bacillus thur-
ingiensis var. israeliensis, or Bti, which is in-
troduced into the river or stream by aerial
application or by releasing it at bridges and
other access points along a stream.

Although many species of black flies exist in
Maine (Bauer and Granett, 1979), they can
generally be divided into two types: early-
season and late-season varieties. Early-season
black flies appear in early spring and disappear
in late June or early July; late-season varieties
emerge in July and disappear in late Septem-
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ber or October. Early-season black flies occur
throughout the state, thus making any type of
control problematic. Late-season varieties, in
contrast, are more amenable to control since
they primarily exist in only one geographic re-
gion of the state, along the Penobscot River.
Thus, control benefits for a late-season black
fly control program were estimated for resi-
dents of communities along a thirty-mile
stretch of the river between the towns of Milli-
nocket and Howland.

Methodology

Contingent valuation was selected for use in
the study due to its ability to measure benefits
of a public good such as controlling black flies,
and its growing acceptance as a method for
measuring such beaefits (Cummings, Brook-
shire and Schulze, 1986; and Mitchell and Car-
son, 1989). Other methods of nonmarket val-
uation are too narrow in scope to estimate the
benefits of the proposed control program
(Reiling et al., 1988). Furthermore, contingent
valuation has been used successfully to evalu-
ate the benefits associated with mosquito con-
trol programs (John, Stoll and Olson, 1987;
and Ofiara and Allison, 1985) and the aesthetic
benefits of Gypsy Moth control (Voorhees,
1980).

The values associated with the proposed
black fly control program were measured us-
ing maximum willingness to pay, or the maxi-
mum dollar amount respondents would be
willing to pay to make them indifferent be-
tween having the control program and not
having it. Value statements were elicited from
heads of households and were expressed as
maximum values per household per year.

All respondents were asked to evaluate
three levels of control: 60, 75, and 90 percent
reductions in the number of late-season black
flies. Three levels of control were evaluated
for two reasons. First, a control program has
not been implemented in the study area, so the
exact level of control that can be achieved is
unknown. Variables such as water volume,
water temperature and the flow characteristics
of the river at the time of application of the
insecticide can affect the efficacy of control.
Second, the level of control can vary signif-
icantly from site to site within the study area,
due to factors such as the distance from the
river to population centers.
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Procedures

For the purposes of the study, the household
was chosen as the unit of observation. Ideally,
the population of interest is all households that
reside in the towns adjacent to the Penobscot
River between Millinocket and Howland.
However, the sample was selected on the
basis of the zip codes served by the post
offices located in the communities adjacent to
the river. Consequently, the study area in-
cludes some towns and unorganized areas that
are not adjacent to the Penobscot River. How-
ever, this is not considered to be a serious
problem since the number of households in the
towns that are not adjacent to the river ac-
count for less than two percent of the 7,836
households residing in the study area.

A randomly-selected sample of 694 house-
holds, representing about nine percent of the
total number of households in the study area,
received questionnaires. The sample was di-
vided into two equal groups of 347 house-
holds. The first group was surveyed during the
occurrence of late-season black flies in August
and September of 1987 and the second group
was surveyed after the late season (late Octo-
ber and November). The two groups were sur-
veyed in different time periods to test the
temporal reliability of the contingent values
reported by respondents.

A total of 224 completed questonnaires
were returned by the households surveyed
during the black fly season.: Forty-five ques-
tionnaires, or 13 percent, were not deliver-
able. Hence, the response rate for this group
was 74 percent (224 of the 302 deliverable
questionnaires). The response rate for the
households surveyed after the season was
slightly lower, 69 percent. Forty-four of the
347 questionnaires were not deliverable, and
209 of the 303 deliverable questionnaires were
completed and returned. Overall, 433 ques-
tionnaires were returned, yielding an overall
response rate of 72 percent.

Since respondents did not have experience
with an organized public program to control
black flies, the survey instrument was careful-
ly designed to insure that respondents were
fully aware of the nature of the proposed con-
trol program and the payment vehicle by
which they could express their statements of
maximum willingness to pay. The black fly
control program was described to respondents
in the following manner:
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As noted above, late season black flies exist during
the months of July, August and September. Most of
the species of late season black flies both bite and
swarm around people. The control program, if im-
plemented, would be designed to reduce the number
of black flies that exist in July, August and early Sep-
tember. The control program would have no effect on
the number of black flies that exist in May and June
each year.

The most likely control program for late season
black flies would involve the aerial application of the
biological insecticide Bti into the Penobscot River ev-
ery ten days throughout the months of July, August
and September. The introduction of B#i into the water
only affects black fly and some midge larvae. The in-
troduction of Bii is not expected to have undesirable
environmental effects on fish and other aquatic
organisms. Bti is used to control black flies in other
locations, including New York; New Hampshire;
Pennsylvania; and Labrador, Canada. No undesir-
able environmental-effects have been reported from
the use of Bii to control black flies in these areas.

The description of the payment vehicle was
presented to respondents as follows:

Suppose a special district that included all the
towns along the Penobscot River between Millinock-
et and Howland was established to control late sea-
son black flies. The sole purpose of the district would
be to raise revenue to pay the costs of this late season
black fly control program. Residents of these towns
along the Penobscot River would be the people who
benefit directly from the reduction in the number of
late season black flies. All residents of the area would
be required to pay an annual fee to this district to
cover the costs of the late season black fly control
program. All revenue would be used for the late sea-
son black fly control program. This special district is
not being proposed, but is being used as a way for us
to discuss the value you attach to the control of late
season black flies in your area.

Note that the payment vehicle used consisted
of a special control district that included all
the towns in the study area. Since the sample
represented all households in the affected
communities, this payment vehicle was cho-
sen to be realistic to renters as well as
homeowners. In addition, this payment vehi-
cle was also selected to avoid adverse reac-
tions associated with using a tax increase as
the procedure for eliciting statements of maxi-
mum willingness to pay.

An open-ended question was used to elicit
statements of maximum willingness to pay.
The question for the 60 percent level of con-
trol was:

Please indicate the maximum annual fee that your
household would pay to this district to reduce the
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number of late season black flies in your area by sixty
(60) percent. (NOTE: if you would not pay anything
to the district to reduce late season black flies by 60
percent, please place a zero ($0) in the space below).

$____ Maximum annual fee my household would
pay for a 60 percent reduction in late season
black flies.

The questions for the 75 and 90 percent con-
trol levels were identical to this question, ex-
cept all references to the 60 percent control
level were replaced with 75 percent and 90
percent, respectively.

Results

Estimated values for the three levels of con-
trol present some interesting comparisons
{Table 1). The mode for all three groups is
zero dollars, indicating that a majority of re-
spondents are unwilling to pay any positive
amount for the levels of control evaluated.
Note, however, that some respondents
switched from bidding zero dollars to stating a
positive value when the level of control
reached 90 percent. Furthermore, the es-
timated mean values increase with the level of
control; the means for both the 60 and 75 per-
cent control levels and for the 75 and 90 per-
cent control levels are statistically different at

Table 1. Maximum Annual Values Per
Household for Late-Season Black Fly Control

Percent Stating Dollar
Amounts Within Categories

60 75 S0
Percent Percent Percent
Maximum Control Control Control®
Annual Value  (n = 383) (n = 383) (n = 394)
$0 69 68 60
$1-510 16 10 11
$11-%$20 5 8 7
$21-$30 4 6 9
$31-%40 0 1 3
$41-$50 3 2 4
$51-%60 1 1 1
$61-$70 0 0 0
$71-$80 1 2 1
$81-$90 0 0 1
$91-$100 1 1 3
$101 and
greater 0 1 1
MEAN $7.60 $9.61 $15.13
(1.03)2 (1.26) (1.85)

# Standard errors are presented in parentheses.
® Column percentage does not add to 100 due to rounding.
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the 0.10 level of significance. Conducting
these tests assumes that respondents’ answers
to the different levels of control are in-
dependent. This assumption is somewhat
tenuous since each respondent evaluated all
three levels of control; consequently, results
of the statistical tests should be interpreted
with caution.

Since respondents did not have experience
with a black fly control program, and black fly
control is a new application of contingent val-
uation, the study was designed to allow fur-
ther investigation of respondents’ statements
of maximum willingness to pay. These addi-
tional design features were fortuitous given the
large number of respondents who stated a val-
ue of zero dollars for all three levels of con-
trol. Considering the results from a referen-
dum perspective, where each person has one
vote, black fly control would not be approved
by voters. Thus, from a welfare economics
perspective, where the importance of an in-
dividual’s ‘‘vote’’ is measured in dollars, it is
critical to investigate the validity and reliabil-
ity of responses to the contingent valuation re-
sponses. Such an investigation can be ac-
complished using a variety of procedures. The
valuation responses were examined from
three different, but related, perspectives: data
outliers, consistency of value statements with
respondent’s perceptions of black flies, and
temporal reliability.

Data Outliers

Two approaches were used to identify poten-
tial outliers in the responses to the valuation
questions for the 90 percent level of control.
One approach focuses on identifying outliers
by having respondents indicate why they pro-
vided their specific response to the contingent
valuation question. The second approach is
based upon a statistical test for outliers that
was employed in a contingent-valuation study
by Desvousges, Smith and Fisher (1987).
Identifying data outliers by having respon-
dents reveal why they stated a value of a cer-
tain amount is often referred to as identifying
"‘protest’’ or invalid responses. Strategic be-
havior and free riding are two traditional
motivations that may yield outliers in con-
tingent-valuation data sets. Alternatively,
some respondents may give invalid responses
to protest the payment vehicle or some other
aspect of the contingent-valuation exercise.
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Outliers may also occur if respondents do not
fully understand the valuation procedures or
the scenario being evaluated. These are a few
examples of the many factors that can cause
outliers in contingent-valuation data. Al-
though there is evidence that strategic be-
havior and free riding may not be serious
problems (Mitchell and Carson, 1989), further
investigation of responses is often warranted,
especially when more than 50 percent of the
valuation responses are equal to zero, as in
this study.

To identify outliers associated with protest
responses, respondents were asked to indicate
the reason why they stated a maximum
willingness to pay of zero dollars or, alterna-
tively, the reason they stated a positive dollar
value. These questions were asked im-
mediately after respondents had answered the
contingent valuation question for the 90 per-
cent level of control. A series of fixed re-
sponse categories were presented along with
an open-ended category for use if a respon-
dent’s reason did not fit one of the specified
categories. Respondents who chose the open-
ended category were also asked to state their
reason for the value given and their written
reasons were used to classify responses as be-
ing ‘‘protest’ or ‘‘not protest’’ valuations.
Such an approach has been used in other con-
tingent valuation studies (Boyle and Bishop,
1988; and Desvousges, Smith and McGivney,
1983).

Respondents were presented somewhat
different reasons for their expressed values
depending upon whether they stated a value of
zero dollars or a positive value. The categories
presented to those who stated a positive value
are presented in Table 2. Reasons 4, §, and 7
were classified as protest responses. Although
it is tempting to classify item 6 as a protest
response, this was not done because it was im-
possible to completely assure respondents
that the proposed control program would not
have adverse environmental impacts. Based
on these procedures, 11 percent of the positive
dollar responses were considered to be protest
responses.

For those stating a value of zero, reasons 5,
6, 8 and 9 in Table 3 were classified as protest
responses. Hence, 24 percent of the responses
of zero dollars were classified as protest re-
sponses. Based on the same logic as applied to
reason 6 in Table 2, reason 7 was not included
as a protest response. Reason 4 in Table 3
might also be considered a protest category.
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Table 2. Reasons Respondents Stated a
Maximum Willingness to Pay Greater Than
$0 for 90 Percent Control

NJARE

Table 4. Maximum Annual Values Per
Household for Late-Season Black Fly Control
with ‘‘Protest’ Responses Omitted

Percent
Reason Responding®

1. Stated my best guess 37
2. Most I can afford 21
3. Maximum value I place on control 9
4. Overstated value to increase chance

of control 7
5. Understated value because others

will pay 3
6. Understated value due to

environmental concerns 3
7. Understated value to reduce cost of

control 1
8. Other—Some type of protest

response 0
9. Other—Not a protest response 18

? Percentages do not add to 100 due to rounding.

However, it was not classified as a protest re-
sponse because there are also reasons why it
may represent a legitimate response.

After identifying the protest responses,
those observations were omitted from the data
set and sample statistics were re-calculated.
The new response distributions are shown in
Table 4. These distributions are quite similar
to the original distributions, and the means in-
crease with the level of control. More in-
terestingly, the omission of protest responses
had almost no effect on the overall means.
Statistical tests to identify significant differ-
ences were not conducted because the two
samples are not independent.

Table 3. Reasons Respondents Stated a
Maximum Willingness to Pay of $0 for 90
Percent Control

Percent
Reason Responding
I. Stated my best guess 7
2. 1 cannot afford to pay anything 22
3. I do not want black flies controlied 3
4. 1 do not have enough information 3
5. T do not believe black flies can be
controlled 4
6. I believe others will pay 0
7. I am concerned about
environmental effects 1
8. I don’t like the idea of a special
control district 11
9. Other—Some type of protest
response 9
10. Other—Not a protest response 30

Percent Stating Dollar
Amounts Within Categories

60 75 90
Percent Percent Percent
Maximum Control? Control? Control
Annual Value  (n = 310) (n = 310) (n = 321)
$0 66 66 57
$1-$10 18 11 12
$11-%$20 5 9 7
$21-$30 5 6 10
$31-%40 0 1 3
$41-$50 3 3 4
$51-$60 1 1 1
$61-$70 0 0 0
$71-$80 1 1 2
$81-$90 0 0 1
$91-$100 0 1 3
$101 and
greater 0 0 1
MEAN $7.61 $9.61 $15.61
(1.12)° (1.36) (2.09)

2 Column percentage does not add to 100 due to rounding.
® Standard errors are presented in parentheses.

The above procedure for identifying outliers
has a number of problems, with two issues of
major concern. First, if respondents knowing-
ly misstate their values, they probably will not
tell the researcher that they are doing so.
Second, not all outliers are the result of con-
scious motivations. An alternative that would
help to resolve these problems would be to use
a statistical procedure to identify outliers that
is not based solely on respondents’ stated rea-
sons for their response to the contingent val-
uation question. Thus, a statistical procedure
employed by Desvousges, Smith and Fisher
(1987) was used to search for outliers in the
responses to the 90 percent control level.

Using the regression reported in the next
section (Table 5), observations were deleted
one at a time from the data and the regression
coefficients were reestimated. Desvousges,
Smith and Fisher classified observations as
protests if the coefficient on the income vari-
able in their equation changed by 30 percent,
or more, when the observation was deleted
from the data. It is important to note that there
is nothing magical in using the coefficient on
income to identify protest responses, nor does
a 30 percent change in the estimated coef-
ficient represent a hard and fast decision rule.
Using the coefficient on the income variable
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does, however, have intuitive appeal when
identifying outliers in contingent-valuation
data because income would be included in any
theoretical value definition. For purpose of
this present study, changes in the coefficient
on income were used for this reason and two
other practical reasons. First income is the
only significant nonbinary variable in the
equation reported in Table 5, and the second
reason is that it facilitates comparisons of the
results of the application with the findings
from the Desvousges study.

With respect to a decision rule for identify-
ing outliers, we examined the calculated per-
centage changes in the coefficient on income
to identify natural breaks in the distribution of
these derived deviations. The mean percent-
age change in the income coefficient, across
deletions of all observations, is 0.002 percent
with a standard error of 2.5 percent. Only four
observations resuited in a calculated percent-
age change exceeding two standard deviations
of this mean, and these percentage changes, in
absolute values, are 5.6, 5.2, 39.0 and 6.2
percent. Thus, one can see that removing
observations from the data did not have a sub-
stantial effect on the estimated income coef-
ficient. However, we classified the observa-
tion resulting in the 39 percent change as an
outlier.

The respondent that created the 39 percent
change in the income coefficient stated maxi-
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mum willingness’ to pay of $250, $300, and
$500, respectively, for the 60, 75, and 90 per-
cent levels of control. These bids represent
the highest valuations reported for each level
of control. Removing this observation from
the data set reduced estimated means to $6.97,
$8.85 and $13.90, or the means reported in
Table 1 are reduced by $0.63, $0.76 and $1.23.
Hence, this observation had a fairly large im-
pact on the estimated values. It is also in-
teresting to note that this observation was not
identified as a protest response using the di-
rect questioning procedure described above.
The respondent’s answer to the direct
questioning procedure was that they stated
their best guess. Furthermore, examining the
survey booklet of this respondent does not
yield any evidence as to whether this respon-
dent was, or was not, responding truthfuily to
the valuation questions. Hence, even though
this observation is an outlier in the statistical
sense, the reported values may be an accurate
representation of the household’s willingness
to pay for black fly control.

These two procedures both indicate that the
contingent-valuation data do not contain a
large number of outliers despite the fact that
more than half of the values expressed by re-
spondents are equal to zero dollars. Con-
tingent-valuation data do need to be examined
for outliers, even if the actual number may be
very small. Such examinations, however, re-

Table 5. Tobit Estimates of Regression Coefficients

Variable B () OE(Y)/0x;
Intercept - 65.08** - —
(14.65)°
Black Fly Most Bothersome Biting Insect (=1) 25.55* 0.47¢ 12.01
(8.34)
Late or Early/Late Season Most Bothersome (=1) 16.32 0.43° 7.02
(11.85)
Use Self Protection (=1) —27.62* 0.23¢ -6.35
(13.31)
Medical Attention Required by Household 27.72% 0.62¢ 17.19
Members (=1) (13.23)
Household Size 1.54 0.41¢ 0.63
(2.62)
Household Income 0.001* 0.41¢ 0.00
(0.000)
Miles from River to Residence -1.13 0.41¢ -0.46
(1.17)
x4(8) 47.46 — —
N 321 — _

? An asterisk denotes significance at the 0.10 level.

® Asymptotic standard errors are reported in parentheses.
¢ PR'x/olx; = 1 and x, =
dOB'xfolx; = k) forj = 1,2,...,7.

%) for j # k, where X, = sample mean of variable k.
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quire careful subjective decisions on the part
of a researcher since no hard and fast theoreti-
cal or statistical rules exist for removing con-
tingent-valuation responses from a data set.

Consistency of Value Statements with
Perceptions of Black Flies

Respondents were asked a number of ques-
tions about their perceptions of black flies and
how black flies affect them. All other factors
being equal, one would hypothesize that re-
spondents who consider black flies to be prob-
lematic would also express higher values for
the control program.

In terms of perceptions, fully 96 percent of
the sample considered biting insects, such as
black flies and mosquitoes, to be more of a
problem than stinging insects. In addition, 71
percent stated that black flies were the most
bothersome biting insect. Fifty-nine percent of
respondents said that both swarming and bit-
ing of black flies cause discomfort, while only
four percent stated that neither of these activi-
ties bothered them. With respect to seasonal-
ity, only 19 percent stated that late-season
black flies were the most bothersome and 63
percent indicated that late-season and early-
season varieties were equally bothersome.
Eighty-eight percent of the respondents used
some type of personal protection from black
flies. Of those using protection, 57 percent
were satisfied with their method. Finally, 22
percent of the households had family members
who were allergic to black fly bites, and 26
percent of these households reported that a
family member required medical attention due
to an allergic reaction to black fly bites.

Cemparing these qualitative responses to
respondent’s stated bids for the 90 percent
level of control presents some mixed informa-
tion. Obviously, black flies appear to be the
most bothersome insect in the study area. Yet,
a majority of respondents stated a maximum
willingness to pay of zero dollars for control.
Several conjectural insights may help to ex-
plain the inconsistency in these resuits. First,
most respondents were concerned with both
early- and late-season black flies. Perhaps val-
ue statement: would have been higher for a
program controlling all varieties of black flies.
Also, most respondents use some type of per-
sonal protection from black flies and more
than half of these individuals are satisfied with
the level of protection achieved. Finally, only
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a small percentage of respondents ex-
perienced severe reactions to black fly bites.
This evidence suggests that black flies may not
be a serious problem to most residents of the
study area. Demographic characteristics also
may help explain the apparent inconsistency.
The average respondent was 49 years of age,
had lived in Maine for 44 years, had resided in
the study area for 40 years, and had lived at
their current residence for 18 years. There-
fore, respondents have had time to adapt to
black flies.

This conjectural evidence supports the con-
clusion that a black fly control program may
not be important to residents of the study
area. To investigate these conjectural rela-
tionships, a Tobit model was used to estimate
the relationship between stated willingness to
pay and selected variables. A Tobit model was
used because ordinary least squares would
yield biased and inconsistent parameter es-
timates when the dependent variable is cen-
sored (Maddala, 1983). The censoring here is
the large number of stated zero values. The
model is of the form:

Yi=B'x + y i=1,...,n
and
v = {Yi ifY, >0
0 otherwise.

The dependent variable is the respondent’s
stated willingness to pay for the 90 percent
level of control. The vector of explanatory
variables (x;), along with the vector of Tobit
estimates of the parameters (), are reported
in Table 5. These coefficients were estimated
from the data set after removing the obser-
vatjon identified as an outlier in the preceed-
ing section. Note that four of the explana-
tory variables are binary and the direction of
their effects is denoted in the first column of
Table 5.

Before proceeding, it should be noted that
the estimated coefficients in the second col-
umn of Table 5 measure the direction and
magnitude of the effects of changes in the in-
dependent variables on the dependent variable
(Y ). The effect of any independent variable
(x;) on the latent dependent variable (Y) is de-
rived as

IE(Y)/ox; = [P(B'xi/a)]B;
where ®(¢) is a standard normal distribution.

The results of these calculations are presented
in the third and fourth columns of Table 5.
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The signs of the estimated coefficients are
consistent with prior expectations. Stated
willingness to pay increases if respondents
find black flies to be more bothersome than
other biting insects in Maine, or if the late-sea-
son varieties of black flies are bothersome to
them relative to only the early season vari-
eties, or if medical attention is required for
black fly bites by a member of their house-
hold, or if they have a large household size, or
if they have a high income. Stated willingness
to pay declines if respondents currently use
some type of self protection from black flies,
or live away from the Penobscot River where
the flies are primarily concentrated.

Two key variables are significantly different
from zero: black flies are the most bothersome
biting insect; and respondent uses some meth-
od of 'self protection from black flies. These
are deemed to be ‘‘key variables’’ in the sense
that seventy-one percent of the respondents
stated that blackflies were the most bother-
some biting insect and 88 percent stated that
they used some method of self control. In con-
trast, medical attention required is also a sig-
nificant variable, but less than 10 percent of
those responding indicated that medical atten-
tion was required by someone in their house-
hold.

It is interesting to note that black flies being
the most bothersome biting insect and respon-
dents’ use of self control have opposite effects
on the dependent variable and the magnitudes
of their effects are approximately the same
(column 2 in Table 5). These counteracting
effects help explain the large number of zero
values for control reported by respondents.
Remember, 57 percent of the respondents
were satisfied with their method of control or
protection from black flies. However, the
magnitude of the effects of these two vari-
ables, given that a respondent bid a positive
dollar amount, are quite different (column 4 in
Table 5). The effect of black flies being the
most bothersome biting insect is nearly twice
as large as the effect of the respondent using
self protection. Thus, across the entire sam-
ple, these two variables have countervailing
effects that are approximately equal in magni-
tude. For the subset of respondents who bid a
positive dollar amount, black flies being the
most bothersome biting insect has a stronger
effect that leads to higher statements of value
when all other variables are held constant.
Therefore, respondent perceptions of black
flies appear to be consistent with their state-
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ments of value, and the large percentage of
zero values appear reasonable.

Temporal Reliability

Temporal reliability focuses on whether re-
spondents’ statements of value are the same at
two distinct periods in time (Kealy, Dovidio
and Rockel, 1988; Loomis, 1989; and Mitchell
and Carson, 1989). The issue of concern is
whether statements of value for black fly con-
trol might be higher during the black fly season
than they would be at some other point in time
(Reiling et al., 1989), To test this hypothesis
the sample was randomly stratified into two
groups of equal size. One-half of the respon-
dents received the survey concurrent with the
peak occurrence of late-season black flies in
August and September, 1987. The other half of
the sample received the surveys in late Octo-
ber and November, 1987, after the black flies
had disappeared.

Estimated values for each group are re-
ported in Table 6. The one outlier in the data
occurred in the after-season sample and this
observation has been removed from the statis-
tics reported here. As one can visually
observe, there is no statistically significant dif-
ference between the values for the in-season
sample versus the after-season sample. In-
cluding the outlier observation in the after-
season data did not change the results of these
statistical tests. Therefore, the estimated con-
tingent values are judged to be temporally reli-
able.

Table 6, Value Per Household Categorized
by Timing of Survey Implementation

In- After-
Season Season
Level of Control Sample Sample
60 percent — Mean ($) 6.56 7.37
—s.e. ($) 1.14 1.16

—n 199 183
75 percent — Mean ($) 8.41 9.32
—s.e. ($) 1.40 1.47

—n 196 186
90 percent — Mean (3) 13.75 14.04
—s.e 9 2.02 1.91

—n 198 195
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Conclusions

The average value respondents place on late-
season black fly control increases significantly
as the level of control increases. It is interest-
ing to note that the average value for 75 per-
cent control is roughly $2 higher than the aver-
age value for the 60 percent control, while the
average value for 90 percent control is about
$5.00 more than the average value for 75 per-
cent control. In addition, some respondents
stating values of zero dollars for 60 and 75 per-
cent control stated a positive value for 90 per-
cent control. These results may reflect the
opinion among respondents that the 60 and 75
percent control levels do not provide sufficient
relief from black flies. If this is the case, the
value respondents would attribute to control
levels greater than 90 percent may be signif-
icantly higher than the $15 reported for the 90
percent level of control in Table 1.

The results also clearly indicate that the
majority of the households placed a value of
zero on all levels of blackfly control in-
vestigated. Since only one data outlier was
identified, and since value statements were
consistent with respondents reporting of their
perceptions of black flies, and value estimates
were temporally reliable, the zero values
appear to be reasonable. Most respondents
are unwilling to financially support black fly
control, even when a 90 percent success rate
is achieved. However, from a policy per-
spective, simply using estimated means and
aggregating to a population value for a benefit-
cost calculation would, in this case, obscure
important information about the distribution
of benefits.

References

Bauer, L. S. and J. Granett. 1979. The Black Flies of
Maine. Technical Bulletin 95, Maine Life Sciences
and Agriculture Experiment Station, University of
Maine at Orono, (May), 18 pp.

Boyle, K. J. and R. C. Bishop. 1988. ‘‘Welfare Measure-
ments Using Contingent Valuation: A Comparison of
Techniques.”” American Journal of Agricultural Eco-
nomics 70:20-28.

NJARE

Cummings, R. G., D. S. Brookshire, and W. D. Schulze.
1986. Valuing Environmental Goods: An Assessment
of the Contingent Valuation Method. Totowa, NJ:
Rowman and Allenheld, 270 pp.

Desvousges, W. H., V, K. Smith, and A. Fisher. 1987.
“Option Price Estimates of Water Quality Im-
provements: A Contingent Valuation Study for the
Monongahela River.’’ Journal of Environmental Eco-
nomics and Management 14 (Sept.):248-67.

Desvousges, W. H., V. K. Smith, and M. P. McGivney.
1983. **A Comparison of Alternative Approaches for
Estimating Recreation and Related Benefits of Water
Quality Improvement.”’ Research Triangle Institute,
Report to the U.S. Environmental Protection Agen-
cy, EPA-230-05-83-001, Washington, D.C.

Gibbs, K. E. er al. 1986. Experimental Applications of
Bti for Larval Black Fly Control: Persistence and
Downstream Carry, Efficacy, Impact on Nontarget
Invertebrates and Fish Feeding. Technical Bulletin
123, Maine Agricultural Experiment Station, Uni-
versity of Maine, Orono, October, 25 pp.

John, K. H., J. R. Stoll, and J. K. Olson. 1987. *‘An Eco-
nomic Assessment of the Benefits of Mosquito
Abatement in an Organized Mosquito Control Dis-
trict.” Journal of the American Mosquito Control
Association 3(March):8-14.

Kealy, M. J.,J. F. Dovidio, and M. L. Rockel. 1988. **Ac-
curacy in Valuation is a Matter of Degree.”” Land
Economics 64(May):158-71.

Loomis, J. B. 1989. “‘Test-Retest Reliability of the Con-
tingent Valuation Method: A Comparison of General
Population and Visitor Responses.”” American Jour-
nal of Agricultural Economics 71(February):76-84.

Maddala, G. S. 1983. Limited-Dependent and Qualitative
Variables in Econometrics. Cambridge: Cambridge
University Press.

Mitchell, R. C. and R. Carson. 1989. Using Surveys to
Value Public Goods: The Contingent-Valuation
Method. Washington, D.C.: Resources for the Fu-
ture, Inc.

Ofiara, D. D. and J. R. Allison. 1985. ““The Use of Present
Value Criterion Applications in Making Mosquito
Control Decisions.”” Journal of the American Mos-
quito Control Association. 1(September):284-294.

Reiling, S. D., K. J. Boyle, M. L. Phillips, V. A.
Trefts, and M. A. Anderson. 1988. ‘“The Economic
Benefits of Late-Season Black Fly Control.”” Bulletin
822, Maine Agricultural Experiment Station, Uni-
versity of Maine, Orono.

Reiling, S. D., K. J. Boyle, M. L. Phillips, and M. A.
Anderson. 1989. ““Temporal Reliability of Contingent
Values.”” Land Economics (under review).

Voorhees, S. C. 1980. The Valuation of Aesthetic Benefits
Jfrom Gypsy Moth Control Using the Iterative Bidding
Technique. Unpublished M.S. Thesis #80-06. Uni-
versity of Rhode Island.



