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Sample nonresponse and selection biases that may occur in survey research such as contingent val-
udtion gpplications are discussed and tested. Correction mechanisms for these types of biases are
demonstrated. Results indicate the importance of testing and correcting for unit and item nonre-
sponse bias in contingent vauation survey data. When sample nonresponse and selection bias go
uncorrected, welfare measures may be overestimated or underestimated contributing to potentia
errcors in resource policy and management decisions.
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Techniques used in the valuation of environ-
mental amenities and natural resources often
rely on surveys as a means of collecting data.
Whatever the strengths and weaknesses of
the varigus valuation techniques, the survey
process may introduce problems of its own.
Among the most troubling of these problems,
especially as it affects mail-administered sur-
veys, is the potential for the introduction of
what is commonly referred to as nonresponse
bias or sample bias. These problems we refer
to as survey response-related biases (SRB).
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induced responses to survey questionnaires
are potentia active sources of bias.

Several researchers have recently exam-
ined the problem of SRB in the contingent
valuation (CV) willingness-to-pay (WTP) set-
ting. A general overview of sampling issues in
contingent valuation, including* nonresponse
bias, is provided by Mitchell and Carson.
Edwards and Anderson found significant dif-
ferences between characteristics of respon-
dents and nonrespondents. They also found
no significant bias introduced by culling
outliers, though this result is somewhat
unsatisfying. Intuitively, one would expect
self-selection to have far more influence on
the size of the sample than would culling.
Whitehead, Groothuis, and Blomquist found
no significant difference between respon-
dents and norespondents in their sample.
They used data from a previous survey of
the same sample to impute values for miss-
ing elements. No indication was given as
to why the data from the previous survey
were not used instead of imputation, and
they discussed a correction technique for
only one form of SRB. Another application
of testing for SRB is reported in White-
head (1991). The response rate from a gen-
eral sample was compared with the response
rate from an interest group sample. Mem-
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bers of the interest group were found to hold
significantly higher values and responded
to the [survey in sighificantly greater pro-
portion| than did the general sample. Cor-
rection |methods were briefly discussed but
not used. Whitehead et al. (1994) defined a
sample —from a study using continuous WTP
responses—as the population and then sim-
ulated response rates to test for SRB. They
weighted the data to make it representative
and followed Heckman in estimation to cor-
rect for biases. Results showed SRB to be
significant at both low and high response
rates.

Loomis examined the bias resulting from
failure of survey recipients to return the
instrument. Several approaches to correction
were discussed and demonstrated, although
none of|the measures are adequate to address
how nanresponse may systematically affect
WTP. Whitehead (1994) used imputation
methods to correct for bias resulting from
returned but incomplete survey instruments.
However, the use of imputation techniques
creates jts own set of inference problems and
still does not account for correlation between
determinants of response and WTP.

These studies indicate a heightened aware-
ness of SRB. However, what is lacking in the
current |applied welfare economics literature
is a single work making a clear presenta-
tion of the concepts and definitions involved
in SRB, the reasons why it can result in
estimation bias, and how it can be empiri-
cally treated in CV studies that use either
continuous or dichotomous WTP responses.
Our objective is to help fill this literature
gap by |defining SRB and its two elements,
sample nonresponse bias (SNB) and sam-
ple selection bias (SSB), discussing the com-
mon correction methods, and then develop-
ing a general model of SSB in CV. A spe-
cial case of the general model is developed
to highlight the potential sources of SSB. As
an illustration of the use of the techniques,
we apply them to a natural resource val-
uation problem. Mail survey data are used
to estimate the recreational use value of a
northeastern Alabama reservoir under sev-
eral mapagiement alternatives. Estimates are
found with and without corrective measures
taken. We ‘intend the discussions and mod-
els to be helpful to CV practitioners in their
design of surveys and estimation of welfare
benefits
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Sample Nonresponse Bias

If al members of the sample to whom
questionnaires are mailed-the surveyed
sample-respond with fully complete ques-
tionnaires, then there is no possibility of SRB.
However, it is unlikely that all recipients will
respond, so that the realized sample (the
fina data set available to the researcher)
will differ from the surveyed sample. Conse-
quently, the sample available for estimation
may not be representative of the target pop-
ulation, a clearly undesirable circumstance.
There are two reasons for the difference. A
recipient may simply not return the question-
naire, thereby exhibiting unit nonresponse.
No information is available on that mem-
ber of the surveyed sample. When the recip-
ient returns the questionnaire but does not
answer certain questions of importance to
the study, item nonresponse has occurred. As
long as other questions are answered, some
information is available on item nonrespon-
dents. A survey can suffer from both types of
nonresponse, both of which remove an obser-
vation from the realized sample.

Nonresponse may occur randomly in the
sense that the factors affecting the probabil-
ity of response are not correlated with the
factors affecting WTP. If, as a result of this
kind of random nonresponse (either at the
unit or item level), identifiable subgroups of
the population are disproportionately repre-
sented in the sample used for estimation, and
these subgroups hold WTP vaues that dif-
fer from other subgroups in the population,
then SNB exists. SNB is a “passive’ con-
cept. Some questionnaire recipients simply
do not respond, and there is no systematic
relationship between their nonresponse and
their WTP. The nonresponse, however, may
lead to a redlized sample that is not repre-
sentative of the target population. Estimation
of a WTP function with nonrepresentative
observations will result in biased inference
with respect to population parameters. The
error will be further compounded by eval-
uation of the estimated WTP function with
biased sample statistics. The essence of SNB
is that the sample cannot speak directly to
the population.

Solutions to the problem vary with its
source. To correct for SNB due to unit non-
response, the available complete responses
may be weighted so that the weighted sample
statistics correspond to population parame-
ters obtained from census data (Anderson,
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Basilevsky, and Hum). Somewhat different
SNB correction techniques are used for item
nonresponse. Because there is some infor-
mation available on item nonrespondents, it
can be used to impute missing WTP values
(David et a.). Observations missing WTP or
other values can be assigned those values on
the basis of their similarity to other obser-
vations with like characteristics. Alterna
tively, WTP values may be obtained through
regression (Orchard and Woodbury, Demp-
ster, Laird, and Rubin). While they serve to
reduce hias, imputation techniques result in
increaged variance and so make inference
about particular determinants of WTP diffi-
cult (Mitchell and Carson).

Sample Selection Bias

Unit and item nonresponse may occur in such
a way that there is correlation between the
factors that determine survey response and
the fautors that affect WTP When this occurs,
SSB has its effect through the error term of
the WTP equation. SSB is an “active” con-
cept. Survey recipients who have a greater
interest in the commodity of interest are
more likely to respond and thus will be
over-represented in the realized sample. They
may hold either higher or lower values for
the commodity of interest than other mem-
bers of the population. As in the case of
SNB, it is useful to examine response rates
of subgroups, but here interest lies in the
response rates within those subgroups rather
than between them. The question to be asked
is whether there is something systematically
working to cause some members of a par-
ticular subgroup (e.g., surveyed sample) to
respond while other members do not.

Heckman characterized the problem as
one of misspecification due to an omitted
variable. To see this, let the econometric rep-
resentation of the SSB issue be given by the
set of equations

(1)  WTP, =Biyrp Xwre, ; + Swre, ;
i=1,...,n

RESP} = Bresp Xresp, i + ErEsp, i

i=1,... ,N

where WTP; is the respondent’s willingness-
to-pay, RESP* is the latent propensity
to respond, Xyyp ; ad Xpggp; are vec-
tors of explanatory vanabl&s for the WTP
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and response equations, and ewrp; and
Eresp,; € identicaly independently dis-
tri buted (i.i.d.) normal errors. The observable
counterpart to RESP; is RESP, which takes
on a value of 1 when RESP; is nonnega-
tive, and O otherwise. The number of unit
respondents is denoted by N. The number of
complete, usable responses (the number of
item respondents or the realized sample) is
denoted by r, with the number of item nonre-
spondents given by (N = n). The WTP equa-
tion is caled the primary equation while the
second is referred to as the selection equation
or the sample selection rule (SSR), since it is
the rule by which unit respondents self-select
into the sample of n complete observations.

Due to the falure of some unit respon-
dents to provide valid data on either WTP or
one or more of the values in Xy, the pri-
mary equation can only be estimated with the
realized sample. Therefore, the regression of
the primary eguation over the realized sam-
ple takes the form

2)  E(WTP;| Xyrp_;,SSR)
= B(NTPXWTP, i
+ E(SWTP, i |XWTp,i 3 SSR)
i=1,...,n

Suppose the SSR is that WTP, is observed if
RESP; is equal to one. If eypp ; and eggep ;
are mdependent then

(3) E(SWTP,i|XWTP,i7 SSR)

= E(ewrp,;| Xwrp,;» RESP; > 0)

= E(SWTP, i XWTP,iSBRESP,i

z —Biugst RESP, /)

= 0.

Hence, the factors affecting response are not
correlated with the magnitude of WTP. On
the other hand, if E(eyrp ;| Xwrp ;SSR) # O,
the regression for the realized sample is

(4)  E(WTP;| Xwrp, ;» RESP; > 0)

= BQ}VTPXWTP, i+ E(ewrp, i |8RESP, [
> —Bresp X Esp.i)

and is clearly dependent on Xypp ; and
Xgesp,;- Estimating the primary equation in
(5] when (4) is the true model generates SSB
the source of which is an omitted variables
problem.
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Heckiman provides a simple two-step ap-
proach |to detection and resolution of SSB
that is [widely known and accepted. Heck-
man’s priginal work focused on a model
in which the primary equation’s regres-
sion was continuous and thus estimable
by ordinary least squares (Davidson and
MacKinnon). Most current CV studies, how-
ever, use the closed-ended or dichotomous-
choice (DC) question format. A Heckman
two-stage (H2S) approach in the DC WTP
equation context would involve estimating
the conditiona probability

(5) Prob[WTPl- = 1|RESP, = 1]
= (I)(BIWTPXWTP, it B)\)\i)

where ® is the standard normal cumulative
density| function (cdf) and X\, is the inverse
Mills ratio representing the probability of
person || being in the realized sample.
Equation (1) illustrates a CV survey sit-
uation |in which there is a single, general
source of SSB. However, SSB can result from
unit nonfesponse and(or) item nonresponse.
In a DC WTP é€licitation format, both types
of nonresponse can be considered simultane-
ously as a specia case of (1) in the system of.
equations

(6)

WTP; = Byrp Xwrp, i + Ewr,

i=1,...,mn,
ITEM; = BiremXirem, i + Ermem,

i=1,...,n,
UNIT} = Bynrr Xunrr, ; + &unir,;

i=l,... ,N.

s

WTP;, [TEM;, and UNIT; are unobserved,
but WTP,, ITEM, , and UNIT, are observed,
taking on a value of one if their unobserved
counterparts are nonnegative, and zero oth-
erwise.| The error terms are each normally
distributed with zero means and variances
normalized to one. The size of the sur-
ple is given by N,, the number of
ondents by n,, and the number of
item fespondentsthe realized sample-by
n,. Thelselection eguations are reduced forms
and should therefore be viewed as predic-
tors of response rather than having important
econonic content and interpretation.

All fecipients of a questionnaire must
decide (whether to return it or not, and so
the uni] selection equation applies to al N,
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members of the surveyed sample (if returned,
UNIT; = 1). Of this number, n, make
the decision to return the questionnaire and
therefore must make the item response deci-
sion. The item selection equation is estimated
over the n, unit respondents. The realized
sample is composed of those recipients who
return the questionnaire and aso provide
answers to the DC WTP question and the
guestions about the determinants of WTP
(if al of these questions are answered,
ITEM, = 1). These are the n, observations
which can be used to estimate the primary
equation.

The model can be considered in a trivariate
specification in which both sources of selec-
tion bias, unit and item nonresponse, are ana-
lyzed jointly with the primary eguation. In
principle, a trivariate probit treatment would
serve in a joint anaysis of three dichoto-
mous outcome variables. As a practical mat-
ter, however, the obstacle to this approach is
the difficulty in evauating multivariate nor-
mal integrals of order higher than two. An
aternative is to proceed in a H2S fashion
analogous to (5) above. The two selection
equations can be estimated separately and
variables can then be constructed to repre-
sent item and unit nonresponse bias for inclu-
sion in a univariate probit estimation of the
primary equation, as in (5).

Another way of addressing the problem is
to model the WTP equation and each selec-
tion equation in a pairwise fashion, that is, to
specify a WTP/item model and a WTP/unit
model. The sources of SSB can then be
analyzed separately. This can be done in a
H2S fashion as shown above. In the case
of item nonresponse, the data for apply-
ing this approach are readily available from
the returned questionnaires. However, unit
response may be more of a problem because
of data limitations. The researcher typically
has little or no access to data describing the
unit nonrespondents. As shown in the empir-
ical application below, if the researcher can
obtain data on unit nonrespondents, the H2S
methodology can be applied to test for and
correct unit and item nonresponse bias.

Empirical Application

As part of a larger study of aguatic plant
management at Tennessee Valey Author-
ity (TVA) and U.S. Army Corps of Engi-
neers (USACE) reservoirs, a CV study was
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conducted to estimate annual recreational
use vallues at Lake Guntersville, Alabama
under varying aguatic plant control alterna-
tives. Ilake managers were interested in how
different types of users vaue plant manage-
ment. Surveyed users were therefore classi-
fied ag fishers and nonfishers according to
their self-reported primary use of the lake.
The dafta collection process was intentionally
designed so that the effects of SRB could be
accounted for in estimation. Questions rele-
vant to the benefit estimation portion of the
project were included in two pre-CV surveys
to provide backup data in the event that CV
response would be less than complete. Copies
of the survey instruments along with their
cover and reminder |etters are available from
the authors upon request. These surveys are
described  below.

On-Site Survey

The on-site use survey collected data on
recreation use at Lake Guntersville such as
length jof stay, number of annual trips, and
main activity. The on-site survey was admin-
istered| at various recreational access points
surrounding Lake Guntersville. The form was
given in a face-to-face interview by one of
two survey team members during the hours
of 9:00 am. to 5:00 p.m. Users of the lake
entering and exiting outside of these hours
were not surveyed but were accounted for in
the use estimation through the use of traf-
fic counters. The survey sites corresponded to
a dratified random sampling plan, except in
cases of severe weather or site obstruction.

In developing the strata for the sampling
plan, emphasis was placed upon identify-
ing kely variables that might account for
potent's variation within the sample. It was
determined that there are different types
and amounts of use occurring in different
parts of the lake during the different seasons
throughout the year. The strata types were
defined by season (fal/winter, spring, or sum-
mer), day type (weekend/holiday, or week-
day), geographical zone (northern, middle,
and southern sections of the lake), and site
type (cesignated developed recreation areas,
boat launching and service fecilities, and dis-
persed land informal recreation areas).

The |primary sampling plan consisted of
fifty-four strata using the above definitions.
The basic sampling unit was the vehicle (e.g.,
car, truck, camper) that a person drove to a
ste. A |two-stage sample was selected within
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strata. The first-stage units were clusters of
vehicles (i.e., al vehicles available at a partic-
ular site on a given day). These were called
site-days and were selected from a list by sim-
ple random sampling without replacement.
The second stage sample consisted of the
vehicles actualy sampled for each site-day
combination.

We identified eighty-five access points that
met the criteria initialy for the interview-
ing process at Lake Guntersville. Survey sites
were designated recreational access points
that were suitable for traffic counter equip-
ment and safe for the interviewing teams.
The sites were then stratified according to the
main type of recreationa activity conducted
from each site. After surveying began, a few
sites were eliminated from the sample as they
were deemed unsafe or inaccessible due to
seasonal weather conditions.

A total of 4,219 persons were contacted on-
site, 4,021 of whom agreed to be interviewed,
for a 95% response rate. Persons interviewed
during the on-site survey were asked to pro-
vide their name and address for a follow-up
CV mail survey. Of those interviewed, 2,715
persons (68%) provided the address informa-
tion. Of these addresses, 155 were incomplete
or incorrect and could not be used. This left a
sample of 2,560 names and addresses for the
CV survey.

Residential ~ Survey

The residential survey was designed to col-
lect lake use information from lake resi-
dents whose property was determined to
have either direct or indirect lega access to
the reservoir. In the questionnaire, lake res-
idents were asked to provide detailed infor-
mation on their recreational use occurring
from their lake front or lake access residence.

An initial list of names and addresses, rep-
resenting a complete inventory of lake prop-
erty owners, was obtained from the TVA
from an address database developed by the
agency for a lake property owners study
conducted just prior to ours. The database
was adjusted by removing and adding those
parcels that fit the necessary residential sam-
pling criteria of either being located directly
on the lake or with legal deeded access to
the lake. When the database for the residen-
tial population was complete, the county tax
assessors’ offices for Marshall and Jackson
Counties were contacted for mailing informa-
tion, which was used to create a sample of
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1,160 addresses. However, a total of 109 of
these addresses were incomplete or incorrect
and therefore not usable, reducing the fina
sample dze for the residential survey to 1,051.

Contingent Valuation Survey

Names and addresses for the CV survey were
obtained ffrom the on-site and residential sur-
vey efforts described above. A total of 3,611
names and addresses were available (2,560
from the|on-site survey and 1,051 from the
residential survey).” The 3,611 CV question-
naires were mailed in the fall of 1992 fol-:
lowing mail survey procedures discussed by
Dillman. |Initially, an explanatory cover let-
ter, a CV questionnaire, and a postage-paid
return enyvelope were sent to the respondents
of the two carlier surveys.  Approximately one
week after the initial mailing, a post card
reminder|was mailed to &l individuals in the

were returned as undeliverable, reducing the
sample size to 3,224. The CV unit response
rate was 50% (1,596) of this adjusted sample
size.

A DC| format was used to eicit WTP
responses for plant management in the CV
survey instrument. Five aquatic plant control
alternatives were included in the question-
naire. These alternatives were developed in
cooperation with the TVA and the USACE,
co-managers of the lake. The first manage-
ment scenario (MGTM) was a minimum con-
trol alternative under which aquatic plants
would be allowed to grow naturally as if
under ideal growing conditions. The coverage
presented was 34,000 acres or approximately
50% coverage of lake surface area All sub-
sequent management alternatives were pre-
sented and valued relative to MGTM. Under
Management Alternative A (MGTA), aguetic
plant coverage was 20,200 acres (approxi-
mately 30% of lake surface area). Manage-
ment Alternative B (MGTB) reduced the
amount of aquatic plant coverage to 14,200
acres (approximately 20% of lake surface
area). Management Alternative C (MGTC)
set the level of plant coverage at 8,000 acres
(approximately 12% of lake surface area).

! We cross-feferenced the on-site and residential survey address
databases to |eliminate duplication. Overlap between these two
address dataqases was very small (e.g., less than ten cases).
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Finally, Management Alternative D (MGTD)
set the amount of aquatic plants at near zero
acres of surface area.

Analysis of Survey Response-Related Bias

The variables used in the data anaysis are
defined in table 1. Income, age, family size,
education, and an index of preference for
plant coverage a Lake Guntersville are
guantitative variables that were hypothesized
to distinguish unit respondents from unit
nonrespondents to the CV survey. A catego-
rization of users as lake residents and nonres-
idents is a qualitative attribute hypothesized
to be a distinguishing factor between respon-
dents and nonrespondents.

Testing for Sample Nonresponse Bias

A simple test for sample nonresponse bias
(SNB) on the unit level involves compar-

Table 1. Definition of Variables Used in
Analysis

Variable Description

USELAKE  Dependent variable; 1 if would
use lake under management
dternative, 0 otherwise

IRESPSC Complete observation for scenario
j; 1if yes, O otherwise

URESP Returned CV survey; 1 if yes, O
otherwise

MGTA Management alternative A; 1 if
observation on A, 0 otherwise

MGTB Management aternative B; 1 if
observation on B, 0 otherwise

MGTC Management alternative C; 1 if
observation on C, O otherwise

MGTD Management alternative D; 1 if
observation on D, O otherwise

BID Bid amount in questionnaire

INC Midpoint of respondent’s
income range

EDUC Index of respondent’s education
ranging from 1 (eighth grade or
less) to 8 (doctoral degree)

AGE Respondent’s age

AGESQ Respondent’s age sguared

FAMSZ Number in respondent’s household

PLNPREF Index of respondent’'s preferences
for aguatic plant coverage
ranging from 1 (very small
amount) to 5 (very large
amount)

RES Respondent a lake resident; 1 if

yes, 0 otherwise
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ing the distributions of characteristics of unit
respondents and nonrespondents. |f there
are significant differences between the two,
then the presence of SNB is indicated. How-
ever, unless there are data available on unit
nonr¢spondents, the application of this test
is Timited to ‘item respondents and nonre-
spondents. For the Lake Guntersville nonre-
spondents, these data are available from the
pre-C'V surveys, for both unit and item types.
Thus,; we are able to estimate a unit response
equation and test for differences between
unit respondents and nonrespondents.

At this point, the objection may be raised:
“What if the pre-CV survey is not represen-
tative of the population about which infer-
ence will be made?’ If it is not, then the SNB
problem may simply be pushed up to a higher
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level. However, where the survey design is
appropriately stratified and the response rate
is high, asin our case, we have strong reason
to beieve that the pre-CV survey is highly
representative of the target population.

The results of the SNB tests are shown in
tables 2 through 4. Table 2 applies to the
overall sample without regard to user type.
Tables 3 and 4 refer to fishers and nonfish-
ers, respectively. In each case, significant dif-
ferences exist between unit respondents and
unit nonrespondents at al three levels of
analysis. The implication is that the use of
respondent statistics in evauating the esti-
mated WTP function would lead to SNB and
therefore nonrepresentative estimates of wel-
fare benefits.

Table 2. Tests for Sample Unit Nonresponse Bias, Overall Sample

Respondents Nonrespondents
Variable Mean std Mean std Test Statistic
INC 54,154 38,884 60,122 55,006 t=3.24
AGE 50.4 14.6 42.5 15.4 t=-13.42
FAM$Z 2.7 1.2 2.6 1.3 t= -1.97
EDUC 4.4 1.7 3.7 1.6 t= -10.95
PLNPREF 2.9 0.9 2.9 1.3 t=0.99
RES 0.20 - 0.06 - X’ =106.93
Table 3. Tests for Sample Unit Nonresponse Bias, Fishers

Respondents Nonrespondents
Varigble Mean std Mean std Test Statistic
INC 49121 34,948 56,433 53,246 t= 316
AGE 50.1 14.4 43.6 14.6 t= -8.31
FAM$Z 2.8 1.2 2.6 1.2 t= -2.67
EDUC 4.2 1.6 3.4 L5 t= -8.40
PLNPREF 3.2 0.9 2.6 1.2 t= -9.78
RES 0.16 - 0.01 - x: = 9134
Table4. Tests for Sample Unit Nonresponse Bias, Nonfishers

Respondents Nonrespondents
Variable Mean std Mean std Test Statistic
INC 62,378 43,366 63,533 56,260 t=0.39
AGE 50.8 15.0 41.6 15.9 t= -10.31
FAM$Z 2.7 1.2 2.7 1.3 t= -0.07
EDUC 4.8 1.7 3.9 1.6 t= -8.95
PLNPREF 2.5 1.0 3.6 1.2 t=14.14
RES 0.24 011 - x*> = 59.18
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Testing for Sample Selection Bias

The problem of sample selection bias (SSB)
is addressed through model specification. The
discussion of empirical results must therefore
include both SSB and WTP. Before proceed-
e results of the estimation proce-
dures, we briefly discuss specification of the
WTP model. WTP models were specified and
estimated for two distinct groups of users:
fishers and nonfishers. It was hypothesized
that fishers generally prefer more aquatic
plant coverage because of their perception
that aquatic plants improve fish habitat and
angler success. On the other hand, nonfish-
ers were fhypothesized to prefer less aguatic
plant coverage because of their concern that
aquatic plants interfere with nonfishing activ-
ities such| as water skiing and swimming.

It is often pointed out that qualitative
response models in a random utility context
should not be estimated without an intercept
term unlgss there is “compelling reason to do
so” (Greene). However, appealing to the eco-
nomic theory involved in vauing changes in
the level of a rationed, nonmarketed good,
the total value curve should pass through the
origin because it represents the initial combi-
nation of|the good and income. We therefore
omitted the intercept term from the WTP
equation.f

The H2S procedure required the estima-
tion of separate item selection (ITEM) and
unit selection (UNIT) equations for the pur-
pose of constructing variables to represent
item and| unit sources of SSB in the probit
WTP equations. The probability of having a
complete| observation from a respondent on
ascenariip, ie., item response, was specified as
a function of AGE and EDUC, which were
intended |to capture familiarity with the lake
and knowledge of its aguatic plant life. A
quadratic in AGE was included to account
for nonlinearities in the relationship between
item-response and age. In addition, the man-
agement |alternative dummy variables were
included in ITEM to control for interdepen-
dencies among the observations. The UNIT
response [probability was assumed to depend
on the opportunity cost of completing the

% In general, including an intercept term does not lead to any
meaningful differences in the parameter estimates. One excep-
tion is the fisher WI'P equation, where including the intercept
causes the cogfficient estimates of management scenarios A and
B to become |insignificant. Parameter estimates for the intercept
and no-interdept models are especially close for the regressions
associated with unit non-response, which turns out to be the most
empirically important source of non-response bias.
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survey, which we proxy with the variables
EDUC and FAMSZ.

Table 5 shows the H2S results for fish-
ers, while table 6 reports the results for non-
fishers. Using difference-in-means t-tests, the
management dummy coefficient estimates in
ITEM for fishers are significantly different
from each another. The same hypothesis
test results held in ITEM for nonfishers.
Given their significance and their difference
from each other, they apparently captured,
as intended, the effects of scenario specific
heterogeneity in ITEM. EDUC, AGE, and
AGESQ proved to be good predictors of
response in ITEM for this data set, as did
EDUC and FAMSZ in UNIT for nonfishers.
However, FAMSZ did not aid in the predic-
tion of fisher unit response.

Examination of the H2S primary equa
tions, WTPI (WTP, Item) and WTPU (WTP,
Unit), reveas that the coefficient estimates
changed with the inclusion of the selectivity
variables. This is an indication that the esti-
mator of the WTP equation without selection
(WTPNS) was biased. The greatest changes
occurred in WTPU for both fishers and non-
fishers. The estimated coefficients on the
management dummy variables within each
WTP equation were found to be significantly
different from one another when testing the
hypothesis with a difference-in-means t-test.
Their significance and difference from one
another may be an indication that respon-
dents did perceive a difference among the
various scenarios they were asked to value,
and that there was scenario-level heterogene-
ity present in the data. Whether they indicate
that there are significant differences among
the values associated with each management
scenario is discussed below. It must be kept
in mind that these coefficients are intended
to serve as indicators of whether the manage-
ment scenario with which they are associated
is valued differently from MGTM.

The coefficient estimates on the item and
unit selectivity variables were significant for
fishers and nonfishers aike, further indicating
that the realized sample suffers from SSB. To
interpret these estimates, it is important to
redize that the estimates from the WTPNS
models are based on a distribution truncated
by the action of a selection rule. When that
truncation is from below, as it is here, the
truncated mean is biased in the direction of
the coefficient on A (Greene). The positive
signs of the B,’s in the fisher selection mod-
els therefore indicate that the WTPNS model
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Table 5. Parameter Estimates, Heckman Two-Stage (H2S) Models, Fishers
Variable ITEM UNIT WTPNS WTPI WTPU
MGTA -0.0563 - 0.247 0.239 0.0920
(-0.687) (4.888) (4.664) (1.566)
MGTB -0.162 0.152 0.137 -0.000320
(-2.018) (3.015) (2.664) (-0.005)
MGTC -0.207 - -0.0179 -0.0369 -0.172
‘ (-2.605) (-0.353) (-0.712) (-2.924)
MGTD -0.151 - -0.261 -0.279 -0.407
(-1.880) (-5.172) (-5.424) (-6.922)
EDUC 0.0608 0.116 -
(4.128) (7.395)
AGE 0.0644 - -
(17.061)
AGES$Q -0.000766 - - - -
(-16.913)
FAMSZ - -0.0551 - - -
(-0.252)
BID - - -0.00262 -0.00271 -0.00184
(-18.487) (-18.821) (-19.112)
INC - 0.00442 0.00452 0.00228
(8.993) (9.045) (6.290)
A - - - 0.137 0.258
(2.407) (5.064)
n 4,715 1,464 4,416 4,335 4,339
InL -1,529.17 -918.03 —2,822.59 —2,758.96 ~2,758.96
Tabl¢ 6. Parameter Estimates, Heckman Two-Stage (H2S) Models, Nonfishers
Variable ITEM UNIT WTPNS WTPI WTPU
MGTA -0.153 - 0.140 0.199 0.234
(-1.462) (2.100) (2.872) (3.002)
MGTB -0.248 0.318 0.385 0.413
(-2.413) (4.665) (5.415) (5.211)
MGTC -0.309 - 0.394 0.472 0.488
(-3.037) (5.713) (6.501) (6.126)
MGTD -0.304 0.361 0.449 0.450
(-2.993) (5.317) (6.273) (5.708)
EDUC 0.0734 0.0941 - - -
(4.239) (16.890)
AGE 0.0585 - -
(12.108)
AGES$Q -0.000687 - - - -
(-12.210)
FAMSZ - 0.0325 - - -
(3.669)
BID - - -0.00341 -0.00343 -0.00261
(-16.514) (-16.346) (-15.524)
INC 0.00401 0.00393 0.00363
(7.700) (7.472) (7.817)
A - -0.309 -0.153
(-3.244) (-2.343)
n 2,765 1,162 2,529 2,479 2,511
InL -983.84 -787.11 —1,556.29 -1,519.78 —-1,543.69
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overestimates the probability of a “yes’
response t0 the DC question by not account-
ing for |SSB. In turn, WTPNS overestimates
WTP for fishers because fishers who hold
alues for decreasing plant coverage
refer more plants) are under-

for decreasing plant coverage (e.g., prefer
less plants) are under-represented in the
realized sample.

Estimation of the net economic benefits of
aquatic|plant management at Lake Gunters-
ville, measured as mean willingness-to-pay
(MWTP), closely followed the numeric inte-
gration | procedure proposed by Hanemann.
The estimates of MWTP were calculated for
each user type. In estimating MWTP, vari-
ables were held at their means in the overal
available sample—from all three surveys—
not at the means of only those observations
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in the realized CV sample. This was done
to correct for SNB. The variable BID was
not held constant but was allowed to vary
because it is the variable over which integra-
tion takes place. The limits of integration for
the fisher and nonfisher models were found
by solving the respective estimated probit
WTP functions for the bid at which 80%
of respondents would have been expected
to answer “yes’ to the DC question (lower
limit) and the bid at which 20% of respon-
dents would have been expected to answer
“yes’ (upper limit).

The results of the integration procedure
are presented in figure 1 for fishers and
figure 2 for nonfishers, for each model type
and each management scenario. Given the
signs of the estimated coefficients on the
selection variables in the fisher H2S models, it
would be expected that the estimated benefits
would be greater for the model that does not
account for sample selection, WTPNS, than
for either of the two selection models, WTPI

$
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-1p00
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M A B C D
Management Scenario/Model
(N=no selection model; I=item selection mode; U=unit selection model)
Figurel. Mean willingness to pay estimates for H2S models, fishers
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Figure| 2. Mean willingness to pay estimates for H2S models, non&hers

and WTPU. Contrasting the no-selection esti-
mates with the item-selection estimates, it can
be seen that this expectation is borne out. The
contrast is even more stark when consider-
ing the no-selection estimates relative to the
unit sjlection estimates. The latter appear to
indicate that fishers who hold lower values
for decreasing the amount and distribution
of the plants are greatly under-represented in
the semple. Similarly, WTPNS for nonfishers
under gstimates MWTP relative to the selec-
tion models. The notable exception is MGTM
between the no-selection and item-selection
models.

Following a procedure described by
Krinsky and Robb, 95% confidence intervals
were calculated for the MWTP estimates
(not shown). The confidence intervals suggest
that the models without selection were seri-
oudy biased with respect to the unit source
of SSB. For fishers, the confidence intervals
for eagh scenario’'s WTPNS and WTPI mod-
els all| included the other's point estimate.
The only scenario for which the WTPNS and
WTPU estimates may be said to be the same

is MGTA. Results for the nonfisher models
were similar. Overal, the indication is that, in
these data, the bias introduced by item non-
response does not seriously affect the esti-
mation of welfare benefits. Unit nonresponse,
however, had serious effects. This reinforces
the earlier observation that the management
scenario dummy variables within each model
have coefficient estimates that are statisti-
cally different from each other. The signifi-
cance of the selectivity coefficient estimates
is also reinforced.

Implications and Conclusions

Economists are frequently asked to estimate
the net economic value of a proposed or
actua change in the level of an environmen-
tal amenity or natural resource. The contin-
gent valuation method is often the technique
of choice, but one criticism of the method is
that the data used in estimation are obtained
via survey methods. The validity of the
method is questioned in large part because of
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the potential for survey response-related bias
in data collection. Researcher awareness of
the proplem, what causes it, how to recognize
it, and what means are available to mitigate
its effects can improve the estimation of wel-
fare benefits. In turn, the management and
policy decisions based at least in part on such

iases. However, application of these
s is dependent on what turns out to
be misging in many CV  applications-access
to data|describing no nrespondents. What can
and should researchers do to improve access
to such|data?

Many CV applications, such as the one
described in this paper, involve surveys of
specialized populations where the researcher
has to| first conduct an inventory of the
relevant population from which to draw a
sample, ldeally, this inventory would cap-
ture and record information on 100% of
the specialized population. As in the Lake
Guntersville study, the inventory of a special-
ized population conducted by the researcher
often becomes the source of names and
addresses for follow-up surveys. To provide
data necessary for applying the post-survey
SRB techniques, researchers should collect
information describing the basic character-
istics of the specialized populations while
conducting the initial inventory. This informa-
tion wg uld include socioeconomic variables
and variables describing basic preferences. If
this information is not collected as part of
the initial inventory (e.g., if only names and
addresses are collected), another option for
collecting the data on unit nonrespondents is
to conduct a follow-up telephone survey of
nonrespondents.

CV studies often involve surveys of the
general public. In these applications, a sample
is drawn from a list of names and addresses
thought to be representative of the general
public. Such lisits of names and addresses are
often obtained from private, survey sampling
firms.
general public, a reason ably reliable source
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of data describing nonrespondents may be
obtained from U.S. Bureau of the Census
data. These data can then be applied with
post-survey econometric techniques of the
sort described in this paper to correct for
nonresponse hias (e.g., see Cameron et a.).

When, for practical reasons, a researcher
needs to conduct a partial inventory of a
target population, there is always a danger
that the partial inventory will not be rep-
resentative of the population. For example,
the inventory may itself suffer from unit
nonresponse bias. Even inventory efforts tar-
geted at an entire population such as the U.S.
Census may suffer from nonresponse bias
because of practical problems encountered in
attempting to contact and interview all per-
sons in a geographical area. Unfortunately,
because in such cases we do not have infor-
mation identifying and describing unit non-
respondents, unit nonresponse bias cannot be
tested. The need for representative informa-
tion on nonrespondents reinforces the impor-
tance of proper design and implementation
of survey sampling techniques used to gener-
ate the inventory.

accepted July 1999.1
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