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Willingness-to-Volunteer and Stability of Preferences between Cities: Estimating the

Benefits of Stormwater M anagement

Abstract: Urbanization strains existing stormwater systeyiedding high flood rates, degraded
urban aquatic habitat, and low water quality irekland rivers. Cities increasingly rely on green
infrastructure stormwater solutions that can benta&ied in part by volunteers. This paper uses
a choice experiment survey in two major U.S. citigShicago, lllinois and Portland, Oregon — to
estimate the benefits of stormwater managementangonent in terms of stated willingness to
pay (WTP) money and willingness to volunteer (WTiw)e. We find that stormwater
management can produce large bundles of benefitsn&es of WTP are largely (though not
comprehensively) stable across cities, but WTVskreral benefits is higher in Portland. Finally,
while people are willing to volunteer time for so@m@enities consistent with time valued at 1/3
the average wage rate, a person’s WTV time is ooelated with their own wage rate and

people appear to gain positive utility from volusriag.

Keywords: value of time; choice experiment; willingnesg#yy; willingness to volunteer;

stormwater management; flooding; aquatic habitatewquality; Chicago; Portland

1. Introduction

Urban populations are growing faster than the divpagulation in the United States (U.S.
Census Bureau, 2012). That urbanization placespre®n existing stormwater systems,
producing high flood rates, degraded urban aqumatitat, and low water quality in urban lakes,

rivers, and streams (Yeakley, 2014). The potetlaliv cost of decentralized approaches for



stormwater management (Braden and Ando, 2011gatolkly known as “green infrastructure”
(GI), and the ability of some projects to genegteillary environmental benefits has made this
an attractive approach for many cities (U.S. ER34,3). However, maintenance is critical for Gl
to achieve optimal performance (Liptan, 2017; Tleoehal., 2018). Property owners must
maintain their own projects, such as rain barselsle cities encourage residents to help
maintain public infrastructure, such as green &rég.S. EPA, 2015). To find the optimal
intensity of stormwater management policies, anghiderstand whether volunteer effort will be
available to maintain GI, estimates of the bendfitg people glean from such programs are
needed.

Previous research on the economic effects of desdezstd approaches for stormwater
management focuses on the relationship betweeagisapnd nearby property values (Netusil et
al., 2014) and valuing project outcomes such agoedi flooding (Kousky and Walls, 2014).

Two studies estimate the monetary value of multgilects of using decentralized approaches
using a choice experiment (Brent et al., 2017; losidCadavid and Ando, 2013) and find that
investments in decentralized approaches may genlargge total benefits. We enrich the
literature informing urban environmental policy biing a choice experiment survey to estimate
residents’ willingness to pay (WTP) to support po$ that improve aquatic health and reduce
flooding in Chicago and Portland.

We also inform stated preference valuation methagloby quantifying residents’ stated
willingness to volunteer (WTV) to help improve stawater management outcomes. Research in
developing countries, reviewed and extended byd@ailes al. (2016) has estimated respondents’
willingness to pay and “willingness to work,” andrson et al. (2004) carry out contingent

valuation research with both time and money caststimate the scarcity value of time. Our



research is, to the best of our knowledge, thetlirestimate a stated willingness to volunteer
labor in a developed country using a choice expamimVolunteering is important in its own
right for Gl and other decentralized environmeirtaestments for which maintenance is critical
to achieve optimal performance (Liptan, 2017). Wée &est hypotheses regarding the validity of
using conventional measures of the scarcity vafuen@ to monetize estimates of people’s
willingness to volunteer time to help provide eovimental goods.

Finally, we test for the stability of preferencegarding stormwater management between
two geographically distant urban areas. Federatypotgarding urban stormwater management
requires a benefit-cost analysis of policy effextsoss the entire U.S. Our case study of two
cities provides a direct evaluation of estimatbitityg when the same survey is carried out in two
cities at the same time. Chicago and Portland eatsgely the third and twenty-sixth largest
metropolitan areas in the United States by popaiatl.S. Census Bureau, 2017), are leaders in
Gl implementation (U.S. EPA, 2010). Both cities @acombined sewer system that conveys
sewage and stormwater to treatment facilities ensthme pipe, and thus face similar problems in
managing stormwater and water quality. Both citiage made significant investments to
increase engineered stormwater management ca@aityo, 2008; City of Chicago, 2014,
Slovik, 2011) and taken leading roles in using déedized approaches for stormwater
management (U.S. EPA, 2010). However, the twochigve different baseline stormwater fees,
flood prevalence, and species affected by hahi@teater quality. Demand for stormwater
management improvements could be very differethaése two areas; we test whether that is so.

Thus, this paper makes four contributions. Firg,fiwd values for the outcomes of
improved stormwater management. Second, we explitiregness to volunteer labor for local

public goods in a developed country using a cheigeeriment. Third, we test for the stability of



both WTP and WTYV regarding stormwater managememtden two geographically distant
urban areas. Finally, we test hypotheses regattmdirect utility people gain from
volunteering and the validity of conventional measwof the scarcity value of time.
2. Framework, Hypotheses, and M ethods
2.1 Single cost choice-experiment models
Our conceptual framework is the standard modeiferchoice experiment literature
(Holmes et al., 2017). The consumer chooses freet af environmental scenarios that vary in
several attributes including monetary cost. Weinfgmation about those choices to quantify
the consumer’s preferences over attributes.
Specifically, consumearchooses one scenajifrom a set oV choices. Each scenario has
a set oK environmental attributes in vectgrand the monetary coBt. The indirect utility for
personi from scenarig is modeled as a linear function
Vij = X1 BeXji + AuP; + &, 1)
wherely is the marginal utility of money ang; is a random error term. The marginal
willingness to pay (MWTP) for attribute is
MWTP, = —4& @)
and the total WTP for having a bundle of attributescenarig instead of a baseline scenario is
the compensating variatio€Vjo) given by
CVio = 7.- W) = Vo), 3)
whereV, is the indirect utility of a baseline scenaaiadV; is the indirect utility of alternative

scenarig. A person will choose one scenario over the otimeaschoice opportunity if the utility

they gain from it is the highest. The probabilitat person chooses scenarjanstead of



scenario g in a particular choice opportunity,, is:
i = Pr(Xk=1 BrXji + AP + € > Yii=1 BiXgr + AuPy + €4 Vg # ). 4)

Following much of the choice modeling literatures amploy the Random Utility
framework to estimate the parameters of equatidifelaccommodate individual heterogeneity
by allowing the parameters themselves to vary adtes individuals in the sample by estimating
a fully correlated mixed multinomial logit (MMNLHess and Train, 2017)We specify the
coefficients on the environmental attributes tallstributed normal. However, we constrain the
coefficientl,, on the price variable so its distribution is narsitive? We implement that
specification as follows. We define the cost-redatariable in the regression to be minus the
dollar cost and specify its distribution to be logmal. Thus, coefficients reported for that
variable,8,, ands?, respectively, are the mean and standard deviafitime natural logarithm
of minus the preference parametgrin equation 1. The mean #f; is equal texp(6, +
0% /2).2 The mean of,, is the value used in the denominator of equatidesBimates of
MWTP are derived using the Krinsky-Robb method @1@007b).

2.2 Valueof time

The choice experiment literature overwhelminglyregges cost in terms of money to
obtain a measure of value. However, many papdiitravel cost valuation literature attach a

money value to the time spent traveling to a rdmeaite. One-third of the wage rate is often

! We estimate the MMNL via maximum simulated likelitd with themixlogit program in Stata
16 (Hole, 2007a). For the money-cost sample, we edsimate the model in willingness-to-pay-
space usinguixlogitwtp. These results are similar to estimation in pexiee-space. The time-
cost sample failed to converge in WTP-space.

% See Carson and Czajkowski (2019) for a concismudison of this transformation.

% The mean of,, can be recovered witkp(8y, + 0Z/2), and the mean MWTP for attribuke
in equation 2 iISMWTP, = —LZ. The transformation of the coefficient was done
exp(Sm+ ofy/2)

usingnlcom in Stata 16. We also uskcom to estimate equation 3.
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used as an estimate of the scarcity value of tonéhis purpose (English et al., 2018), though
practice and scarcity value estimates vary widebrgons, 2017). Recent research on the value
of time has found, as in Fezzi et al. (2014), thatvalue of time is context specific and may be
higher than a third of the wage rate. Some eveahtfiere is very little correlation between a
person’s value of time and their wage rate (LIoydi8 et al., 2019).

A set of papers reviewed and extended by Gibsah é2016) has carried out stated
preference valuation exercises in developing c@esthat estimate value using both WTP and
willingness to work (WTW) hours. The original resgdain Gibson et al. (2016) finds a ratio of
average WTP to WTW that is somewhat close to therfarket wage rate for the actual task
posed as the vehicle through which people wouldritrte time in the choice experiment
scenarios. However, several recent papers citdaairreview explicitly use 1/3 the wage rate to
monetize estimates of the time that people arengitio spend helping to provide a public good.
We explore the likely validity of that practicetime context of our study in U.S. cities.

If we express scenario cost in terms of hours spelnteering T,;), whereur is the
marginal utility of time, then the equivalent ofuaqion 1 for the time cost treatment is

Vij = =1 BiXjie + rTyj + &, )

and stated marginal WTV (MWTYV) to improve attriblten units of time is:

MWTV, = — B (6)

ur

Note that time “payment” is fundamentally voluntafyvolunteer time attribute may not be
viewed by survey respondents as binding or consgglieand may be prone to upward bias
(Carson and Groves, 2007). Thus, while we folloe/phactice of previous research in this vein
by estimating a stated MWTYV in a manner analogoldWTP, these numbers should be

interpreted with caution and may be higher thaa ticksian WTV.



We use the subsample of the data in which respdsideported a positive wage to explore
several scenarios about the relationship betweeTRIANd stated MWTV. First, (following
Gibson et al., 2016), we estimate MWTP and MWTVdach attribute in that subsample and
compare the ratio of MWTP/MWTYV to the average wegge in the subsample. Second, we
estimate equation 5 with an additional variable thgeracts the hours-volunteered attribute with
the individual's wage rate to test how the net rimaigutility of time varies with the wage rate.
Third, we carry out a joint test of a set of hypstés: the scarcity value of time is equal to the
standard 1/3 of the wage rate, respondents gadtirect (dis)utility from volunteering, and other
responses to the survey are not sensitive to thieelf time or money framing.

The estimation process proceeds as follows. Thie begressions for the money sample
and time surveys with the subsample of individuefsorting a positive wage are carried out in
the same manner described in sections 2.1 ané@:2he third analysis we convert the time
costs in the time-cost version of the survey ingtividualized money costs by multiplying hours
by 1/3 the person’s wage rate, run a MMNL regressio the resulting data to estimate MWTP
for the attributes, and test for structural diffezes in the results depending on whether cost was
expressed in the survey in units of money or time.

As described in section 2.1, we specify the coeffits on the environmental attributes to
be distributed normal and,; and . to be distributed lognormal. When testing how the
marginal utility of time varies with wage, we alldhe interaction of the hours-volunteered
attribute with the individual’s wage rate to betdimuted normal, as we have no a priori reason to
believe that this relationship is strictly positieestrictly negative. The same transformations
discussed with respect ig, apply to the preference parametgrin equations 5 and 6.

2.3 Dual cost choice experiment model



Our paper differs from previous research as we drére time cost in our choice
experiments as time spent volunteering in one’ght®rhood rather than as time working. WTV
could differ from WTW if consumers derive “warm glbfrom volunteering, especially if the
volunteering is in the respondent’'s community aray @roduce social capital from the activity
(Salamon et al., 2011) or if volunteering to maimtan area could increase property values
(Netusil et al., 2014). People do volunteer timel@mand public goods even when it is more
efficient for them to donate or accept money (Haadg Katz, 2008); on the other hand, Larson
et al. (2004) find that if the scarcity value ofnkdime equals the wage, people in the contingent
valuation survey sample actually have disutilityp8f5 per hour spent working. Researchers in
this literature have developed models in which tgpent volunteering enters a consumer’s
utility function directly (Feldman, 2010; Lilley d@rSlonim, 2014).

Following that work, we explore a hypothesis usindual constraint model. Suppose the
consumer maximizes utility from a go&d leisureL, and time spent volunteerifig subject to a
money budget constraint and a time constraint iithvA, is the money cost df, w; is the
wage rate for persanTy is hours workedT is the endowment of time, aiiglis nonwage
income:

MaxU(X,L,T,) s.t. PX=1, T=L+T,+Ty [=1I,+wTy. (7)

In a choice experiment with both a time and morest,andirect utility for person from
scenariqg is given by equation 8, whegg is the direct marginal utility of volunteering:

Vij = Zi=1BrXjx + BrTvj + urTyj + AuP; + €. (8)
The partial derivative of indirect utility with rpsct to volunteer hours in equation 8 is:
% = Br + ur, 9)

so the coefficient estimated for the time cosilaite, T, ;, would capture the sum gf. (the
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direct marginal utility of volunteering, which isdependent of the wage rate) and(the
marginal value of scarce time). The two are noassply identifiable. However, we can explore
this model by defining the marginal scarcity vati¢ime asu; /4, = aw;, wherea is a fixed
parameter, and collecting all the monetized casgsther as
Vij = Xie=1Bixjie + BrTy; + A (P + aw;Ty)) + &;. (10)

We estimate equation 10 with a MMNL assuming 1/3 (as is common in the literature),
the By coefficients are distributed normal, ahgl is distributed lognormal. We allog to be
distributed normal, allowing respondents to desitber positive or negative marginal utility
from volunteering. Consistent with all other speafions in this paper, the coefficient reported
for (P; + aw;T,;) is the mean of the natural logarithm-efi,, .

2.4 Preference stability between cities

The attributes of stormwater management improvemergtudy are flooding, aquatic
habitat, and water quality. In this section, wecdibe the methods we use to estimate the
stability of preferences over those between c(tiesre details about the attributes themselves
are in section 3). Chicago and Portland face simoltallenges in stormwater management, but
also have some striking differences. The annuasélooid cost of stormwater services in
Portland is over three times higher than ChicadadB& Veatch, 2013). In Portland, seven fish
species are listed as threatened or endangered tinedederal Endangered Species Act but
there are no listed species in Chicago (NOAA Figlse017), so we expect the coefficients on
aquatic habitat and water quality to be largeHortland. Flooding in Portland is only seasonal,
localized, and shallow (Bureau of Environmentaivies, n.d.) while flooding in Chicago is
widespread and very costly (Chicago MetropolitareAgy for Planning, 2017), so we expect

flood reduction to be more valuable for Chicago. ¥& whether the parameters of the indirect



utility equations (equations 1 and 5) are the seameespondents from the two cities.

We do this in two ways. First, we test whethergbaet estimates of MWTP and MWTV
for each attribute have statistically significaiffatences between the two citié&econd, we
test an overarching null hypothesis of preferenabikty in the means of the parameters and the
variance/covariance matrix of their joint distrilaut across the two cities. One issue that arises
when comparing preferences estimated in a simpleNKfamework is that the scale parameter
can confound a test for differences in the prefeggrarameters (Swait and Louviere, 1993).
However, we allow for full correlation across thedwsl parameters, so scale, along with other
forms of correlation, is captured in the covarianerix and allowed to vary among individuals.
Thus, the pooled model should not be confoundelalving an omitted scale parameter that
varies systematically between the two sampMé& test the joint preference stability hypothesis
in two ways, using a conventional likelihood ratst and by carrying out a procedure developed
by Swait and Louviere (1993); a complete discusgaon Appendix 3.

3. Data

We developed an online choice experiment surveyesidents of Chicago, lllinois and
Portland, Oregon. The survey instrument providepaeadents with background information
about stormwater management problems and contndishen presented respondents with a
number of discrete-choice questions, each of wasited them to choose between a pair of
hypothetical stormwater-control scenarios and @stquo option.

We developed the survey attributes and levels foiths groups conducted in both

* We also pool the data for the two cities and ruagaession that includes an interaction term
with a “Chicago” dummy for each of the parametestingated. We use those results to test
whether a respondent in Chicago has different matdgitilities for the attributes of the choice
experiment than a respondent in Portland. Thaessyon is reported in Appendix Table A2-2.

> See Hess and Train (2017) for a complete discassiahe role of the scale parameter and its
relationship with other forms of correlation amarigice attributes.
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Portland and Chica§oThe focus groups were moderated by hired expegiprofessionals in
each city, with the participation of 6-7 people gevup and a total duration of 90 minutes each.
The participants replied to advertisements posteédraigslist and were rewarded with a $25 gift
card. The recruitment method resulted in a divgreep of people of different ages, education
levels and areas of the cities. In each focus grpagicipants were given 20-25 minutes to
answer a complete questionnaire and, after theyihatied, they were asked about aspects such
as their perceptions of the general purpose ostineey, level of difficulty, language, amount of
guestions, attribute levels, own flooding expereeand general suggestions. The final survey
was also refined with input from water managemepeés in both Chicago (the Center of
Neighborhood Technologies, the Department of Wsli@nagement, and the Department of
Transportation) and Portland (Bureau of Environrak8ervices). Each survey had eight choice
guestions that were followed by a demographic gousaire and questions about respondents’
experiences with stormwater issues.

The final attributes of the choice questions ingbevey are water quality, quality of
aquatic habitat, flood frequency and cost to theskbold either in terms of money or time. For
the water quality attribute we used a modified mer®f the water quality ladder developed by
Carson and Mitchell (1993), which translates tecainivater quality measures into simple
categories which non-experts can easily undersieimel status quo scenarios have water that is
only “boatable”; scenarios with improvements camehaater quality that is “fishable” or
“swimmable.” In the survey’s background informatwe introduce the concept of aquatic
health to assess other values that are not capbyrdee water quality ladder. The description of

each level includes ecosystem functions such agdpelation of fish, erosion of river banks and

® Relevant sections of the survey are in Appendix 1.
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presence of vegetation. Status quo scenarios tebahin “fair” condition. Scenarios with
improvements can have habitat that is either “gamd®excellent.”

We also include a reduction of flood frequency mattribute. This attribute captures
consumer benefits from lower levels of damage andrivenience from street, backyard and
basement flooding. The attribute levels are preskas percentage reductions from the status
qguo experienced by the respondent (25%, 33%, a%g).30e chose not to use absolute numbers
of floods reduced because the frequency peopleriexge varies among respondents according
to factors such as where they live, how they conemard what type of housing they live in.

One survey treatment specifies a monetary houseaosidattribute. We use slightly
different payment vehicles for the two cities sitieeir utility bills are different. For Portland,
the utility bill expressly shows a stormwater feetlse payment vehicle is an increment to the
stormwater utility fee. In Chicago, the stormwatkarge is currently embedded in the water and
sewer fee so the payment vehicle in the surveynsmastormwater fee.

The second survey treatment has a time cost atribstead of money cost. This is the
time the respondent would spend doing volunteekwmaintaining decentralized stormwater
technologies, such as bioswales and green stied¢b®ir own neighborhood. We explain that
there would be activities suited for every persegardless of ability and the city would keep
track of the work people do. It is not possibletonpel people to work as it is possible to
compel them to pay a fee, but previous studiesgusitime cost attribute had no features beyond
our own to ensure respondents view this attribateomsequential. The third survey treatment
has both a time cost and a money cost attribute.

We followed a standard practice in choice modedingerimental design with the attributes

and levels allocated to non status-quo option$oice questions according to an orthogonal
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fractional factorial main effects design (Holmeskt 2017) generated using SAS (Kuhfeld,
2009). The final design consists of 24 choice qaestthat were grouped in three blocks of eight
choice questions each.

Focus groups in these cities that are pionee@ objected to scenarios other than the
status quo in which elements of environmental dqudid not improve. Thus, the two non-status-
guo options in each choice question have at legsesmprovement in every environmental
attribute. This feature of the design limits thdigbof a regression to separately identify all
possible dummy-variable attributes. We include @iy variable, “Status Quo”, that is equal
one when the alternative is the status quo scemmadach question, and equal to zero for all
improved scenarios. Status quo scenarios have waadity that is just boatable instead of
fishable and habitat that is only fair instead 0bd. We include a dummy variable for whether
or not water quality is swimmable; that capturesriarginal effect of going from fishable to
swimmable. We also include a dummy variable fortiveeor not habitat quality is excellent;
that captures the marginal effect of going fromitadlthat is good to excellent.

We administered the survey online in February 20t8ugh the company Qualtrics, which
provided both the software and the respondent2Ipdine question-order flexibility and relative
low cost of web-based surveys make them a goodmfdr choice-experiment research, though
future researchers would do well to evaluate whegtkeple who volunteer to answer surveys
have a higher than average WTWe randomized the order of the choice questiomsitimize
bias in the estimates from respondents learning &arly choice questions and experiencing
survey fatigue in later questions; respondentsccoat change their answers to earlier questions.

Data from all choices are used in the analysesolYaned 334 usable surveys in Chicago (167

"It is possible that respondent selection bias triglre a different effect on estimates of WTV
than on WTP, and thus complicate comparisons ofvbe
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in the time treatment and 167 in the money treatjrearmd 351 surveys in Portland (185 in the
time treatment and 166 in the money treatmént).

Our main results use data from the single-costrireats. Summary statistics for
respondent characteristics from the Chicago andddrsubsamples of the single-cost
treatments, along with the pooled sample, can bedan Table 1. The respondents in our
sample had an average of almost seven voluntekaugs a month; this is high given that
national statistics report only a quarter of adutikinteer at all (Bureau of Labor Statistics,
2016) and provides some evidence of the possibiiay survey respondents might be more
likely to volunteer than average adults in the U.S.

Tests of means (reported in Table Al-1) find néedénce across study areas for
respondent age or household size, but we do fiedvatatistically significant differences.
Respondents from Portland had a higher numberlaht@er hours, saw fewer floods in the last
year, had lived in their house for less time, wess likely to be employed, and were less likely
to have seen Gl than those from Chicago. The ptagerof respondents in the highest income
category is higher in Chicago (51%) than Portlat2#4). Chicago respondents are more likely
to have basements than crawl spaces (61% and 9#&)tiwa opposite is true in Portland (22%
and 60%). These differences might lead to diffeesrin the MWTP and MWTYV across cities.
4. Results

4.1 Pooled MM NL Results

The main MMNL results are in Table 2. The first setolumns contain estimated

coefficients for observations in Chicago and Padlpooled together. The top set of results use

8 Each respondent was offered eight choice questimmsll respondents completed all of them.
® The Appendix reports comparisons of other subsfettse data used in this paper in Tables Al-
2, Al1-3, and Al-4.
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data from the money treatment version of the survhg signs of the coefficients on the
attributes are all significant and of the expediggh. People prefer to have some kind of
stormwater management program improvement ratia@rbne at all. Additionally, people gain
utility from flood reduction, aquatic habitat thatexcellent instead of just good, and water
quality that is swimmable instead of just fishalilee coefficient on the money cost variable is
significant™®

The bottom panel of column 1 shows the resultsguia time-treatment survey data from
both cities. Results are consistent with findimgsf the money-treatment survey, that is,
coefficients on environmental and flood improverseare positive, the coefficient on status quo
is negative, and all findings are significant.

Table 3 and Figure 1 show calculations of MWTP BTV values along with their 95%
confidence intervals. The pooled set of responderttse two cities have an average MWTP of
$23 to move away from the status quo. They alse laalditional MWTP of $0.50 per month for
a ten-percent reduction in flooding, $1.90 per rhdotimprove habitat from good to excellent,
and $0.47 per month to improve water quality frashdble to swimmable. People also have
high stated MWTVs. The pooled set of respondents aaWTV of 3.9 hours per month to avoid
the status quo, 0.1 hours per month for a ten-péreeluction in flooding, 0.42 hours per month
to improve habitat from good to excellent, andloRrs per month to improve water quality
from fishable to swimmable.

These findings add up to sizable total benefitswfszenarios that include major
improvements. For example, as shown in Table 4ronipg aquatic habitat to excellent and

water quality to swimmable increases average haldetelfare by $281 per year. If floods are

9 The sign of the coefficient on cost is not pafcly meaningful since a transformation is
needed to obtain the underlying coefficient on nyoc@st which is constrained to be negative.
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also cut by 50% the annual benefit increases t@ $@0 year.

4.2 Cross-city comparison

Columns 2 and 3 of Table 2 have the basic MMNIultssestimated separately for
Chicago and Portland. As discussed in sectionvizz4gest for structural differences between
Chicago and Portland in two ways. We perform a eotienal likelihood ratio test of joint
parameter stability. This test, distributetiwith 45 degrees of freedom (the restricted nunolber
parameters in a fully correlated model), is notcegd for either the money or the time cost
regressions. Similarly, we fail to reject the hypesgis of joint similarity in the parameters and
scales for the two cities when we use the meth®ait and Louviere (1993§:*2

But do any differences in parameters translatestatstically significant differences in
estimated MWTYV or MWTP for attributes? Figure 1 wisdhat the 95% confidence intervals for
MWTP and MWTYV for the attributes overlap betweea tWo cities except for MWTV for
excellent aquatic habitat, which is higher in Rortl. A complete summary of tests for the
significance of these differences can be foundahl& A2-4 in the appendix. In the money cost
treatment, we find that Chicago has a statistidaiihher MWTP for a one percent reduction in
flooding ($.06 vs. $.02) but the MWTP for the otleevironmental attributes are not different
between the two cities. For the time cost treatmeatfind that Portland has a higher MWTV to
move from the status quo, improve aquatic habit&xcellent, and improve water quality to
swimmable. This suggests that while the monetahyegaof most attributes are similar in the
two cities, people in Portland may have MWTYV fobhat and water quality improvements as

much as three or four times larger than those iicadcjo.

L An in-depth discussion of this procedure, tesis, sults can be found in Appendix 3.

2 The related pooled regression that includes amantion term with a “Chicago” dummy for
each of the parameters estimated is reported ireAglig Table A2-2. One of the Chicago
interaction terms is significant at the 5% levell &wo are significant at the 10% level.
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4.3 Timevs. Money

Of 685 respondents to the single-cost surveysrd@@rted a wage between $8 and $500
(summary statistics are in Table Af)Table 5 uses data from that subsample of respositten
test whether we can monetize the time cost asfld3@spondent’s wage and obtain the same
results as if we had used that amount of moneyaah attribute in the survey. The first two
regressions replicate the analyses from Table thisrsub-sample as a baseline; column 1 of
Table 5 presents the results of a MMNL regressgingimoney cost as stated in the money cost
treatment and column 2 does the same for the ke using number of volunteer hours. The
results from this sub-sample are similar to theltesising the full sample reported in Table 2.

Column 3 expands the time cost regression by inttiodj an interaction term between
time volunteering and the respondent’s wage. Titataction term is not statistically significant;
a person’s net marginal utility of time is not edated with their wage rate. This is consistent
with the findings of LIoyd-Smith et al. (2019) andsts doubt on the validity of assuming a
person’s scarcity value of time is given by a fi@tiof their wage rate.

To test that more directly, column 4 shows MMNLnesgion results using data from the
time-treatment survey such that the time cost ahehoice scenario is monetized using 1/3 of

the individual's wage. A relative likelihood testing the AIC values for columns 2 and 4 show

13 We choose to use an individual's actual reportadev This means that 263 respondents are
dropped from our sample for these analyses. lbisroon practice in the recreation demand
literature to impute a wage equal to household ahinaome divided by 2080 hours (e.qg.

English et al. 2019) to avoid dropping observation®ur sample, 74% of people without
reported wages are retired or are students. Holdselamme for those people might be very
disconnected from the opportunity cost of theirspeal time, so we chose not to do imputation.
However, imputed wages might be higher than redostages, and thus the results might change
if that approach were used. Future research cogdlbes how the results of these analyses
change with use of imputed average (rather thaorteg) wage.
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that the regression fits the data less well where ils monetized in this wa{.Then column 5
pools the data from columns 1 and 4 and includesias that interact every attribute with a
dummy variable for whether the observation is ftbmtime treatment data. The coefficient on
cost is significantly different if that cost is medized using time rather than actual monetary cost,
and two of the three other interaction terms agaicant as well. These results also do not
support the practice of monetizing an individuéifse cost as one third of that person’s
individual wage rate.

These regression findings are complemented by gpaogon of the estimates of MWTP
money for attributes estimated from the money ineatt data and MWTYV time estimated from
the time treatment data. Column 3 of Table 6 aguifé 2 show the MWTP/MWTYV ratio
ranging from 5.52 (for the marginal value of swinimleawater quality) to 8.91, 10.21, and 12.87
(for status quo, habitat, and flood reduction, eespely). While an individual’s value of time
may not be correlated with their personal wage, ratest of the average values of time reflected
here are not far from 1/3 of the average wageiretieis sub-sample of about $27/hdur.

4.4 Utility from Volunteering

The results in Table 7 use data from the surveatrtient with both a time and money
cost to explore whether volunteer hours are bathsaand a utility-producing attribut@.

Column 1 presents a simple MMNL regression on thelessample; parameters on both costs
(money and time) are significant and the coeffitsean the environmental good attributes are

positive. Column 2 estimates the same model asrgolly but restricts the sample to those with

4 The probability that the regression in columntd Kietter than column 2 is equal
toexp((2118.04 — 2130.4)/2) = .002529.

15\We omit four outliers who reported a wage less & per hour or more than $500 per hour.
18 We did regressions that pooled the data fromithe-tost treatment and the money-cost
treatment (Table A2-1) and all three cost treatsméhaible A2-3). The results are very similar to
the results we obtain from analyzing the data fthenthree treatments separately.
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a non-zero reported wage. Column 3 presents estsnodtthe model in equation 10, where total
cost is money cost plus monetized time cost (1¢3¢spondent’s wage multiplied by the hours
volunteering), and is constrained to have a distidim that is always non-negative. As specified
in equation 10, we also include volunteer time petelently as an attribute. In the results, total
cost is significant, and volunteer time has a pesiind significant coefficient. These findings
are consistent with a model in which time spenurtéering conveys positive utility to people.
5. Discussion and Conclusions

Our choice experiment survey in Chicago, lllinaisl &ortland, Oregon yields several
findings that are useful for urban stormwater pofitakers and for scholars using choice
experiment methodology. People place positive vabareimprovements in aquatic habitat, water
guality, and flood reduction, and the monetizedltoalues of bundles of such improvements in
urban areas can be quite large. For example, egilons in Table 4 imply that a very ambitious
project to improve aquatic habitat from fair to ekent and water quality from boatable to
swimmable could be worth as much as $294 per hold@er year in Chicago, and $277 per
household in Portland. Multiplying this by the nuenlof households in each city, total estimates
are $3.7 billion dollars per year in Chicago, aB&Z million in Portland. Adding the value of an
additional 50% reduction in flood frequency incemaggregate benefits to $4 billion per year in
Chicago and to $856 million in Portland.

WTP for environmental improvements are generaliyplet across the two cities, except
that people in Chicago place a higher monetaryevahuflood reduction than those in Portland.
Those results are encouraging for benefit transfed to apply monetary values from studies in
one city to policy analysis in another, though carest still be taken in such research. However,

willingness to volunteer time to improve both wageality and aquatic habitat is higher in
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Portland (which has more iconic aquatic species @lasicago). It would be interesting in future
research to explore the sources of heighteneddgeeeity in WTV compared to WTP.

The results also indicate that people may be wiltmvolunteer non-trivial amounts of
time to help provide these urban environmental godtie hypothetical survey responses imply
that an average respondent might be willing to ntaar 50 hours a year for a project to restore
aquatic habitat from fair to excellent and improvater quality from boatable to swimmable.
These findings are consistent with Shandas e2@LQ) who find the majority of survey
respondents in an area of Portland would be willongolunteer a few hours a month to help
reduce stormwater runoff and improve watershedimeahd with Portland’s Green Street
Steward Program which finds that households vohigtspend as much as once a week to
maintain Gl in their own neighborhood (Pell, 201©ur results are cautiously encouraging for
urban stormwater managers hoping to muster an afmglunteers to help maintain
decentralized Gl.

Our research sheds light on the potential usefalnéhypothetical time-cost choice
experiments in a developed country setting. We ffatws of MWTP to MWTYV for flood
reduction and aquatic habitat improvement are ryughat one would expect if time is valued
at 1/3 the average hourly wage rate for our samiptespondents (Figure 2, Table 6). However,
MWTYV is much higher relative to MWTP for water gialimprovement, and the impact of
volunteer hours on the likelihood that a respond@dépnbses a scenario does not vary with the
respondent’s own wage rate (Table 5, column 3).s3tent with Lloyd-Smith et al. (2019) and
Larson and Shaikh (2004), people seem to placasonably high monetary value on time but
the relationship between the marginal value of t&né wage appears to be more complex than

can be modeled here. Furthermore, our findingsatdithat while time has scarcity value,
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people may gain significant utility from time volaering in their neighborhoods (Table 7).
Future research would do well to try to disentarigéescarcity value of time from the

direct utility of volunteering, since the latteraghd not be included in a measure of the value of

an environmental good. It may also be that respatsda developed countries are less likely to
view a currently-hypothetical time cost as potdhtiainding than respondents in developing
countries, or that hypothetical bias is more of@jfem when cost is expressed in terms of time
rather than money.

Several types of future studies could advance onderstanding of these issues. First, to
test for external validity, a hypothetical choicgeriment study of WTV time for a public good
could be paired with a parallel field study in whithe volunteer time is not hypothetical. Second,
a hypothetical choice experiment study could begglawith a small experiment to elicit a
respondent’s true marginal monetary value of tinteependent of any utility or disutility of
volunteer activity undertaken. Third, one could fes the effectiveness of cheap talk in a
hypothetical time-cost survey instrument, and wlethsponses are sensitive to the exact nature
of the volunteer time proposed (e.g. working alentering data versus working with other
people in your neighborhood.) People may be WT\pidslic goods, but more research is
needed before WTV can be used with WTP to findtote value of a good.
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Figure 1: Marginal Willingnessto Pay and Willingnessto Volunteer
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Note: The numbers in this figure are also reported inl@8bbut in this figure, flood reduction
has been scaled to represent the marginal valad6%o reduction in the frequency of floods.
95% confidence intervals are included.
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Figure2: Marginal Willingnessto Pay in Subsample with Non-zero Reported Wage

Panel A: Marginal Willingness to Pay for Changes in Attridsi
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Note: The numbers in this figure are also reported ibld&. In panel A, flood reduction has
been scaled to represent the marginal value of@argduction in the frequency of floods. Panel
B reports the ratio of MWTP to MWTYV. 95% confideniogervals are included.
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Table 1: Summary Statistics by City Subsamples
(1) ) ®3)

Both Cities Chicago Portland
Variable Mean Min Max Mean MinMax Mean Min Max
Age 58.25 18 87 5831 24 83 58.1918 87
Household size 2.32 0 7 2.32 o 7 2.31 1 6
Volunteering hours 6.70 0 150 6.08 0 70 7.32 0 150

Number of floods seen 1.94 0 50 2.16 0 35 1.71 0 50
Years in residence 15.64 0 52 1835 0 52 12950 51

Employment
Employed 0.44 0 1 0.48 0 1 0.41 0 1
Self employed 0.08 0 1 0.08 0 1 0.09 0 1
Unemployed 0.04 0 1 0.04 0 1 0.04 0 1
Homemaker 0.04 0 1 0.05 0 1 0.04 0 1
Student 0.02 0 1 0.01 0 1 0.02 0 1
Retired 0.37 0 1 0.35 0 1 0.40 0 1
Income level
$0 - $49,999 0.23 0 1 0.19 0 1 0.26 0 1
$50k - $79,999 0.27 0 1 0.25 0 1 0.29 0 1
$80k + 0.47 0 1 0.51 0 1 0.42 0 1
Experience flood? 0.60 0 1 0.67 0 1 054 O 1
Seen GI? 0.56 0 1 0.66 0 1 0.45 0 1
Basement type
Basement 0.41 0 1 0.59 0O 1 0.23 0 1
Crawl space 0.35 0 1 0.10 0O 1 0.61 0 1
Both 0.10 0 1 0.14 0 1 0.05 0 1
None 0.14 0 1 0.17 0 1 0.11 0 1
N 662 330 332

Note: “Gl” refers to green infrastructure. These dataersllected using the versions of the
survey with either a time cost or a money cost,bath. A complete set of tables with summary
statistics from each sample can be found in thermghg, Tables Al-1 to A1-4. Comparisons of
means and p-values are also reported in thesestable
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Table 2. Mixed Multinomial L ogit Results

1) 2) 3)
Both Cities Chicagt Portlanc
Mear SO Mear SO Mear SD
Money cost
Status Qu -8.264" 4.187" -9.367 5.67€ -8.75¢7 49177
(1.03¢) (0.63%) (1.617) (1.086) (1.89)  (0.734)
Flood reductior 0.014" 0.0(8 0.02¢C" 0.025" 0.001 0.043"
(%) (0.005) (0.015) (0.0C6) (0.C10) (0.007  (0.C10)
Aquatic habitat 0.68:" 0.90z" 0.712" 0.982" 0.79¢7 09917
excellen (0.1(0) (0.116) (0.139) (0.155) (0.159)  (0.21€)
Water qualit: 0.24% 0.81¢™ 0.25% 0.711™ 0.257 1.07¢C”
swimmable (0.C87) (0.109) (0.112) (0.163) (0.149  (0.179
Money cos® 21177 1.5347 -2.40¢" 1.757" -1.7557 13407
$) (0.117) (0.085) (0.212) (0.13¢) (0.178)  (0.099)
Observation® 783¢ 393¢ 390s
LR 599.8¢" 237.1("7 282.1¢"
McFadderp? 0.211 0.20¢ 0.232
Log-likelihood -1643.1° -816.2¢ -802.5¢
LR s © 48.7¢ . .
Time cost
Status Qu -8.37C" 4.766 -8.662 5.€127 -11.1247 4.13¢”
(0.980) (0.740) (1.382) (0.8(7) (1.927) (0.710)
Flood reductior 0.017" 0.0C7 0.027" 0.0€3™ 0.00¢ 0.007
(%) (0.0C6) (0.C16) (0.008 (0.C12) (0.05) (0.007
Aquatic habitat ~ 0.90%" 1.087" 0.738™ 1.18€" 1.15¢" 1.268™
excellen (0.116) (0.119) (0.147) (0.162) (0.186) (0.193)
Water quality: 0.53¢" 1.32¢" 0.39% 1.219” 0.69:" 1.612"
swimmable (0.110 (0.137) (0.167) (0.189) (0.177) (0.207)
Time cosl -1.7477 2.27¢" -2.054" 2.667" -1.087" 1.907"
(hours® (0.277) (0.155) (0.355) (0.229) (0.202) (0.099
Observation® 7821 388¢ 393¢
LR 1023.8:" 577.9¢" 47517
McFadderp? 0.23¢ 0.25¢ 0.23¢
Log-likelihood -1641.1¢ -840.6( -770.4¢
LR yss° 60.1¢ -- -

Standard errors in parentheses. Clustered at diednal (respondent) level.

Hkk

p<0.01

"p<0.10,” p<0.05,

@The reported coefficient is the mean of the nafogarithm of minus the parameter on cost.
® Observations are the number of individustiimes choice occasiofistimes alternativeg; N x T X J.
“Likelinood ratio test for the hypothesis of paraendjoint parameter and scale) stability betweenttio

cities. See Appendix 3 for a discussion on paranzatd scale independently.
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Table 3: Numbersin Figure 1 for Individual Marginal Willingnessto Pay and Volunteer #

1) (2) 3)
Both Cities Chicago Portland
Willingness to Pay ($/mont
Status Quo -22.92 -24.95 -22.43
[-28.16, -17.67] [-32.53,-17.36] [-27.527-35]
Flood reduction (198) 0.05 0.06 0.02
[0.02, 0.07] [0.04, 0.09] [-0.01, 0.05]
Aquatic habitat: excellefit 1.90 1.90 2.12
[1.40, 2.40] [1.26, 2.55] [1.38, 2.86]
Water quality: swimmabfe 0.47 0.43 0.35
[0.05, 0.90] [-0.09, 0.94] [-0.32, 1.02]
Willingness to Voluntee (hrs/month)
Status Quo -3.87 -2.15 -5.99
[-4.70, -3.04]  [-2.75,-1.54]  [-7.81, -4.16]
Flood reduction (198) 0.01 0.01 0.007
[0.005, 0.015] [0.004, 0.01] [0.002, 0.01]
Aquatic habitat: excellefit 0.42 0.19 0.61
[0.32, 0.52] [0.12, 0.25] [0.44, 0.79]
Water quality: swimmabfe 0.20 0.06 0.27
[0.11, 0.29] [-0.01, 0.13] [0.11, 0.44]

495% confidence intervals in brackets. Empiricatrbutions of WTP and WTV were

calculated using the Krinsky-Robb method (2,000t&twapped repetitions) on the regressions in

the first three columns in Table 2 (Hole, 2007b).
P Marginal value of a one percent reduction in fld@juency.

¢ Marginal value of an improvement in aquatic heéitim good to excellent

4 Marginal value of an improvement in water quafitym fishable to swimmable
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Table 4: Benefits per Household and in Total for Hypothetical New Scenarios

(1) (2)
Aquatic Habitat Improved Aquatic Habitat
to Excellent & Water  Improved to Excellent &
Quality Improved to ~ Water Quality Improved
Swimmable to Swimmable &
50% Fewer Floods

Money treatment, data from both cifles

WTP/hhold/yr $281 $302

WTP/yr, Chicagb $3,489 mill $3,754 mill

WTP/yr, Portland $863 mill $928 mill
Money treatment, data from Chicdgo

WTP/hhold/yr $294 $323

WTP/yr, Chicagb $3,658 mill $4,015 mill
Money treatment, data from Portldnd

WTP/hhold/yr $277 $279

WTP/yr, Portland $852 mill $856 mill
Time treatment, data from both cifles

WTV/hhold/yr 50 hrs 55 hrs

WTV/yr, Chicagd 625 mill hrs 678 mill hrs

WTV/yr, Portland 155 mill hrs 168 mill hrs
Time treatment, data from Chicdgo

WTV/hhold/yr 26 hrs 29 hrs

WTV/yr, Chicagd 325 mill hrs 369 mill hrs
Time treatment, data from Portldnd

WTV/hhold/yr 75 hrs 77 hrs

WTV/yr, Portland 229 mill hrs 237 mill hrs

& Uses WTP values from Table 3 column 1.

P WTP/household multiplied by 1,035,436 househo&tsufce: U.S. Census Bureau (2017))

¢ WTP/household multiplied by 254,167 householdsit6e. U.S. Census Bureau (2017))

4 Uses WTP values from Table 3 column 2.

¢ Uses WTP values from Table 3column 3.

" This table uses the results in Table 3 to estintas WTP or WTV per household of several
hypothetical projects. Baseline is the scenarit wi improvements. Column (1) is the value of
a move from “no program” to a program with the miagbroved quality for aquatic habitat
(excellent) and water quality (swimmable). Colur@hlfuilds on this to include a 50% reduction
in the frequency of floods. The calculationslaaeed on the compensating variation equation
CV = 1/A(Vt = V°)(Holmes et al., 2017).
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Table5: MMNL Mean Coefficients, subsample with Reported Non-Zero Wage

1) (2) 3) (4) (5)
Monetized Time(oc = %)
Treatment sampl Money Time Time Time Time® and
(unit of cost) (%) (hours) (hours) %) Money ($)
Status Qu -7.80%" -8.98¢" -9.764 -8.08¢" -8.877
(1.308 (1.712 (1.994 (1.327 (1.067
Flood reduction (% 0.01% 0.01¢ 0.01: 0.017 0.01%"
(0.005 (0.006 (0.008 (0.006 (0.005
Aquatic habita: 0.824" 1.03.” 1.0577 1.065" 0.728"
excellen (0.131 (0.177 (0.154 (0.161 (0.114
Water quality 0.25% 0.762" 0.81:" 0.812" 0.16¢
swimmabls (0.109 (0.176 (0.191 (0.169 (0.104
Cost (hours or ¢ -2.22(7 -1.3617 -1.717 -3.78¢" -2.21C7
(0.170 (0.306 (0.662 (0.233 (0.147
Hoursx Wage -0.00(
(0.004
Time dummyx Status Quo -3.187
(1.442
Time dummyxFlood -0.00(
(0.009
Time dummyxHabitat 0.64¢
(0.329
Time dummyxWater Quality 0.76€"
(0.232
Time dummyxCost -0.095™
(0.019
Observation ® 493¢ 5037 5037 5037 997:
LR ? 462.8¢°  567.37°  577.1¢ 604.4:7 1118.47
McFadderp? 0.18: 0.21¢ 0.21¢ 0.22¢ 0.21¢
AIC 2105.5 2118.0: 2121.9: 2130.4( 4234.8
Log-likelihood -1032.7¢  -1039.0:  -1033.9° -1045.1¢ -2052.4-
Standard errors in parentheses. Clustered at dieédnal (respondent) level. ~ p < 0.10,” p < 0.05,

Hkk

p<0.01
@ The cost of scenarios in this regression is catedlas the time cost in hours multiplied by 33%hef
individual's hourly wage rate.
® The reported coefficient is the mean of the n&togarithm of minus the parameter on cost.
°The time dummy is a dummy variable for whetherdhservation comes from the time-treatment
version of the survey instead of the money-treatmersion of the survey.
4 Observations are the number of individusil§mes choice occasiofistimes alternativeg: N x T X J.
® Standard deviations of parameters not shown; ésllits available from corresponding author.
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Table 6: Individual Marginal WTP, Marginal WTV, and Ratio of MWTP/MWTYV,
Subsample with Non-zero Reported Wage?

Treatment (1) MWTP (2) MWTV 3)

(unit of value) ($/month) (hours/month) MWTP/MWTYV ¢

Status Quo -24.17 -2.51 8.91

(no program) [-37.16, -15.36] [-6.89, -1.20] [4.27, 13.55]

Flood reduction (%) 0.04 0.004 12.87
[0.01, 0.09] [0.0005, 0.01] [-13.05, 38.78]

Habitat: excellent 2.55 0.29 10.21
[1.67, 4.15] [0.15, 0.82] [5.91, 14.51]

Water quality: swimmabl@ 0.79 0.21 5.52
[0.15, 1.53] [0.10, 0.59] [1.26, 9.78]

495% confidence intervals in brackets. Empiricatrbutions of WTP and WTV were

calculated using the Krinsky-Robb method (2,000t&twapped repetitions) on the regressions in
the first three columns in Table 5 (Hole, 2007b).

P Marginal value of a one percent reduction in fld@juency.

¢ Marginal value of an improvement in aquatic heéitim “good” to “excellent”

4 Marginal value of an improvement in water quaitym “fishable” to “swimmable”

¢ Ratio of Column (1) to Column (2)
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Table 7: Regression Results on Data from Survey with Both Time and Money Costs®

(1) () 3)

Respondents with Respondents with

Whole Sample =, 1, 7ero wage non-zero wage
Status Quo -7.718 -7.250" -6.637"
(no program) (0.723) (0.792) (0.698)

Flood reduction (%) 0.011 0.005 0.004

(0.005) (0.007) (0.005)
Aquatic habitat: excellent 0.695 0.799" 0.806

(0.097) (0.171) (0.116)
Water quality: swimmable 0.258 0.212 0.193

(0.116) (0.180) (0.137)
Money cost ($§ 2,117 -2.135"

(0.142) (0.144)
Time cost (hours) -1.534" -1.3787

(0.230) (0.207)
Money cost + Monetized Tinfe’ -2.736"

(0.189)
Volunteer Hours 0.641
(0.117)

Observation§ 7905 4770 4770
LR x? 1142.37" 627.73" 662.18"
McFadderp? 0.243 0.226 0.225
AIC 3606.98 2202.09 2334.57
Log-likelihood -1776.49 -1074.04 -1140.29

Standard errors in parentheses. Clustered at tivddoal (respondent) level. ~p<0.10, p
<0.05,” p<0.01

& Data from both cities are pooled and included icheaodel.

P Total cost of a scenario is calculated as theioadtllars plus the time cost in hours multiplied
by 33% of the individual’'s hourly wage rate.

¢ The reported coefficient is the mean of the natogarithm of minus the parameter on cost.

4 Observations are the number of individusilimes choice occasioffstimes alternativeg:
NXTX].

® Standard deviations of parameters not shown; ésiliits available from corresponding author.
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Appendix 1: Survey Information
I. Survey Attributes
Below are verbatim descriptions of attributes in the survey.

1) Aquatic health: For the purpose of this survey, “aquatic health” is a measure of a river or
stream’s biological condition. It is an overall measure that includes things like: how many types
of fish and wildlife live in the water; how many of each type; how much plant life grows
alongside the water; what chemicals are in the water, and overall habitat quality.

The biological health of streams in your area is directly influenced by human activity. In particular,
urban development affects the flow of water in streams and how much pollution is carried in the
water. This affects the health of streams and the plants, fish and wildlife that live in them. The
possible levels in this category are:

Excellent: The health of streams near you is the same as what would be found in a "natural™ system
in that area. Condition can be “undisturbed” even if a stream was restored after having been
damaged. In Illinois there would be 15-20 different types of fish, including rare species.

Good: Most features of streams are the same as a natural stream but there is some degradation.
There are fewer types of fish, no more than 15.

Fair: Streams have a few plants and animals. There are between 5 and 10 types of fish. The banks
of rivers and streams are somewhat washed away and are missing patches of plant growth

Poor: Streams are very unhealthy so that very few fish and other animals can live in them. Fewer
than 5 types of fish are found. Fish are sick or not growing at normal rates. Plant growth around
rivers and streams is almost absent.

The rivers and the lake in and around Chicago have Fair aquatic health right now.

2) Pollution level in the water: Rain from storms can carry pollution from developed areas to
streams and rivers and have long term effects on water quality. Storms can also cause CSOs
which sometimes contain high levels of pollution that cause beach closures, shellfishing bans, or
fish kills. The worst effects of CSOs are usually temporary; but in the Chicago area there are
currently dozens of CSO events each year. Streams, rivers and lakes can have different pollution
levels. From best to worst they are:

Drinkable: So clean it is safe for drinking without any treatment
Swimmable: Safe for people to have direct contact

Fishable: Clean enough that fish like bass can live in it
Boatable: Only safe to go boating without touching the water
Polluted: Worst possible quality - not fit for any use

Additional stormwater management could increase the quality of the water in the streams near
you compared to the current pollution level. The rivers and streams in your area are on average
“boatable” right now.



3) Frequency of floods: This feature refers to the likely number of floods in the city. For the
purpose of the survey, flooding includes street, basement or backyard flooding. Improved
stormwater management could reduce the frequency of floods in the city. This survey considers
the following flood reduction outcomes:

Half as many floods will occur

A third fewer floods will occur

A quarter fewer floods will occur
No change

I D REDUCTION
I AHALF REDUCTION |

In all cases, assume that areas that currently have no flooding will not change.

4) Monthly stormwater utility fee: Households might have to pay money to support city or
MWRD efforts to control stormwater. In this survey, assume any such cost is a fee added to the
current water and sewer bill. The money raised will go to a dedicated program for stormwater
management. This feature ranges in the survey as follows:

$0 (no extra fee)

$5 each month (equals $60 each year)

$10 each month (equals $120 each year)

$15 each month (equals $180 each year)

$20 each month (equals $240 each year)

5) Time spent monthly: A stormwater control plan may mean the city puts rain gardens and
bioswales in your neighborhood. Some stormwater management plans might allow you to
commit to spending some time every year taking care of these devices so they keep working.
There would be volunteering activities suited for everybody regardless of their physical ability.
The city would be in charge of training people and keeping track of the work. Stormwater
control plans could vary in how many hours you spend each month in activities taking care of
rain gardens or bioswales in your neighborhood. In the survey, this ranges as follows:

0 hours

1 hour each month (same as 12 hours each year)
2 hours each month (same as 24 hours each year)
3 hours each month (same as 36 hours each year)
4 hours each month (same as 48 hours each year)

I1. Sample Choice Questions

Below is a sample choice question. In this paper we only analyze data from three treatments. In
one, both time and money are attributes (as shown below). In two other treatments, either time or
money was an attribute column in the choice questions, but not both.
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SECTION ONE: CHOICE QUESTIONS

In each of the next eight questions you will be asked to choose between 3
possible scenarios that vary in the categories described above. Please do
your best in each question to choose the combination you prefer.

Suppose the city of Chicago could do a project that would improve stormwater
management near you. The project would include installing rain gardens and bioswales
in your neighborhood, and you might agree to spend time every month taking care of
them. You might also have to pay some money every year for the project to be put in
place. Assume that Options A and B are the only choices you can have instead of the
status quo. Which option would you choose?

Please read all the features of each option and then check the box that represents your
choice below. If you don't like option A or B, then choose the box “status quo" - that
means no project is done, and the baseline (or status quo) situation will hold true.

QUESTION ONE:
Options A and B are the only choices you can have instead of the status quo. Which
option would you choose?

FIoodmg Aquatic | Pollution Monthly Hours you
= Health level stormwater spend each
m F fee month
50% less frequent
OPTION Good | Fishable $10 2 hours
25% less frequent
OPTBION N 5 coCe Excellent Swimmable $15 5 hours
Current flooding
STATUS .
QuUO T —— Fair Boatable $0 None
I choose:
3 Option A 3 Option B O Status Quo



Appendix 2: Ancillary Statistics and Results

Table Al: Summary Statistics for Regressions in Tables 5 and 7

(1) ()
Survey treatment: Single cost Dual cost
Wage restriction: $8<wage<$500 $8<wage<$500
Table Table 5 Table 7
Variable Mean Min Max Mean Min Max
Age 55.42 20 85 55.032 23 87
Household size 2.37 1 7 2.525 1 7
Volunteering hours 6.54 0 150 6.847 0 70
Number of floods seen 2.081 0 35 2.109 0 30
Years in residence 14.65 0 51 14.079 1 46
Wage 40.86 9 400 35.04 8.25 200
Employment
Employed 0.673 0 1 0.599 0 1
Self employed 0.118 0 1 0.104 0 1
Unemployed 0.019 0 1 0.025 0 1
Homemaker 0.002 0 1 0.015 0 1
Student 0.009 0 1 0.000 0 0
Retired 0.175 0 1 0.243 0 1
Income level
$0 - $49,999 0.175 0 1 0.173 0 1
$50k - $79,999 0.289 0 1 0.267 0 1
$80k + 0.512 0 1 0.550 0 1
Experience flood? 0.635 0 1 0.629 0 1
Seen green infrastructure? 0.543 0 1 0.554 0 1
Basement type
Basement 0.417 0 1 0.446 0 1
Crawl space 0.351 0 1 0.317 0 1
Both 0.090 0 1 0.074 0 1
None 0.140 0 1 0.163 0 1
N# 422 202

Note: Column 1 corresponds to the samples included in Table 5. Column 2 corresponds to
samples included in Table 7. Samples include respondents who reported a wage of at least $8 per
hour and less than $500 per hour.



Table Al1-1: Comparisons of Portland vs. Chicago Single-Cost Treatment Data

Variable Portland Chicago Difference
Age 58.621 57.909 -0.712
(12.217) (11.685) (0.756)
Household size 2.307 2.380 0.074
(1.115) (2.127) (0.071)
Volunteering hours 8.188 6.354 -1.834**
(15.253) (9.995) (0.816)
Number of floods seen 1.599 2.167 0.568***
(3.445) (3.371) (0.216)
Year in residence 13.209 18.215 5.006***
(11.133) (12.232) (0.740)
Employment
Employed 0.375 0.464 0.089***
(0.485) (0.499) (0.031)
Self employed 0.084 0.076 -0.008
(0.277) (0.266) (0.017)
Unemployed 0.044 0.038 -0.006
(0.205) (0.192) (0.013)
Homemaker 0.044 0.042 -0.002
(0.205) (0.201) (0.013)
Student 0.016 0.008 -0.008
(0.125) (0.089) (0.007)
Retired 0.435 0.363 -0.072**
(0.496) (0.481) (0.031)
Income level
$0 - $49,999 0.257 0.189 -0.069***
(0.438) (0.392) (0.026)
$50k - $79,999 0.291 0.259 -0.032
(0.455) (0.439) (0.028)
$80k+ 0.421 0.508 0.087***
(0.494) (0.500) (0.031)
Experience flood? 0.527 0.649 0.122***
(0.500) (0.478) (0.031)
Seen green infrastructure? 0.467 0.671 0.204***
(0.499) (0.470) (0.031)
Basement type
Basement 0.224 0.612 0.389***
(0.417) (0.488) (0.029)
Crawl Space 0.599 0.090 -0.508***
(0.491) (0.287) (0.025)
Both 0.052 0.131 0.079***
(0.222) (0.337) (0.018)
None 0.124 0.165 0.041*
(0.330) (0.371) (0.022)
Observations 349 333 682
Standard errors in parentheses. “p<0.10, " p<0.05 " p<0.01



Table A1-2: Comparisons of Time-only and Money-only Single-Cost Treatment Data

Variable Time Money Difference
Age 57.822 58.660 0.838
(12.630) (11.154) (0.925)
Household size 2.261 2.368 0.107
(1.039) (1.211) (0.088)
Volunteering hours 5.804 7.569 1.764**
(11.392) (11.318) (0.881)
Number of floods seen 1.702 2.193 0.491*
(2.654) (4.112) (0.269)
Year in residence 16.183 15.074 -1.108
(12.256) (11.780) (0.933)
Employment
Employed 0.461 0.422 -0.039
(0.499) (0.495) (0.039)
Self employed 0.072 0.096 0.024
(0.259) (0.296) (0.022)
Unemployed 0.042 0.042 0.000
(0.201) (0.201) (0.016)
Homemaker 0.033 0.054 0.021
(0.179) (0.227) (0.016)
Student 0.018 0.012 -0.006
(0.133) (0.109) (0.009)
Retired 0.373 0.370 -0.003
(0.484) (0.484) (0.038)
Income level
$0 - $49,999 0.229 0.226 -0.003
(0.421) (0.419) (0.033)
$50k - $79,999 0.259 0.286 0.027
(0.439) (0.453) (0.035)
$80k+ 0.479 0.449 -0.030
(0.500) (0.498) (0.039)
Experience flood? 0.590 0.617 0.027
(0.493) (0.487) (0.038)
Seen green infrastructure? 0.527 0.587 0.060
(0.500) (0.493) (0.039)
Basement type
Basement 0.410 0.410 -0.000
(0.493) (0.493) (0.038)
Crawl Space 0.343 0.361 0.018
(0.476) (0.481) (0.037)
Both 0.093 0.096 0.003
(0.291) (0.296) (0.023)
None 0.148 0.133 -0.015
(0.355) (0.340) (0.027)
Observations 348 334 682

Standard errors in parentheses.

*p<0.10, " p < 0.05,

*kk

p<0.01



Table A1-3: Comparisons of Dual Cost vs. Single Cost Samples with Any Wage

Variable Dual Cost Single Cost Difference
Age 58.317 58.241 -0.076
(12.054) (11.913) (0.802)
Household size 2.400 2.315 -0.085
(1.106) (1.129) (0.075)
Volunteering hours 8.437 6.686 -1.751**
(15.502) (11.381) (0.865)
Number of floods seen 1.752 1.947 0.195
(3.321) (3.467) (0.229)
Year in residence 15.855 15.628 -0.227
(11.828) (12.024) (0.801)
Employment
Employed 0.376 0.441 0.065**
(0.485) (0.497) (0.033)
Self employed 0.072 0.084 0.013
(0.258) (0.278) (0.018)
Unemployed 0.039 0.042 0.003
(0.193) (0.201) (0.013)
Homemaker 0.042 0.044 0.002
(0.200) (0.205) (0.014)
Student 0.006 0.015 0.009
(0.077) (0.122) (0.007)
Retired 0.454 0.372 -0.082**
(0.499) (0.484) (0.033)
Income level
$0 - $49,999 0.215 0.227 0.012
(0.411) (0.419) (0.028)
$50K - $79,999 0.281 0.273 -0.008
(0.450) (0.446) (0.030)
$80k+ 0.466 0.464 -0.002
(0.500) (0.499) (0.033)
Experience flood? 0.555 0.604 0.049
(0.498) (0.489) (0.033)
Seen green infrastructure? 0.591 0.557 -0.034
(0.492) (0.497) (0.033)
Basement type
Basement 0.433 0.410 -0.023
(0.496) (0.492) (0.033)
Crawl Space 0.331 0.352 0.021
(0.471) (0.478) (0.032)
Both 0.084 0.095 0.011
(0.277) (0.293) (0.019)
None 0.152 0.140 -0.012
(0.360) (0.347) (0.024)
Observations 336 682 1,018

Standard errors in parentheses.

*p<0.10, " p < 0.05,

*kk

p<0.01



Table A1-4: Comparisons of Dual vs. Single Cost Samples with Wage between $8 and $500

Variable Dual Cost Single Cost Difference
Age 55.033 55.421 0.387
(12.330) (11.802) (1.025)
Household size 2.525 2.376 -0.149
(1.147) (1.132) (0.097)
Volunteering hours 6.847 6.195 -0.652
(10.055) (11.367) (0.938)
Number of floods seen 2.109 2.071 -0.037
(3.532) (3.281) (0.288)
Year in residence 14.079 14.673 0.594
(11.087) (11.367) (0.966)
Employment
Employed 0.599 0.676 0.077*
(0.491) (0.468) (0.041)
Self employed 0.104 0.117 0.013
(0.306) (0.321) (0.027)
Unemployed 0.025 0.019 -0.006
(0.156) (0.137) (0.012)
Homemaker 0.015 0.002 -0.012*
(0.121) (0.049) (0.007)
Student 0.000 0.010 0.010
(0.000) (0.097) (0.007)
Retired 0.243 0.174 -0.069**
(0.430) (0.379) (0.034)
Income level
$0 - $49,999 0.173 0.174 0.001
(0.379) (0.379) (0.032)
$50k - $79,999 0.267 0.290 0.023
(0.444) (0.455) (0.039)
$80k+ 0.550 0.512 -0.038
(0.499) (0.500) (0.043)
Experience flood? 0.629 0.633 0.005
(0.484) (0.482) (0.041)
Seen green infrastructure? 0.554 0.543 -0.012
(0.498) (0.499) (0.043)
Basement type
Basement 0.446 0.419 -0.026
(0.498) (0.494) (0.042)
Crawl Space 0.317 0.350 0.033
(0.466) (0.478) (0.041)
Both 0.074 0.090 0.016
(0.263) (0.287) (0.024)
None 0.163 0.138 -0.025
(0.371) (0.345) (0.030)
Observations 202 422 624

Standard errors in parentheses.

*kk

“p<0.10, " p<0.05 " p<0.01



Table A2-1: MMNL Results Pooling Time and Money Treatments

1) (2) 3
Both Cities Chicago Portland
Mean
Status Quo -8.348™" -9.332"" -8.894™"
(no program) (0.712) (1.335) (0.943)
Flood reduction (%) 0.011™ 0.023™ 0.008
(0.003) (0.005) (0.004)
Aquatic habitat: excellent 0.858™" 0.723™ 0.972
(0.076) (0.093) (0.123)
Water quality: swimmable 0.413™ 0.382™" 0.513™
(0.071) (0.092) (0.112)
Money cost ($) x Money Sample ? -2.064™ -2.311™ -1.620™"
(0.123) (0.228) (0.176)
Time cost (hours) x Time Sample ? -1.759™ -2.013™ -1.259™
(0.291) (0.322) (0.227)
SD
Status Quo 5.013™ 6.375™" 4.679™
(no program) (0.470) (1.039) (0.657)
Flood reduction (%) 0.034™ 0.047 0.023™
(0.006) (0.007) (0.006)
Aquatic habitat: excellent 1.029™" 0.984™" 0.787"
(0.090) (0.128) (0.168)
Water quality: swimmable 1.091™ 0.960™" 1.192™
(0.092) (0.134) (0.177)
Money cost ($) x Money Sample 0.807™" 0.819™ 0.725™
(0.052) (0.094) (0.094)
Time cost (hours) x Time Sample 0.206™" 1.367" 0.943™
(0.050) (0.120) (0.085)
Observations ® 15660 7824 7836
LR »? 601.78™" 275.03™ 338.22""
McFadden p? 0.227 0.230 0.230
AIC 6618.21 3387.72 3227.83
Log-likelihood -3282.11 -1666.86 -1586.91
LR X257 ¢ 5205 - -

Standard errors in parentheses. Clustered at the individual (respondent) level.  *p <0.10, ™ p < 0.05, ™ p <0.01

2 The reported coefficient is the mean of the natural logarithm of minus the parameter on cost.

b Observations are the number of individuals N times choice occasions T times alternatives J: N X T X J.
¢Likelihood ratio test for the hypothesis of parameter (joint parameter and scale) stability between the two
cities. See Appendix 3 for a discussion on parameter and scale independently.
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Table A2-2: MMNL with Interactions to Test Parameter Differences between Cities

(1) (2) ©)
Money Time Both Treatments
Status Quo -8.547"" -14.610™" -9.345™"
(no program) (1.014) (2.816) (0.804)
Flood reduction (%) 0.005 0.008 0.007
(0.006) (0.005) (0.004)
Aquatic habitat: excellent 0.800"™ 1.255™ 0.920™
(0.150) (0.192) (0.106)
Water quality: swimmable 0.211 0.798™ 0.510™
(0.131) (0.190) (0.103)
Money cost ($) 2 -1.776" -1.723™
(0.140) (0.125)
Time cost (hours) 2 -1.310™ -1.110™
(0.267) (0.200)
Chicago x Money cost ($) -0.082" -0.062
(0.036) (0.036)
Chicago x Time cost ($) -0.185 -0.284"
(0.180) (0.115)
Chicago x Status Quo -1.969 -0.087 -2.117
(1.100) (2.850) (1.081)
Chicago x Flood 0.012 0.018 0.017™
(0.009) (0.010) (0.006)
Chicago x Habitat -0.015 -0.353 -0.057
(0.209) (0.251) (0.149)
Chicago x Water quality 0.069 -0.295 -0.162
(0.175) (0.277) (0.142)
Observations ® 7839 7821 15660
LR »? 555.33™" 204.45™" 994.11™"
McFadden p? 0.223 0.250 0.236
AlIC 3353.92 3334.87 6642.02
Log-likelihood -1611.96 -1602.44 -3231.01

Standard errors in parentheses. Clustered at the individual (respondent) level. " p <0.10, ™ p < 0.05, ™ p < 0.01

2 The reported coefficient is the mean of the natural logarithm of minus the parameter on cost.
b Observations are the number of individuals N times choice occasions T times alternatives J: N X T X J.
¢ Standard deviations of parameters not shown; full results available from corresponding author.
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Table A2-3: Interactions between Payment Vehicle Treatments

(1) (2) 3) (4)
Money Time Mon_ey and All
Time
Table2Coll Table2Coll Table7Coll
Status Quo -8.264™" -8.370™ -7.718™ -8.791™
(no program) (1.038) (0.980) (0.723) (0.573)
Flood reduction (%) 0.014™ 0.017™ 0.011" 0.013™
(0.005) (0.006) (0.005) (0.003)
Aquatic habitat: excellent 0.682" 0.903" 0.695™" 0.808™
(0.100) (0.116) (0.097) (0.059)
Water quality: swimmable 0.245™ 0.536™" 0.258" 0.411™
(0.087) (0.110) (0.116) (0.061)
Money cost ($) 2 2,111 2,117 -2.163™
(0.117) (0.142) (0.109)
Time cost (hours) @ -1.743™ -1.534™ -1.747
(0.277) (0.230) (0.184)
Money x Money Sample 0.010
(0.027)
Time x Time Sample -0.070
(0.082)
Observations ° 7839 7821 7905 23565
LR y? 599.88™" 176.74™ 488.81""  1105.53™
McFadden p? 0.211 0.238 0.243 0.235
AIC 3326.34 3322.36 3606.98 10185.36
Log-likelihood -1643.17 -1641.18 -1776.49 -5064.44

Standard errors in parentheses. Clustered at the individual (respondent) level. " p <0.10, ™ p < 0.05, ™ p < 0.01

2 The reported coefficient is the mean of the natural logarithm of minus the parameter on cost.

b Observations are the number of individuals N times choice occasions T times alternatives J: N X T X J.
¢ Column 1 and 2 are carried over from Table 2 column 1 panel A, and column 1 panel B. Column 3 is
carried over from Table 7 column 1. Column 4 combines the money treatment, time treatment, and the
money and time (dual) treatment for both Chicago and Portland. Standard deviations of parameters not
shown; full results available from corresponding author, along with code and data.
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Table A2-4: Differences in Mean MWTP and MWTYV Between Cities

Chicago  Portland Difference  Std. Error p-score
Money
Status Quo -24.95 -22.44 -2.52 4.66 0.59
Flood reduction (%) 0.06 0.02 0.04 0.02 0.04™
Aquatic habitat: excellent 1.90 2.12 -0.22 0.50 0.66
Water quality: swimmable  0.43 0.35 0.07 0.43 0.87
Time
Status Quo -2.15 -5.99 3.84 0.98 0.00™"
Flood reduction (%) 0.01 0.01 0.00 0.00 0.74
Aquatic habitat: excellent ~ 0.19 0.61 -0.43 0.10 0.00™"
Water quality: swimmable  0.06 0.27 -0.21 0.09 0.02™

*kk

“p<0.10, " p<0.05 " p<0.01
Note: Tests for differences in means between cities were estimated using nlcom and in Stata 16.
Empirical distributions of WTP and WTV were calculated using the Krinsky-Robb method
(2,000 bootstrapped repetitions) on the regressions in the first three columns in Table 2 (Hole,
2007b). The values correspond to columns 2 and 3 in Table 3 in the main text. The point
estimates and confidence intervals can also be found in Figure 1.
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Appendix 3: Testing for Structural Differences between Chicago
and Portland Samples

A3.1. Methods

To test for differences in preferences parameters between the two cities we use a two-stage
variant of the Chow test as outlined in Swait and Louviere (1993). We estimate all models
allowing for full correlation across parameters. In doing so, the covariance matrix should flexibly
allow for all forms of correlation, both between the preference parameters and scale (Hess and
Train, 2017). However, because preference parameters are estimated jointly with the scale
parameter, testing for differences between samples can be done more systematically in two steps
by exploiting the ratio of the scale parameters between the two cities. The hypothesis we would
like to testis: Hy: B = Bp = B and o, = agp = o, Where subscripts C and P correspond to
Chicago and Portland, g and o represent the preference and scale parameters. Because these are
not separately identified, we instead divide H, into two parts: Hy4: Bc = Bp = B and Hyg: 0 =
Op = 0.

The first test, H, 4, allows the scale parameter to vary between cities. This is done by first
estimating regressions for Chicago and Portland separately, which results in a log-likelihood
estimate from each model, LL. and LLp. We then estimate the pooled model by concatenating
the data from both cities and performing a grid search for the optimal scale ratio. Each iteration
rescales each covariate of the Portland sample from g, € (0.025, 2) in increments of 0.025. The
model that maximizes the log-likelihood of the pooled sample is then assumed to be the best
fitting scale ratio. We denote this log-likelihood as LLy. We can then recover a test statistic, X,
distributed chi-squared with (K + 1) degrees of freedom. K is the number of parameters

constrained in the pooled sample (45), plus 1 for the scale parameter . The test statistic is
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similar to a conventional likelihood ratio test such that %, = 2[(LL¢ + LLp) — LL%]. The
critical value for us in this case is y£ 4=0.05 = 62.83. Moreover, if our test statistic is less than
the critical value, we would fail to reject H, 4, suggesting that there are no differences in
preferences, S, jointly between the two cities.

If we reject H, 4, then the primary hypothesis H;is also rejected. However, if we fail to
reject H, 4, then we move onto our second hypothesis H, g, testing for differences in the scale
parameter between the two cities. This is done by estimating the pooled model without rescaling
the covariates (i.e. o = 1) and testing Xy, , = 2[LLy — LL4—4], distributed Xia=00s = 3.84. The
constrained number of parameters to be considered in the chi-square distribution is simply 1 for
the scale parameter. If we reject H,z we take the model with the rescaled data as the correct
model. However, if we fail to reject both H; , and H,z then we assume preferences and scale are
uniform (not statistically different) across cities such that 5. = fp = f and o, = op = 0. We
would then take the unscaled model (i.e. ¢ = 1) to be the best fitting model.

In our main analysis, we also explore the possibility of pooling cost treatments, money and
time. This relates to Table 5 in the main text. In one model (Table 5 column 4) we monetize the
cost of time using 1/3 the wage rate. If we believe that 1/3 the wage rate is equivalent to the
shadow value of time, then we might also believe that pooling the money treatment with the
monetized time treatment would result in similar joint preferences. We test this hypothesis in the
same manner discussed above except now our separate models are money and monetized time,
pooled money and monetized time, and pooled but rescaled money and monetized time.

A3.2. Results
The Chicago and Portland samples were run individually for money and time

(separately). The log-likelihood values for these, LL- and LLp, are reported in Table A3-1. We
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then concatenate the money sample of Chicago and the money sample of Portland to perform the
grid search optimization on the pooled money sample. These log-likelihood values, LL;, are also

reported in Table A3-1 and Figure A3-1. We test Hy 41 XZg 4=0.05 < X, = 2[(LLc + LLp) —

LL} ] for both the money and time samples. We fail to reject all H, 4, favoring the null that
preferences are jointly stable across cities. The log-likelihoods, test statistics, critical values, and
conclusions are all reported in Table A3-1.

Having failed to reject the null H, 4, we then test Hig: x7 g=0.05 < Xu,p = 2[LLy —

LLy-1]. Again, we fail to reject the null that scale is stable across cities. These results favor
estimating the pooled data without adjusting for potential differences in scale. This is also the
result of a conventional likelihood ratio test, as presented at the bottom of Table 2.

For our alternative exploration into constraining preferences across cost treatments, we
reject the null H, , that preferences are equal across samples. By rejecting this null, we also reject
H, g in the process. However, for completeness, we carry out the rest of the procedure to its
entirety providing test statistics and p-values for both H, 4 and H,z. This finding suggests that
pooling samples without rescaling would not be appropriate if we were interested in joint
preferences. However, we allow for a more flexible model for this analysis by simply including
interactions between the cost treatment and each of the attributes. This allows scale (and all
forms of correlation) to be represented in the covariance matrix of the model. The results of this

procedure, along with summary values, can be found in Table A3, and Figure A3-2.
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Table A3: Tests of Parameter Stability, Preference and Scale

LL¢ LLp LLy—y LLy 0" Xli1a=00s x2  Conclusion
Panel A
Money
Hyy 62.83 36.86 Fail
-815.46 -803.82 -1637.79 -1637.71 1.05 p =0.83
Fail
Hig 3.84 0.14 p =071
Time
Hyy 62.83 35.39 Fail
-845.60 -770.10 -1635.17 -1633.40 1.30 p = 0.87
Fail
Hig 3.84 3.55 » = 0.06
Panel B
Cost Treatment
LLy LL; LLy—4 LL: o* X(2K+1),a=o.os x?>  Conclusion
Treat
Reject
Hyy 62.83 83.44 p = 0.0006
-1034.66 -1045.16 -2123.80 -2121.54 1.275
Reject
Hy g 3.84 4.53 » = 0.033

Note: Table A3 summarizes the results of the hypothesis tests discussed in Appendix 3. Panel A
provides log-likelihoods, critical values, test statistics, p-scores, and conclusions for testing
preference and scale stability across cities for money cost treatments and time cost treatments
separately. Panel B provides the same values and conclusions for testing stability of preferences
jointly between the two cost treatments themselves. We fail to reject the null that preferences and
scale are the same across cities. However, in panel B we reject the null for the pooled cost

treatments for both preference and scale stability across these two samples.
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Figure A3-1: Optimal Scale Ratio for Money and Time Treatments
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Panel B: Optimal Scale Ratio for Time Treatment
Note: Panel A and Panel B present the results of the scale ratio procedure as outlined by Swait
and Louviere (1993). The confidence band around the (solid) log-likelihood function underlying

the procedure highlights the region where we fail to reject H, 4. In both treatments, we fail to
reject that preferences are jointly the same between cities.
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Figure A3-2: Optimal Scale Ratio for Pooled Money and Time Costs
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Note: Figure A3-2 presents the results of the scale ratio procedure as outlined by Swait and

Louviere (1993). This examines the feasibility of pooling money cost treatments and (monetized)

time cost treatments. The confidence band around the (solid) log-likelihood function underlying

the procedure highlights the region where we fail to reject H, 4. The sum of the two log-

likelihoods from the samples run independently (LL,, + LLy) falls outside (above) the test

region, and we reject the null that preferences are jointly the same between money and time cost

samples.
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